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Abstract

Attention deficit hyperactivity disorder (ADHD) is one of the most commonly diagnosed childhood psychiatric disorders
manifested in almost every part of children’s behavior. The most common treatment of ADHD is medication with stimu-
lants, by specific amphetamine and methylphenidate. It is known that the treatment by stimulants may be accompanied
by side effects from among decrease of appetite or changes in development as growth suppression and loss of weight
which may present very serious phenomenon. Although many studies have monitored changes in growth and weight dur-
ing medication, they did not provide definite results that the growth and weight suppression are caused by medication or
not. According to many studies the height deficit is approximately amounted to 1 cm/year during the first 3 years of the
treatment and can be clinically serious. Contrary to these findings some authors reported that the growth or weight
changes can be a natural symptom of ADHD and not just a consequence of medication. The present article reviews key
studies monitoring changes in parameters of growth in medicated children with ADHD, compares their results and sug-

gest methodology improvements for further studies.
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INTRODUCTION

Attention-deficit and hyperactivity disorder (ADHD) is
one of the most common childhood disorders,
characterized by developmentally inappropriate
cognitive deficits, levels of inattention and/or
hyperactivity/impulsivity (Kaiser et al., 2008; Barkely
& Macias, 2005). The disorder is represented by a
multiple loci of pathology with respect to atypical
functional anatomy and pathophysiology. Cognitive
deficits extend beyond executive functioning to include
spatial, temporal, and lower-level ,nonexecutive”
functions. Atypical functional anatomy extends beyond
frontostriatal circuits to include posterior cortices,
limbic regions, and the cerebellum and pathophysiology
includes dopaminergic as well as noradrenergic
neurotransmitter systems (Vaidya & Stollstorff, 2008;
Fassbender & Schweitzer, 2006; Roth & Saykin, 2004).
Evidence-based treatments for ADHD include
medication, psychotherapeutic and psychosocial
methods or combination of these (Kaiser et al. 2008),
whereas the combination seems to be the most effective
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(Jensen, 2009; So, 2008; Kaiser et al., 2008; Drtilkova,
2003; Paclt & Florian, 1996). Despite this fact, single
use of stimulants is the most frequent treatment method
in common clinical practice (Barkley et al., 1999;
Barkely & Macias, 2005; Poulton, 2005). Positive
effects of stimulants are supported by numerous studies
(Rao et al., 1998; Spencer et al., 1998; Barkley et al.,
1999; Barkely & Macias, 2005; Poulton, 2005; Poulton
& Nanan, 2008) and the improvement appears to
influence most of the core symptoms (Barkley et al.,
1999; Barkely & Macias, 2005; Poulton, 2005; Paclt et
al., 2005; Paclt et. al, 2006; Paclt, 2008). However, the
treatment by stimulants may be accompanied by
different side effects — i.e. decrease of appetite
(Satterfield et al., 1979; Kamer et al., 2000; Barkley &
Macias, 2005; Poulton, 2005; Paclt et al., 20006),
insomnia (Barkley et al, 1999; Prihodova &
Nevsimalova, 2006), irritability, sadness (Setoodeh &
Teleffson, 2007) and also serious neurological problems
(Barkley et al., 1999; Barkely & Macias, 2005; Paclt,
2006; McAfee et al., 2008). It was also reported that
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long period use of stimulants can seriously influence
growth (Satterfield et al., 1979; Friedman et al, 1981;
Rao et al., 1998; Paclt et al., 2000; Rao et al., 1998;
Drappatz et al., 2006). In this context, most of the
available studies confirmed high initiatory growth
deficit after beginning of the treatment (Kramer et al.,
2000; Drappatz et al., 2006; Setoodeh & Teleffson,
2007; Ptacek, et al., 2008).

Early and recent studies reported that amphetamine and
methylphenidate as the most frequently used stimulants
may influence decrease of growth hormone secretion
(Drappatz et al., 2006; Rao et al., 1998), but due to the
fast metabolic elimination of amphetamine and
methylphenidate, the influence may not be considered
as significant. Also periodical dropping off regular dose
of drugs can be followed by growth compensation
(Barkley et al., 1999; Paclt, 2008) but it is still unclear
whether the growth changes are temporary or not
(Poulton & Nanan, 2008). The reason for this dilemma
may be that the studies studying response of growth on
stimulants are heterogeneous. According to early
findings the most significant deficit was found in the
treatment with dextroamphetamin (Safer et al., 1972),
followed by methylphenidate (Satterfield et al., 1979)
and pemoline (Friedman et al., 1981). In this context,
Poulton (2005) emphasized the importance of
measurement of children during the treatment, because
the treatment can cause up to lem growth deficit per
year. According to Mattes and Gittelman (1983) the
deficit can be even up to 3.3 cm. Treatment in children
is also commonly associated with loss of weight
(Setoodeh & Teleffson, 2007) that may be connected to
the decrease of appetite (Drappatz et al., 2006; Rao et
al., 1998). However the weight loss does not have to be
direct result of a lower energy intake because it may be
caused by endocrinological changes. With respect to
these findings Spencer (1998) suggested that growth
and weight changes can be a manifestation of this
disorder itself and not only a manifestation of the
secondary effect of the treatment. Possible relationship
of growth to ADHD may be thus mediated by several
potential mechanisms, including direct effect of the
disorder on cartilage, altered central nervous system
growth factors, and altered hepatic growth factors, all of
which may be either medication-induced or disorder-
specific (Shashank & Joshi, 2002).

CROSS-SECTIONAL STUDIES

First cross-secional studies appeared in the 70’s of the
last century. Safer et al. (1972) monitored 29
hyperactive children treated with dextroamphetamine
and methylphenidate. They compared two groups —
“drug holiday” (repeated time breaks in medication) and
“drug continuation” (no breaks in medication). The
holiday group gained about twice as much weight as the
group with the continuous medication. The authors

proposed that a “rebound phenomenon” occurred during
the summer months. Similarly Klein et al. (1988)
measured children after summer and found no group
differences in height, but weight was higher in the
group that had been taken off methylphenidate therapy.
Two summers of being off methylphenidate treatment
had a significant positive effect on height but not on
weight. The results document a linkage between
exposure to methylphenidate and reduction in growth
velocity. Other important results were brought by the
study of Kalachnik et al. (1982). They indicated that
stature suppression does not occur in male children
below 13 years of age when methylphenidate is used up
to 0.8 mg/kg/day for one or two years and up to 0.6
mg/kg/day for three years. This finding is supported by
several following studies (Setoodeh & Teleffson, 2007;
Faraone et al, 2008) which also suggested the
importance of dose level. Unfortunately this factor is
not well described in most of other studies. Other
important factors are pretreatment values of weight and
height.

A retrospective study done by Schertz et al. (1996)
examined weight loss in children with ADHD treated
with stimulant medication. The aim of the study was to
find possible predictors of changes in weight. These
changes were found in both the methylphenidate group
and the dextroamphetamine group. Conclusions of this
study were that pretreatment weight is a significant
predictor of weight loss in ADHD children treated with
methylphenidate or dextroamhetamine. Pretreatment
age, duration of treatment, and weight-adjusted dose
were not found as significant predictors. Smaller or
larger changes in growth or weight were found also in
further studies. Within this context, Swanson et al.
(1998) compared 18 studies which analyzed height and
weight of 4400 children in age of 6-17 years and found
that the average height was at the S51st percentile,
weight at the 6lst percentile. Children treated with
stimulants in this study were found to be smaller than
controls. After three years, the growth suppression
seemed to reach its maximum effect. Upon these
findings Swanson postulated that growth monitoring
should be standard practice for kids taking stimulant
medication. Swanson et al. (2006) further evaluated the
hypothesis of stimulant medication effect on physical
growth and in their study medicated group showed
average growth of 2.0 cm and 2.7 kg less than the not
medicated subgroup.

Deceleration of growth in medicated children was also
confirmed by MTA Cooperative Group (2004). The
MTA is a cooperative treatment study performed by 6
independent research teams in collaboration with the
National Institute of Mental Health and the Office of
Special Education Programs of the US Department of
Education, Washington, DC. The results of this group
are congruently referred as MTA Group (MTA, 2004).
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MTA performed analyses to evaluate effects of changes
in medication use on 14 to 24 month change scores of
effectiveness (symptom ratings) and growth (height and
weight measures). Results show that the medicated
group has reduced height gain compared with the group
that has never reported medication use. Also Charach et
al. (2006) recorder weight loss and growth suppression
during the treatment of 79 children, 6 to 12 years of age
and the period was up to 5 years. Further significant
differences were found by Lisska and Rivkees (2003),
who studied 84 ADHD patients (68 boys and 16 girls)
treated with methylphenidate. They found significant
differences in mean height SD scores between treated
children and sibling controls after 2 years of treatment.
However, before the treatment heights were similar
between the patients and their age matched untreated
siblings, the growth delay was seen in both high and
low doses (10-80 mg/day).

Above mentioned results of changes of growth were not
supported by Sund and Zeiner (2002), who examined
growth in children undergoing extended stimulant
treatment in 91 children. 68 subjects of this group were
treated with amphetamine and 23 with methylphenidate.
The age interval of the group was 3-10 years. According
to the results, the treatments with amphetamine or
methylphenidate did not have negative effects on
growth. However, some children from the amphetamine
group showed weight loss during the first year of
treatment. The changes in weight also were not
confirmed by Zhang (2005), who analyzed 146 school
age children (126 boys) with ADHD treated with
methylphenidate [0.27-0.64 mg/ (kg.day)] and 29 non
medicated children. According to these results age, sex,
DSM-IV type and dose of methylphenidate did not
contribute significantly to the variance of height. The
mean height velocity from the 1st to the 4th year of age
was 4.28 cm/year, 4.90 cm/year, 4.98 cm/year and 4.95
cm/year. Small but significant deceleration of height
velocity was identified as a long-term side effect of
methylphenidate. No influence on weight was found.
Despite the fact that significant changes in weight were
not found in the two above mentioned studies, Waring
et al. (2008) reported new findings. They carried out a
cross-sectional analysis of 62 887 children and
adolescents aged 5 to 17 years of age. The children and
adolescents were classified as underweight, normal
weight, at risk of overweight, or overweight according
to BMI for age and gender. After adjustment for age,
gender, race/ethnicity, socioeconomic status, and
depression/anxiety, children and adolescents with
ADHD not currently using medication had up tol.5
times the odds of being overweight, and medicated
children and adolescents had up to 1.6 times the odds of
being underweight compared to children and
adolescents without the diagnosis.
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The finding that children taking stimulant medication
are half as likely to be overweight as those not on the
medications was supported also by Curtin (2005).
Although numerous studies, in concordance with
prevalence in population, included only ADHD boys,
Biederman et al. (2003) observed growth and weight
differences during medication also in girls. Comparison
of these studies shows that ADHD-growth association is
not probably gender dependent.

LONGITUDINAL AND PROSPECTIVE STUDIES

According to numerous studies height deficits in
children have been reported many times, but not many
longitudinal studies were done. It is possible that the
growth catch-up is related to ADHD-associated delayed
maturation and is not a result of stimulant treatment.
Long effect of these changes has been monitored by a
few longitudinal studies or studies including adults.
Accoding to Vincent et al. (1990) adolescents are not
sensitive to methylphenidate. Spencer et al. (1998) also
found the adult height is not influenced by this
suppression of growth. Similarly, Faraone and Giefer
(2007) observed 127 children in age from 6 to 12 years
during 36 months of treatment with methylphenidate.
The results showed that the treatment was associated
with small but significant delays of growth especially in
height, weight, and BMI. Faraone et al. (2008) postulate
that the treatment with stimulant medication is leading
to statistically significant delays in height and weight
and suggest that growth deficits may be dose dependent,
and may not differ between methylphenidate and
amphetamine. In this relation he concludes that
treatment with stimulants in childhood may reduce
expected height and weight at moderate level.

Although these effects attenuate over time and some
data suggest that ultimate adult growth parameters may
not be affected (Faraone et al.,, 2008). This was
confirmed also by the study of Zachor et al. (2006), who
analyzed the effects of long-term psychostimulant
medication on growth parameters in children with
ADHD. There were 89 children measured at baseline in
the interval of 3, 6, 12, 24, and 36 months. Significant
weight loss was documented mostly during the first few
months of the treatment. Pre-pubertal children had more
significant weight loss than children during puberty.
Significant changes were found over the 2 years of
treatment and no long-term impact on height was noted.
According to their results the growth changes in long-
term stimulant therapy are not clinically significant.
Most of the previous studies suggest that the stimulant-
associated height deficits in ADHD are temporary and
early manifestation of ADHD itself and they do not
represent a complication of the therapy, and the small
risk of growth lost may be a price paying for many
children to gain improved learning and social function.



Table 1. Comparison of the studies.
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Study Age Dose (mg/day) Results
Safer, Allen, & Barr 1972 NS mph +20 mg; weight loss
mph +20 mg
(+ dex)
Safer & Allen, 1973 NS mph +20 mg; growth suppression
mph +20 mg
(+ dex)
Millichap & Millichap, NS mph 10-20 mg no significant differences
1975, 1978
Kalachnik et al., 1982 5-10 mph 18.4 mg no significant differences
Klein et al., 1988 6-15 mph <60 mg no significant differences
Vincent et al., 1990 adolescents mph = NS no significant differences
Schertz et al., 1996 NS mph = NS weight loss
dex =NS
Spencer et al., 1998 adolescents mph 38 £ 24 mg growth suppression
Swanson et al., 1998 6-17 mph 14.2 mg growth suppression
Spencer, Biederman, & Wi- 13-17 mph 19.8 mg growth suppression
lens, 1998
Sund & Zeiner, 2002 3-10 mph 23.9 mg; no significant differences
dex 11.9 mg
Biederman et al., 2003 6-17 mph = NS no significant differences
Lisska & Rivkees, 2003 NS mph 10-80 mg growth suppression
Poulton & Cowell, 2003 6-18 mph 27 mg; growth suppression
dex 13.7 mg
MTA cooperative group, NS mph 34.4 mg growth suppression
2004
Zhang et al., 2005 NS mph 27-64 mg growth suppression
Spencer et al, 2005 4-12 atomoxetine 1,8 mg no significant differences
Charach et al., 2006 6-12 mph = NS weight loss
Zachor et al., 2006 NS mph = NS weight loss
Kratochvil et al., 2006 6-7 amx = NS growth suppression,
weight loss
Pliszka et al., 2006 NS mph = NS; no significant differences
dex =NS
Faraone & Giefer, 2007 6-12 mph = NS no significant differences
Swanson et al., 2006 NS mph = NS growth suppression,
weight loss
Waring et al., 2008 5-17 NS weight loss

Legend: no significant differences: the study showed no effect of the treatment on growth parameters; weight loss: the study showed
statiscally significant weight loss after medication; growth suppression: the study showed statistically significant growth suppression in
medicated children; mph: methylphenidate; dex — dextroamphetamine; amx: atomoxetine; NS: nonspecified or not available.

(Setoodeh & Teleffson, 2007). Spencer et al. (1998)
supported the presumption that growth changes are not
only the effect of the treatment but also manifestation of
ADHD. Although at this time it is not possible to
compare or statistically analyze the results due to
heterogeneous methodology and insufficient sample
descriptions, we attempted to provide an overview of
the heterogeneity of the studies in Table 1.

REVIEWS

Most known reviews of the studies of growth in child-
ren with ADHD treated with dextroamphetamine or
methylphenidate were published by Poulton (2005) and
Faraone et al. (2008). These reviews show that treat-
ment with stimulant medication may lead to statistically

significant delays in height and weight and dropping out
may lead to normalization of growth. The authors state
that many of the reviewed studies were of poor quality
and despite the large number of studies, most of those
failed to detect any adverse affect on growth due to sti-
mulant medication. Despite the reviews are detailed
they do not bring concrete conclusions, recomendations
or explanations. They suggest providing further re-
search but do not offer any advice for better design of
studies or for clinical practice.

DISCUSSION
In summary, it is known that stimulants may cause short
time growth retardation and loss of weight. Although
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many studies have been done, the methodology and
observed variables are very heterogeneous and inconsis-
tent. The studies do not lead to definite conclusions.
They found that the treatment with stimulants in child-
hood may reduce expected height and weight. Although
these effects attenuate over time, ultimate adult growth
parameters are according to current opinions probably
not affected. In correspondence to the previous findings,
changes of height and weight are approximately
lem/year and 1kg/year less than norms. From the point
of view of some authors the small risk of lost centime-
ters may be a price worth paying for many children to
gain improved learning and social function (Barkley &
Macias, 2005). Therefore for most of the parents or
children the effect on growth can be clinically unimpor-
tant (Poulton, 2007), especially when improvement in
behavior follows. Some data suggest that ultimate adult
growth parameters may not be affected. But whether
children eventually grow to normal size or not, remains
a question. Because most of the studies did not monitor
changes longer than three years and could not provide
definitely the effect on adult height.

The findings show that growth deficit may be dose de-
pendent as well as drug holiday dependent, but deficits
may not differ between methylphenidate and ampheta-
mine and may also appear in the treatment by atomox-
etine. According to results of the current studies it is
possible to conclude that there are specific and in some
cases significant differences in development and statue,
especially height and weight, in children with ADHD.
These characteristics may be more typical for the dis-
order than for the treatment. The differences in results
can also indicate variability in the studied groups be-
cause analyzed studies mostly focused on the question
of medication and growth. Those can detect secondary
effects of medication but does not say anything about
the diagnosis and relations to growth itself. Many au-
thors discuss that changes of growth and weight likely
are not caused by a decrease of appetite, which is a
common side effect of the treatment, but have an endo-
crinological reason.

Before we reviewed changes in growth in medicated
ADHD children and relations between medication and
growth changes, it is neccessary to also deal with the
question of direct influence of ADHD itself on growth
and development. According to some studies, children
with ADHD may show changes in statue, growth and
development independently of medication (Spencer et
al., 1998). Several previous studies suggested that the
stimulant-associated height deficits in ADHD are tem-
porary and early manifestation of ADHD itself and not
side effect of pharmaco-therapy (Swanson et al., 1998).
The nature of the neurochemical changes associated
with ADHD and their effects are still not well unders-
tood and mechanisms of its treatment are still unclear
(Shashank & Joshi, 2002).
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Further weak point of the majority of the studies is a
wide age range. From anthropometric point of view that
presents the most serious problem of the studies, deve-
lopmental disorders are always related to age specific
changes in development and maturation. From this point
of view seems to be important to include in further stu-
dies also children of narrower range of age, and not
include children in puberty when differences may be
higher. Another weak point of current findings could be
that treated ADHD children were not compared with
untreated children in some cases but only with healthy
control subjects. From this point of view such results
could be inappropriate because it suggested that ADHD
itself may lead to specific changes in growth and devel-
opment. Also it is needed to emphasize that the weight
and height differences may be significantly influenced
by socio-economical status. Unfortunately, in most of
the results we can not judge these relations because the
mentioned studies do not take them into account. De-
spite this fact it is needed to consider these factors as
important parameters for further research.

Also height and weight of children’s parents and born
weight and height of children were not taken into con-
sideration of the previous studies. According to these
values presumptive body height can be predicted and
growth zone can be determined. Growth changes or
deviations could be monitored properly on the basis of
these specifications, which means that seriosity of the
growth changes and final height of the child can not be
estimated without these parameters. These are important
factors that can show more about development of
ADHD children.

Aside from knowledge of child’s growth zone is needed
to know child’s biological maturity. For example, bone
age is essential information for evaluation of biological
maturity, which shows if age of the child corresponds to
his/her biological maturity and also indicates possibili-
ties of children’s growth. For that reason monitoring of
biological maturity would be important for further re-
search.

In this context it is needed in further researches primari-
ly include subjects with clearly defined ranges of age
and take into account also parental heights and weights,
bone age and socio-economicstatus. The effect of stimu-
lant medication on growth needs to be studied prospec-
tively and over longer time periods looking into the
causal mechanisms, the rate of physical maturation, and
long term implications for final stature.

If a decision to initiate pharmacotherapy with stimulants
in children is made, monitoring of growth and other
parameters should be essential and also careful height
and weight monitoring is necessary throughout the en-
tire process of pharmacotherapy. The examination of
these children might be a helpful approach to under-
stand the relationship between growth and weight
changes and contribution of neurophysiological, psy-
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chological and behavioral factors. In summary we could
say that the problem of changes of growth and weight
during medication is still not resolved and should re-
main in thorough scientific examination. Nevertheless
according to the present results it is possible to provide
concrete recommendation for clinical practice as were
presented above.

CONCLUSION

This article reviewed studies on growth and weight
changes during medication of ADHD. Many studies on
this topic were done, however, methodology and results
are very heterogeneous. The results show that medi-
cated children mostly have weight and height loss. It is
adjusted to the influence of the stimulants on growth
rate, especially in the first years of the treatment. The
end of the treatment is usually followed by catch-up
growth but whether children eventually grow to their
normal size remains a question. However changes of
growth and weight may be not only a secondary effect
of the treatment but specific characteristic for ADHD.
Other mechanism and possibilities are being considered.
Nevertheless some studies do not confirm the changes
in height or weight during the treatment and changes
show as insignificant. It is possible that medication may
not have radical effect on growth. However even a
small change in growth appeared during the treatment
can be clinically significant. Reviewed studies do not
bring definite results. Although consequently conclude
that it is necessary to monitor properly growth and
weight in stimulant treated children. The presented ar-
ticle brings concrete proposals for further research in
this area.
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