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Abstract

Background: Theuse of stimulantmedications for treatment
of ADHD has raised concern as to whether they adversely
impact linear growth. Previous studies have indicated that
stimulantmedicationsmaysuppressgrowth fora shortperiod
after treatment initiation; however, more information is
needed to evaluate the long-termeffects on final adult stature.
This mini review aims to evaluate the effect of stimulant
medications on final adult height in children with ADHD.
Contents: We performed a literature review across PubMed/
MEDLINE database. Only articles that included data on final
adult height or near final adult height (age≥16 or 17 years)
were included.
Summary: Early studies investigating the long-term impacts
of stimulant medications observed growth suppression dur-
ing the active treatment period, but when comparing final
adult height, therewas nodifference between the control and
ADHD groups. A recent larger comprehensive study (Multi-
modal Treatment of ADHD study) has suggested that the
long-term use of significant doses of stimulants during
childhood may compromise final adult height to a clinically
significant degree when comparing adult height across three
long-term patterns of stimulant treatment (Consistent, Inter-
mittent, Negligible). The consistent use subgroup was
significantly shorter than other subgroups.
Outlook: For children with ADHD, a significant long-term
dose of stimulant treatment should be used with caution
to avoid diminishing adult height potential. Pediatric

endocrinologists should consider chronic use of stimu-
lants as a factor contributing to reduced adult height.

Keywords: ADHD; adult height; stimulant treatment.

Introduction

Attention-deficit hyperactivity disorder (ADHD) is one of
the most commonly diagnosed childhood behavioral dis-
orders with an estimated 9.4%of U.S. school-aged children
and adolescents having ever received the diagnosis [1].
Boys are 2–4 times more likely to be diagnosed with ADHD
than girls [1–4]. Treatment includes pharmacotherapy,
behavioral therapy, or a combination of the two. Stimu-
lants constitute the medical treatment of choice and have
been shown to have an excellent response rate when dos-
ages are individualized for the patient. Methylphenidate
and amphetamine are the most commonly prescribed
stimulants in childhood and are deemed to be safe [5].

Although there are well-established adverse effects
associated with stimulant use, the risk-benefit profile of
stimulants is overall favorable. A serious adverse effect of
stimulant use in children is cardiovascular risk [6], given
that stimulants have both central and peripheral cate-
cholaminergic effects leading to an increase in heart rate
and blood pressure. However, themost common reason for
referral to specialists is linear growth suppression. Lack of
appetite and weight loss are commonly reported side ef-
fects for children on stimulants and frequently associated
with poor height gain, which is commonly observed during
the first and second year of stimulant administration [7, 8].
Altered appetite during stimulant treatment may be
explained by altered neurotransmitter levels, such as
dopamine. It is suggested that methylphenidate increases
the availability of dopamine by increasing its transport to
vesicles for release and inhibiting its reuptake, thereby
reducing feeding behavior [9]. Interestingly, a recent study
confirmed the involvement of dopaminergic neurons in a
mouse model by showing that administration of methyl-
phenidate caused a significant reduction in food intake
and body weight in wild-type mice. On the contrary,
ablation of selective dopaminergic neuronal circuit pre-
vented the observed side effects confirming the involve-
ment of dopaminergic neurons in the suppression of
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appetite by simulants [10]. Although suppression of
appetite was proposed as a prominent reason for poor
height gain, the precise pathophysiology of stimulant
medications, methylphenidate treatment in particular, on
growth parameters is not well characterized [7, 11].

There have been three proposed mechanisms for
stimulant effect on linear growth [12]. First, as described
above, stimulants can cause appetite suppression, leading
to a reduction in caloric intake which negatively affects
linear growth [13]. A second proposed mechanism is that
increased dopamine by stimulants inhibits growth hor-
mone secretion, at least for the first few years of treatment
[14]. This mechanism is shown in animal models and
cultured human pituitary cells [15]. Interestingly, a report
of two newborns who received continuous dopamine
infusion showed suppressed growth hormone secretion
supporting the potential indirect role of stimulants on
growth hormone secretion [16]. Conversely, a cross-
sectional study reports no significant difference in GH,
GHBP and IGF-I levels between children treated with
methylphenidate for ADHD and the control children with
ADHD although there are limitations of studies, such as a
small sample size or various drug holiday protocols [17].
Furthermore, another prior investigation into possible
methylphenidate-induced changes by Bereket et al. on
specific growth parameters in prepubertal children has
indicated that methylphenidate treatment did not have
sustained effects on IGF-1 and IGF-BP3 levels [18]. Lastly, in
vitro studies have shown that stimulants may have direct
effects on growth plate chondrogenesis by suppressing
chondrocyte proliferation or inhibiting sulfate uptake by
cartilage; however, this has not been proven in animal
models [19, 20].

Discontinuation of pharmacotherapy results in
rebound growth to compensate for the stimulant-induced
height loss (catch-up growth) indicating a reversible nature
of growth suppression [21]. This has served as the basis for
“summer holidays” in treatment where children are taken
off stimulants during the summer when school is not in
session, although the long-term impact of this approach
has not been established [22, 23]. While some studies sug-
gest that nonmedicated children with ADHD may be taller
and heavier than children without ADHD [14], ADHD itself,
without treatment, has not been known to have an impact
on final adult height [23].

Even though suppression of linear growth during
stimulant treatment has been frequently observed in clinic,
the effects of long-term use of stimulants on final adult
height have not been well established. Previous studies
suggested that the effects of stimulant medication on
growth may be dosage dependent, with higher doses of

stimulant medication causing greater growth deficits, and
that amphetamine causes more growth suppression than
methylphenidate [14]. To clinicians, it is clear that the
linear growth of childrenmay be affected for a short period
after the initiation of treatment, but further information on
the long-term impact of stimulants on final height is
needed. Therefore, for this review, we have focused on
reviewing studies investigating the impact on final adult
stature for children with ADHD who received stimulants
during childhood.

Methods

The authors performed a literature review across PubMed/MEDLINE
database using the search terms “Stimulant AND adult height AND
ADHD” OR “Stimulant AND adult height AND growth.” (Figure 1) Ar-
ticleswere all screenedby the authors on the basis of title and abstract.
Assessment of articles for final inclusionwas based on full text review.
Articles were excluded if they did not assess final adult height or near
final adult height (age≥16 or 17 years). Review papers, case reports,
editorials, or commentaries were excluded.

Impact of stimulants on adult
height

The first study to evaluate the impact of stimulants on adult
height was published in 1988 by Klein et al. in which 61
boys treated with at least 6 months of methylphenidate
therapy during childhood were included in the case group;
the control group consisted of 99 boys seen at the same
medical center who were matched for race, socioeconomic
status (SES), and age range [24]. An adverse impact on
growth during the active treatment period was observed
(Table 1). Adult height wasmeasured at follow-up between
16 and 23 years of age in the ADHD group (mean
17.93 ± 1.4 years) and compared to the control group.When
comparing the two groups at or near final adult height,
there was no difference in height suggesting that a
compensatory accelerated growth rate or period of growth
rebound appears to occur after discontinuation of stimu-
lant treatment in order to bring the children to their final
stature. However, this study presents a significant limita-
tion in that only 56% of probands had direct height mea-
surements while 78% of controls had direct height
measurements. The heights of the remaining subjects were
obtained through self-reports or parent reports, which in-
troduces a source of bias in precise height measurements.
Additionally, 82% of methylphenidate treated children
received other pharmacological treatments including
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dextroamphetamine, imipramine, and thioridazine, mak-
ing it difficult to fully exclude any potential effects of the
combination of drugs on final height. The duration of
stimulant treatment was relatively short, and the study did
not include subjects’ adherence to stimulants. In another
study byKramer et al. [25], 97 boys aged 4–12 years oldwere
treated with methylphenidate for an average of 36 months.
When reevaluated between 21 and 23 years of age, their
final height on average did not differ from family (fathers
and brothers), community (randomly selected classmates),
or matched (never-medicated boys with comparable
behavior problems) controls, suggesting that the impact of
stimulant medication on final adult height is negligible.
However, subjects in this study were treated for a short
period of time and also obtained height measurement
through self-reporting, presenting similar biases as the
study by Klein et al. (Table 1).

More recently, Biederman et al. [26] performed the first
study of stimulant effect on adult stature in a cohort
including both girls and boys. Seventy-eight boys with

ADHD and 68 matched controls along with 59 girls with
ADHD and 56 matched controls were included in the final
analysis. The mean duration of stimulant treatment was
7.4 ± 4.5 years (range: 0.5–18 years) in boys and
6.1 ± 3.8 years (range: 0.5–16 years) in girls. No significant
difference in height was found at 10 year follow-up when
the participants were reevaluated at age 21–22 years.
Additionally, the authors found no association between
duration of treatment and adult height outcome. However,
the subjects were treated for a short period of time, such as
6 months, and it is not clear how the duration of treatment
was determined or if patients received intermittent treat-
ment for a long period of time. Moreover, the association
between the duration of treatment stratified by the dose of
stimulant and adult height outcome was not investigated
(Table 1) [26]. Later, larger cohort studieswere published. A
study by Peyre et al. [27] looked at a cohort of patients with
a lifetime diagnosis of ADHD using the 2004–2005 Na-
tional Epidemiologic Survey on Alcohol and Related Con-
ditions (NESARC) and compared adult height among three
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groups: (1) ADHD treated with stimulants (n=216), (2) ADHD
without stimulants (n=591), and (3) controls without ADHD
(n=34,652). No significant difference was observed between
the three groups or when groups were stratified by sex, and
no association between duration of treatment and adult
height was found. However, the study did not report on
dosages, dose reductions over time, treatment discontinua-
tion, or whether participants experienced treatment in-
terruptions. Harstad et al. [23] similarly performed a cohort
study including 340 ADHD cases and 680 controls. Eighty-
twomales were treatedwith ≥3 years ofmethylphenidate and
21 females received ≥3 years of stimulant treatment. On
reevaluation at ages ≥18 and ≥20 years for females andmales,
respectively, there was no difference in adult height between
ADHD cases and controls for male or female subjects and
between stimulant treated and stimulant naïve ADHD male
and female subjects [23]. However, the authors observed that
among the 59 ADHD cases treated for ≥3 years, there was a
clinically insignificant decrease in mean Z score at the end of
treatment. An important limitation of this study is that the
ADHD cases were not all treated with stimulant medications
during adolescence, and thenumberof subjectswho received
stimulants for a longer period of time was too small. Taken
together, these early studies indicate that the effect of stim-
ulantmedicationson linear growthdidnot havean impact on
final adult height. However, the limitations of these studies
merit further investigation.

Recently, a larger comprehensive studywas performed.
Swanson et al. [28] were the first to observe a negative effect
on final adult height in the Multimodal Treatment of ADHD
(MTA) study (Table 1). The study originally began as a
14 month randomized clinical trial and afterward, transi-
tioned into an observational long-term follow-up study with
assessments 2–16 years after baseline. Subjects with ADHD
were divided into naturalistic subgroups based on the
pattern of long-term stimulant medication use (Consistent,
Inconsistent, and Negligible). A minimum MPH equivalent
regimenwas defined as at least 10mg/day for at least 50% of
days since theprevious assessment. This regimenwasused to
define the three subgroups in the study: Consistent (≥minimal
in all intervals), inconsistent (≥minimal in some but not all
intervals), and negligible (<minimal in all intervals). The
control group was the local normative comparison group
(LNCG) which consisted of participants recruited from the
same school as ADHD cases. The authors observed that the
final adult height of theADHDgroup (includingall subgroups
of stimulant use) was 1.3 cm shorter than the LNCG. The
treated group with the consistent and inconsistent pattern of
stimulant use was 3 cm shorter than the subgroup with the
negligible pattern. The consistent use groupwas 2 cm shorter
than the Inconsistent group. The study indicates that

consistent long-term use of medication was potentially
associatedwith suppressionoffinal adult height. The authors
suggest that the negative impact of stimulants in the study
may be a result of changes in clinical practice over the past
few decades resulting in increases in the average cumulative
medication dose for treatment-as-usual.

Using the same MTA group data, Greenhill et al. [29]
performed a 16-year growth analysis. Groups were also
divided into consistent, inconsistent, and negligible stimu-
lant use. 568 children with ADHD combined type and 258
classmates used as the LNCG were included. While Swanson
et al. investigated the adult height as the endpoint in their
analyses, Greenhill et al. aimed to understand whether
medication subgroup types were associated with specific
growth trajectories. The height trajectories for the LNCG and
Inconsistent subgroups were flat, suggesting an average
growth tempo, whereas the negligible subgroup had an up-
ward trajectory, indicating a faster-than-average growth
tempo, and the consistent subgroup had a downward tra-
jectory, indicating a growth slow down. Paired comparisons
demonstrated significant subgroup differences at the
endpoint with the consistent group shorter than negligible
group (−4 cm), consistent shorter than inconsistent (−3 cm),
consistent shorter than LNCG (−3 cm). The authors suggest
that long-term consistent stimulant treatment may be asso-
ciated with a reduction in adult height. This study is the first
to investigate the impact of the duration and dosage of
stimulants on final height of children who received stimu-
lants during childhood using a proper stratification. This
result is concerning to pediatricians and pediatric endocri-
nologists because the growth reduction with long-term
consistent stimulant treatment can be clinically significant.
Therefore, if a child already has short stature or another
growth concern, this study may provide reasoning that such
children should avoid a long-term consistent stimulant
treatment or use a different type of treatment for their ADHD.
Although the positive findings of Swanson et al. and Green-
hill et al. are based on one study population, these studies
have their strengths compared toprevious studies thatdidnot
provide stratified outcomes based on dosage and duration of
stimulant treatment. Their findings are also based on longi-
tudinal data rather than cross-sectional data, providing a
more accurate and valuable growth assessment. Future
studies focusing on the duration of treatment and dosage of
stimulants are required to confirm the findings.

Conclusions

Stimulants have been widely used in children with ADHD.
However, there has been scarce data for the impact of
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stimulants on long term childhood growth and final adult
height. The recent studies suggest the possibility that the
dose and duration of treatment may be important for linear
growth, which a long-term treatment with a significant
dose of stimulants during childhoodmay compromise final
adult height to a clinically significant degree. Based on the
available recent studies, a long-term persistent use of
stimulants should be used with caution in children with
ADHD, especially if children already have short stature. In
addition, cliniciansmay consider chronic use of stimulants
as one factor that could reduce the final adult height.
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