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The Effects of Methylphenidate on Ventricular
Repolarization Parameters in Children with
Attention-Deficit Hyperactivity Disorder

ABSTRACT

Background: Long-acting methylphenidate (MPH), a psychostimulant agent, is widely
used in the treatment of attention-deficit hyperactivity disorder (ADHD). Methylphenidate
might cause an increment in the risk of lethal arrhythmias by deteriorating ventricular
repolarization. QT intervals, the corrected QT (QTc), QT dispersion, T-peak to T-end (TpTe),
and the TpTe/QTc ratio are the most utilized indicators of ventricular repolarization in elec-
trocardiogram (ECG). The present study was conducted to examine the effects of long-
term MPH use on the ECG in pediatric patients.

Methods: A total of 52 children with ADHD and 51 age- and gender-matched controls were
enrolled in the study. The children had been using MPH regularly for at least 6 months.
Comparisons were made regarding ECG parameters, including the mean intervals of QT,
QTc, QTc dispersion interval duration, TpTe intervals, TpTe/QT, and TpTe/QTc ratio.

Results: The median duration of treatment with MPH was 30 months (minimum-maxi-
mum: 6-120), and the median MPH dose was 30 mg/day (minimum-maximum: 18-54).
The main findings showed significantly prolonged P-wave dispersion, TpTe interval, TpTe
dispersion, and TpTe/QT and TpTe/QTc ratios in the ADHD group compared to the healthy
controls (P < .001). These parameters were not associated with MPH dose or treatment
duration. Additionally, nearly half of the patients had QTc values of 460 ms or higher, but
there were no significant differences in treatment duration and dose compared to the
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randomized controlled trials.®® Guidelines recommend the use of
long-acting MPH to improve the functioning of children with ADHD."®

The prevalence of ADHD and the positive effects of MPH on the func-
tioning of children with ADHD make it one of the most prescribed
medications in children. However, serious side effects of MPH have
been reported.”” One of the most important side effects of MPH
is increased heart rate and blood pressure.’”? Guidelines recom-
mend close monitoring of blood pressure and heart rate in children
using MPH regularly. Psychostimulant agents may have proarryth-
mogenic effects because of their sympathomimetic properties.’
Methylphenidate has been accused to prolong corrected QT (QTc)
intervals, which might result in sudden cardiac death through tors-
ades de pointes, a potentially lethal polymorphic ventricular arrhyth-
mia."* In addition, the use of MPH is associated with disturbances in
cardiac repolarization, as indicated by a significantly increased T-peak
toT-end (TpTe) interval, TpTe dispersion, and TpTe/QT ratio in patients
with ADHD.™ In contrast, these effects were not observed on the ECG
2 hours after the administration of MPH (10 mg per 0s).”> There are a
limited number of studies in the literature examining the effects of
MPH on cardiac repolarization, and the results are conflicting. Further
research is necessary to investigate the cardiac side effects of this
widely used psychotropic drug in children with ADHD.

Recently, it has been reported that prolonged QTc (=500 ms), which
is suggested to be arisk factor for lethal arrhythmias, solely is not suf-
ficient on its own to ascertain ventricular repolarization.' In order to
better predict potential risks, additional parameters such as QT dis-
persion (QTd) and TpTe have been suggested. QT dispersion, which
measures the variability between QT intervals in an electrocardio-
gram (ECG), is determined by calculating the difference between
the highest and lowest values observed across all QT intervals.'
The QTd prolongation is considered a more reliable predictor, with a
value exceeding 100 ms being considered a potential risk factor for
life-threatening arrhythmias.” T-peak to T-end, which has emerged
as a promising marker for ventricular arrhythmias, is defined as the
duration between the peak and the end of the T-wave.'® Studies have
demonstrated an independent association between the prolonga-
tion of TpTe in lead V5 and sudden cardiac death. This finding sug-
gests that TpTe may serve as a reliable predictor of adverse cardiac
events, even when the QTc interval falls within the normal range."”'®
Moreover, it has been reported that the TpTe/QTc ratio may be able to
show early findings in asymptomatic patients.’®?

To the best of the authors' knowledge, there is a scarcity of studies
in the existing literature that specifically examine the impact of MPH
usage on QTd, TpTe values, and the TpTe/QTc ratio among pediatric
patients diagnosed with ADHD.'*'*'* The first purpose of this study is
to evaluate the impact of MPH on QTd, TpTe values, and the TpTe/QTc
ratio by comparing these parameters with those of age- and gender-
matched healthy children. The second objective of the study is to

MAIN POINTS

+ Methylphenidate (MPH) may have proarrhythmogenic effects in
children with attention-deficit hyperactivity disorder (ADHD).

« T-peak toT-end may be a useful parameter for cardiac follow-up in
children with ADHD using MTH.

« Cardiac monitoring may be recommended in children using MPH.
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compare the electrocardiographic features of patients using MPH for
more and less than 2 years.

Material and Methods

Study Population

A total of 52 children diagnosed with ADHD and 51 age- and gender-
matched controls were enrolled in the study. All children diagnosed
with ADHD were using MPH regularly for at least 6 months. A child
and adolescent psychiatrist examined all children with ADHD to con-
firm the diagnosis based on the Diagnostic and Statistical Manual
of Mental Disorders (DSM)-5 criteria. The control group consisted of
children who were receiving care at the pediatric clinics of Kiitahya
University of Health Sciences Hospital. Children with a history of car-
diac disease, current use of medications known to prolong QT inter-
vals (such as antihistamines and betamimetics), electrolyte disorders,
hypothyroidism, and other psychotropic medications were excluded
from the study. Additionally, children with chronic cardiac disease,
the use of other medications, and the presence of other major psy-
chiatric disorders such as schizophrenia and intellectual disability
were also excluded. In all enrolled patients, treatment with imme-
diate-release MPH was started at an initial dosage of 5 mg/day. The
dosage was gradually adjusted over a period of 4 weeks until reach-
ing the therapeutic dose. After this period, all patients were switched
to long-acting MPH. Based on the weight of each subject, the low
and medium doses of MPH were determined as 18 mg and 36 mg,
respectively. Among the participants, only 3 adolescents reached the
highest dose of 54 mg. All patients included in the study had body
weights exceeding 18 kg. Consequently, the administered dosage
range varied between 0.75 mg/kg and 0.97 mg/kg based on the indi-
vidual's weight. Each dose of drug was administered once a day for 7
days at breakfast, approximately 08:00 am.

A sociodemographic form was used to collect information on
parameters such as age, gender, MPH use, and dose. The form was
completed by the parents of the children after the psychiatric exami-
nation. Written consent and verbal assent were obtained from all
subjects and their families prior to their participation in the study. The
study received approval from the Clinical Research Ethics Committee
of Kitahya University of Health Sciences (Date: February 18, 2021,
Approval No: 2021/03-08).

Electrocardiogram

Prior to conducting the electrocardiography (ECG), all children were
provided with a detailed explanation of the procedure and the
purpose of the ECG. To ensure accurate readings, a standard ECG
machine with a 12-channel ECG recorder was used. The ECG signals
were recorded at a standard speed of 25 mm/s and amplitude. The
ECG findings were manually measured by 2 different physicians.
using a ruler. Inclusion in the study was based on the condition that
the difference between the measurements conducted by the 2 phy-
sicians was less than 5%. Subsequently, all of the ECG findings were
evaluated by an experienced pediatric cardiologist (R.O.).

The heart rate was initially determined by analyzing the ECG record-
ings. Subsequently, the P-wave dispersion, defined as the difference
between the widest and narrowest P-wave durations, was measured.
The duration or interval of the QRS complex was determined as the
mean time from the onset of the Q wave to the end of the S wave
across all leads. The QT interval was calculated as the average time
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from the onset of the QRS complex to the point where the T wave
returns to the isoelectric line. This measurement was performed on
leads DI, V5, and V6. To determine the QTc interval, Bazett's correc-
tion formula was employed: (QTc=QT/+/RR in seconds).’®2 QT disper-
sion was defined as the difference between the lowest and highest
QT intervals observed across the 12 leads of the ECG.?® In order to
determine the TpTe interval, the length was measured from the high-
est point of the T wave, where it was most appropriate in the precor-
dial leads. This measurement was taken to the intersection point of
the isoelectric baseline and the downward slope of the T wave. The
TpTe dispersion was defined as the discrepancy between the high-
est and lowest TpTe values observed in the precordial leads. T-peak
to T-end/corrected QT ratios were recorded, finally.'® The systolic and
diastolic blood pressures, as well as the median heart rate, were doc-
umented for all groups.

Statistical Analyses

All analyses were conducted with Statistical Package for the Social
Sciences (SPSS) version 21.0 (IBM SPSS Corp.; Armonk, NY, USA).
Categorical descriptive variables were presented as frequencies and
percentages. Continuous variables were reported as either mean +
SD or median (minimum-maximum) based on the distribution of
the variable (normal or non-normal, respectively). The normality of
continuous variables was assessed using the Shapiro-Wilk test. The
chi-square test was employed to examine the differences between
categorical variables in the sample. For normally distributed variables,
the Student's t-test was used to compare the differences between the
2 groups. Non-normally distributed continuous data were analyzed
using the Mann-Whitney U-test. The associations between variables
were evaluated using the Pearson correlation coefficient. A P value of
less than .05 was considered statistically significant for indicating a
difference or relationship.

Results

The 2 groups did not exhibit a statistically significant difference in
terms of age (ADHD group: 11.0 £ 2.5 years, control group: 11.0 +
2.3 years), and gender [male/female (%): 39/13 (75/25) in the ADHD
group and 35/16 (68/32) in the control group]. The demographic
characteristics of the patients are shown in Table 1. The mean heart
rate was found to be significantly higher in the ADHD group com-
pared to the control group (P=.019). Table 2 illustrates the significant
differences in ECG parameters between the 2 groups.

Characteristics of Patients with QTc > 460
The subjects were further examined based on their QTc values, with
a cutoff of 460 ms. The analysis investigated the potential differences

Table 1. Demographic Data of the 2 Groups
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Table 2. Electrocardiographic Characteristics of Groups

Patient Control

Variables (n=52) (n=51) P
Heart rate, bpm 91.6+£18 833+14 .019
Systolic BP (mmHg) 1026 +11.2 95 +8.4 <.001
Diastolic BP (mmHg) 64.1+84 58+6 <.001
P-wave maximum, ms 110+ 21 89+14 <.001
P-wave minimum, ms 49+ 19 43+8 .064
P-wave dispersion, ms 61+18 46+ 14 <.001
QT interval maximum, ms 383 +47 352+36 <.001
QT interval minimum, ms 319+ 44 304+ 34 .054
QT interval dispersion, ms 63+ 20 48+ 16 <.001
QTc interval maximum, ms 470+ 72 427 £ 24 <.001
QTc interval minimum, ms 391 + 65 373+28 .070
QTc interval dispersion, ms 78 £27 54 +23 <.001
TpTe interval maximum, ms 145 + 63 90+ 15 <.001
TpTe interval minimum, ms 36+ 15 46+ 11 <.001
TpTe interval dispersion, ms 109 £ 58 43+15 <.001
TpTe/QT 0.21 £0.06 0.12+£0.05 <.001
TpTe/QTc 1.51+0.9 09+0.7 <.001

BP, blood pressure; bpm, beats per minute; QTc, corrected QT; TpTe, T-peak to T-end.
Statistically significant results are indicated in bold.

in age, gender, treatment dosage, and treatment duration between
children with QTc values below 460 ms and those with values equal
to or above 460 ms. The results indicated no significant differences in
terms of age, gender, and treatment dosage between these 2 groups
(P=.122, P=.873, and P=.792, respectively). Additionally, there were
no significant differences in TpTe interval, TpTe dispersion, and TpTe/
QT ratio between the groups, as shown in Table 3 (P=.728, P=.689,
and P=.557, respectively).

Electrocardiographic Characteristics of Patients Using
Methylphenidate for More Than 2 Years

There was a positive association between MPH treatment duration
and dosage, with patients using MPH for longer durations receiving
higher treatment doses (P < .001 and P=.048, respectively). There
was no significant difference among the patients using MPH for less
and more than 2 years in terms of electrocardiographic characteris-
tics (Table 4).

Discussion

The present study showed significantly more cardiac repolarization
problems in children using long-acting MPH for at least 6 months
than control subjects. The main findings were significantly pro-
longed P-wave dispersion, TpTe interval, TpTe dispersion, and TpTe/
QT and TpTe/QTc ratios in the ADHD group compared to healthy con-

ADHD Control

Variables (n=52) (n=51) P trols. These parameters were not related to MPH dose and treatment
Age (years, mean * SD) 11.0£25 11.0+£23 .987

Gender [male, n (%)] 39 (75.0) 35(68.6) 472 Table 3. Stratification of Dose and Treatment Duration by QTc Interval
Weight (kg, mean + SD) 40+129  404+12 861 in Patient Group

Height (cm, mean + SD) 1436 +£14.1 1442+13.6 .832 QTc<460ms QTc =460 ms
Duration of therapy, months 18,6-120 Variables (n=27) (n=25) P
(median, minimum-—-maximum) Gender (male/female) 20/7 19/6 .873
Methylphenidate dosage, mg/day 30, 18-54 Age (years, mean + SD) 11.5+£25 104 +2.5 122
(median, minimum-max) Dose (mg) 30.7+9.2 30.0+99 792
ADHD: Attention Deficit Hyperactivity Disorder. Treatment duration (months) ~ 25.3+16.3 19.2+109  .126
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Table 4. Electrocardiographic Characteristics of Patients Using MPH for
a Longer Duration

< 2Years =2 Years

Variables (n=30) (n=22) P
Duration (months) 13.8+4.8 36.3+22.2 <.001
Dose (mg/kg) 0.75+0.3 0.87+0.3 .048
Heart rate, bpm 922+16 90.9 £ 21 .636
Systolic BP (mmHg) 1026+11.8 102.7+£10.8 .985
Diastolic BP (mmHg) 65.3+8.6 62.5+8.1 .202
P-wave maximum, ms 114 £ 24 106 £ 19 .208
P-wave minimum, ms 52+22 45+ 16 247
P-wave dispersion, ms 62+16 61+22 .702
QT interval maximum, ms 394 + 56 369 + 29 .060
QT interval minimum, ms 326 +54 310+ 26 145
QT interval dispersion, ms 67 £22 59+18 142
QTc interval maximum, ms 486 + 89 449 + 34 154
QTc interval minimum, ms 402 +79 378 +37 211
QTc interval dispersion, ms 84 +31 71+21 101
TpTe interval maximum, ms 15373 136 £ 46 .728
TpTe interval minimum, ms 38+17 34+13 223
TpTe interval dispersion, ms 115+ 65 101 +48 .689
TpTe/QT 0.12+£0.06 0.11 +£0.05 .557
TpTe/QTc 1.5+0.9 1.5+£08 .547

BP, Blood pressure; bpm, beats per minute; QTc, corrected QT; TpTe, T-peak to T-end.

duration. Additionally, almost half of the patients had QTc values of
460 ms or higher, but these patients did not differ from the remaining
group in terms of treatment duration and dose. There was an asso-
ciation between the treatment with long-acting MPH and a modest
increase in systolic and diastolic BP. However, BP values over the nor-
mal range were not encountered in any of the patients.

In the present study, the majority of parameters indicating car-
diac repolarization problems were significantly higher in children
using long-acting MPH. There are few studies in the literature on
the cardiac effects of MPH monotherapy in the pediatric popula-
tion with ADHD.">'*'> Lamberti et al™ conducted a study examin-
ing the electrocardiographic outcomes of children with ADHD.
The study assessed the ECG parameters both before and 2 hours
after the administration of orally delivered MPH at a dose of 10 mg.
The results of the study revealed no significant differences in TpTe,
QTc, and QTd values between the pre- and post-MPH administra-
tion. However, a statistically significant increase was observed in
TpTe/QTc values following the administration of MPH. It has been
shown that the TpTe interval, TpTe dispersion, and TpTe/QT ratio
were significantly higher in the patients on medication (MPH,
risperidone, and combination) than in the untreated ADHD and
control groups.™ In the present study, the patients on MPH medi-
cation exhibited significantly higher values of P-wave dispersion,
TpTe interval, TpTe dispersion, and TpTe/QT ratio compared to the
control group. Studies investigating P-wave dispersion in children
using MPH are currently limited. Further research is necessary to
explore the potential association between MPH use and P-wave
dispersion, which could indicate atrial conduction abnormalities.
In summary, MPH treatment may have detrimental effects on the
aforementioned parameters. However, longitudinal follow-up
studies are required to determine the clinical significance of these
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findings, particularly in terms of the potential risk for arrhythmias
and other cardiac complications.

Another noteworthy finding of this study is that approximately half
of the patients using MPH had QTc values of 460 ms and above. There
was no statistically significant difference between those with and
without QTc values above 460 ms in terms of age, gender, drug dose,
and duration of treatment. While the duration of the QT interval has
been implicated in the heterogeneity of myocardial repolarization,
it is not consistently recognized as a reliable predictor of polymor-
phic ventricular tachycardia (torsades de pointes) and sudden car-
diac death.”” Given that T-wave morphology plays a predictive role
in drug-induced polymorphic ventricular tachycardia, it is crucial to
thoroughly examine and understand it.*?>?* Several studies have
proposed that the TpTe interval, TpTe dispersion, and TpTe/QT ratio
may serve as more accurate markers than the QT interval and QTd in
predicting ventricular arrhythmias. Therefore, these parameters were
investigated due to their potential for improved predictive value.?*?
Interestingly, these parameters were not different in patients with
a QTc of 460 ms or greater and in those with lower values. In con-
clusion, it may be important to follow up with children with ADHD
regarding the potential proarrhythmogenic effects associated with
long-term use of MPH.

One of the main objectives of our study was to compare the electro-
cardiographic characteristics of patients using long-acting MPH for a
duration of 2 years or more with those using it for 6 months to 2 years.
The results revealed that the electrocardiographic characteristics of
patients using it for longer durations were not different from those
using it for shorter durations. To the best of our knowledge, there is
no study that has specifically investigated the effects of medium-and
long-term treatment with MPH on the ECG. Considering the other
findings of our study, it suggests that long-term use of MPH may not
have a negative impact on ECG parameters related to cardiac repo-
larization when compared to short-term use. However, it is important
to investigate the risk of arrhythmias in children who are planning
to use MPH by assessing the family history of sudden cardiac death
and monitoring blood pressure and heart rate.”” Electrocardiogram
examination may also offer additional benefits, particularly in cases
where there may be an increased risk.

Numerous studies have been conducted to explore the potential
cardiovascular effects and safety profile of MPH in adult popula-
tions. However, there are a limited number of studies that have spe-
cifically investigated the safety of MPH in the pediatric population
over the past decades. Recent studies that have aimed to assess the
long-term safety of MPH use in children have produced inconsis-
tent results regarding the potential association between stimulant
use and adverse cardiovascular outcomes.®?*° |In an open-label
extension trial of long-acting MPH, statistically significant but slight
increases were observed in heart rate (+3.9 bpm), systolic blood pres-
sure (+3.3 mmHg), and diastolic blood pressure (+1.5 mmHg). These
changes, although small, were found to be statistically significant.'
Similarly,the present study also observed higher mean heart rate,
systolic blood pressure, and diastolic blood pressure compared to
the control group.

The present study is a cross-sectional case-control study that aimed
to investigate differences in cardiac repolarization between children
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using long-acting MPH for more than 6 months (with nearly 40% of
the cases having been using MPH for 2 years or more) and healthy
controls. This study is the first in the literature to demonstrate an
increase in ECG parameters related to ventricular repolarization
in cases using long-acting MPH for more than 6 months. However,
the study has several limitations. The cross-sectional design limits
the ability to establish a cause-and-effect relationship. Longitudinal
studies are needed to provide further insight into the effects of MPH
on cardiac repolarization. Additionally, including drug-naive children
with ADHD as a control group would have been beneficial in terms
of isolating the cardiac effects of ADHD. Furthermore, being a single-
center study may restrict the generalizability of the findings. It should
be noted that other methods, such as echocardiography, could be
employed to assess cardiac function and structure. Lastly, the study
lacked baseline ECG parameters, which could have provided valuable
comparative information.

Methylphenidate may have proarrhythmogenic effects in children
with ADHD, but these effects may not be worsened by long-term use
or treatment dose. It is important to monitor the cardiac function of
these children due to the widespread use of MPH. Further longitudi-
nal studies are necessary to investigate the cardiac effects of MPH in
children with ADHD.
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