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Abstract
Objective: The aim of this study was to examine the relation between therapeutic response to methylphenidate (MPH) and 
its associated short term cardiovascular side effects (Systolic Blood Pressure-SBP, Diastolic Blood Pressure-DBP and Heart 
Rate-HR changes) in children with ADHD, based on the hypothesis that these parameters share common underlying 
mechanisms.

Method: A double-blind placebo-controlled crossover clinical trial of children 6 to 12 years old diagnosed with ADHD was 
done. The children were given one week of 0.5 mg/kg MPH and one week of placebo (divided into two equal doses, given 
twice every day). On the morning of the third day of each week, Blood Pressure (BP) and HR were recorded immediately 
before (at time 0) and after (at time 10 and 45 minutes ) administration of MPH. Children were grouped into 4 categories 
according to their therapeutic response (large, moderate, mild or no response) to MPH. A mixed model analysis of variance 
was performed to determine whether response groups were different with regard to cardiovascular side effects.

Results: All variables were comparable among the four groups 10 min after treatment with MPH and with placebo. Small 
but signifi cant (p � 0.001) increases were seen in SBP (3.65 mm of Hg) and DBP (3.99 mm of Hg) 45 minutes after 
administration of MPH. A small but signifi cant decrease in HR (3.3 beats per minute) was observed 45 min after administration 
of placebo. No signifi cant differences in SBP, DBP and HR were found between response groups.

Conclusions: MPH causes a small but signifi cant change in BP at 45 minutes after administration. No changes in HR were 
observed with MPH at 45 minutes. Responders to MPH treatment do not differ from non-responders in occurrence of BP 
and HR changes, at least within 45 minutes after administration and with the MPH dosage used in the study.

Keywords and Abbreviations: ADHD, attention defi cit hyperactivity disorder; MPH, methylphenidate; BP, blood pressure; 
HR, heart rate

Introduction
ADHD affects 8%–12% of elementary school children, and is characterized by increased levels of  hyperactivity, 
impulsivity and inattentiveness.1 Methylphenidate (MPH) and other stimulants are the most widely used 
medications to treat ADHD. Most children treated with MPH show clinical improvement, especially when 
the administered doses are adequately titrated.2 Although MPH is a well-tolerated medication, it has sev-
eral side effects that need to be assessed and managed.3,4 MPH is pharmacologically related to sympatho-
mimetic amines, such as ephedrine, pseudoephedrine and phenylpropanolamine, which have potent 
cardiovascular effects. These pharmacological similarities have prompted the warnings by health author-
ities. Health Canada reported very rare but serious cardiovascular adverse events, including death, in some 
users of stimulant drugs and mandated cautionary warnings on nearly all ADHD medications in Canada.5 
Similarly, a black-box warning was issued by the FDA, describing the increased risk of cardiovascular 
adverse events associated with the use of stimulant drugs in the treatment of ADHD and developed patient 
medication guidelines.6,7 It is cautioned that personal and/or family history of heart diseases should be 
weighed while prescribing psychostimulants and should prompt closer surveillance of their cardiovascular side 
effects.8–10 In such situations the use of non-stimulant medications has also been suggested.11
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A detailed literature review of the cardiovascular 
side effects of MPH showed that BP and HR were 
among the consistently affected parameters.12–24 
Catecholamine neurotransmitters modulate a variety 
of central nervous system functions including 
memory, alertness, arousal and regulation of the 
autonomic nervous system.25 The catecholamine 
hypothesis of ADHD suggests that this disorder is 
the result of deregulation of dopaminergic and 
noradrenergic drive in various brain circuits includ-
ing the Prefrontal cortex,26 although the exact 
mechanisms of this deregulation and whether there 
is a unifying model or multiple pathways to ADHD 
are still debated.27 The therapeutic effects of MPH 
stem from increased dopaminergic and noradrenergic 
drive in the prefrontal cortex and basal ganglia.28 
The cardiovascular side effects of MPH stem from 
increased dopamine in the brain (hypothalamus and 
brain stem) and epinephrine in the plasma.29,30 
The primary purpose of this study is to investigate 
the relationship between therapeutic response 
and cardiovascular side effects induced by 
MPH as measured through a double blind pla-
cebo-controlled crossover trial with MPH. We 
hypothesized that given the commonalities in brain 
structures and pathways underlying behavioral and 
cardiovascular side effects, we will observe a 
correlation between these effects.

Methods

Subjects
259 boys and 58 girls aged between 6 to 12 years 
participated in the study. The children were 
recruited from the outpatient clinic and the Severe 
Disruptive Behavior Disorders program at the 
Douglas University Institute for Mental Health in 
Montreal. This study is part of a larger pharmaco-
behavioral genetics study. Children with pervasive 
developmental disorder, psychosis, history of 
Tourette’s syndrome and an IQ score less than 
70 on the WISC-III31 were excluded from this 
study. Children taking any medication other than 
MPH were also excluded. Ninety-fi ve percent of 
the patients who met the study criteria agreed to 
take part in the trial.

The diagnosis of ADHD was made by a child 
psychiatrist in accordance with the DSM-IV 
criteria.32 This was further substantiated by a 
structured interview consisting of the Diagnostic 
Interview Schedule for Children Version 4 

(DISC-IV-parent report),33 information collected 
from different sources (school and parent reports). 
Following a 2-week washout period, baseline 
assessments comprising detailed behavioral and 
academic functioning evaluation were carried out. 
Ethical approval for the study was granted by the 
Research Ethics Board of Douglas Mental Health 
University Institute.

Study design
After obtaining informed consent from parents, all 
children agreed to participate in this 2-week, 
double-blind, placebo-controlled, crossover, 
randomized trial with MPH. Baseline assessments 
were done in the initial week, following which 
children randomly received either placebo or 
0.5 mg/kg of MPH divided in 2 equal doses 
(morning and noon) daily over a 1-week period. 
The groups were then crossed over for the second 
week. A clinical pharmacist not associated with the 
study prepared MPH and placebo in colored gelatin 
capsules. The randomization of the medications 
was ensured by a research psychologist who had 
no contact with the patients.

In the morning of the third day of each week, 
the children came to the laboratory.

Three readings of blood pressure (SBP and 
DBP) and heart rate (HR) were obtained during 
the third day of the fi rst week and then again on 
the third day of the second week. The first 
BP and HR measurements were obtained before 
administering the medication. The second and third 
recordings were obtained 10 and 45 minutes after 
administering the medication.

Assessment of therapeutic response to MPH 
was determined based on a series of ecological 
and laboratory measures performed during the 
MPH and placebo weeks.34 The Restricted 
Academic Situation Scale (RASS) was adminis-
tered to evaluate goal-oriented behaviour while 
the child is requested to solve math problems 
adjusted for their educational level. The Conners 
Continuous Performance Task is a vigilance task 
measuring inhibition and impulse control along 
with sustained attention.35 The RASS and CPT 
were assessed before and 60 minutes after the 
administration of treatment. The effects of treat-
ment on global behaviour in the laboratory were 
gauged by a research assistant (blinded) using the 
Clinical Global Impression Scales (severity and 
improvement scales).36 The effects of treatment on 
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the child behavior in the school and home 
environments were assessed using Conners Global 
Index—Teacher’s and—Parent’s Versions (CGI-T 
and CGI-P).37

The research team (2 child psychiatrists, a 
psychologist, child care workers and research 
assistants) met at the end of the trial to assign a 
consensus clinical response (CCR) score. After the 
CCR is blindly determined, the blind was lifted. 
The CCR score was based on overall degree of 
improvement during the active week compared 
with the placebo week of the trial on the following 
4-point Likert scale: large response = 3, moder-
ate response = 2, mild response = 1 and no 
response = 0. Multiple factors ranging from 
objective and acute measures such as RASS to 
personal impressions of clinicians, researchers and 
parents were taken into consideration when giving 
the CCR score. Overall, the CCR is in line with 
the results of quantitative measures of behavioral 
changes under MPH (Table 1).

Statistical Analysis
Quantitative variables were expressed as means ± 
standard deviation (SD). Categorical variables 
were expressed as proportions (%). Chi Square 
analysis was used to compare proportions between 
groups. ANOVA was used to compare quantitative 
variables. Mixed model analysis of variance was 
used to analyze the cardiovascular data. The 
analysis was done in two stages. In the fi rst stage, 
the independent factors were medication (2 levels 
for placebo and MPH) and time (2 levels for time 
10 and 45). The dependent variables (SBP, DBP 
and HR) were analyzed separately. This stage was 
aimed at determining the effect of treatment and 
time on the outcome variables.

In the second stage, the independent variable 
factors were time (2 levels for time 10 and 45) and 
group improvement (4 levels for none, mild, 

moderate, large improvement) and the outcome 
variables were SBP, DBP, HR. In the event of an 
interaction, the full model was split to evaluate the 
individual effects of the independent variables on the 
dependent variable. In both stages, the crossover 
effect was included in the analysis as an independent 
factor and the baseline values (before administration 
of treatment) were included as covariates. All analy-
ses were performed using SPSS 15.0 for Windows; 
p � 0.05 for full models, and p � 0.017 (corrected 
Bonferroni alpha values) for splitted analyses were 
considered to indicate statistical signifi cance.

Results
Demographics and baseline clinical characteristics 
of the children with ADHD are presented in 
Table 2. Patients in different therapeutic response 
groups did not differ with respect to gender 
distribution, age, family income levels or Child 
Behavior Checklist scores(CBCL).

No crossover effects were seen between the 
active and placebo weeks in all analyses. The effect 
of time on SBP, DBP and HR when on placebo was 
different from its effect when on MPH (P � 0.006), 
therefore we conducted split analyses. In the fi rst 
step, the medication was fi xed and in the second 
step, time was fi xed. This was done separately for 
each independent variable SBP, DBP and HR. SBP 
was not signifi cantly different at time 10 between 
placebo and MPH (P = 0.272), showed no change 
with time for placebo (P = 0.832), but signifi cantly 
increased by an estimated 3.647 mm of Hg at time 
45 for MPH (P � 0.001). DBP was not signifi cantly 
different at time 10 between placebo and active 
medication (P = 0.127), showed no change with 
time for placebo (P = 0.576), but signifi cantly 
increased by an estimated 3.99 mm Hg at time 
45 for MPH (P � 0.001). HR was not signifi cantly 
different at time 10 between placebo and MPH 
(P = 0.191), showed no change with time for MPH 

Table 1. Mean (±SD) improvement on three main clinical evaluations for each of the four consensus clinical 
response (CCR) categories.

No Mild Moderate Large p-value
∆ Conners’ Parents 5.2(0.9) −4.0(1.1) −3.0(0.2) −11.0(1.9) 0.000
∆ Conners’ Teachers −0.7(0.1) −2.6(0.2) −10.1(1.1) −17.2(0.8) 0.000
∆ RASS −9.0(1.4) 0.8(6.6) −16.7(1.3) −25.7(4.5) 0.009

RASS, restricted academic situation scale; ∆, difference in total score before and after MPH administration; Negative ∆ indicate 
improvement.
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(p = 0.778), but was signifi cantly decreased by an 
estimated 3.3 beats per minute at time 45 under 
placebo (p � 0.001).

In the second full model no interaction effects 
were noted between time and group improvement 
(p � 0.12). No significant effect of group 
improvement was noted on SBP, DBP and HR (all 
p-values � 0.18). The results are summarized in 
Table 3.

Discussion
To our knowledge, this is the fi rst study looking 
at the relationships between therapeutic response 
to MPH and the short-term cardiovascular side 
effect profi le. Our results showed that MPH caused 
a small and statistically signifi cant (p � 0.001) 
increase in SBP and DBP 45 min after administra-
tion of MPH. Significant increases in plasma 
catecholamines and accompanying HR and BP 
changes have been demonstrated following an 
intravenous infusion of MPH (0.3 mg/kg).38 
At therapeutic doses of MPH, there is increased 
sympathetic drive due to increased dopamine in 
the brain and epinephrine in the plasma.39

Contrary to expectations, we found that HR 
showed a signifi cant fall in the placebo group at 
45 minutes but no change was seen in the MPH 
group. However, this result might be due to anxiety 
and timing of HR measurement.40 The child has 
anticipatory anxiety while beginning new experi-
mental procedures. As the study progresses, the 
child adjusts to the experimental set up and there 
is a natural fall in HR. This explanation is 
compatible with the observed results as the fall in 
HR is nullifi ed under MPH administration.

There were no crossover effects, in that the 
BP and HR changes induced by MPH returned 

to baseline values and did not persist into the 
placebo week. MPH has a short half-life and its 
absorption is not hindered by the presence of food 
within the gut.41 Peak pharmacokinetic levels in 
serum and in the brain are achieved within 1 hour, 
which mirrors the timing of its pharmacodynamic 
(behavioural) effects.42 Thus, cardiovascular side 
effects and therapeutic response are manifest 
within the time period of our study.

Responders and non-responders to treatment 
with MPH are no different in terms of the BP and 
HR side effects they experience. Indeed, while the 
therapeutic effects of MPH could be mainly 
attributed to its infl uence on cortical activity and 
basal ganglia, its effects on cardiovascular 
parameters may be predominantly dependent on 
subcortical infl uences (hypothalamus and brain 
stem).29,43 Prefrontal cortex performance is opti-
mized with moderate stimulation of postsynaptic 
dopaminergic and noradrenergic receptors, and is 
reduced by either higher or lower levels of receptor 
stimulation.44 Thus, MPH has to be administered 
within the therapeutic range in order to best 
alleviate the abnormal behaviour.

The hypothalamus and brainstem modifi ed by 
higher cortical inputs are responsible for central 
regulation of the sympathetic nervous system. 
Complex dopaminergic and noradrenergic system 
interactions, as well as interaction with other 
systems such as the serotonergic system, are 
accountable for the regulation of sympathetic 
nervous system. At the fixed dose adminis-
tered in this trial, the absence of relation 
between therapeutic response and cardiovascular 
side effects suggests that cardiovascular and 
therapeutic effects may be due to predominantly 
non-overlapping or weakly coupled pathways in 
the brain.

Table 2. Mean (±SD) of clinical and demographic characteristics for each of the four consensus clinical response 
(CCR) categories.

No (47) Mild (51) Moderate (123) Large (N = 96) p-value
Sex: (Male/Female) 36/11 42/9 95/28 86/10 0.15
Age 9.2(1.9) 9.3(1.8) 8.8(1.8) 8.9(1.7) 0.42
Income Level Category 4.7(1.5) 4.5(1.5) 4.2(1.7) 3.8(1.6) 0.05
CBCL Total at baseline 
evaluation

66.2(9.3) 68.5(10.4) 70.1(7.4) 70.9(8.8) 0.27

CBCL Internalization 61.7(10.9) 62.6(11.4) 65.1(9.9) 64.8(10.5) 0.37
CBCL Externalization 65.4(10.0) 69.4(10.9) 69.2(8.9) 71.8(9.7) 0.11
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Limitations
Our study comprised a smaller cohort of girls as 
compared to boys, making data analysis by gender 
impossible. We did not have a sizeable cohort of 
various racial groups in order to allow for data 
analysis by race. Our study was conducted based 
on the immediate (45 minutes) and short term (third 
day of each week) side effects of low-dose 
(0.5 mg/kg divided into two equal doses) MPH. 
Children with poor response to MPH would be 
more likely to become long-term high-dose 
poly-pharmacy recipients. It would be interesting 
to perform further studies looking at the side effect 
profi les of higher doses of MPH in longer terms 
and poly-pharmacy situations.

Conclusions
This study shows that MPH has a clinically 
modest, but statistically significant effect of 
increasing the BP within 45 minutes of its oral 
administration and is in line with previous similar 
studies. This acute increase becomes important in 
the context of cardiovascular disease, risk factors 
for cardiovascular disease and use of other drugs 
having cardiovascular side effects. There appears 
to be no relation between the therapeutic response 
to MPH and its effects on BP and HR, at least, 
within 45 minutes after its oral administration. 
Thus, responders to MPH treatment do not differ 
from non-responders in occurrence of  short-term 
side effects (BP and HR), and there is no need for 
differential surveillance of cardiovascular side 
effects among patients with different therapeutic 
responses to MPH.
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