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Effects of Long Acting Methylphenidate on Ghrelin Levels
in Male Children with Attention Deficit Hyperactivity
Disorder: An Open Label Trial
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OzET:

Dikkat eksikligi hiperaktivite bozuklugu olan
erkek cocuklarinda uzun etkili metilfenidatin
ghrelin diizeylerine olan etkisi: Acik uglu bir
calisma

Amag: Dikkat eksikligi hiperaktivite bozuklugu icin
siklikla kullanilan metilfenidatin en sik gorilen yan
etkileri istah kaybi, vicut agiriginda azalma ve
baslangicta olan bliyime geriligidir. Baskin olarak
mideden salinan ghrelin beslenme davranisini arttirir,
enerji tliketimini ve lokomotor aktiviteyi azaltir, kilo alimi
ve yag depolanmasini arttirir ve ayrica gastrointestinal
motiliteyi etkiler. Ghrelin metilfenidatin ¢ocuklar
lzerindeki metabolik ve anoreksijenik etkileri ile iligkili
olabilir. Bu ¢alismanin amaci metilfenidatin ergenlik
doénemi oncesi dikkat eksikligi hiperaktivite bozuklugu
olan cocuklarda achk serum aktif ghrelin dizeyleri
lizerine olan etkisini arastirmaktir. Ergenlik 6ncesi erkek
cocuklarinda agizdan alinan ozmotik kontrollu salinimi
olan 18 mg/giin metilfenidat ile tedavi 6ncesi ve sonrasi
ghrelin dlzeylerinde degisiklik saptamayi bekledik.
Yontem: Dikkat eksikligi hiperaktivite bozuklugu olan
6-12 yas arasindaki otuz Ug erkek cocugu calismaya
alindi. 60 gunlik metilfenidat tedavisi oncesi ve
sonrasindaki ghrelin diizeyleri disinda, diger laboratuar
bulgular, beden-kitle indeksi, beden-kitle indeksi
persentilleri, boy, vicut agirhgi ve dikkat eksikligi
hiperaktivite bozuklugu semptom siddeti dlctimleri de
analize alindi.

Bulgular: Metilfenidat tedavisi ile serum aktif ghrelin
duizeylerinde bir farklilik saptanmadi. Metilfenidat boy,
vicut agirhgr ve beden kitle indeksi lizerinde énemli bir
degisiklik yapmadan ve ciddi bir yan etki olusturmadan
dikkat eksikligi hiperaktivite bozuklugunun dikkat
bozuklugu, hiperaktivite, diirtisellik temel bulgularinda
iyilesme saglamistir.

Tartisma: Bu calisma metilfenidatin serum aktif ghrelin
diizeyleri (izerine olan etkisini belirlemeye yo6nelik ilk
calismadir. Dikkat eksikligi hiperaktivite bozuklugu ile
yakindan baglantili obezite, alkol ve madde bagimlilgy,
od(l sistemi bozukluklarinin ghrelinle iligkisi nedeniyle
daha ylksek metilfenidat dozlariyla ya da atomoksetin
ve amfetamin gibi stimulanlarla da ileri arastirmalar
yaptlmalidir.

Anahtar sozciikler: dikkat eksikligi hiperaktivite
bozuklugu, ghrelin, metilfenidat, psikostimilanlar
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ABSTRACT:

Effects of long acting methylphenidate on
ghrelin levels in male children with attention
deficit hyperactivity disorder: an open label
trial

Objective: The most commonly reported side effects of
methylphenidate, which is generally used for attention
deficithyperactivity disorder,areloss of appetite, decrease
of body weight and initial growth retardation. Ghrelin,
which is dominantly released by the stomach, promotes
feeding, decreases energy expenditure and locomotor
activity, enhances weight gain and fat mass deposition
and also effects gastrointestinal motility. Ghrelin may
be related to the metabolic and anorexigenic effects
of methylphenidate in children. The aim of this study
was to investigate methylphenidate’s effect on fasting
serum active ghrelin levels in prepubertal children with
attention deficit hyperactivity disorder. We expected
to find a difference between pre- and post-treatment
ghrelin levels with 18 mg/day methylphenidate
administered via an osmotic-controlled release oral
delivery system in prepubertal boys.

Methods: Thirty-three boys with attention deficit
hyperactivity disorder between the ages of 6-12 were
recruited for this investigation. In addition to ghrelin
levels, other laboratory findings, body mass index, body
mass index percentiles, body weight-height measures
and attention deficit-hyperactivity disorder symptom
severity findings were analyzed before and after the 60
days of methylphenidate treatment.

Results: We could not find a significant alteration
in serum active ghrelin levels with methylphenidate.
Methylphenidate improved core inattention,
hyperactivity and impulsivity symptoms of attention
deficit hyperactivity disorder with no significant
alteration in height, body weight and body mass index,
without serious side effects.

Conclusion: This is the first study which directly aims
to determine methylphenidate’s effect on serum
active ghrelin levels. Further research with higher
methylphenidate doses and/or other stimulants such
as atomoxetine and amphetamine should be done as
ghrelin is also associated with obesity, alcohol and drug
addiction and reward system pathologies, which are also
closely related to attention deficit hyperactivity disorder.

Keywords: attention deficit hyperactivity disorder,
ghrelin, methylphenidate, psychostimulants

Bulletin of Clinical Psychopharmacology 2014;24(2):146-57

'M.D., Bakirkoy Training and Research
Hospital for Mental Disorders and
Neurological Diseases, Istanbul - Turkey
2M.D., Gazi University School of
Medicine, Department of Child and
Adolescent Psychiatry, Ankara - Turkey
3M.D., Gazi University School of
Medicine, Department of Medical
Biochemistry, Ankara - Turkey

Address reprint requests to:

Dr. Ozhan Yalgin,

Bakirkdy Ruh ve Sinir Hastaliklari
Egitim ve Arastirma Hastanesi
Istanbul - Tiirkiye

Phone: +90-532-523-1550

E-mail address:
cpozhan@gmail.com

Date of submission:
May 10,2013

Date of acceptance:
July 8,2013

Declaration of interest:

0.Y., El, N.B., U.E: The authors reported
no conflict of interest related to this
article.

146

Klinik Psikofarmakoloji Bilteni, Cilt: 24, Say:: 2, 2014 / Bulletin of Clinical Psychopharmacology, Vol: 24, N.: 2, 2014 - www.psikofarmakoloji.org



INTRODUCTION

Stimulant medications are the most widely used
medical agents for the treatment of Attention Deficit
/ Hyperactivity Disorder (ADHD) and have been
shown in many studies to significantly reduce the
symptoms of inattention, hyperactivity and
impulsivity that characterize this disorder.
Methylphenidate is the most common stimulant
prescribed for managing ADHD symptoms'.
Methylphenidate inhibits dopamine transporter
and norepinephrine reuptake!?. The most common
short-term adverse effects associated with
methylphenidate in school age children are appetite
loss and sleep problems3. It has been suggested that
methylphenidate treatment might slow the rate of
growth in height by compromising weight gain over
several years. Despite numerous studies published
over three decades on growth in children on
stimulants, this remains a controversial issue*°.

With respect to the anorectic effects of
psychostimulants, the role of Neuropeptide Y (NPY),
a potent stimulant of appetite, is being considered
as a possible mechanism. Psychostimulants
decrease hypothalamic NPY levels. It has been
reported that the level of hypothalamic NPY
markedly decreases on the first day of stimulant
administration but then quickly returns to normal®.
Indeed Spencer investigated whether prolonged
therapy with a long acting stimulant affects growth
in children with ADHD. It was found that the effects
of prolonged OROS-methylphenidate (OROS:
Osmotic-controlled Release Oral delivery System)
therapy on growth were clinically insignificant and
limited to slight decreases in weight only during the
first months of the therapy’.

Ghrelin was identified as an endogenous ligand
for the growth hormone secretagogue receptor
(GHS-R) type 1a®. Ghrelinisproduced predominantly
by the stomach but also by many other tissues
(hypothalamus, pituitary, intestine)®. Ghrelin has a
wide spectrum of biological activities beyond the
stimulation of growth hormone release. Ghrelin
stimulates appetite and food intake and decreases
energy expenditure and locomotor activity,
enhancing weight gain and fat mass deposition and
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also effects gastrointestinal motility'*'*. Ghrelin is
the only known circulating hormone that promotes
feeding. Ghrelin levels increase during fasting and
before the onset of meals and decrease strongly 30
minutes after feeding, suggesting that ghrelin levels
might serve as a signal for meal initiation'®. Plasma
ghrelin levels are negatively correlated with Body
Mass Index (BMI)*e.

Ghrelin stimulates appetite by acting on the
hypothalamic arcuate nucleus. In this area, ghrelin
stimulates the activity of neurons expressing NPY
and Agouti-Related Protein (AGRP) which stimulate
appetite and inhibits (with the increase of
y-aminobutyric acid-GABA) the activity of neurons
expressing Pro-Opiomelano-Cortin (POMC), the
precursor to o-melanocyte- stimulating hormone
(0-MSH) and melanocortin as well as Cocaine-and
Amphetamine Regulated Transcript (CART)%'31718,

Ghrelin has direct effects on the central nervous
system and is involved in many behavioral,
neuroendocrinal, cognitive and neuropsychological
processes. Ghrelin may also exert developmental
and organizational effects during perinatal life like
blastocyst development, perinatal growth and
neurogenesis'*. In addition, ghrelin has
neuroprotective effects such as promoting and
protecting nigrostriatal dopamine function via
mitochondrial mechanisms'.

Ghrelin has been associated with many
psychiatric symptoms and psychiatric diseases as
well as psychotropic drug effects and side
effects'*#%20-22. For example, atypical antipsychotics
are generally associated with significant weight
gain.Ithasbeen claimed thatwhen the antipsychotic
treatment is brief (2-9 weeks) there is a decrease in
serum active ghrelin levels and there is an increase
in longer duration (26-52 weeks) of atypical
antipsychotic treatment®*?. Plasma ghrelin level is
increased in anorexia nervosa and cachexia'® and
decreased in weight gain due to overfeeding,
obesity'®*, pregnancy?®, olanzapine and risperidone
(atypical antipsychotics) treatment?®?'. But
conversely, risperidone which is also used in ADHD
treatment has been found in one study to be directly
related to weight gain due to ghrelin increase®.

Ghrelin gene (GHRL) polymorphisms have been
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associated with greater BMI increase during atypical
antipsychotic treatment in schizophrenia®’. Ghrelin
gene (GHRL) polymorphisms have been also
associated with higher plasma lipid and glucose
levels, higher blood pressure and greater BMI?*”
Ghrelin antagonists may play a crucial role in
obesity treatment and may suppress the motivation
for consumption of sucrose and sweet foods®.
Ghrelin is also involved in more complex
cognitive-behavioral processes like learning,
memory, reward, addiction and depressive and
anxious symptoms'*?°. In addition, it has been
suggested that ghrelin (by a mechanism similar to
compensatory increase to food restriction) could be
important in drug, stimulant and alcohol abuse-
addiction mechanisms®*-*, As a result, it is important
to design studies to investigate possible interactions
between methylphenidate and ghrelin because
ADHD increases the risk of drug and alcohol abuse.
The most important aim of this study was to
the relationship between
methylphenidate’s influence on appetite, weight,
BMI, BMI percentiles and serum biologically active
ghrelin levels in children with ADHD. Our hypothesis
was that an increase in ghrelin levels due to
methylphenidate was related to appetite or body
weight loss. However, if methylphenidate related
appetite decrease is associated with ghrelin, we may
find the decreasinglevels of ghrelin. To our knowledge
based on a search of the scientific literature, this is
the first research which directly aims to observe
methylphenidate’s effect on ghrelin levels.

determine

METHODS

Subjects

Participants were 40 prepubertal boys, 6-12
years of age, who were recruited from the Child and
Adolescent Psychiatry Department of Gazi
University Hospital in Ankara. The original trial
began in December 2007 and finished in December
2008. Before starting the trial, application to the
Gazi University Medical Faculty, Ethics Committee
had been submitted, as a phase 4 clinical study. The
Ethics Committee of Gazi University Medical

Faculty approved the study (reference number,
2007-4708-217). Only volunteers were recruited to
the study. All the participants and their parents were
informed and a written informed consent was
obtained from parents. This study was performed in
accordance with the ethical standards announced
in the Declaration of Helsinki of 1964.

Inclusion criteria were: 1) being a prepubertal
male child, 2) meeting the DSM-IV criteria for
ADHD, 3) no usage of methylphenidate or any other
psychiatric drug treatment before the trial, 4) having
no depression or psychotic disorder at the time of
the trial, 5) no history of autism, mental retardation,
developmental delay, any other neurological,
endocrinological, metabolic or infectious disease or
cardiac, liver or kidney dysfunction and no routine
use of any drugs.

As the different endocrinological and metabolic
profile of female patients could change and
complicate the final findings of this research, we
decided not to include female patients.

Procedures and assessment measures

The versions adapted for the Turkish population
of the Conners’ Teacher Rating Scale (CTRS-28)343,
the Conners’ Parent Rating Scale (CPRS-48)34% and
the Conners’ parent-teacher rating scales-revised*"*
were used to collect multiple sources of information
or behavioral symptoms of attention deficit and
disruptive behaviors of ADHD. For the confirmation
of the ADHD diagnosis and to determine the ADHD
subtype and the diagnosis of other earlier and
present psychiatric disorders and to exclude
depression and psychosis, the Turkish version of the
Schedule for Affective Disorders and Schizophrenia
for School Age Children-Present and Lifetime
Version (K-SADS-PL) was used**. For determination
and exclusion of mental retardation the Wechsler
Intelligence Scale for Children-Revised (WISC-R)**?
was used. The K-SADS-PL was rated by the same
child psychiatrist and the WISC-R was performed by
the same clinical psychologist for all the participants.

ADHD severity was assessed initially and 60 days
after treatment by using the CPRS-48 and CTRS-28.
OROS-methylphenidate treatment in a total daily
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dose of 18 mg was administered to the children with
ADHD. Weekend drug holidays were not advised. As
dose titration is more problematic with OROS-
methylphenidate than immediate release
methylphenidate on a per kilogram basis, we
decided to use a fixed dose of 18 mg OROS-
methylphenidate rather than a flexible dose. To
determine the effect of methylphenidate, ghrelin,
glucose, biochemical values (aspartate
transaminase, alanine transaminase,
y-glutamyltransferase, lactate dehydrogenase, total
bilirubin, direct bilirubin, free T3, free T4, thyroid-
stimulating hormone, total protein, albumin),
psychometric values, weight, height BMI and BMI
percentile values were analyzed before and 60 days
after treatment. Blood samples were taken after 12
hours fasting in the morning.

To determine the side effects of OROS-
methylphenidate, the mothers completed a
questionnaire by rating the severity of
methylphenidate associated adverse reactions
(sleep problems, headache, tics, loss of appetite,
abdominal pain, weight loss, sadness, mouth
dryness, nausea, vomiting, fears, irritability, skin
eruption and others): 0, not a problem; 1, mild;
2,moderate; 3,severe. Before and after medication,
appetite status of the children was also rated
similarly by the mothers.

Standard calibrated scales were used to
determine height and weight. Weight and height
were measured to the nearest 0.1 kg. and 0.1 cm.,
respectively, according to a National Institutes of
Health Protocol. BMI was calculated by dividing
weight (in kilograms) by the squared height (in
meters) (kg/m?). BMI percentiles were determined
by the Turkish children standardization charts®.
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The patients were instructed not to change diet or
physical activity during the study.

Laboratory Methods

Serum biologically active ghrelin levels were
measured by using an Enzyme Immune Assay Kit
(Ghrelin Acylated Cayman/96 Test/EIA kit material),
which is designed to detect a specific peptide and its
related peptides, based on the principle of
“competitive” enzyme immunoassay (Phoenix
Pharmaceuticals Inc. USA). The minimum
detectable concentration of ghrelin was 0.1 ng/ml
for this assay technique (44).

Statistics

Statistical analyzes were calculated with SPSS
11.5 Statistics software. A nonparametric test,
Wilcoxon’s ranked-sums test for paired samples
was used for the interpretation of laboratory
findings and ADHD rating scales. The Spearman
test was used for correlation analysis.

RESULTS

Two patients dropped out of the study in the
course of follow up. Five patients were excluded as
they used another drug for medical conditions in
the trial period. Analyses were carried out on 33
boys. Age range of the participants was between 7
and 12 (mean 9.20+1.35). According to K-SADS-PL,
the participants had 27.27% (n:9) predominately
inattentive, 18.18% (n:6) predominatelyhyperactive-
impulsive, 54.54% (n:18) combined subtype of
ADHD. Comorbid diagnoses were: 36.36% (n:12)

Table 1: Pre- and Post-treatment Conners rating scale scores

Pretreatment Post-treatment
n:33 p°
CTRS-AD 15.40+4.42 11.27+£3.84 0.001
CTRS-HA 10.54+3.41 9.09+2.64 0.003
CTRS-CD 7.54+3.80 4.86+2.64 0.001
CPRS-AD 7.50+2.24 5.13+£2.60 0.001
CPRS-HA 7.95+2.83 5.54+2.17 0.001
CPRS-CD 10.50+6.71 7.86+5.70 <0.001
CPRS-OD 7.04+3.12 4.95+3.25 0.001

CPRS-: Conners Parent Rating Scale- (AD: attention deficit, HA: hyperactivity-impulsivity, CD: conduct disorder, OD: oppositional defiant), CTRS: Conners Teacher Rating scale,
2Wilcoxon’s ranked-sums test was used for comparison between pretreatment and post-treatment values of ADHD group.
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Table 3: Height, Weight, BMI, BMI percentiles and ghrelin values of the subjects (pre- and post treatment)

Height (cm) Weight (kg) BMI (kg/m?) BMI percentiles (%) Ghrelin (ng/ml)

Pretreat n:33 134.59+12.32 33.11+10.00 17.99+2.76 66.81+£24.51 40.83+0.39
Post treat n:33 135.95+12.473 33.43+10.26 17.77+2.71 64.40+27.53 40.46+1.43
25 percentile

pre/post treat 125.75/127.75 27.00/26.75 16.19/15.66 51.75/43.25 40.78/40.47
50* percentile

pre/posttreat (median) 131.00/132.50 29.50/30.00 17.42/17.27 72.00/68.00 40.97/40.95
75 percentile

pre/post treat 141.25/143.00 38.25/39.12 18.48/18.22 89.25/90.25 41.08/41.04
Z -4.038 -1.353 -1.550 -0.666 -0.539

p? <0.001 0.176 0.121 0.506 0.590

2Wilcoxon'’s ranked-sums test was used for comparison between pretreatment and posttreatment values of ADHD group. pre/post treat.: pretreatment and post-treatment

Table 3: Statistical correlation values between the difference in ghrelin’s serum level and variation of the Conners rating scales

subpoints after two months of methylphenidate treatment

ctrs-ad ctrs-ha ctrs-cd cprs-ad cprs-ha cprs-cd cprs-od
ghrelin variation (ng/ml) p=0.533 p=0.490 p=0.884 p=0.407 p=0.683 p=0.080 p=0.264
r=0.140 r=-0.155 r=-0.033 r=0.186 r=0.092 r=0.381 r=0.249

Spearman test was used for correlation between pretreatment and post-treatment values of ADHD group, cprs-: Conners Parent Rating Scale- (ad: attention deficit,

ha: hyperactivity-impulsivity, cd: conduct disorder, od: oppositional defiant); ctrs: Conners Teacher Rating scale

oppositional defiant disorder, 9.09% (n:3) enuresis
nocturna, 6.06% (n:2) enuresis diurna or encopresis.

Therewere statistically significantimprovements
in the symptoms of ADHD according to CPRS-48
and CTRS-28 (Table 1).

According to our findings, the body weight of 10
(30.30%) cases did not change, 15 (45.45%) had
increased and 8 (24.24%) had decreased body
weight. The height of 30 cases (90.90%) of the
subjects increased. BMI increased in 14 (42.42%) of
the participants increased and decreased in 15
(45.45%). In 4 (12.12%) of the subjects, BMI did not
change.

Only in height was there a statistically significant
(z=-0.438, p<0.001) increase. We didn’t observe
statistically meaningful alterations in weight (z=-
1.353, p=0.176), BMI (z=-1.550, p=0.121) or BMI
percentiles (z=-0.666, p=0.506) (Table 2).

After the treatment, 5 (15.15%) of the sample did
not have any appetite decrease, 15 (45.45%)
participants had mild, 11 (33.30%) participants had
moderate and 2 (6.06%) participants had severe
appetite decrease.

Mean active serum ghrelin level before the
treatment was 40.83 (+0.39) ng/ml and 40.46 (+1.43)

ng/ml after the treatment. There was no statistically
significant difference (z:-0.539, p:0.590) between
pretreatment and post-treatment serum active
ghrelin levels according to our results (Table 2).

There were not any statistically meaningful
changes in other laboratory findings.

We did not determine a significant correlation
between changes in serum ghrelin levels (ng/ml)
after two months of treatment as well as variation
of BMI (p=0.941, r=+0.017), BMI percentiles
(p=0.344, r=+0.212) and body weight (p=0.289,
r=+0.237) before and after the treatment. We did
not observe an important correlation between
OROS-methylphenidate dosage per kilograms and
ghrelin variation values (ng/ml) (p=0.580, r=-0.125)
after the treatment period. Difference of
pretreatment and post-treatment OROS-
methylphenidate dosages per kilograms also did
not correlate with ghrelin variation (p=0.659,
r=-0.100). In addition, we could not determine any
significant correlation between changes in serum
ghrelin level and variation of the Conners’ rating
scales subpoints reflecting severity of ADHD
symptoms after e two months of methylphenidate
treatment (Table 3).
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DISCUSSION

We did not observe a significant alteration in
serum active ghrelin levels or in BMI and body
weight parameters after 2 months of uninterrupted
18 mg OROS-methylphenidate treatment in our
sample.

Among brain regions involved in ghrelin’s
orexigenic effect, the most important is the
hypothalamus, which has the highest density of
ghrelin receptors (GHSRs). Extrahypothalamic
sites like the ventral tegmental area (VTA) may also
be important for relaying ghrelin’s orexigenic
effect!. Ghrelin receptors have been detected not
only in the hypothalamus but also in the
hippocampus, substantia nigra, ventral tegmental
area and raphe nucleus, brain areas that are known
as being components of the brain reward
pathways**%. It has been also reported that drug
craving and food hunger are similar in their
psychological qualities and they are thought to
share common underlying neural circuitries. Both
of these are influenced by the mesolimbic brain
reward system and its endorphinergic inputs®®'. It
has been shown that ghrelin has a major role in the
pathogenesis of alcohol dependence and craving
which are closely related to the reward system>>33.
Interestingly, people with ADHD have a greater
risk for alcohol and other drug addiction. As a
result in the future there should be studies trying
to reveal if ghrelin plays a role in ADHD
pathogenesis or is involved in substance abuse due
to ADHD. Ghrelin also activates the orexin neurons
in the paraventricular nucleus in the lateral
hypothalamic area to express orexins which
regulate arousal®**. Modafinil, which is being used
for the treatment of ADHD, narcolepsy and
stimulant abuse, interacts with the orexins to
stimulate alertness and wakefulness®>.

Ghrelin is a potent modulator of the mesolimbic
dopaminergic reward pathway. Ghrelin increases
dopamine receptor D5 and acetylcholine receptor
nAChRf2 gene expressionin the VTA and decreases
expression of dopamine receptor genes D1, D3 and
D5 and acetylcholine receptor gene nAChRa3 in
the nucleus accumbens?®. Ghrelin increases ventral
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tegmental acetylcholine and increases dopamine
release in the nucleus accumbens®. It is claimed
that glutamate is required for ghrelin to stimulate
the mesolimbic dopamine system rather than
orexin or opioid signaling®®. Methylphenidate also
has a positive dopaminergic effect'?. Dysfunction
in the cholinergic-dopaminergic reward system
due to hyperghrelinemia is associated with
addictive behaviors like compulsive overeating,
alcohol use disorder and binge eating whether or
not related to bulimia®>".Ghrelin promotes the
rewarding, hedonic aspects of eating independent
from eating associated with body weight
homeostasis®.

Ghrelin activity is associated with activity or the
hippocampus and nucleus accumbens (NA). With
that association ghrelin can affect other various
reward behaviors in addition to food intake. Ghrelin
augments hyperactivity and arousal due to cocaine,
has antidepressant-like properties and is associated
with greater alcohol consumption and
craving®?33545960 Cocaine is a stimulant agent like
methylphenidate but, unlike methylphenidate, it is
illegal and has neurotoxic and addictive properties.
Systematicghrelinsensitizesand ghrelin antagonists
attenuate cocaine induced hyperlocomotion and
ghrelin lowers the subthreshold of the psychogenic
action of cocaine®*% Central ghrelin activates
arousal and wakefulness like stimulant medications
in the treatment of narcolepsy and ADHD. The
activation of the hypothalamic neural circuit
including ghrelin, orexin and NPY neurons
stimulates wakefulness, arousal, motor activity and
may stimulate nocturnal and binge eating®.

Ghrelin increases GABA in the hypothalamus
while psychostimulants decrease GABAergic
transmission in the striatum'*%2. Peripheral ghrelin
increases noradrenaline in the arcuate nucleus,
suggesting that ghrelin stimulates food intake at
least in part through the noradrenergic pathway®.
Methylphenidate has also a noradrenergic
effect®*5s,

Perhaps one of the most important side effects of
meyhylphenidate and other stimulants is growth
and height retardation. Weight loss and reduced
height velocity due to stimulant medication in
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ADHD is particularly observed in the first 6 months
oftreatment®. Poultonand Satterfield demonstrated
that the growth rates for height and weight
progressively normalized over 2 or 3 years of
stimulant medication in ADHD®%. Even in children
on growth hormone therapy for severe growth
failure, although methylphenidate has some
negative effect on growth during the first years of
treatment, the adult final height is not effected®.

Interestingly many years ago there was a
presumption that the hyperactivity in ADHD would
decrease the risk of obesity, but now it is known that
obesity and ADHD have significant comorbidity™ .
It has been reported that children with ADHD have
a greater risk for obesity in both epidemiological
and clinical studies™. Holtkamp found a higher rate
of obesity in untreated children with ADHD?. From
a neuropsychological perspective, it has been
suggested that ADHD and obesity result from
cognitive, neuropsychological deficits like
individual self-dysregulation, cognitive deficits,
executive function deficits and dysfunctional
motivational-reward systems and excessive goal
directed motor activity. These failures are closely
related to the dopamine and ghrelin system™™.
However, there have been studies not linking
obesityin ADHD with neuropsychological, cognitive
deficits. Lower socioeconomic status in ADHD may
be related with obesity™.

Moreover, recent studies have showed that
methylphenidate reduces overall energy intake
with a selective reduction in dietary fat™. It is
suggested that associated with attention problems,
impulsivity and increased food consumption, the
dopaminergic reward system and dopamine
receptor genes mightbe theunderlying mechanism
of the comorbidity of ADHD and obesity in
children”7’. Perhaps ghrelin could be associated
with ADHD and its relation with obesity. Low brain
dopamine has been associated with overeating
and obesity and agents increasing dopamine like
stimulants reduce feeding behavior™.

It has been claimed that the greater prevalence
of ADHD in obese children might be related to an
imbalance in the dopaminergic reward system. Low
ghrelin levels are associated with obesity™. In

children, a substantial reduction in excess weight is
accompanied with a progressive increase in serum
levels of ghrelin™ and this increase can cause weight
gain again. Ghrelin targets dopamine projections
from the ventral tegmental area to the nucleus
accumbens, it triggers increased dopamine
neuronal activity in the VTA, leading to an increased
dopamine turnover in the nucleus accumbens.
ADHD symptoms have been reported to be related
to a hypodopaminergic state and methyphenidate
and other stimulants increase dopamine availability
in the brain. The excitation of VTA dopaminergic
neurons causes an increase in dopamine release in
the nucleus accumbens, which in turns inhibit
hyperactivity and inattentiveness. Since reducing
excessive weight increases ghrelin levels, it has been
hypothesized that reducing over the weight of obese
children with ADHD mightresultin animprovement
in ADHD symptoms®’; although sufficient data is
not available to support this suggestion.

It has been suggested that there is a relationship
between the ghrelin increase before food restriction
and drug-alcohol craving-seeking behavior. In the
last few years there has been mounting evidence
that ghrelin is related to psychostimulant drug
addiction®*. In addition, ghrelin interacts with
CART (Cocaine-and Amphetamine Regulated
Transcript) peptides, which are known to be
importantin psychostimulant addiction / rewarding
/" reinforcing mechanisms®-%. CART
neuropeptide released from the hypothalamus that
transmitsaphysiological anorexicsignal. Mutational
screening of the CART gene in children with severe
early onset obesity has identified a mutation, which
is also linked to depression and anxiety. CART
peptides can be the crucial point between obesity
and mental health disorders and CART peptides
may be significant in pathological eating behaviors
associated with psychiatric drugs. CART peptides
are also regulated by cocaine and amphetamine
usage, which are psychostimulants like
methylphenidate®. There must be further research
on methylphenidate and its action on CART
peptides. We do not have enough scientific
knowledge and data to link an association between
CART peptides, ghrelin and methylphenidate

is a
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associated appetite decrease. Also there must be
studies investigating the possible interaction
between CART peptides, ghrelin, ADHD
pathogenesis and ADHD induced substance abuse.

In our study on a prepubertal ADHD child group,
methylphenidate significantly reduced ADHD
symptoms and there was only a statistically
meaningful positive change in height and
unimportant alterations in body weight and BMI.
We did not find significant differences in serum
glucose, active ghrelin or in other metabolic and
biochemical tests after two months of uninterrupted
treatment. In light of these findings, we can suggest
that methylphenidate is an effective and safe drug
considering its effect on growth, supporting many
past studies.

If methylphenidate’s negative influence on
appetite was directly connected with ghrelin and
related mechanisms, we would have expected to see
a decrease in serum ghrelin levels after
methylphenidate treatment. If there was a
meaningful weight loss in the group and if there was
no relation between methylphenidate’s mechanism
on appetite decrease and ghrelin action, we might
have expected to see an increase in serum ghrelin
levels. Accordingtoourresultsand when considering
ghrelin’s physiological effect, our results are not
consistent with both of these above hypotheses.
These findings may be due to the insignificant body
weight alteration and negligible appetite decrease
in the sample group. Perhaps in future studies
higher methylphenidate doses might make an
alternation on serum ghrelin levels. Additionally, we
couldn’t determine any relation between ADHD
symptom improvement and serum active ghrelin
levels.

It has been hypothesized that increased ghrelin
and decreased leptin signaling in the anorexia
nervosa drive the activity of dopamine neurons in
the ventral tegmental area. Increased ghrelin might
be associated with hyperactivity, which is often seen
in anorexia patients. In patients with anorexia
nervosa, this altered activity of the dopamine system
due to the increase of ghrelin may be involved not
only in hyperactivity but also in aberrant cognitive
processing related to food®. In response to acute

Yalcin O, Iseri E, Bukan N, Ercin U

physical exercise, plasma ghrelin levels tend to
decrease®®. The decreased hyperactivity of children
with successful treatment by methylphenidate in
this study might have had an effect on ghrelin levels.
This condition also makes it harder and more
complicated to make a conclusion.

Even if ghrelin is involved in ADHD pathogenesis
or methylphenidate has a direct effect on ghrelin
action and on serum ghrelin levels, we may have not
observed significant change in serum ghrelin levels
because of all these complicated mechanisms we
have summarized above.

Poulton et al. found that in the first 3 months of
dexamethylphenidate etamine or methylphenidate
treatment in children with ADHD, serum leptin and
amino-terminal propeptide of type 1 collagen
(P1NP) levels significantly decreased and albumin
levels significantly increased. Although in the third
year of psychostimulant medication the levels of
PINP leptin and albumin normalized, the serum
concentrations of osteocalcin, C-telopeptides
(CTX), insulin like growth factor 1 (IGF-1) and
insulin like growth factor binding protein-3
(IGFBP-3) significantly increased. In the third
month and third year of the stimulant medication,
they observed no significant changes in fasting
levels of vitamin D, parathyroid hormone (PTH),
prealbumin, ferritin, transferrin, insulin, glucose or
ghrelin like in our study®®.

Previously Iseri et al. determined no significant
change in serum insulin and leptin levels of boys
with ADHD associated with methylphenidate
treatment. There was no relation between BMI,
appetite loss due to short acting methylphenidate
and leptin-insulin levels?®.

This study has some limitations such as relatively
small sample size, lack of a control group and a
relatively low methylphenidate dose especially for
children near to puberty. In the future studies, the
same or higher doses of methylphenidate for per
kilogram should be used for the sample group. In
the future, there should be studies about the
stimulant action on ghrelin containing both sexes.

Ghrelin can be related to the metabolic effects of
methylphenidate in children and ghrelin can be
important in addiction-substance abuse
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mechanisms of children and adolescents with
ADHD. Because of these factors, investigators
should explore the possibility of ghrelin’s
involvement in ADHD pathogenesis or
methylphenidate’s action on ghrelin in future
studies.
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