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INTRODUCTION

Methylphenidate (MPH), which inhibits dopamine reup-
take in the central nervous system, is the most commonly pre-
scribed medication for the treatment of attention-deficit/hy-
peractivity disorder (ADHD) [1]. It remains unclear whether 
MPH affects growth in children as a side effect. Previous stud-
ies have suggested that MPH may suppress growth in chil-
dren with ADHD [2,3]. Other studies, on the contrary, have 
demonstrated that MPH treatment may not affect growth in 

children with ADHD [4,5]. It has also been suggested that 
the pathophysiology of ADHD itself could suppress growth 
[6]. Thus, so far, the findings on whether MPH is associated 
with growth suppression in children with ADHD have been 
inconclusive. In addition to anthropometric indices such as 
height and weight, serum biochemical markers of growth 
could be considered when measuring the growth status of 
children. Growth hormones and thyroid hormones are di-
rectly involved in growth, affecting the synthesis and release 
of growth factors. Adequate bone mineralization and forma-
tion, which are related to the metabolism of calcium, phos-
phorus, and vitamin D, are essential to growth [7]. Serum bio-
chemical markers representing nutritional status, such as 
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hemoglobin (Hb), hematocrit (Hct), total protein, albumin, 
and total cholesterol, play an important role in growth [8]. 
Therefore, the analysis of biochemical growth markers is rel-
evant in studies investigating factors that influence the growth 
of children. Although most studies have focused only on an-
thropometric indices, few studies have compared the growth 
of children with ADHD on the basis of particular biochem-
ical markers.

This study aims to investigate differences in the serum bio-
chemical markers of growth among MPH-treated children 
with ADHD, drug-naive children with ADHD, and healthy 
control subjects.

METHODS

Participants
A cross-sectional case-control study was conducted as part 

of a broader investigation by the Korea Food and Drug Ad-
ministration; this study aimed to examine the association 
between adverse environmental exposure and neurodevel-
opmental disorders [9]. The participants included 215 chil-
dren aged 6 to 12 years (64 drug-naive children with ADHD, 
39 MPH-treated children with ADHD, and 112 healthy con-
trol subjects), who were enrolled at two university hospitals 
(Dong-A Univerisity Hospital, Inje University Busan Paik 
Hospital) in Busan, Korea. The ADHD and control subjects 
were recruited via advertisements at the two university hos-
pitals and in the local communities. The study protocol was 
approved by the Institutional Review Board of the National 
Cancer Center (NCCNCS13712).

Participants were classified into case and control groups 
after physical and psychiatric evaluation by pediatricians and 
child psychiatrists. The inclusion criteria for ADHD cases were 
as follows: 1) children between the ages of 6 and 12 years, 
2) diagnosis of ADHD based on the Diagnostic and Statisti-
cal Manual of Mental Disorders, 4th edition (DSM-IV) [10], 
and 3) provision of written informed consent by the parents 
and assent from the child. The exclusion criteria were as fol-
lows: 1) neurological disorders, such as epilepsy, cerebral pal-
sy, mental retardation, or pervasive developmental disorders; 
2) congenital malformation, hematological disorders, or 
chronic physical diseases; 3) acute diseases (including upper 
respiratory infection, enteritis) at the time of enrolment; and 
4) previous history of head injury. Children with ADHD were 
divided into an MPH-treated ADHD group and a drug-naive 
group. The control group included healthy subjects who met 
all the above criteria, except ADHD diagnosis and treatment.

ADHD diagnosis
The screening section and ADHD supplement section of 

the Korean version of the Kiddie-Schedule for Affective Dis-
orders and Schizophrenia-Present and Lifetime Version (K-
SADS-PL-K) [11] were used to diagnose ADHD. The K-SADS-
PL-K is a semi-structured interview tool based on DSM-IV.

Anthropometric indices
Height and weight were measured for each child. The body 

mass index (BMI) was calculated in units of kg/m2. Then we 
transformed height, weight, and BMI to age- and sex-correct-
ed standard scores (z-score) using norms from the 2017 Ko-
rean National Growth Charts for children and adolescents 
[12].

Biochemical markers of growth
Blood sampling was carried out at the two university hos-

pitals. The blood samples were transferred to the Dong-A 
University Hospital for hematological analysis of biochemi-
cal markers.

Measurement of insulin-like growth factor-I levels
Although the levels of most growth hormones have diur-

nal variations, the levels of insulin-like growth factor-I (IGF-I) 
are maintained at a constant range. Thus, the serum concen-
trations of IGF-I were used as biochemical markers of growth 
hormone secretion [13]. A one-step sandwich chemilumi-
nescence immunoassay was carried out to measure the IGF-I 
concentrations using the Liaison autoanalyzer (DiaSorin, 
Saluggia, Italy).

Measurement of thyroid hormone levels
The direct effects of thyroid hormones on growth include 

stimulation of endochondral ossification, maturation of epiph-
yseal plates in bones, linear bone growth, and increase in the 
maturation and activity of chondrocytes in the growth plate 
cartilage [14,15]. In the present study, the serum concentra-
tions of thyroid stimulating hormone (TSH) and thyroxine 
(free T4) were measured using a chemiluminescent micropar-
ticle immunoassay (Architect TSH Reagent Kit, Architect 
Free T4 Reagent Kit; Abbott Ireland Diagnostics Division, 
Longford, Ireland).

Measurement of calcium, phosphorus, alkaline 
phosphatase, and vitamin D levels

The bone begins to mineralize about two weeks after the 
formation of the bone matrix in children [16]. Approximate-
ly 50–70% of the bone is composed of minerals [17]; calcium 
and phosphorus are the chief minerals found in the bone. 
Bone mineralization is the process of deposition of minerals 
on the bone matrix. In the present study, the bone mineral 
density was not evaluated; instead, the serum levels of calci-
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um, phosphorus, alkaline phosphatase (ALP), and vitamin D, 
which serve as indicators of bone mineralization, were mea-
sured to indirectly evaluate bone mineralization.

Serum calcium, phosphorus, and ALP levels were mea-
sured using an automatic multi-purpose analyzer (TBA200 
FR, Toshiba Medical Products, Tokyo, Japan). An enzyme-
linked fluorescence assay was carried out to measure the vi-
tamin D levels using a Vidas PC autoanalyzer (Biomerieux 
SA, Lyon France).

Measurement of hemoglobin, hematocrit, total 
protein, albumin, and total cholesterol levels

To identify anemia and the nutritional status, we measured 
the levels of Hb, total protein, albumin, total cholesterol, and 
Hct. Hb and Hct levels were measured using a hematology 

analyzer (Sysmex XE-2100, TOA Medical Electronics, Kobe, 
Japan). The serum levels of total protein, albumin, and total 
cholesterol were measured using an automatic multi-purpose 
analyzer (TBA200 FR).

Statistical analysis
To account for sex-based differences in the normal growth 

curve and reference values of laboratory tests, we analyzed 
data from boys and girls separately. Because our data did not 
show a normal distribution, the data were analyzed using the 
Kruskal-Wallis test to compare the drug-naive ADHD, MPH-
treated ADHD, and control groups. Post-hoc tests were used 
for comparison among the three groups. All the collected 
data were analyzed using the SPSS statistics software (ver-
sion 22.0, for Windows; IBM Corp., Armonk, NY, USA). The 

Fig. 1. Distribution (box plot) of (A) age, (B) height, (C) weight, and (D) BMI in study participants. Data expressed as minimum, 1st quar-
tile, median, 3rd quartile, and maximum. Age was presented as years and height, weight, and BMI was presented as z-score. ADHD: 
attention-deficit/hyperactivity disorder, BMI: body mass index, MPH: methylphenidate.
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significance threshold was set at p<0.05.

RESULTS

Demographic and anthropometric characteristics
There was no significant difference in sex distribution and 

age of the study subjects among the different groups. The 
mean duration of drug treatment and mean dose of MPH 
in the MPH-treated ADHD group were 1.79±1.11 years and 
1.02±0.39 mg/kg, respectively. Distributions of age and an-
thropometric indices of the participants have been represent-
ed in a box plot graph (Fig. 1). The z-scores of height, weight, 
and BMI of the boys and girls were not significantly different 
among the three groups (Table 1). 

Biochemical markers of growth
There were no significant differences in the mean IGF-I 

concentrations among the drug-naive ADHD, MPH-treated 
ADHD, and control groups for both boys and girls. The boys 
in the MPH-treated ADHD group had significantly lower 
(p<0.05) mean TSH concentrations, as compared to those in 
the drug-naive ADHD and control groups. No significant 
differences were found in the mean concentrations of free T4 
among the groups. The calcium, phosphorus, ALP, and vi-
tamin D levels did not differ significantly among the drug-
naive ADHD, MPH-treated ADHD, and control groups. There 
were no differences in the Hb, Hct, total protein, albumin, 
and total cholesterol levels among the drug-naive ADHD, 
MPH-treated ADHD, and control groups (Tables 2 and 3).

DISCUSSION

The present study investigated the association of MPH 
with the levels of serum biochemical markers of growth in 
children. The serum concentrations of IGF-I, free T4, calci-
um, phosphorus, ALP, and vitamin D were not significantly 
different among the three groups and all the measurements 
were within the normal limits of laboratory values in the pres-
ent study.

Few other studies have investigated the IGF levels in chil-
dren with ADHD. Results of the present study correspond 
with an earlier study that reported no differences in the se-
rum concentrations of IGF-I between MPH-treated children 
with ADHD and either drug-naive children with ADHD or 
healthy children [18]. In a longitudinal study in Turkey that 
monitored MPH-treated children with ADHD for 16 months, 
despite the drop in the serum concentrations of IGF-I at 4 
months, the levels were found to be within normal limits at 
all times; the serum concentrations of IGF-I were found to 
recover later [19].

In contrast to the results of our study, a previous study 
found that children with ADHD had lower levels of vitamin 
D than the healthy control group [20]. Serum vitamin D sta-
tus is affected by various conditions; lifestyle factors, such as 
outdoor activities are essential determinants of photosynthe-
sis of vitamin D [21]. Also, a study that investigated vitamin D 
levels in Korean children revealed that serum vitamin D lev-
els are associated with body weight and undergo seasonal 
variations [22]. Thus, various confounders may affect the se-
rum levels of vitamin D. A limitation of our study is that we 

Table 1. Demographic and anthropometric characteristics

Drug-naive ADHD (n=64) MPH-treated ADHD* (n=39) Control (n=112) p-value
Sex 0.25

Boy 41 (64.1) 31 (79.5) 79 (70.5)

Girl 23 (35.9) 8 (20.5) 33 (29.5)

Age, years
Boy 8.81±1.52 9.48±1.44 9.20±1.65 0.14
Girl 9.22±1.51 9.89±1.45 9.36±1.44 0.54

Height†, cm
Boy 0.38±0.85 0.66±1.07 0.38±0.88 0.23
Girl 0.62±1.04 0.31±0.78 0.68±0.78 0.57

Weight†, kg
Boy 0.10±1.02 0.21±1.21 0.25±1.05 0.77
Girl 0.42±0.88 0.09±1.30 0.53±0.99 0.53

BMI†, kg/m2

Boy -0.18±1.43 0.03±1.22 0.19±1.09 0.29
Girl -0.33±1.16 0.51±1.14 0.78±0.98 0.14

Variables are presented as n (%) or mean±standard deviation. *mean duration of treatment: 1.79 (±1.11) years; mean MPH dose: 
1.02 (±0.39) mg/kg, †age- and sex-corrected standard scores (z-scores). ADHD: attention-deficit/hyperactivity disorder, BMI: body 
mass index, MPH: methylphenidate
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did not account for these variables. Further studies need to be 
carried out to explore the association between vitamin D sta-
tus and ADHD while accounting for potential confounders.

In the present study, the levels of TSH in MPH-treated boys 
were found to be lower than those in the other two groups. 
However, the levels of TSH in the MPH-treated boys were 
within the normal range; thus, no clinical significance was 
presumed. No differences were notes in the levels of free T4 
between the three groups. A previous study has also report-
ed no differences in the levels of thyroid hormones between 
MPH-treated children with ADHD and drug-naive children 
with ADHD or control subjects [19]. In case of boys, the in-
tergroup differences in TSH levels can be interpreted in two 
ways. First, dopamine agonist is a physiological regulator of 
TSH. Activation of dopamine D2 receptor exerts its effect on 
the hypothalamic-pituitary-thyroid axis and suppresses se-
rum TSH [23]. However, it has been reported that the serum 
concentrations of TSH remain within the normal range and 

thus, the association of MPH with TSH is of limited clinical 
significance [19]. Second, depressed TSH status (e.g., hyper-
thyroidism) could be associated with ADHD regardless of 
MPH treatment. A recent study reports an estimated preva-
lence ratio of 1.7 for ADHD in those with and without hyper-
thyroidism (2.4 in males and 1.9 in females) [24]. Given that 
there are a few common symptoms between hyperthyroid-
ism and ADHD, such as hyperactivity or short attention span, 
there is a chance of misclassifying children with hyperthy-
roidism as ADHD cases. Although children with acute and 
chronic physical conditions were excluded from our study, 
it is still possible that subjects with subclinical hyperthyroid-
ism were included in our ADHD cases. In case of girls, no in-
tergroup differences were observed in the TSH levels. Gen-
erally, girls are more vulnerable to thyroid dysfunction than 
boys. It is possible that the small sample size of our study (es-
pecially in case of MPH-treated ADHD girls, n=8) limited the 
power to detect group differences.

Table 2. Biochemical markers of growth of boys in the drug-naive ADHD, MPH-treated ADHD, and control groups

Drug-naive ADHD (n=41) MPH-treated ADHD (n=31) Control (n=79) p-value
IGF-I, ng/mL 198.49±105.42 213.72±137.09 189.85±92.97 0.75
TSH, mIU/L 2.91±1.66 2.11±1.18 2.83±1.44 ＜0.05
Free T4, ng/dL 1.42±0.26 1.52±0.27 1.46±0.30 0.49
Calcium, mg/dL 9.52±0.40 9.63±0.28 9.66±0.40 0.09
Phosphorus, mg/dL 4.86±0.45 4.98±0.50 5.03±0.49 0.39
ALP, mg/dL 780.90±183.02 788.98±192.51 712.52±170.96 0.14
Vitamin D, ng/mL 22.51±4.35 23.53±4.85 22.10±5.15 0.32
Hb, g/dL 13.23±0.67 13.39±0.80 13.20±0.76 0.53
Hct, % 38.03±1.96 38.65±2.18 38.15±1.99 0.35
Total protein, g/dL 7.35±0.44 7.41±0.33 7.40±0.49 0.47
Albumin, g/dL 4.46±0.19 4.46±0.17 4.53±0.24 0.15
Cholesterol, mg/dL 169.76±25.93 167.42±26.23 165.15±24.08 0.42
Variables are presented as mean±standard deviation. ADHD: attention-deficit/hyperactivity disorder, MPH: methylphenidate, IGF-I: 
insulin-like growth factor I, TSH: thyroid stimulating hormone, ALP: alkaline phosphatase, Hb: hemoglobin, Hct: hematocrit

Table 3. Biochemical markers of growth of girls in the drug-naive ADHD, MPH-treated ADHD, and control groups

Drug-naive ADHD (n=23) MPH-treated ADHD (n=8) Control (n=33) p-value
IGF-I, ng/mL 316.25±169.19 289.56±174.99 257.22±131.28 0.45
TSH, mIU/L 2.63±1.17 2.55±1.68 3.35±1.78 0.25
Free T4, ng/dL 1.36±0.23 1.49±0.17 1.39±0.22 0.21
Calcium, mg/dL 9.67±0.25 9.63±0.28 9.66±0.40 0.91
Phosphorus, mg/dL 5.11±0.56 4.83±0.63 5.02±0.39 0.55
ALP, mg/dL 869.04±123.69 733.38±143.04 884.09±197.79 0.09
Vitamin D, ng/mL 21.23±5.16 20.40±5.71 19.67±4.86 0.66
Hb, g/dL 12.83±0.83 13.13±0.83 13.09±0.98 0.72
Hct, % 38.09±2.11 37.75±2.38 38.27±2.76 0.80
Total protein, g/dL 7.42±0.34 7.28±0.32 7.35±0.37 0.33
Albumin, g/dL 4.47±0.16 4.40±0.21 4.49±0.19 0.35
Cholesterol, mg/dL 166.00±21.96 162.75±17.02 174.82±26.40 0.36
Variables are presented as mean± standard deviation. ADHD: attention-deficit/hyperactivity disorder, MPH: methylphenidate, 
IGF-I: insulin-like growth factor I, TSH: thyroid stimulating hormone, ALP: alkaline phosphatase, Hb: hemoglobin, Hct: hematocrit
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This study has the following limitations. First, the study 
had a cross-sectional design; a chronological relationship be-
tween MPH treatment and growth of children with ADHD 
was not analyzed in this study. This did not allow us to eval-
uate growth suppression or catch-up growth. It is well estab-
lished that growth velocity and the levels of serum growth 
markers differ depending on age. Although we recruited study 
subjects aged between 6 and 12 years, we could not stratify 
the population further into different age groups because of 
the small sample size. Second, pubertal age, which could in-
fluence anthropometric indices and serum growth factors 
(especially IGF-I), was not investigated in this study [25]. Fu-
ture studies could include Tanner staging or bone age mea-
surements, which are more accurate evaluations of physical 
development in children. Third, other major factors that in-
fluence anthropometric indices and serum growth markers, 
such as individual nutritional status and physical activity could 
also be considered in the future studies. In our study, children 
with chronic physical conditions were excluded; however, we 
did not exclude psychiatric comorbidities such as depression, 
which could also suppress growth in children. Fourth, MPH 
dosage, serum concentrations, and compliance were not con-
sidered, which did not allow for the identification of a dose-
response in our study. In addition, the influence of other drugs 
used in conjunction with MPH was not considered. Fifth, a 
selection bias might exist in this study since the study partic-
ipants were recruited from hospitals. These limitations make 
it difficult to confirm our results and to interpret their clini-
cal significance.

CONCLUSION

To our knowledge, this is the first study that investigates 
the association of MPH with biochemical growth parame-
ters in Korean children. The present study found lack of any 
association between MPH treatment and the levels of serum 
growth markers. The cross-sectional design of our study lim-
its the generalization of our results. Several factors, such as 
individual growth velocity, pubertal stage, nutritional status, 
comorbidity, and long-term treatment with MPH, could af-
fect the final growth of children; these factors were not in-
vestigated in our study. Thus, our results cannot be applied 
in the clinical setting. Future prospective longitudinal stud-
ies will be required to investigate the effects of MPH on bio-
chemical markers of growth in children with ADHD.
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