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Abstract

IMPORTANCE As attention-deficit/hyperactivity disorder (ADHD) is commonly diagnosed in
childhood, methylphenidate (MPH) is the most widely prescribed treatment. Although effective for
symptom management, concerns remain about an association with growth and body composition.
OBJECTIVE To investigate the associations of the prevalence of ADHD and MPH use in childhood
with body mass index (BMI) and height at adulthood (aged 20 to 25 years).

DESIGN, SETTING, AND PARTICIPANTS In this nationwide retrospective cohort study, data of
children aged 6 to 11 years and adolescents aged 12 to 19 years with newly diagnosed ADHD from the
Korean National Health Insurance Service were included between January 2008 and December
2013. Exact matched controls of children and adolescents without ADHD were also included. Their
cumulative medication exposure over a 4-year period was assessed, and their height and weight
during adulthood were subsequently evaluated from January 2018 to December 2022. Data
extraction and statistical analyses were conducted from November 2024 to May 2025.
EXPOSURES Diagnosis with ADHD and MPH prescriptions (cumulative days of MPH use, <1year or
1to 4 years, within 4 years after the diagnosis).

MAIN OUTCOMES AND MEASURES The primary outcomes were BMI (calculated as weight in
kilograms divided by height in meters squared) and height (in centimeters) at adulthood, assessed as
continuous variables (crude mean [SD] and adjusted mean [95% Cl]) and binary outcomes (adjusted
odds ratio [AOR] [95% ClI]). Measures for being overweight and obese were a BMI of 25 or more for
males and 23 or more for females; measures for having short stature were a mean (SD) less than 174.4
[5.5] cm for males and less than 161.8 [5.3] cm for females.

RESULTS In this cohort study of 34 850 youths (n = 12 866 prepubertal children aged 6-11 years;
mean [SD] age, 9.3 [1.4] years; 9329 males [72.5%]; and n = 21984 adolescents aged 12-19 years;
mean [SD] age, 14.5 [1.8] years; 14 633 males [66.6%)]), prepubertal children with ADHD compared
with those without ADHD had a higher adjusted mean BMI (24.3 [95% Cl, 24.2-24.4 vs 23.3 [95% Cl,
23.2-23.4]; P < .001) but not a significantly shorter height (167.8 cm [95% Cl, 167.7-167.9 cm] vs 167.9
cm [95% Cl, 167.8-168.0 cm]; P = .10) at adulthood. Those with ADHD who received MPH therapy
compared with participants without ADHD had greater odds of a BMI classified as overweight and
obese (AOR, 1.60 [95% Cl, 1.51-1.71]; P < .001) and short stature (AOR, 1.08 [95% Cl, 1.02-1.15];

P = .01) at adulthood.

CONCLUSIONS AND RELEVANCE In this cohort study, patients with ADHD, particularly those
treated with MPH, had a higher BMI and shorter height at adulthood than individuals without ADHD.
Although the observed height difference was clinically small in both sexes and age groups, the
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findings suggest that long-term MPH exposure may be associated with growth and body
composition, highlighting the need for regular monitoring of growth.

JAMA Network Open. 2026;9(1):e2552019. doi:10.1001/jamanetworkopen.2025.52019

Introduction

Attention deficit/hyperactivity disorder (ADHD) is a prevalent neurodevelopmental disorder in
children and adolescents."? As a long-term management strategy for ADHD, methylphenidate (MPH)
has been widely prescribed as a psychostimulant and first-line treatment due to good efficacy for
alleviation of ADHD symptoms.>* However, MPH use is increasingly recognized as being associated
with long-term health outcomes, including sleep disturbances,>® the onset of mood disorders,”® and
increased risk of physical comorbidities.>'° As one of the ongoing concerns on the adverse effects
of ADHD and MPH use, an issue about the potential impacts on children’s obesity and physical
growth, particularly height at adulthood, has been raised.” Although previous clinical trials and
observational and meta-analysis studies have suggested a possibility and a biological mechanism of
disrupted growth,™' the effects of ADHD prevalence and MPH use remains unclear. Children with
ADHD may be at increased risk for unhealthy lifestyle behaviors, such as irregular eating patterns,'*
low levels of physical activity,” and poor sleep quality,'® which may contribute to obesity and shorter
height than individuals without ADHD. As MPH is well known to suppress short-term appetite,"”
skipping meals and overeating due to appetite rebound may contribute to being overweight.
Additionally, because the growth hormone is mainly released during deep sleep, chronic sleep
deprivation can disrupt the hormone release and slow growth velocity, thereby interfering with
optimal height development. However, an association of ADHD and MPH use with overweight and
shorter height is not well-established.

Herein, we conducted a large-scale and retrospective cohort study using national health
examinations and records on diagnosed disease and drug prescription in the Republic of Korea. We
aimed to assess whether patients with ADHD and MPH use exhibit differences in body mass index
(BMI) and height at the time they reach adulthood compared with matched controls without ADHD.
Our study may offer robust evidence to inform the potential long-term physical consequences of
ADHD and MPH use for clinicians, patients, and caregivers.

Methods

Data Source

This nationwide cohort study was approved by the institutional review board of Seoul National
University Hospital and was conducted in accordance with the Declaration of Helsinki."® Informed
consent was waived because it did not constitute human participants research and used deidentified
data. Data were obtained from the National Health Insurance Service (NHIS), which covers nearly all
essential and supplementary medical services, including national health examinations, for over 97%
of the Korean population.' MPH use was collected based on prescriptions after the diagnosis of
ADHD, and outcomes were captured only among those who completed health examinations
(eFigure 1in Supplement 1). The insurance data are managed by the NHIS (anonymized and
deidentified) after they are electronically transmitted to, verified by, and stored in the NHIS database
system. We examined the association between exposures, which were operationally defined and
collected from insurance claims data for medication prescriptions and disease diagnoses, and
outcomes, measured through the national health examination that is provided free of charge to
adults (aged =20 years).2° The health examinations were performed in certified medical institutions
by trained medical staff using standardized procedures. This study was designed as a retrospective
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cohort analysis following the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

Study Population: Patients With ADHD and MPH Use

The study population included prepubertal children aged 6 to 11 years (main cohort) and adolescents
aged 12 to 19 years at the time of enrollment. Patients newly diagnosed with ADHD (from January
2008 to December 2013) were identified using International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision codes (F90.0 and F98.8).%' To avoid potential miscoding,
an ADHD diagnosis was confirmed in individuals who had at least 2 outpatient visits carrying these
diagnostic codes. Each patient's index date was defined as the date of the initial ADHD diagnosis. To
minimize potential bias from prior treatment, 6779 patients with any history of ADHD medication
use before the index date were excluded. The remaining patients were those who underwent at least
1national health examination between January 2018 and December 2022 after reaching early
adulthood (aged 20 to 25 years). Then, the cumulative days of MPH use were calculated over a
4-year window following the index date. Each patient with ADHD was exactly matched 1:1 by age, sex,
and income level to a control without ADHD. The index date for each control was assigned the same
calendar date as the index date of their matched patient with ADHD, ensuring synchronized
observation windows. The final analytic cohort is presented in eFigure 2 in Supplement 1. When MPH
use was identified through prescription claims in the NHIS database (drug code 1932), among those
with ADHD, patients who received MPH prescriptions were further categorized according to their
cumulative MPH exposure during the 4-year period following the ADHD diagnosis: less than 365 days
or 365 to less than 1460 days. Additionally, the average dose of prescribed MPH was calculated as
the ratio of the total prescribed dose to the cumulative prescription days, using the dosage
information recorded at the time of each prescription (eFigure 3 in Supplement 1). Use of additional
psychotropic medications, such as atomoxetine, clonidine, and antidepressant drugs, was also
collected.

BMI (Overweight and Obesity) and Height (Short Stature) at Adulthood Outcomes

To evaluate obesity and height at adulthood, the primary outcomes, including BMI (calculated as
weight in kilograms divided by height in meters squared) and height (in centimeters), were collected
from the available national health examination. Obesity and stature were evaluated using both
continuous variables (crude mean [SD] and adjusted mean [95% Cl] of BMI and height) and binary
outcomes: overweight and obesity (a BMI of =25 for males and =23 for females), severe obesity (a
BMI of =30), and short stature (mean [SD] height <174.4 [5.5] cm for males and <161.8 [5.3] cm for
females), based on the criteria of the World Health Organization and the Korean Society for the Study
of Obesity and the Korean Agency for Technology and Standards (2021 standards).

Statistical Analysis

All data were collected, analyzed, and visualized using SAS, version 9.4 (SAS Institute Inc) and Prism
software, version 8 (GraphPad) between November 2024 and May 2025. Statistical significance was
determined using 2-tailed P < .05.

As continuous outcomes (BMI and height) were analyzed using multivariable linear regression
models, results were reported as adjusted means with 95% Cls. Binary outcomes (overweight,
severe obesity, and short stature) were evaluated using multivariable logistic regression models with
adjusted odds ratios (AORs) and 95% Cls. To minimize confounding bias, the multivariable models
were adjusted for potential covariates, including age at cohort entry (continuous [years]), sex
(categorical [male or female]), household income level (categorical [quartiles]), Charlson
Comorbidity Index (continuous), use of other ADHD medications (categorical [used or not used]).
and the duration between initial diagnosis and the final health checkup (follow-up duration,
continuous [years]). In the models, we measured clinical importance, using the proportion of
explained variance (PES) as an indicator of effect size. PES values closer to 1indicate a stronger
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explanatory contribution of the exposure, whereas values approaching O represent minimal
explanatory contribution. We interpreted PES using standardized quantitative thresholds (PES <.01
was considered trivial, and =.10 was considered large). To assess the association with growth, the
primary analysis was conducted among children aged 6 to 11 years (diagnosed at the prepubertal
period), followed by the same analysis applied to adolescents aged 12 to 19 years (diagnosed during
the growth period). Interaction outcomes were explored through stratified analyses by sex and age
group at the national health examination (aged 20-22 years or aged 23-25 years).

Results

Baseline Characteristics

Among 36 345 eligible individuals, the study population included 34 850 patients, of whom 12 866
(36.9%) were children with ADHD (mean [SD] age, 9.3 [1.4] years; 3537 females [27.5%] and 9329
males [72.5%)]). Of these children, 6816 (53.0%) had received MPH, while 6050 (47.0%) had not
(eTable 1in Supplement 1). These children were matched 1:1 with 12 866 children without ADHD. The
mean (SD) age at the final health checkup was 21.8 (1.5) years. The sex ratio was comparable across
groups in both children with ADHD and without ADHD. Among the 21984 adolescents, the mean
(SD) age was 14.5 (1.8) years, and the number of males was approximately twice that of females (7351
females [33.4%] and 14 633 males [66.6%]) (eTable 2 in Supplement 1).

Risk of Overweight and Obesity With BMI and Short Stature With Height at Adulthood
Children with ADHD had a significantly higher BMI compared with those without ADHD (24.3 [95%
Cl, 24.2-24.4] vs 23.3[95% Cl, 23.2-23.4]; P < .001; PES =.01) as shown in the Figure and eTable 3 in
Supplement 1. Among males, the adjusted mean BMI was 25.2 (95% Cl, 25.1-25.3) in the group with
ADHD and 24.3 (95% Cl, 24.2-24.4) in the group without ADHD. Among male patients with ADHD,
those who received MPH treatment had an even higher adjusted mean BMI (25.4 [95% Cl,
25.3-25.6]), and a duration-response association was observed: those treated for more than 365
days (1-4 years of use) had the highest adjusted mean BMI (26.0 [95% Cl, 25.7-26.3]). In contrast to
BMI, the difference in height (-0.1 cm) was not statistically significant in children with ADHD (167.8
c¢m [95% Cl, 167.7-167.9 cm] vs 167.9 cm [95% Cl, 167.8-168.0 cm]; P = .10; PES < .001); there was a
statistically significant reduction in height among children with MPH use (167.6 cm [95% Cl, 167.5-
167.8 cm; P = .01). Among females, the adjusted mean of height in the group without ADHD was 161.6
cm (95% Cl, 161.5-161.8 cm), while it was 161.4 cm (95% Cl, 161.2-161.6 cm) for those with ADHD and
161.2 cm (95% Cl, 160.9-161.4 cm) for all females treated with MPH. Particularly, the adjusted mean of
height for females treated with MPH and 365 days to less than 1460 days of use was less than 0.6
c¢m (161.0 cm [95% Cl, 160.4-161.5 cm]) compared with females without ADHD. Even in the subgroup
stratified by obesity, children treated with MPH had a lower adjusted mean of height compared with
children without ADHD (eTable 4 in Supplement 1). Similar outcomes for crude and adjusted means
were observed when the analysis was extended to adolescents with ADHD and MPH (eTable 5in
Supplement 1). Scatterplot analyses show a weak positive correlation between cumulative MPH use
and BMI (Pearson correlation coefficients: r = 0.065) and a weak negative correlation with height

(r = -0.018) in children (eFigure 4 in Supplement 1). In both males and females, an increase in total
dose of MPH was significantly associated with an increase in BMI (eFigure 5 in Supplement 1).

The prevalence of overweight and obesity was 35.0% in the group without ADHD, 44.9% in the
group with ADHD, and 46.5% in the group treated with MPH (Table). In model 2, compared with that
in the group without ADHD, the AORs for overweight were 1.51(95% Cl, 1.44-1.59; P < .001) in the
group with ADHD, 1.43 (95% Cl, 1.34-1.52; P < .001) in the group without MPH, and 1.60 (95% Cl, 1.51-
1.71; P < .001) in group with MPH. The risk for overweight and obesity in those receiving MPH was
higher than that in those not receiving MPH (1.13 [95% Cl, 1.05-1.21]; P = .001). For severe obesity
(BMI =30), the prevalence was significantly higher in the group with ADHD (14.9%) compared with
that in the group without ADHD (9.3%) (P < .001). This proportion increased to 16.1% in those
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receiving MPH (AOR, 1.88 [95% Cl, 1.71-2.06]; P < .001). These differences remained statistically
significant after adjustment (P < .001 for trend in model 2). The AOR in model 2 for short stature was
1.08 (95% Cl, 1.02-1.15; P = .01) for those receiving MPH. Sex-stratified analyses showed consistent
findings in both males and females (eTable 6 in Supplement 1). Age-stratified analyses also supported
that both BMI-elevation and height-reduction patterns persisted across different follow-up age
groups (eTable 7 in Supplement 1). These associations were similar but weaker in adolescents who

had nearly completed physical growth, were newly diagnosed with ADHD, and were receiving MPH
(eTable 8 in Supplement 1).

Discussion

In this retrospective cohort study with approximately 12 years of follow-up among children and
adolescents, we found that individuals diagnosed with ADHD, particularly those treated with MPH,
exhibited higher BMI and slightly shorter height at adulthood compared with matched controls
without ADHD. These patterns were more apparent among those with prolonged MPH therapy
exposure (=365 days), in whom the highest risks for obesity and height below the sex-specific

Figure. Body Mass Index (BMI) and Height at Adulthood by Prevalence of Attention-Deficit/Hyperactivity Disorder (ADHD) and Methylphenidate (MPH) Use
Among Children
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Adjusted means of BMI (calculated as weight in kilograms divided by height in meters

checkup among children (aged 6-11 years), according to the prevalence of ADHD, MPH
use, and cumulative usage (in days). Orange dashed lines indicate adjusted height in
individuals without ADHD.

squared) and height (in centimeters) with 95% Cls (error bars) at adulthood (aged 20-25
years) were calculated by linear regression with the adjustments of age, sex, income
level, Charlson Comorbidity Index, other drug prescriptions, and time to the health
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Table. Association of ADHD Prevalence With or Without MPH Use With BMI and Height at Adulthood, Among Children®

Children
With ADHD
MPH use
Outcome at adulthood Without ADHD Total No MPH use All Cumulative use <365 d Cumulative use 365-1460 d
BMI
Overweight and obesity, No. (%)° 4506 (35.0) 5780 (44.9) 2614 (43.2) 3166 (46.5) 2227 (44.9) 939 (50.5)

AOR (95% CI)

Model 1 1 [Reference] 1.52(1.44-1.59) 1.43(1.34-1.52) 1.60(1.51-1.70) 1.51(1.41-1.61) 1.87 (1.69-2.06)
P value NA <.001 <.001 <.001 <.001 <.001
Model 2 (main) 1 [Reference] 1.51(1.44-1.59) 1.43(1.34-1.52) 1.60(1.51-1.71) 1.51(1.41-1.62) 1.89(1.70-2.09)
P value NA <.001 <.001 <.001 <.001 <.001
AOR (95% CI) NA NA 1 [Reference] 1.13(1.05-1.21) NA NA
P value NA NA NA .001 NA NA
AOR (95% CI) NA NA NA NA 1 [Reference] 1.25(1.12-1.39)
P value NA NA NA NA NA <.001
Model 3 1 [Reference] 1.49 (1.41-1.57) 1.42 (1.33-1.51) 1.58 (1.48-1.69) 1.50 (1.40-1.62) 1.87 (1.68-2.08)
P value NA <.001 <.001 <.001 <.001 <.001
Model 4 1 [Reference] 1.51(1.43-1.59) 1.42 (1.34-1.52) 1.60 (1.50-1.70) 1.51(1.41-1.61) 1.88(1.70-2.08)
P value NA <.001 <.001 <.001 <.001 <.001
Severe obesity (BMI 230), No. (%) 1190 (9.3) 1916 (14.9) 821(13.6) 1095 (16.1) 740 (14.9) 355(19.1)
AOR (95% Cl), model 2 1 [Reference] 1.73 (1.60-1.87) 1.57 (1.43-1.73) 1.88(1.71-2.06) 1.74 (1.57-1.92) 2.29(2.01-2.63)
P value NA <.001 <.001 <.001 <.001 <.001
AOR (95% Cl) NA NA 1 [Reference] 1.20(1.08-1.32) NA NA
P value NA NA NA <.001 NA NA
AOR (95% CI) NA NA NA NA 1 [Reference] 1.32(1.15-1.52)
P value NA NA NA NA NA <.001
Height
Short stature, No. (%)¢ 6560 (51.0) 6673 (51.9) 3057 (50.5) 3616 (53.1) 2625 (53.0) 991 (53.3)

AOR (95% ClI)
Model 1
P value
Model 2 (main)
P value
AOR (95% ClI)
P value
AOR (95% ClI)

P value

1 [Reference]
NA
1 [Reference]
NA
NA
NA
NA
NA

1.04 (0.99-1.09)
.16
1.03 (0.98-1.08)
.28
NA
NA
NA
NA

0.98 (0.92-1.04)
.56
0.98 (0.92-1.04)
42
NA
NA
NA
NA

1.09 (1.02-1.15)
.006

1.08 (1.02-1.15)
01
1.11(1.04-1.19)
.003

NA

NA

1.08(1.01-1.16)
.02
1.08(1.01-1.15)
.03

NA

NA

1 [Reference]

NA

1.10(0.99-1.21)
.06
1.10 (0.99-1.21)
.08
NA
NA
1.02 (0.91-1.13)
78

(continued)
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Table. Association of ADHD Prevalence With or Without MPH Use With BMI and Height at Adulthood, Among Children? (continued)

Children
With ADHD
MPH use
Outcome at adulthood Without ADHD Total No MPH use All Cumulative use <365 d Cumulative use 365-1460 d

Model 3 1 [Reference] 1.03 (0.97-1.08) 0.98(0.92-1.04) 1.09 (1.02-1.17) 1.09 (1.01-1.17) 1.11(0.99-1.23)

P value NA .34 .06 45 .02 .06
Model 4 1 [Reference] 1.02 (0.97-1.07) 0.97 (0.91-1.03) 1.07 (1.01-1.14) 1.07 (1.00-1.15) 1.08 (0.98-1.19)

P value NA 44 31 .02 .05 13

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; AOR, adjusted odds ratio; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); MPH, methylphenidate; NA, not applicable.

2 Adulthood refers to ages 20 to 25 years; children, ages 6 to 11 years. AORs, 95% Cls, and P values were calculated by logistic regression with the following adjustments and covariates: model 1: age, sex, and income level; model 2:

model 1 plus Charlson Comorbidity Index, other drug prescriptions, and time to the health checkup; model 3: model 2 plus antidepressive drug prescriptions; and model 4: model 2 plus drinking habits, smoking status, and
physical activity.

b Calculated as a BMI of 25 or more for males and of 23 or more for females.

€ Calculated as less than 174.4 cm for males (aged 20-29 years) and as less than 161.8 cm for females (aged 20-29 years).
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standard means were observed. Notably, the risk was attenuated in adolescents who reached
adulthood earlier than prepubertal children, suggesting that the potential association of MPH with
obesity and shorter height may be more relevant to long-term use during childhood.

As few studies, to our knowledge, have shown that MPH use with ADHD is associated with BMI
and height, the association of different ADHD-related or MPH-related lifestyles, especially with
height, remains unclear. Nonetheless, our findings support the hypothesis that ADHD and long-term
MPH use may be risk factors for obesity and short stature. The potential mechanisms may partially
overlap. Both outcomes may be influenced by behavioral dysregulation and altered
neurophysiological conditions, such as fluctuating neurotransmitter activity. Height in adulthood is
primarily influenced by alterations in growth velocity, which may be affected by the duration of MPH
exposure, whereas differences in BMI mainly reflect metabolic and energy balance factors. While
BMI demonstrated a consistent dose-response association with both adjusted mean and total MPH
dose, the MPH dose-response risk was lower for short stature with height. Because growth may be
sensitive to lifestyle and behavioral changes associated with prolonged MPH use, long-term exposure
might lead to sustained unhealthy habits, which could partly explain the dose-response risk being
lower for height deficit.

Pediatric patients with ADHD commonly experience chronic stress, disrupted sleep, and
circadian rhythm disturbances, which may dysregulate hormonal systems and may adversely affect
energy balance and growth.?22> Moreover, MPH acts by inhibiting dopamine and norepinephrine
reuptake in the central nervous system, increasing their synaptic concentrations.?® As dopamine
plays a key role, not only in behavior and cognition but also in growth regulation via the
hypothalamic-pituitary-axis,?” fluctuating dopamine levels and unstable growth control in children
with ADHD and MPH use might negatively influence growth.2 For instance, animal models and
neuroendocrine studies have demonstrated that dopaminergic stimulation can suppress growth
hormone secretion,?®3° which may partially explain the observed shorter height in those treated
with MPH. Similarly, several short-term and medium-term studies have reported that MPH use could
influence early growth; a notable prospective study from the Multimodal Treatment Study of
Children With ADHD trial found that initial height suppression with stimulants was not fully
recovered even after several years.3"32 Although MPH use was associated with lower risk of
hormonal regulation and shorter height, previous research reported persistent height deficits in
children treated with MPH.33 Additionally, MPH is well known to reduce appetite, particularly in the
initial stages of treatment. This appetite suppression may lead to slow height growth velocity with
reduced daily caloric intake."”

Our study found associations of ADHD and MPH use with overweight and obesity (higher BMI)
and short stature using a large-scale, representative cohort. Despite these findings, the clinical
relevance should be interpreted with caution. In our cohort, the mean difference in height was less
than 1cm (eg, maximum -0.6 cm in females) below commonly accepted thresholds for clinical
significance (typically an SD of 4-5 cm or 2 times the SD: approximately 10 cm).3*-3® In addition, the
PES value was less than .001, indicating a small effect size with weak Pearson correlation coefficients,
particularly for height; their clinical correlation appears modest. Nevertheless, the observed
duration-response association suggests that MPH may contribute, even slightly, to long-term
changes in body composition and growth. These findings do not suggest that MPH use should be
discontinued, especially given its well-established efficacy in managing ADHD symptoms.?” Rather,
we suggest the importance of balanced clinical decision-making that considers both benefits and
potential long-term risks. Clinicians should be aware of its potential association with growth
trajectories. Routine monitoring of weight and height, along with counseling on nutrition and
physical activity, may help mitigate adverse outcomes. To promote optimal growth, management
strategies such as improved sleep quality with sufficient sleep duration, balanced nutritional intake,
and regular physical activity should be considered, rather than modifying treatment strategies. For
children at higher risk, such as those with low birth weight, delayed puberty, or poor nutritional
status, moreover, alternative dosing strategies or nonstimulant treatments might be considered.
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From a public health perspective, our results suggest the need for long-term surveillance of physical
health outcomes in populations with ADHD, particularly those receiving long-term
pharmacologic therapy.

Limitations

Some limitations of this study should be noted. First, residual confounding, including parents’ BMI
and height, pubertal or menstrual status, genetic variance, nutritional intake and status, sleep time
and quality, heart rate, and serum concentration of growth hormone, and time-varying factors and
confounding due to long-term follow-up cannot be entirely considered despite feasible collection
and covariate adjustment. Notably, as our study was conducted on a population in Asia, the
possibility of differences according to race was suggested. Second, as both patients with and without
ADHD were required to have undergone at least 1 health examination (from 2018 to 2022), the
analytic population was inherently restricted to health-examination participants. Although this
condition was necessary to obtain measures of BMI and height at adulthood, inclusion criteria may
have introduced selection bias; individuals who completed health examinations might differ
systematically in health behaviors or socioeconomic characteristics from those who did not. Third, as
intermediate data on BMI, height, lifestyle behaviors, and nutritional status in children and
adolescents were unavailable, changes in BMI and height between childhood and early adulthood
and the mediation association with lifestyles could not be evaluated. Prescribed dosage is usually
related to weight and height at childhood and adolescence, which were not considered in the dose
analysis, representing a limitation. It was also not possible to evaluate how obesity-related lifestyles
may have contributed to shorter height. Further studies with detailed assessments of lifestyles,
including physical activity and sleep patterns, are needed to clarify these mechanisms. Next, this
retrospective cohort study relied on claims-based operational definitions for ADHD diagnosis and
MPH use. The possibility of misclassification or diagnostic ambiguity cannot be fully excluded
because the codes may not perfectly reflect clinical assessments. Our study could not fully account
for the complex and heterogeneous patterns of MPH use, including variations in schedules,
treatment interruptions, changes over the 4-year follow-up period, or discontinuity. As prescription
claims capture only dispensed medications and not actual adherence or intermittent-use patterns,
the cumulative exposure may not fully reflect the diversity of medication behaviors in the general
population. Additionally, while we observed associations, causality cannot be definitively established
given the observational nature of the study, indicating the need for additional long-term clinical
studies to support our findings.

Conclusions

The findings of this cohort study suggest that prepubertal children and adolescents with ADHD,
especially those treated with MPH, may be at risk for higher BMI and shorter height in adulthood.
While the benefits of MPH in managing ADHD symptoms are well established, the findings suggest a
need for balanced clinical decision-making that considers potential long-term physical consequences
such as obesity and short stature. Future research should focus on identifying modifiable risk factors,
optimizing treatment strategies, and developing comprehensive guidelines for monitoring growth
and metabolic health in populations with ADHD.

ARTICLE INFORMATION
Accepted for Publication: November 10, 2025.

Published: January 5, 2026. doi:10.1001/jamanetworkopen.2025.52019

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2026 Song J et al.
JAMA Network Open.

[5 JAMA Network Open. 2026;9(1):e2552019. doi:10.1001/jamanetworkopen.2025.52019 January 5,2026 9/12

Downloaded from jamanetwork.com by guest on 01/08/2026



JAMA Network Open | Pediatrics ADHD and Methylphenidate Use in Children and BMI and Height at Adulthood

Corresponding Authors: Seogsong Jeong, MD, PhD, Department of Biomedical Informatics, Korea University
College of Medicine, Seoul 02841, Republic of Korea (seogsongjeong@lorea.ac.kr); Sang Min Park, MD, MPH,
PhD, Department of Family Medicine, Seoul National University Hospital 101, Daehak-ro, Jongno-gu, Seoul
03080, Republic of Korea (smpark.snuh@gmail.com).

Author Affiliations: Department of Biomedical Informatics, Korea University College of Medicine, Seoul, Republic
of Korea (Song, Jeong); Biomedical Research Center, Korea University Guro Hospital, Seoul, Republic of Korea
(Song, Jeong); Department of Biomedical Sciences, Seoul National University Graduate School, Seoul, Republic of
Korea (S. J. Park, Yu, Chung, S. M. Park); Department of Family Medicine, Seoul National University Hospital, Seoul,
Republic of Korea (S. M. Park).

Author Contributions: Dr Song and Prof Park had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis.

Concept and design: Song, S. J. Park, S. M. Park.

Acquisition, analysis, or interpretation of data: Song, S. J. Park, Yu, Chung, Jeong.
Drafting of the manuscript: Song, S. M. Park.

Critical review of the manuscript for important intellectual content: All authors.
Statistical analysis: Song, Jeong.

Obtained funding: Song.

Administrative, technical, or material support: Jeong, S. M. Park.

Supervision: S. J. Park, Yu, S. M. Park.

Conflict of Interest Disclosures: None reported.

Funding/Support: This study was supported by a grant from the Korea University and by grant RS-2025-
00523629 from the National Research Foundation of Korea funded by the Korean government.

Role of the Funder/Sponsor: The funder had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

Additional Information: Generative artificial intelligence (ChatGPT versions 4.0 and 5.0 [OpenAl]) was used in
October 2025, exclusively to clarify sentences and to check grammar. All research processes, including data
analysis, presentation of results (tables, figures, and supplementary materials), and manuscript writing, were
entirely conducted by the authors. The authors take full responsibility for the integrity of the content.

REFERENCES
1. Hodgkins P, Arnold LE, Shaw M, et al. A systematic review of global publication trends regarding long-term
outcomes of ADHD. Front Psychiatry. 2012;2:84. doi:10.3389/fpsyt.2011.00084

2. Salari N, Ghasemi H, Abdoli N, et al. The global prevalence of ADHD in children and adolescents: a systematic
review and meta-analysis. Ital J Pediatr. 2023;49(1):48. doi:10.1186/513052-023-01456-1

3. Wigal T, Greenhill L, Chuangs, et al. Safety and tolerability of methylphenidate in preschool children with ADHD.
JAm Acad Child Adolesc Psychiatry. 2006;45(11):1294-1303. doi:10.1097/01.chi.0000235082.63156.27

4. Man KKC, Hage A, Banaschewski T, et al; ADDUCE Consortium. Long-term safety of methylphenidate in
children and adolescents with ADHD: 2-year outcomes of the Attention Deficit Hyperactivity Disorder Drugs Use
Chronic Effects (ADDUCE) study. Lancet Psychiatry. 2023;10(5):323-333. doi:10.1016/52215-0366(23)00042-1

5. Faraone SV, Po MD, Komolova M, Cortese S. Sleep-associated adverse events during methylphenidate
treatment of attention-deficit/hyperactivity disorder: a meta-analysis. J Clin Psychiatry. 2019;80(3):18r12210. doi:
10.4088/JCP18r12210

6. Chin WC, Huang YS, Chou YH, et al. Subjective and objective assessments of sleep problems in children with
attention deficit/hyperactivity disorder and the effects of methylphenidate treatment. Biomed J. 2018;41(6):
356-363. doi:10.1016/j.bj.2018.10.004

7. Golubchik P, Kodesh A, Weizman A. Attention-deficit/hyperactivity disorder and comorbid subsyndromal
depression: what is the impact of methylphenidate on mood? Clin Neuropharmacol. 2013;36(5):141-145. doi:10.
1097/WNF.0b013e31829eb204

8. Kerr CW, Drake J, Milch RA, et al. Effects of methylphenidate on fatigue and depression: a randomized, double-
blind, placebo-controlled trial. J Pain Symptom Manage. 2012;43(1):68-77. doi:10.1016/j.jpainsymman.2011.
03.026

[5 JAMA Network Open. 2026;9(1):e2552019. doi:10.1001/jamanetworkopen.2025.52019 January 5,2026 10/12

Downloaded from jamanetwork.com by guest on 01/08/2026



JAMA Network Open | Pediatrics ADHD and Methylphenidate Use in Children and BMI and Height at Adulthood

9. Shin JY, Roughead EE, Park BJ, Pratt NL. Cardiovascular safety of methylphenidate among children and young
people with attention-deficit/hyperactivity disorder (ADHD): nationwide self controlled case series study. BMJ.
2016;353:i2550. doi:10.1136/bmj.i2550

10. Garcia-Argibay M, Biirkner PC, Lichtenstein P, et al. Methylphenidate and short-term cardiovascular risk. JAMA
Netw Open. 2024;7(3):€241349. doi:10.1001/jamanetworkopen.2024.1349

11. Clavenna A, Bonati M. Pediatric pharmacoepidemiology - safety and effectiveness of medicines for ADHD.
Expert Opin Drug Saf. 2017;16(12):1335-1345. doi:10.1080/14740338.2017.1389894

12. Waxmonsky JG, Pelham WE Ill, Campa A, et al. A randomized controlled trial of interventions for growth
suppression in children with attention-deficit/hyperactivity disorder treated with central nervous system
stimulants. J Am Acad Child Adolesc Psychiatry. 2020;59(12):1330-1341. doi:10.1016/j.jaac.2019.08.472

13. Duong KL, Yang BR, Yun HY, Chae JW. Effect of methylphenidate on height in pediatric attention-deficit
hyperactivity disorder patients: a systematic review and meta-analysis. Eur Child Adolesc Psychiatry. 2024;33(6):
1755-1770. doi:10.1007/s00787-023-02273-x

14. Vedrenne-Gutiérrez F, Yu'S, Olivé-Madrigal A, Fuchs-Tarlovsky V. Methylphenidate can help reduce weight,
appetite, and food intake-a narrative review of adults’ anthropometric changes and feeding behaviors. Front Nutr.
2024;11:1497772. doi:10.3389/fnut.2024.1497772

15. Quesada D, Ahmed NU, Fennie KP, Gollub EL, Ibrahimou B. A review: associations between attention-deficit/
hyperactivity disorder, physical activity, medication use, eating behaviors and obesity in children and adolescents.
Arch Psychiatr Nurs. 2018;32(3):495-504. doi:10.1016/j.apnu.2018.01.006

16. Anand S, Tong H, Besag FMC, Chan EW, Cortese S, Wong ICK. Safety, tolerability and efficacy of drugs for
treating behavioural insomnia in children with attention-deficit/hyperactivity disorder: a systematic review with
methodological quality assessment. Paediatr Drugs. 2017;19(3):235-250. doi:10.1007/s40272-017-0224-6

17. Jaeschke RR, Sujkowska E, Sowa-Ku¢ma M. Methylphenidate for attention-deficit/hyperactivity disorder in
adults: a narrative review. Psychopharmacology (Berl). 2021;238(10):2667-2691. doi:10.1007/s00213-021-
05946-0

18. World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical
research involving human subjects. JAMA. 2013;310(20):2191-2194. doi:10.1001/jama.2013.281053

19. Lim SJ, Jang SI. Leveraging National Health Insurance Service data for public health research in Korea:
structure, applications, and future directions. J Korean Med Sci. 2025;40(8):e111. doi:10.3346/jkms.2025.40.e111

20. Kang HT. Current status of the national health screening programs in South Korea. Korean J Fam Med.
2022;43(3):168-173. doi:10.4082/kjfm.22.0052

21. Kim S, Kim MS, Kim J, Hong SB. Incidence trend and epidemiology of tic disorders among youths and adults in
Korea from 2003 to 2020: a national population-based study. Psychiatry Res. 2024;331:115634. doi:10.1016/j.
psychres.2023.115634

22, Wang LJ, Huang YH, Chou WJ, et al. Interrelationships among growth hormone, thyroid function, and
endocrine-disrupting chemicals on the susceptibility to attention-deficit/hyperactivity disorder. Eur Child Adolesc
Psychiatry. 2023;32(8):1391-1401. doi:10.1007/s00787-021-01886-4

23. Bala KA, Dogan M, Kaba S, Mutluer T, Aslan O, Dogan SZ. Hormone disorder and vitamin deficiency in attention
deficit hyperactivity disorder (ADHD) and autism spectrum disorders (ASDs). J Pediatr Endocrinol Metab. 2016;29
(9):1077-1082. doi:10.1515/jpem-2015-0473

24. VelayuthamV, Chakrabarty S, Greer R, Cotterill AM, Leong GM. Slow growth and short stature in children with
attention deficit hyperactivity disorder (ADHD): a retrospective study of 493 children who underwent growth
hormone provocation testing at one tertiary paediatric endocrine centre. J Pediatr Endocrinol Metab. 2024;37(11):
976-980. doi:10.1515/jpem-2024-0268

25. Wang LJ, Huang YH, Chou WJ, Lee SY. Growth hormone and thyroid function in children with attention deficit
hyperactivity disorder undergoing drug therapy. J Clin Endocrinol Metab. 2022;107(7):2047-2056. doi:10.1210/
clinem/dgac139

26. Luethi D, Kaeser PJ, Brandt SD, Krahenbiihl S, Hoener MC, Liechti ME. Pharmacological profile of
methylphenidate-based designer drugs. Neuropharmacology. 2018;134(Pt A):133-140. doi:10.1016/j.neuropharm.
2017.08.020

27. Vance ML, Kaiser DL, Frohman LA, Rivier J, Vale WW, Thorner MO. Role of dopamine in the regulation of
growth hormone secretion: dopamine and bromocriptine augment growth hormone (GH)-releasing hormone-
stimulated GH secretion in normal man. J Clin Endocrinol Metab. 1987;64(6):1136-1141. doi:10.1210/jcem-64-6-1136

[5 JAMA Network Open. 2026;9(1):e2552019. doi:10.1001/jamanetworkopen.2025.52019 January 5,2026 1/12

Downloaded from jamanetwork.com by guest on 01/08/2026



JAMA Network Open | Pediatrics ADHD and Methylphenidate Use in Children and BMI and Height at Adulthood

28. Tripp G, Wickens JR. Research review: dopamine transfer deficit: a neurobiological theory of altered
reinforcement mechanisms in ADHD. J Child Psychol Psychiatry. 2008;49(7):691-704. doi:10.1111/j.1469-7610.
2007.01851.x

29. Arihara Z, Sakurai K, Yamashita R, et al. Bromocriptine, a dopamine agonist, increases growth hormone
secretion in a patient with acromegaly. Tohoku J Exp Med. 2014;234(2):129-135. doi:10.1620/tjem.234.129

30. Steyn FJ, Tolle V, Chen C, Epelbaum J. Neuroendocrine regulation of growth hormone secretion. Compr
Physiol. 2016;6(2):687-735. doi:10.1002/j.2040-4603.2016.tb00692..x

31. Swanson JM, Arnold LE, Molina BSG, et al; MTA Cooperative Group. Young adult outcomes in the follow-up of
the multimodal treatment study of attention-deficit/hyperactivity disorder: symptom persistence, source
discrepancy, and height suppression. J Child Psychol Psychiatry. 2017;58(6):663-678. doi:10.1111/jcpp.12684

32. Swanson JM, Arnold LE, Jensen PS, et al. Long-term outcomes in the Multimodal Treatment Study of Children
With ADHD (the MTA). In: Banaschewski T, ed. Oxford Textbook of Attention Deficit Hyperactivity Disorder. Oxford
University Press; 2018:315-333.

33. Poulton AS, Bui Q, Melzer E, Evans R. Stimulant medication effects on growth and bone age in children with
attention-deficit/hyperactivity disorder: a prospective cohort study. Int Clin Psychopharmacol. 2016;31(2):93-99.
doi:10.1097/YIC.0000000000000109

34. Swanson JM, Elliott GR, Greenhill LL, et al. Effects of stimulant medication on growth rates across 3 years in
the MTA follow-up. J Am Acad Child Adolesc Psychiatry. 2007;46(8):1015-1027. doi:10.1097/chi.
0b013e3180686d7e

35. Poulton AS, Melzer E, Tait PR, et al. Growth and pubertal development of adolescent boys on stimulant
medication for attention deficit hyperactivity disorder. Med J Aust. 2013;198(1):29-32. doi:10.5694/mja12.10931

36. Barstow C, Rerucha C. Evaluation of short and tall stature in children. Am Fam Physician. 2015;92(1):43-50.

37. Shellenberg TP, Stoops WW, Lile JA, Rush CR. An update on the clinical pharmacology of methylphenidate:
therapeutic efficacy, abuse potential and future considerations. Expert Rev Clin Pharmacol. 2020;13(8):825-833.
doi:10.1080/17512433.2020.1796636

SUPPLEMENT 1.

eFigure 1. Study Design

eFigure 2. Flow Diagram for the Study Population

eFigure 3. Distribution of Methylphenidate (MPH) Use (Days of Use or Dose) Among Children With Attention-
Deficit/Hyperactivity Disorder (ADHD) and MPH

eTable 1. Baseline Characteristics of Children

eTable 2. Baseline Characteristics of Adolescents

eTable 3. Average BMI/Height at Adulthood, According to the Prevalence of ADHD and MPH Use Among Children
eTable 4. Average Height With Stratification of BMI at Adulthood, According to the Prevalence of ADHD and MPH
Use Among Children

eTable 5. Average BMI/Height at Adulthood, According to the Prevalence of ADHD and MPH Use Among
Adolescents

eFigure 4. Scatterplot Between the Cumulative Days to MPH Use and Body Mass Index (BMI)/Height at Adulthood
Among MPH Users (Children; Age = 6-11 Years) With ADHD

eFigure 5. BMI and Height at Adulthoods, According to Total Dose of MPH Use (Cumulative; <7000 mg or =7000
mg), Among MPH Users With ADHD

eTable 6. Association of the Prevalence of ADHD and MPH Use With BMI/Height at Adulthood by Sex of Children
eTable 7. Association of the Prevalence of ADHD and MPH Use With BMI/Height at Adulthood, Among Children
eTable 8. Association of the Prevalence of ADHD and MPH Use With BMI/Height at Adulthood, Among
Adolescents

SUPPLEMENT 2.
Data Sharing Statement

[5 JAMA Network Open. 2026;9(1):e2552019. doi:10.1001/jamanetworkopen.2025.52019 January 5,2026 12/12

Downloaded from jamanetwork.com by guest on 01/08/2026



