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Abstract

Objective: To estimate long-term stimulant treatment associations on standardized height, weight 

and BMI trajectories from childhood to adulthood in the Multimodal Treatment Study of 

Attention-Deficit/Hyperactivity Disorder (MTA).

Method: Of 579 children with DSM-IV ADHD-Combined Type at baseline (ages 7.0–9.9 years) 

and 289 classmates (local normative comparison group, LNCG), 568 and 258 respectively, were 

assessed 8 times over 16 years (final mean age = 24.7). Parent interview data established 

subgroups with self-selected Consistent (N=53, 9%), Inconsistent (N=374, 66%), and Negligible 

(N=141, 25%) stimulant medication use, as well as cases starting stimulants prior to MTA entry 

(N=211, 39%). Height and weight growth trajectories were calculated for each subgroup.

Results: Height z-scores trajectories differed among subgroups (F=2.22, P<0.0001) and by 

stimulant use prior to study entry (F=2.22, P<0.001). The subgroup × assessment interaction was 
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significant (F=2.81, P<0.0001). Paired comparisons revealed significant subgroup differences at 

end-point: Consistent shorter than Negligible (−0.66 z-units / −4.06 cm /1.6 inches, t=−3.17, 

P<0.0016), Consistent shorter than Inconsistent (−0.45 z-units / −2.74 cm / −1.08 inches, t=−2.39, 

P<0.0172), and the Consistent shorter than LNCG (−0.54 z-units/+3.34 cm/ 1.31 inches, t=−3.30, 

P<0.001). Weight z-scores initially diverged among subgroups, converged in adolescence, and then 

diverged again in adulthood when the Consistent outweighed the LNCG (+ 3.561 z-units / +7.47 

kg / +16.46 pounds, P<0.0001).

Conclusion: Compared with those negligibly medicated and the LNCG, 16 years of consistent 

stimulant treatment of children with ADHD in the MTA was associated with changes in height 

trajectory, a reduction of adult height, and an increase in weight and BMI.

Clinical trial registration information: Multimodal Treatment Study of Children With 

Attention Deficit and Hyperactivity Disorder (MTA); https://clinicaltrials.gov/; NCT00000388
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INTRODUCTION

Over 45 years ago, reports1,2 suggested that children with ADHD may experience stimulant-

related growth suppression. Prospective follow-up studies, reviews and consensus statements 

over the past 4 decades3–12 dismissed the clinical significance of this finding because initial, 

short-term slow-downs in height and weight growth were not associated with long-term loss 

of adult height. Two explanations were offered for this paradox of initial childhood growth 

slowing down and later normal adult height, that either growth rebound had occurred in 

adolescence2 or that ADHD disorder itself delayed maturation, with the childhood 

decelerations made up in adolescence6.

More recently, a cumulative exposure hypothesis has been introduced13. Reported 

cumulative exposure to stimulant medication in methylphenidate equivalents (ME) have 

steady increased over decades, as shown in follow-up studies of ADHD on long-term 

medication in the 1960s with an average exposure of 34,350 mg8, in the 1970s with an 

average exposure of 36,710 mg5, in the 1980s with an average exposure of 42,268 mg11, all 

showing no association between dose and duration of stimulants and adult height14. A small 

study15 conducted within the last decade reported that 22 exposed to cumulative ME doses 

of 117,530 mg showed a significant association with adult height depression. A wide range 

of cumulative ME doses also occurred over the 16-year follow-up of the Multimodal 

Treatment Study of ADHD (MTA Study)17,18 with the negligible, inconsistent, and 

consistent subgroups receiving ME doses of 2153 mg, 60 mg, 527 mg, and 117,102 mg, 

respectively14.

Analyses of growth rates in MTA participants (n=579) were published after the 3-year16 and 

again after the 16-year14 assessment point using post-hoc analyses to form naturalistic 

subgroups of self-selected medication usage. These analyses included a cohort of age- and 

sex-matched classmates, recruited after the 2-year assessment point, who served as a non-
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medicated Local Normative Comparison Group (LNCG, n=289 at recruitment). The 3-year 

analysis revealed that the subgroup-by-assessment-point interaction was significant for z 

height (p < .005) and z weight (p < .0001), due to the decrease of standardized growth 

measures (2.0 cm and 2.7kg less) in the newly medicated subgroup (n=88) compared to the 

not-medicated (n=65) subgroups.

The 16-year growth analysis was conducted when the MTA group was 24.8 years old14. It 

revealed that the entire ADHD group, including medicated and unmedicated, was 1.29 cm 

shorter than the LNCG non-ADHD peer group (P< 0.01, d=0.21). The sex-corrected height 

of medicated MTA participants (average of Consistent and Inconsistent subgroups) was 

significantly less than the z-height of the unmedicated youth with ADHD in the negligible 

subgroup (2.55 cm / 1.1 inches, P<0.005). Within the treated group, the Consistent subgroup 

was somewhat shorter (2.4 cm / 0.9 inches, P < 0.04), than the Inconsistently treated 

subgroup but significantly shorter (4.7 cm / 1.9 inches, P<0.001) than the Negligible 

subgroup. These findings suggested that consistent and extended use of stimulant medication 

may be associated with some suppression of height into the adult years.

However, these end-point analyses did not indicate whether the different levels of cumulative 

exposure were associated with different trajectories of growth and whether the associated 

growth suppression was linear across the treatment period or limited to a specific time 

during development.

In this paper, our hypothesis is that medication subgroup types will be associated with 

specific growth trajectories and with a significant interaction of two factors, Subgroup and 

Assessment point. We predict that the Consistently medicated subgroup trajectory will 

display a slower-than-average tempo of growth and a downward quadratic trajectory. 

Because the period of maximum growth is between 10 and 15.9 years of age, we predict that 

growth trajectories will be most suppressed between the 2- to 6-year assessment points, 

when the participants were 10.4, 11.7- and 14.9-years old, respectively.

METHOD

Participants

The NIMH MTA Study17 was originally designed as a 1.2 year randomized controlled trial 

(RCT) to compare the effects of pharmacological and psychosocial treatments for children 

(7.0–9.9 years old) with ADHD-Combined Type. Two years after baseline, 289 age- and 

sex-matched classmates were recruited as a local normative comparison group (LNCG). The 

MTA continued to follow both MTA and LNCG participants with prospective follow-up 

assessments 8 times from 2 to 16 years after baseline18. Mean ages for the MTA participants 

at baseline, 2-, 3-, 6-, 8-, 10-, 12-, 14-, and 16- year assessments were 8.4, 10.4, 11.7, 14.9, 

16.8, 18.7, 21.1, 23.2 and 24.7 years, respectively.

Under local IRB auspices, informed consent was obtained from parents and assent from 

youth when they were below age 18. Re-consent was obtained at the age 18 to continue 

participation in the biannual assessments.
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Growth Measures

At each assessment, trained research assistants followed a standardized protocol using 

stadiometers to measure height (in cm), and digital scales to measure weight (in kg) of the 

participants with minimum clothing (i.e., without shoes and coats). For comparison with 

critical studies in the literature6,7,9,10,12,13,19, the most recent growth norms provided by the 

US Centers for Disease Control20 were used to transform the raw scores (centimeters and 

kilograms) into standardized scores (z-height, z-weight, and z-BMI)23.

Self-Selected Patterns of Stimulant Medication Use

The general method of categorizing cases based on self-selected stimulant medication in the 

MTA has been described in detail elsewhere.14 In short, the Services for Children and 

Adolescents Parent Interview (SCAPI)21 was administered during assessments up to 18 

years of age (at 1.2, 2, 3, 6, 8, and in some cases 10 years after baseline). Doses of other 

approved and available stimulants were transformed to d,l -methylphenidate equivalent (ME) 

doses, as detailed elsewhere14. Medication used at least 50% of days during every interval 

was classified as consistent usage, for some but not all intervals classified as inconsistent 

usage, and for no intervals as negligible use. We classified intervals with missing SCAPI 

information no use, and classified dropouts based on available SCAPI information up to the 

last observation. The selection criteria for membership in the specific self-selected 

subgroups in this analysis were determined from follow-up data only, and did not consider 

each participant’s randomized treatment group assignment during the RCT. Thus taking 

medication in the 14-month RCT trial did not affect the membership in the self-selected 

medication subgroups which were formed only after the completion of the controlled trial.

The total ME dose for each interval was estimated as the product of the days treated times 

the daily dose. The totals were summed for the six intervals from baseline to the 10-year 

assessment to estimate the cumulative ME dose from childhood through adolescence. 

Furthermore, we defined minimally adequate ME doses as at least 10 mg/day for at least 

50% of days since the previous assessment was used to classify treatment during each 

assessment intervals as ‘≥minimal’ or ‘< minimal’ in order to avoid excluding low ME 

equivalent dosing regimens that might be effective for a few cases and regimens with 

medication administered only on school days24. Employing a previously published 

method16, sequences of intervals above or below the cutoff were used to define three long-

term patterns of prospective treatment with medication from childhood through adolescence: 

Consistent (≥ minimally adequate ME dosing in all intervals), Inconsistent (≥ minimally 

adequate ME dosing in some but not all intervals), and Negligible (< minimally adequate 

ME dosing for all intervals).

Youth with ADHD recruited into treatment studies often are already on stimulant 

medication, which has been cited as a neglected factor in follow-up studies22. The MTA 

Study assessed whether a child started stimulants prior to entering the MTA based on a 

question at the baseline telephone screening (“Is medication currently being used?”), or at 

baseline in the SCAPI (“Has medication been used for at least 30 days in the past 3 

months?”), or in the Diagnostic Interview Schedule for Children-Parent (“Has medication 

been used most of the time in the past 6 months?”). Prior stimulant treatment was reported 
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for 37.15% (211/568) MTA participants, with 25.5% (36/141cases) in the Negligible 

subgroup, 39.0% (146/374 cases) in the Inconsistent subgroup, and 54.7% (29/53 cases) in 

the Consistent subgroup.

Analyses

We conducted a mixed- model multiple regression analysis (SAS Proc Mixed22) with 3 

independent variables: pattern of extended use of medication based on the naturalistic 

subgroups and LNCG (Subgroup with 4 levels: Consistent, Inconsistent, Negligible, LNCG), 

prior treatment before entering the MTA (Prior with 2 levels: Yes or No), and Assessment 

Point (AP) variable with 10 levels: 0, 1.2, 2, 3, 6, 8, 10, 12, 14, and 16 years after baseline. 

Age and sex were not included as factors since they were used to create the dependent 

variables (z-scores). The p < 0.05 significance level was applied for tests of main effects and 

interactions without adjustment, since these were secondary to the previous cross-sectional 

end-point analyses14 and exploratory to address how end-points were attained. Based on the 

methodology for longitudinal analysis of z-scores for height,23 a significant Subgroup × AP 

interaction would support the primary hypothesis.

To unpack this interaction, paired-comparisons were performed using Least Square Mean 

(LSM) estimates for the subgroups at the 10 assessment points to evaluate development 

trends. For the LNCG, observations were not available at the baseline and the 14-month 

(1.2-year) assessment, so the random regression analysis was performed using only the 8 

available assessments to estimate LSMs.

The paired-comparisons of subgroups at each assessment point were used to isolate 

medication-related and disorder-related effects as proposed by Spencer et al.6,7 We extended 

their logic based on the self-selected subgroups of the MTA, which provided two stimulant-

treated subgroups (Consistent and Inconsistent) and two subgroups without stimulants 

(Negligible and LNCG). This allowed for two comparisons (Consistent vs Negligible and 

Inconsistent vs Negligible) to estimate possible medication-related effects, and a single 

comparison (Negligible vs. LNCG) to estimate the disorder-related effect of ADHD. An 

addition comparison (Consistent versus Inconsistent) allowed us to estimate the possible 

dose-response effect of ME cumulative doses.

Several sensitivity analyses were performed including a quantitative variable for time, years 

since baseline, instead of the assessment point variable, and doing separate analysis by 

removing, one at a time, patients with different baseline characteristic for race, ODD 

diagnosis, or those who took antipsychotics.

In the longitudinal analyses of z-scores, the differences between LSMs for each paired-

comparison are expressed in standard deviation (SD) units, which is equivalent to effect size. 

To facilitate interpretation, effect size was transformed into metric units by multiplying by 

the SD obtained in previous analyses14 of raw scores adjusted for age and sex. SD units also 

were transformed into US/Imperial units by dividing by the scale factors, 2.54 cm/inch for 

height and 0.454 kg/lb for weight, as shown in Table S1, available online.
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RESULTS

As shown in Table 1, the mixed-model analytic approach in this study involved 568 of the 

579 original MTA participants (over 98%) and 258 of the 289 LNCG participants (over 

89%). The previous end-point report on the 16-year end-point assessment14 used a different 

analytic method, GLM, that hused a smaller sample of 476 MTA (82.2% of those recruited) 

and 241 (83% of those recruited) LNCG cases. The same study14 reported strong study 

retention throughout childhood, adolescence and early adulthood.

The average age at the time of the 16-year end-point assessment was 24.7 years (SD = 1.31) 

for the ADHD group and 24.4 (SD = 1.36) for the LNCG participants. Previous analyses of 

adult outcomes26 indicate MTA participants with and without complete data were not 

significantly different on most baseline demographic variables; they were ‘missing at 

random.’

Table 1 shows that MTA participants in different medication subgroups did not differ in 

demographically except for higher IQ, household advantage, and income in the Consistent 

subgroup. Proportions of African-American participants differed between the Negligible 

(34%) and the LNCG group (11%), but this did not reach significance in our sensitivity 

analyses. As reported previously in the 2017 end-point analyses,14 adjusting for these 

covariates did not change the conclusions about possible reductions in symptom severity or 

slow-down in standardized measures (z-scores) of growth. As these differences were not 

included during the design phase of the MTA when setting sample size and statistical 

power26, so they were not included as covariates in these analyses.

By the 16-year assessment, almost 2/3rds of MTA participants (n=374 or 65.9%) had an 

Inconsistent pattern of medication use; almost 1/4th (n=141 or 24.8%) had the Negligible 

pattern; and less than 1/10th (n=53 or 9.3%) had the Consistent pattern. Participants (211 of 

568 or 37.15%) who had stimulant treatment before MTA entry formed the Prior subgroup. 

Of these prior-medicated cases, 146 were in the Inconsistent subgroup (constituting 42.1% 

of that group), 36 were in the Negligible subgroup (constituting 25.5% of that group), and 

29 were in the Consistent subgroup (constituting 54.7% of that group).

Analyses of z-height:

Table 2 presents the hmixed model analyses of 4 groups over the 10 assessments revealing 

the main effects of Subgroup, (F=2.22, P<0.0001) and Prior medication (F=2.22, P<0.001). 

The Subgroup × Assessment interaction also was significant (F=2.81, <0.0001). Inspection 

of Table 3 (and Table S1 available online) shows that the paired-comparisons for the 

consistent-negligible and inconsistent-negligible subgroups had peaks at the 3 (mean age 

11.4 years)- or 6-year (mean age 14.4 years) assessment points and then declined slightly 

over time.

Figure 1a graphically displays z-height trajectories of the Least Square Mean (LSM) 

measurements for ADHD and LNCG subgroups. The z-height trajectories for the LNCG and 

inconsistent subgroups were flat, indicating an average tempo of growth, as would be 

expected for a randomly selected sample from the population. The trajectories for the 
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Negligible and Consistent subgroups diverged significantly by the 3-year assessment (age 

11.4, with a z-height difference of −0.6242, t=−3.29, P>0.0003) due to an upward height 

trajectory in the Negligible subgroup (z-height = +0.5207), suggesting faster-than-average 

growth tempo. The Consistent subgroup’s z-height decreased to reach a minimum at the 6-

year assessment (age, 14.4, z-height= −0.2306), differing significantly from the negligible 

group’s trajectory at that time (z-height difference of −0.4963, t=−2.77, P<0.0058), 

suggesting medication-related growth slow down. Both subgroups’ z-height decreased in 

adolescence with later stabilization in adulthood.

The Inconsistent subgroup’s z-height trajectory remained essentially flat and significantly 

different from the negligible subgroup’s z-height assessments before the 3-year assessment 

(11.4 years old). Except for the 3-year assessment, the consistent and hinconsistent 

assessment points were significantly different.

The significant Prior × Assessment-point interaction (F=2.22, P<0.0001) was due to a 

difference between the baseline z-height of cases with and without prior stimulant 

medication before MTA entry (Figure1b). The group without prior medication was 0.86 

inches taller at baseline and 0.78 inches taller by the final 16-year assessment. This differed 

by subgroup. For the Negligible and Inconsistent subgroups, the Prior effect was small and 

constant across assessment points until the 16-year point, when they converged, but the 

Consistent subgroup’s Prior effect was large at baseline and then gradually declined (Figure 

S3, available online). However, these patterns were not dissimilar enough and the sample 

sizes were not large enough for a significant 3-way interaction of Subgroup × Prior × 

Assessment.

Analyses of z-Weight and z-BMI:

The main effect of Assessment and the interaction of Subgroup × Assessment were 

significant in the analyses of z-weight and the analyses of z-BMI, as shown ;by the detailed 

standard scores in Table S1, available online. In contrast to the analysis of z-height, neither 

the main effect of Prior nor the Prior × Assessment interaction was significant in these 

analyses.

As shown in Figure 2a (for z-weight) and Figure 2b (for z-BMI), the z-scores decreased 

abruptly for the Consistent and Inconsistent subgroups in childhood associated with 

initiation of stimulant treatment, but subsequently increased rapidly in adolescence, possibly 

attributed to weight rebound. This resulted in convergence of the trajectories of the 

Consistent, Inconsistent and Negligible subgroup in adolescence. In adulthood, z-weight and 

z-BMI continued to increase for all 3 subgroups, in contrast to the stability of height in 

adulthood.

The significant Subgroup × Assessment interactions were unpacked by using the LSM 

estimates for z-weight and z-BMI to form paired-comparisons. The medication-related 

effects revealed large weight and BMI suppression effects in childhood at the 2-year 

assessment when participants were 10.4 years old, but this reversed so that weight and BMI 

were increased in adulthood for the participants with ADHD who had been treated with 

stimulants.
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Analyses including the LNCG:

In the analyses of z-height of the non-ADHD peers in the LNCG group, with 4 Groups and 8 

Assessment Points, the main effects of Group and Assessment were significant, but the 

Group × Assessment interaction was not (see Table 2a, right). In the analyses of z-weight 

(Table 2b, right) and z-BMI (Table 2c, right) with the LNCG included, the main effects of 

Group were not significant, but the main effects of Assessment and the Group × Assessment 

interactions were significant. As shown in Figure 2, these effects were due to increases of z-

weight and z-BMI from late childhood to adulthood, which were steeper in the stimulant-

treated subgroups than the unmedicated (Negligible) subgroup or the LNCG.

To determine how the children with ADHD differed from their classmates at school, three 

additional paired-comparisons (Negligible-LNCG, Consistent-LNCG, and Inconsistent-

LNCG) were calculated for the 8 assessment points, as shown in Table 3. They also are 

shown in more detail in Table S1a–ii, iii and iv for height; Table S1b–ii, iii, and iv for 

weight; and Table S1c–ii and S1ciii for BMI, available online.

The paired comparison of the Negligible and LNCG for mean z-heights showed that the 

negligibly-medicated ADHD group cases were significantly taller than the non-ADHD peers 

in the LNCG group for the 2- and 3-year assessment when the participants were 10.4 and 

11.7 years old, respectively. Although not significant over the remaining assessment points, 

the Negligible subgroup remained taller than the LNCG. At the 16-year assessment for 

height, these possible dual but opposite effects were associated with less medication-

associated growth suppressant effects in the Consistent-LNCG comparison (−0.53 z-units/

−3.23 cm/−1.27 inch) than found in the Consistent-Negligible comparison (−0.72 z-units/

−4.43 cm/−1.75 inch).

In childhood, i.e. the mean z-weight and z-BMI were lower in the consistent and 

inconsistent ADHD subgroups than in the LNCG. However, this reversed in adolescence and 

adulthood. These might have been associated with weight increases in adolescence 

regardless of the pattern of self-selected medication use.

Sensitivity Analyses

Sensitivity analyses for z-height used a quantitative variable for time, years since baseline, 

instead of the categorial variable, Assessment Point. The analyses were conducted separately 

for the 0- to 8-year assessment points when non-linear developmental trends were expected 

for slower-than-average tempo and faster-than-average tempo. As predicted, the Subgroup × 

Time interaction was significant, consistent with different z-height growth trajectories. On 

the other hand, the z-height scores between 10-year (age 18.4) and 16- year (age 24.7) 

assessments did not show a significant subgroup × time interaction. Details on the protocol 

of this sensitivity analysis are given in Supplement 2 and the outcomes of the analysis are 

presented in Table S2, both available online.

Sensitivity analyses were performed for z-weight, z-height and Z-BMI as detailed in 

Supplement 2, available online, also using the quantitative years-since-baseline. As shown in 

Table S2, available online, these analyses confirmed and extended the findings of subgroup 

differences in developmental trends due to initial suppression of weight and BMI in the 
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stimulant-treated subgroups, followed by rebound. This produced quadratic trajectories in 

the analyses for the weight and BMI z-scores measured from 0- to 8-years.

Additional sensitivity analyses failed to show differences in main outcome when we 

removed those who were African American (Table S2b), which showed that the Negligible-

LNCG z-height comparison remained significant for z-height differences at the 2 (p<0.027) 

and 3-year (P<0.0061) assessments. Similar analyses revealed that the findings of the main 

analysis did not change with and without participants who had comorbid ODD (Table S2c) 

or those who had taken antipsychotics (Table S2d).

DISCUSSION

To our knowledge, this is the first study investigating whether different levels of cumulative 

ME doses of stimulants during long-term treatment may be associated with different growth 

trajectories from childhood through adolescence into adulthood. The trajectory analysis 

expands and provides new information concerning the previously published end-point 

analyses of adult height in the MTA14 by identifying periods in development – mean age 

11.7 years) and mean age 14.9 years) - that might be most associated with a medication-

related growth suppression. Most important, the Negligible subgroup’s z-height trajectory 

showed a peak at the 3- and 6-year assessments (at 11.7 and 14.9 years old) followed by a 

decline and stability by the 8-year assessment (at 16.8 years old), suggesting faster-than-

average tempo in the stimulant-untreated cases, the opposite of the Spencer et al6,7 

prediction that untreated children with ADHD would experience slower-than-average tempo, 

smaller size in childhood, and disorder-related catch-up in adolescence.

This report has several strengths. First, the MTA sample was large and well-characterized at 

study entry. During the follow-up study, community-based treatment was documented 

during 16 years of prospective assessments14, 16, 18, 23, 25,26,27 that covered the important 

phases of growth in childhood and adolescence.

Second, data were expressed in standardized z scores that adjust for natural differences 

between growth patterns of boys and girls.

Third, parent report data were used to define the patterns of long-term stimulant treatment 

medication for forming naturalistic subgroups of treated and untreated cases, which helped 

to estimate the medication-related effects on growth trajectories separate from the disorder-

related effects from having ADHD14,16.

Fourth, the mixed model analyses used here allowed cases with incomplete data to be 

retained using direct (full information) maximum likelihood estimation,28 which leverages 

all available data to improve the accuracy of model estimates and compute appropriately 

conservative significance tests.29 This approach allowed us to use over 90% of the MTA 

sample for the longitudinal analyses, compared to 82% in the previously published end-point 

analyses,14 and to avoid censoring data that in some other longitudinal studies reduced 

sample sizes.6,7,14
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Fifth, this report highlights paired-comparisons with the LNCG which had been relegated to 

supplementary material in the previous report14. The Negligible-LNCG comparison 

(addressing the disorder-related effect of ADHD on growth) was significantly positive for z-

height at the 2- and 3-year assessments, suggesting that individuals with ADHD recruited 

into the MTA were significantly taller than non-ADHD peers early in the study. While the 

mean z-height values remained higher in the ADHD Negligible group, this difference 

diminished to non-significance after the 3-year assessment. Other paired-comparisons 

suggested that ADHD subgroups in adulthood were heavier and had higher body mass than 

the LNCG, consistent with reports of an association of youth with ADHD and adult 

obesity30–32. These results suggest that BMI should be closely monitored in adolescents 

with ADHD with recommendations for exercise and healthy eating patterns. Efforts to 

improve weight gain in children with ADHD treated with stimulants to stimulate growth 

need to be re-evaluated as the children approach puberty. Increased weight gain, often used 

as a sign that pre-pubertal children with ADHD on stimulants have regained their normal 

growth patterns, may not translate to greater height gains during adolescence.

Our findings must be considered in light of the study’s limitations. First, our prospective 

growth assessments were uncontrolled and observational, so it is not possible to establish 

causal relationships between patterns of medication use and trajectories of growth. We must 

limit the use of these results to generating hypotheses for future testing.

Second, the LNCG non-ADHD peers were recruited 2 years after baseline when the RCT 

was completed, during which the MTA participants on medication had already shown 

changes in their growth trajectories.

Third, the loss of randomized treatment assignment 1.2 years after baseline when the MTA 

participants reverted to care in the community and changes in medication status occurred 

with self-selected starting and stopping. This removed the protection against bias afforded 

by a randomized controlled design, allowing underlying for the possibility that underlying 

differences in the baseline and post-baseline characteristics of the subgroups could bias 

outcomes. Lack of protection against source, selection, and retrospective recollection 

biases33 characterizes all open follow-up observational studies. For that reason, this 

manuscript does not test causal relationships, only associations. Despite this vulnerability to 

bias, the self-selected subgroups differed significantly on only three baseline variables (IQ 

and household advantages and income). Sensitivity analyses failed to show differences in 

main outcome when we removed those who were African American, had comorbid ODD, or 

those who had taken antipsychotics during the study. Additional analyses found no 

significant differences between the prior and non-prior medicated groups in baseline ADHD 

symptom severity, incidence of comorbid ODD, or in mean ME doses during the follow-up 

despite a higher proportion of the consistently medicated subgroup having prior medication.

Fourth, source bias was introduced when the SCAPI reports by parents – which had been 

used to form the medication groups -- were discontinued after the MTA participant reached 

18 years of age, switching to participant self-report about medication use.
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Fifth, we did not systematically collect duration and dose data on the stimulant treatment 

that was started before entry into the MTA in the prior group. This may have contributed to 

our finding that the three-way interaction of Prior × Subgroup × Assessment was not 

significant and supports the suggestion by Poulton and Nanan22 that prior use of medication 

deserves systematic assessment in future research.

Sixth, not all participants were assessed at each time point. To address this concern, we used 

a mixed model analysis because it does not require a height or weight measurement at every 

time point and provides the best statistical approximation of what those measurements might 

have been, had they been taken.

Seventh, stimulant treatment may have unknown interactions with the biological processes 

underlying growth, such as pituitary hormones, from childhood through adolescence into 

adult life, which have unmeasured effects of growth trajectories. This limitation could be 

addressed by AUXOL analytic techniques not used in this paper that employ mathematical 

modeling to identify effects of medication on milestones of growth (i.e. height, height 

velocity, age of the ‘take-off’ or ‘peak’ points of the adolescent growth spurt, or timing of 

puberty) and more exactly determine trajectories of growth.

Eighth, the main finding of this study -- that stimulant use over development may be 

associated with a possible decrease in adult height in those consistently treated -- has not 

been found in all prior growth studies of children with ADHD treated chronically with 

stimulants. However, those studies reported lower cumulative doses and did not employ our 

methodology of determining trajectories of growth over time.

It is reassuring that inconsistent use was associated with minimal changes in the growth 

trajectory and smaller decreases in final adult height than consistent use -- reassuring 

because inconsistent use was the most common pattern of medication in the MTA follow-up. 

This encourages and supports future research as to whether planned interruptions of 

medication such as summers off can ameliorate the stimulant-related slow-down in height 

acquisition.

If these data are replicated in additional studies, the decision to use stimulant medication to 

treat children with ADHD will require a new and ongoing risk-benefit analysis that is now in 

use. Practitioners will need to spell out the timing and magnitude of the effects of long-term 

stimulant treatment on growth, as suggested in Figure S1 of Supplement 3 (available online). 

Clinicians should partner with families to determine if the possible changes in adult height 

(up to 1.5 inches shorter) and weight and BMI (greater risks of obesity) may be outweighed 

by the risks of not treating the child’s ADHD. This discussion is especially important 

because the effect of medication prior to entry into the MTA on height trajectory suggests 

that treatment started early might intensify the loss of adult height if medication is taken 

continuously.

These concerns increase the importance for more detailed research to determine the critical 

periods in development when growth may be most affected by stimulant treatment. Future 

publications, including those that use AUXOL methods, will address how the timing and 
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consistency of stimulant treatment might be used to help minimize the risk of medication-

associated changes in growth trajectory for early starters.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Z-Height Trajectories Note: LNCG = local normative comparison group.
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Figure 2: 
Z-Weight and Z-Body Mass Index (BMI) Trajectories by Subgroup Note: LNCG = local 

normative comparison group.
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TABLE 1:

Demographic Characteristics of the Subgroups With Different Medication Patterns

Group LNCG ADHD Negligible Inconsistent Consistent

Assessed in adulthood (n)
a 258 568 141 374 53

Age at Assessment (years) 24.4 24.8 24.9 24.8 24.9

Age at baseline (years)
b 10.4 8.4 8.6 8.4 8.4

Sex (% male) 80 78 80 77 83

Birth Weight (kg) 3.4 3.4 3.4 3.4 3.3

Race / Ethnicity

 (% Caucasian) 66.4 62.7 52.7 64.9 74.3

 (% Black) 11.2 19.4 27.7 17.1 14.3

 (% Hispanic) 12.9 7.6 9.8 7.6 0.0

 (% Other) 9.5 10.3 9.8 10.4 11.4

Intelligence (IQ)
c 110 102 103 101 105

Household Income($10K)
c 5.9 4.9 4.4 4.9 6.6

Household Advantage (%)
d

1 13 20 27 18 9

2 39 40 38 43 20

3 48 40 35 39 71

Note: ADHD = attention-deficit/hyperactivity disorder; LNCG = local normative comparison group

a
Number of participants with at least one observation of height and the paired SCAPI.

b
Baseline for the LNCG obtained 2 years after the baseline for the ADHD subgroups.

c
IQ and Income were higher in the LNCG than in ADHD group, but based on precedent (see Barkley et al, 2008 and Sibley et al, 2012), they were 

not included as covariates.

d
Composite household advantage developed by Molina et al. (2012) with three levels (1: one-parent household and no college-educated parent; 2: 

either two-parent household or at least one college-educated parent; 3: two-parent family and at least one college educated parent) was greater for 
the Consistent subgroup.

ADHD=Attention Deficit / Hyperactivity Disorder; Consistent=Subgroup that took medication at least 50% of days in all assessment intervals; 
Inconsistent=subgroup that took medication less than 50% of days in at least one assessment interval; LNCG=local normative Comparison Group; 
negligible=subgroup that took medication < 50% of days in all assessment intervals.
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