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OZET:

Dikkat Eksikligi Hiperaktivite Bozuklugu
olan c¢ocuklarda pupillometri ile otonom
sinir sistemi islevlerinin arastiriimasi

Amag: Dikkat eksikligi hiperaktivite bozuklugu (DEHB)
okul cagindaki cocuklarda en sik goriilen nérogeli-
simsel bozukluklardan birisidir. DEHB'nun ortaya ¢ikis
nedeni tam olarak bilinmemekle birlikte genetik, biyo-
lojik ve psikososyal faktorlerin etiyolojide yer aldiklari
duslinilmektedir. Bu arastirmada poliklinige basvuran
ve DSM-IV'e gore DEHB tanisi konulan 6-11 yas arasi
erkek cocuklarin otonom sinir sistemi islevlerinin pupil-
lometrik 6lctimler yapilarak, saglikli kontrol grubu ile
karsilastinlmasi amaclanmistir.

Yontem: Arastirma grubu DEHB tanisi ile takip edilen
32 erkek cocuktan, kontrol grubu ise 24 saglikl erkek
cocuktan olusmustur. DEHB olgularinda tani Okul Cag
Cocuklar icin Duygulanim Bozukluklar ve Sizofreni
Goriisme Cizelgesi ile konulmustur. Karsit olma-karsi
gelme bozuklugu (KO-KGB) haricinde diger psikiyat-
rik tanisi olanlar calismadan diglanmistir. Arastirma ve
kontrol grubunun otonom sinir sistemi islevleri fotopik
ve mezopik kosullarda pupil boyutlarindaki degisiklikler
olctilerek incelenmistir.

Bulgular: DEHB olan cocuklarin fotopik ve mezopik
kosullarda olciilen pupil caplarinin saghkli kontrol-
lerden anlamh farkhlik gdstermedigi bulunmustur.
KO-KGB binisikligi olan ve olmayan DEHB olgulari karsi-
lastirldiginda; mezopik ve fotopik pupil ¢aplari benzer
bulunmustur.

Sonug: Arastirma bulgulari DEHB olan erkek ¢ocuklarin
mezopik ve fotopik pupil caplar yoniinden saglikli
cocuklardan farklik gostermedigini distindiirmekte-
dir. Bu durum DEHB'nda pupillometri yontemi ile dl¢u-
len otonom sinir sistemi islevlerinde farkllik olmadigina
isaret etmektedir. Ancak, sonuglarin kapsamli aragtirma-
larla desteklenmesi gerekmektedir.

Anahtar sozciikler: Dikkat eksikligi hiperaktivite
bozuklugu, cocuklar, otonom sinir sistemi, g6z mercegi

Klinik Psikofarmakoloji Biilteni 2013;23(1):49-56

ABSTRACT:

Investigation of autonomic nervous system
functions by pupillometry in children with
Attention-Deficit/Hyperactivity Disorder

Objective: Attention deficit hyperactivity disorder
(ADHD) is one of the most frequently seen
neurodevelopmental disorders among school-
aged children. Although the main cause of ADHD
is unknown, combinations of genetic, biological and
psychosocial factors are thought to play a part in the
etiology of ADHD. This study aims to compare the
autonomic nervous system functions of 6-11 year-old
males diagnosed with ADHD against healthy controls
by measuring pupil diameters.

Methods: Thirty-two males with ADHD and 24 healthy
controls participated in this study. Any other psychiatric
disorders except oppositional defiant disorder (ODD)
were excluded from this study. The autonomic nervous
system functions of participants were evaluated by
measuring pupil diameter changes in photopic and
mesopic conditions.

Results: There were no statistically significant difference
on photopic and mesopic pupil diameters between
the ADHD and healthy control groups. Moreover, the
ADHD subgroup with ODD did not differ from the
ADHD subgroup without ODD with respect to the same
parameters.

Conclusion: In conclusion, these findings suggest
that males with ADHD show no differences in pupil
diameters compared to typically developing children.
This might indicate no difference in autonomic nervous
system functions measured by pupillometry. However,
it is recommended that the results of our study need to
be confirmed by more detailed studies.

Key words: Attention deficit hyperactivity disorder,
children, autonomic nervous system, pupil
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Investigation of autonomic nervous system functions by pupillometry in children with Attention-Deficit/Hyperactivity Disorder

INTRODUCTION

Attention-deficit hyperactivity disorder (ADHD)
is a common childhood behavioral disorder of
inattention, impulsivity, and hyperactivity that
affects 8-12% of children worldwide (1). Children
with ADHD often have more social, emotional and
cognitive problems than other children (2).

The autonomic nervous system (ANS) is the part
of the peripheral nervous system that acts as a
control system for visceral functions, functioning
largely below the level of consciousness. The ANS
works to achieve homeostasis between the organism
and the external environment and has a critical role
in balancing physiological stimulation and
inhibition under stress. In addition, it is known that
the ANS is a prerequisite for regulating emotional
and cognitive functions, particularly attention (3). It
has been suggested that school age children with
psychiatric symptoms might show a pattern of
autonomic dimorphism in their reactivity to
standardized challenges (4).

Previous studies examining the relationship
between the ANS and psychiatric disorders have
measured various physiological parameters like
blood pressure, skin conductivity, heart rate
variability and pupil light reflex (5-10). Pupil size is
under the control of both sympathetic and
parasympathetic autonomic fibers and isresponsive
to a range of excitatory stimuli. Therefore,
pupillometric measurements can provide valuable
data concerning the functioning of both branches
of the autonomic nervous system. Furthermore, the
pupillometric approach is a simple noninvasive
technique to obtain relevant information on the
autonomic nervous system (11,12). It has even been
proposed that for some disorders pupillometry may
be a more sensitive test of automatic nerve
dysfunction than assessment of cardiovascular
reflexes (13). The size of the pupil is determined by
the tone in two opposing smooth muscles; pupillary
constriction or “myosis” is brought about by the
action of the sphincter muscle under
parasympathetic control, whereas pupillary dilation
or “mydriasis” is brought about by the action of the
dilator muscle under sympathetic control. At any

point in time, the balance of activity in
parasympathetic and sympathetic supplies depends
onanumber of factors, including genetic influences,
age, wakefulness, accommodative state and
ambient lighting conditions. When these are
standardized or controlled, measurement of pupil
size can be used to identify parasympathetic or
sympathetic deficits (14).

There are a number of studies examining the
functionality of the ANS in ADHD and oppositional
defiant disorder (ODD) (4). Most of these studies
which are based on heart rate variability (15,16) and
skin conductivity (17,18), asserted that in the
neurobiology of ADHD, ANS regulation problems
may have an important role. Although pupil
diameter measurement has been used in conditions
like enuresis, diabetes mellitus and Parkinson’s
disease to evaluate the ANS (19), ANS activity has
not previously been studied through pupil diameter
measurement in ADHD. There is, however, an
interesting study by Zahn and colleagues, in which
32 children with minimal brain dysfunction were
found to have smaller pupil dilatation to visual
stimulus when compared with controls (20).

This study aims to compare the ANS functions of
6-11 year old males diagnosed with ADHD against
healthy controls comparable in age and sex by using
pupillometry, a simple non-invasive technique
measuring pupil size under mesopic and photopic
conditions.

MATERIALS AND METHODS
Subjects

A total of 32 males between 6 and 11 years old
were recruited to this study. The subjects were
children with ADHD, who had been followed up and
treated at least for one year (range from 1 year to 5
years) in the outpatient clinic of child and adolescent
psychiatry at Giilhane Military Faculty of Medicine.
The diagnosis was made by a pediatric psychiatrist
based on the criteria from the fourth edition of the
Diagnostic and Statistical Manual of Mental
Disorders (DSM-1V) by seeking clinical information
from multiple informants including parents, the

50 Klinik Psikofarmakoloji Biilteni, Cilt: 23, Say:: 1, 2013 / Bulletin of Clinical Psychopharmacology, Vol: 23, N.: 1, 2013 - www.psikofarmakoloji.org



child, and teachers. Measurement tools included
the Schedule for Affective Disorders and
Schizophrenia for School Age Children-Present and
Lifetime Version, Turkish Version (K-SADS-PL-T)
and the DSM-IVBased Behavior Disorders Screening
and Rating Scale. Consecutive children, who
presented for evaluation to the outpatient clinic of
child and adolescent psychiatry were screened for
inclusion in this study.

Only children with the combined subtype of
ADHD were included to maintain homogeneity of
the sample. Children, who met these additional
criteria were included into the study: 1- males aged
6-11 years (prepubertal); 2- at least one year of MPH
use and being drug-responsive; 3- no history of
other psychiatric disorders (conduct disorder, any
anxiety disorder, depressive disorder, learning
disorder etc.) except oppositional defiant disorder,
4-no history of mental retardation, neurological
disorders, sensorimotor handicaps, 5-no history of
chronic medical illness (respiratory diseases etc.).
[ANS symptoms like excessive fatigue, syncope and
dizziness and ophthalmic pathology may effect
pupillary reaction including corneal leukoma,
cataract, macular pathologies, optic atrophy], and
6- notbeing within the 25" percentile for the Raven’s
Colored Progressive Matrices. Twenty-four healthy
children of similar age and gender were recruited
for the control group.

The ADHD group was drug free for at least 48
hours to prevent drug effects on psychometric and
pupillometric measurements. The study was
approved by the Giilhane Military Faculty of
Medicine Local Ethical Committee. Informed
consent was obtained from both parents or legal
guardian after the standard information about the
study conducted and the nature of the procedures
was explained.

Procedures and Assessment Measures

A. Demographic Information Form: A semi-
structured interview including age, gender, stages
of development, educational and medical history
of the child and the educational history of the
parents.
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B. Schedule for Affective Disorders and
Schizophrenia for School Age Children-Present
and Lifetime Version, Turkish Version (K-SADS-
PL-T): The K-SADS-PL-T is a semi-structured
interview form that was developed by Kaufman and
colleagues (1997) and is capable of generating 32
DSM-III-R and DSM-1IV Axis I child psychiatric
diagnoses. Diagnoses are scored as definite,
probable (greater or equal to 75% of symptom
criteria met) or not present (21).

C. The DSM-IV Based Behavior Disorders
Screening and Rating Scale: The scale was prepared
by Turgay. The validity and reliability of the Turkish
Version were done by Ercan and colleagues. The
scale has three subscales for ADHD, ODD and
conductdisorder (CD) based on the DSM-IV criteria.
These subscales have 41 items, including 9
inattention items, 6 hyperactivity items, 3
impulsivity items, 8 items related to ODD, and 15
itemsrelated to CD. Informants describe the severity
of each symptom as “notatall”, “justalittle”, “pretty
much”, and “very much”. To diagnose ADHD, at
least six of the criteria on either the inattention
subscale or the hyperactivity-impulsivity subscale
should be met; to diagnose ODD at least four of the
criteria on the ODD subscale should be met (22).

D. Raven’s Progressive Matrices Test (RPMT):
The RPMT is a non-verbal multiple choice tool that
measures the reasoning (or “meaning-making”)
component, which is often referred to as general
intelligence. The RPMT was originally developed by
John C. Raven in 1936. In each test item, the subject
is asked to identify the missing element that
completes a pattern. Many patterns are presented
in the form of 4x4, 3x3, or 2x2 matrices, giving the
test its name. The matrices are available in three
different forms for participants of different ability:
Standard Progressive Matrices, Colored Progressive
Matrices and Advanced Progressive Matrices. The
Colored Progressive Matrices Test is designed for
children aged 5 through 11 years-of-age, the elderly,
and mentally and physically impaired individuals.
This test contains sets A and B from the standard
matrices, with a further set of 12 items inserted
between the two, as set AB. Mostitems are presented
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Table 1: Comparison of pupil diameters of study and control groups*

Pupillometric measurements ADHD group Control group t P
(mm) (n=32) (n=24)
Photopic
right 3.90 £ 0.76 4.01 £ 0.85 0.51 0.61
left 3.85+£0.62 4.04 £0.85 1.03 0.33
Mesopic
right 6.80 + 0.67 6.67 +0.76 0.63 0.54
left 6.76 £ 0.67 6.62 £0.74 0.70 0.49
Right mesopic-photopic difference 2.96 + 0.64 2.65 +0.89 1.45 0.17
Left mesopic-photopic difference 2.90 £ 0.62 2.57 £0.92 1.56 0.15

*Expressed as mean * SD; compared with Student’s t test

Table 2: Comparison of pupil diameters of ADHD and ADHD/ODD subgroups*

Pupillometric measurements ADHD only ADHD/ODD 4 P
(mm) (n=19) (n=13)
Photopic
right 3.86 (2.67-6.20) 3.54 (3.33-5.07) 0.41 0.68
left 3.66 (2.68-5.33) 4,11 (2.97-4.84) 1.44 0.15
Mesopic
right 6.62 (5.18-8.64) 6.94 (6.23-7.52) 1.14 0.25
left 6.72 (5.01-8.01) 6.79 (6.13-7.32) 0.53 0.60
Right mesopic-photopic difference 2.58 (2.04-3.89) 3.10 (2.30-4.06) 1.39 0.16
Left mesopic-photopic difference 2.90 (1.58-3.95) 2.61(1.66-3.96) 0.95 0.34

*Expressed as median (min-max); compared with Mann-Whitney U test

on a colored background to make the test visually
stimulating for participants. However the very last
few items in set B are presented as black-on-white;
in this way, if a subject exceeds the tester’s
expectations, transition to sets C, D, and E of the
standard matrices is eased (23).

E. Pupillometric Measurements: Pupil diameter
measurements were performed using the
pupillometer incorporated in the NIDEK OPDScan
(NIDEK Co Ltd, Gamagori, Japan). It uses an infrared
detector to capture an image and provides
pupillometry measurements. The OPD-Scan
automatically performs three measurements (first
under mesopic conditions followed by one scan
under photopic conditions) and yields the mean of
these three measurements as an output. There is an
automatic quality check, which rejects bad
measurements. The pupil camera was used to
capture images of each eye in a closed and darkened
room with the illumination of B0.07 lux in the
afternoon (3:00 PM to 5:00 PM) under two natural

undilated illumination conditions (mesopic: 10 lux;
photopic: 100 lux). For this study, all OPD
measurements were performed after 15 min of dark
adaptation for each eye. The pupillometric measures
are done by an ophthalmologist at the Department of
Ophthalmology of GATA (24,25).

STATISTICS

Differences between both groups were
determined using Student’s t test for normally
distributed data and continuous variables and
compared with the Mann-Whitney U test for data
that was not normally distributed. Data correlations
were tested by using Pearson’s correlation analysis.
The SPSS (Statistical Package for Social Sciences)
v.15.0 program was used in all analyses, and the
level of significance was accepted as p<0.05.

RESULTS

Both the subjects of the study and the control
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group were from the middle socioeconomic class.
The mean age of the ADHD group was 9.31+1.28
years and that of the controls was 9.71+1.60 years
with (p=0.325).

There were no significant statistical differences
between the means of the subscale scores of the
DSM-1V Based Behavior Disorders Screening and
Rating Scale filled out by parents and teachers
(p>0.05). These data show that the interpreting
ability of the parents agrees with that of the teachers
about the ADHD symptoms of the children.

There were no statistically significant differences
in photopic and mesopic pupil diameters between
the ADHD and healthy control groups (p>0.05,
Student t test) (Table 1). There were no correlations
between the scale points and the pupillometric data
(p>0.05, Pearson correlation analysis).

Thirteen subjects of the study group (40.6%) had
ODD comorbidity. The ADHD group with ODD did
not differ from the ADHD group without ODD on
photopic and mesopic pupil diameters (p>0.05,
Mann Whitney U test) (Table 2).

DISCUSSION

In the present study, we found no statistically
significant difference on photopic and mesopic
pupil diameters between the ADHD and healthy
control groups. Moreover, the ADHD subgroup with
ODD did not differ from the ADHD subgroup
without ODD with respect to the same variables.
The previous studies that have evaluated ANS in
ADHD mostly used heart rate variability and
electrodermal activity (EDA). The studies using the
heart rate variability procedure suggests that there
is a significant difference in ANS regulation in
children with ADHD (15,16). One of these two
studies indicated high vagal activity in ADHD (16).
The studies using EDA measurement showed
decreased electrodermal response to a task relevant
stimulus in ADHD (17,18). These findings have
suggested that ADHD may be related to decreased
sympathetic activity. With regard to the findings of
these studies, decreased pupil responses can be
anticipated when either increased parasympathetic
reactivity or decreased sympathetic activity are
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taken into account. In spite of that, in our study
there were no statistically significant differences on
photopic and mesopic pupil diameters between
ADHD and healthy control groups.

Although pupillometric assessment had been
used in some psychiatric disorders for researching
ANS functions (26-29), there are not any studies of
ANS functionality in ADHD using pupillometry.
There is only one study of children with minimal
brain dysfunction that was carried out by Zahn and
colleagues (20) that can be indirectly associated with
ADHD. In that study decreased pupil dilatation to
visual stimulus was found but there were a number
of limitations. Even if decreased pupil diameter
indicated an ANSimbalance on behalfofsympathetic
stimulation, this result should be confirmed by other
procedures that evaluate ANS. Contrary to Zahn and
colleagues, we didn’t find any statistically significant
difference on photopic and mesopic pupil diameters
between ADHD and healthy control groups.

Previous findings from autonomic stimulation
studies have produced contradictory results for
ADHD subjects. Although in some of these studies
subjects with ADHD had a tendency to show lower
autonomic stimulation either during rest or during
cognitive or stress tasks (17,30-34), other studies
found there were children with ADHD who didn’t
present decreased autonomic stimulation (35,36).
The authors tried to explain the reason of this
contradiction as a result of not taking into account
comorbidities like ODD and conduct disorder.
Herpertz and colleagues (6,37) have suggested that
decreased ANS functions may be related to conduct
disorder more than ADHD and Raine and colleagues
(36) found supportingdata. Also Ortizand colleagues
(38) suggested that lower stimulation and decreased
autonomic responses are more related to ODD than
ADHD. In our study 40% of the ADHD subjects had
ODD comorbidity and there were no statistically
significant differences on photopic and mesopic
pupil diameters between the ADHD subgroup with
ODD and the ADHD subgroup without ODD. This
result can be interpreted to mean that even
comorbidity of ODD does not affect ANS
functionality.

It is known that norepinephrine and
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acetylcholine are peripheral components of the
ANS, but also neurotransmitters of the central
nervous system. In addition, the locus coeruleus
(LS) has a critical role in the regulation of the ANS
beside the hypothalamic-pituitary axis. LS
dysfunction has been suggested as an etiological
factor for ADHD and psychiatric disorders related
with stress and narcolepsy (39). Animal studies
aiming to identify neural projections from the
forebrainto thekidney, usingthevirus pseudorabies,
have found multi synaptic connections between
the LS and subcoerulear structures and the bladder,
urethral sphincter and kidney via autonomic
(sympathetic and parasympathetic) pathways
(40,41). This data indicates that the LS regulates
autonomic functions. Therefore one reason for
dysfunction of the ANS may originate from a
deficiency of the regulatory function of the LS. LS
deficits that are assumed to be relevant to ADHD
may be the reason for ANS dysregulation which has
been identified in previous studies; however,
speculation about central nervous system function
isdifficultsince no statistically significant difference
in pupil diameters between ADHD and healthy
control groups were found in our study.

One of the most interesting features of eye is its
reaction to light. Acetylcholine via muscarinic
receptors (parasympathetic system) causes
contraction of the iris sphincter pupillary muscle and
a decrease in pupil diameter. Norepinephrine
(sympathetic system), which is secreted from the
neuromuscular junction causes mydriasis. Therefore,
as a response to a light stimulus pupil diameter size
changes are based on the balance of the sympathetic
and parasympathetic nervous systems (12). In regard
to this, pupillometry has been used occasionally to
evaluate ANS functions, but there is no study in the
literature using pupillometry for searching ANS
functions in ADHD. Our study is the first one in this
context and should be accepted as a preliminary
study.

In our study we only included children with the

combined subtype of ADHD and excluded subjects
who had a history of any other psychiatric disorder
(except ODD), chronic medical illness or ANS
symptoms like excessive fatigue, syncope and
dizziness, ophthalmic deficits like refraction error,
cornea or macular pathologies, and those were were
notwithin the 25" percentile for the Raven’s Colored
Progressive Matrices to maintain homogeneity of
the sample with respect to ANS functionality.
However, our study has some limitations: 1)
pupillometry is an indirect method to evaluate the
ANS imbalance; therefore, it might be supported by
other methods which evaluate ANS functionality,
like measuring heart rate variability for 24 hours,
skin conductance responses, tilt table test,
measurement of urinary catecholamine levels and
pseudomotor axon reflex; 2) our findings can only
be generalized for only males and for a definite age
range; for females and different age ranges there is
need for more comprehensive studies; 3) the study
examined a limited number of subjects; 4)
pupillometric measures reflect a short period of
time; therefore, extending the recording time of the
pupillometric measures as long as possible might
be more helpful for more accurate results; and 5)
pupillometry is a procedure which is used for
estimating ANS functions by measuring the light
reflex based pupil size changes, but doesn’t indicate
the effects on the ANS and pupil size of cognitive
and emotional processes. Therefore pupil diameter
measures under the influence of cognitive and
emotional tasks should be added. In addition real
time pupil diameter measures that are conducted
during the daily routine via an apparatus like eye
tracking equipment will strengthen these findings.
In conclusion, these findings suggest that males
with ADHD show no differences in pupil diameters
compared to typically developing children. This
might indicate no difference in autonomic nervous
system functions measured by pupillometry.
However, it is recommended that the results of our
studyneed to be supported by more detailed studies.
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