
1Busold- Hagenbeck D, et al. General Psychiatry 2020;33:e100193. doi:10.1136/gpsych-2020-100193

Open access 

Frequency and individual severity of 
arterial blood pressure changes in 
children and adolescents with attention- 
deficit/hyperactivity disorder treated 
with methylphenidate hydrochloride: a 
prospective non- interventional study

Dorothee Busold- Hagenbeck   ,1 Julia Elmenhorst,2 
Christoph Irtel von Brenndorff,3 Reinhard Hilgers,4 Martin Hulpke- Wette5

To cite: Busold- Hagenbeck D, 
Elmenhorst J, Irtel von 
Brenndorff C, et al.  Frequency 
and individual severity of arterial 
blood pressure changes in 
children and adolescents with 
attention- deficit/hyperactivity 
disorder treated with 
methylphenidate hydrochloride: 
a prospective non- interventional 
study. General Psychiatry 
2020;33:e100193. doi:10.1136/
gpsych-2020-100193

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
gpsych- 2020- 100193).

For ‘Presented at statement’ see 
end of article.

Received 08 January 2020
Revised 25 February 2020
Accepted 16 March 2020

For numbered affiliations see 
end of article.

Correspondence to
Dorothee Busold- Hagenbeck;  
 Dorothee. Hagenbeck@ posteo. 
net

Original research

© Author(s) (or their 
employer(s)) 2020. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

AbsTrACT
background Attention- deficit/hyperactivity disorder 
(ADHD) is a common behavioural disorder in childhood. 
The psychostimulant methylphenidate hydrochloride (MPH) 
is one of the major pharmacological options for ADHD. 
MPH is known to result, on average, in a small increase in 
arterial blood pressure (BP). However, there are few clinical 
data regarding the individual influences of MPH on BP 
among children and adolescents with ADHD. According to 
the European Union- wide standardised patient information 
sheet for MPH, BP changes >10 mm Hg compared with 
baseline values are ‘common’ (ie, ≥1% to <10%) in 
children and adolescents with ADHD during MPH therapy.
Aim To investigate the frequency and individual severity of 
BP changes in children and adolescents with ADHD during 
the first 6 months of new MPH therapy.
Methods In this study, 44 (77% male) children and 
adolescents (mean age (SD) 9.13 (1.86) years) with 
a diagnosis of ADHD according to the International 
Classification of Diseases, tenth revision, underwent 
ambulatory BP monitoring before and during the first 
6 months of routine MPH therapy. Exclusion criteria were 
pre- existing MPH therapy and other medications that 
potentially influence BP or interfere with MPH. The non- 
interventional study was conducted prospectively at 10 
paediatric cardiology centres in Germany and Austria.
results After beginning MPH therapy, 34% of participants 
(99% CI 15.52% to 52.66%) had BP increases/decreases 
>10 mm Hg. The mean changes in systolic BP and diastolic 
BP were 0.87 mm Hg (95% CI -1.75 mm Hg to 3.48 mm 
Hg) and 1.96 mm Hg (95% CI 0.21 mm Hg to 3.7 mm Hg), 
respectively. The proportion of participants with initial 
prehypertension/hypertension was 54.55% .
Conclusions In our sample with a high baseline rate 
of prehypertension/hypertension, BP changes >10 mm 
Hg during MPH therapy were more frequent than those 
indicated by the patient information sheet. Moreover, 
individual BP changes, including increases and decreases 
>10 mm Hg, resulted in a small average BP increase 
in the sample, thus reflecting neither the severity nor 
the direction of individual BP changes. Therefore, the 

frequency and, due to the common use of the arithmetic 
mean, the individual severity of BP changes during MPH 
therapy may be underestimated. Further studies without 
averaging and with larger samples including patients in 
primary care settings are warranted.

InTroduCTIon
Attention- deficit/hyperactivity disorder 
(ADHD) is among the most common 
behavioural disorders in childhood and 
currently affects more than 63 million chil-
dren and adolescents worldwide.1 The lack of 
concentration, hyperactivity, and occasional 
impulsive and antisocial behaviours of these 
children often result in sustained impair-
ment of social, educational, and professional 
levels.2 Pharmacological treatment using the 
highly effective psychostimulant methylpheni-
date hydrochloride (MPH) is one of the main 
therapeutic options for ADHD.2 However, the 
‘Special warnings and precautions’ subsec-
tion of the European Union (EU)- wide stan-
dardised patient information sheet regarding 
MPH warns that children and adolescents with 
ADHD commonly (ie, ≥1% to <10%) develop 
changes in systolic blood pressure (BP) and 
diastolic BP >10 mm Hg, compared with their 
baseline values, during MPH therapy.3 This 
warning is based on a comprehensive risk assess-
ment of MPH- containing drugs commissioned 
by the European Commission from the Euro-
pean Medicines Agency in 2007.4 The need for 
this risk assessment was prompted by concerns 
regarding the extent of severe adverse events 
related to pharmacological MPH products after 
MPH- related cardiovascular events and strokes 
in Germany and other EU countries.5 Conse-
quently, a detailed cardiovascular examination 
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Figure 1 Observation process. ABPM, ambulatory blood 
pressure monitoring; ADHD, attention- deficit/hyperactivity 
disorder; BP, blood pressure; MPH, methylphenidate 
hydrochloride; NIS, non- interventional study.

including BP measurements is recommended for every 
patient with ADHD before and during MPH therapy.3 4 
However, pre- existing clinical data regarding the individual 
influences of MPH on BP among children and adolescents 
with ADHD are lacking. To our knowledge, only one small 
(n=8) study has addressed this issue,6 using ambulatory BP 
monitoring (ABPM) as the gold standard for measuring 
BP.7 A second study8 that focused on the individual influ-
ences of MPH on BP used less reliable single- point BP 
measurements. In contrast, other studies regarding this 
topic have reported average BP changes in the whole study 
group instead of individual BP changes.9–15 The method 
of averaging BP changes in all participants within a study 
group relativises stronger individual BP reactions, especially 
when there are BP changes in both directions, ie increases 
and decreases. Hence, the method of averaging BP changes 
might not permit inferences regarding the MPH load on 
the cardiovascular system at the level of the individual 
patient. These limitations underline the clinical impor-
tance of a systematic evaluation of individual BP changes 
during MPH treatment. Our observational study addressed 
the aforementioned limitations through the comparison 
of ABPM measurements performed before and during the 
first 6 months of new MPH therapy. An assessment of the 
frequency and individual severity of BP changes in chil-
dren and adolescents with ADHD during MPH therapy is 
presented.

MeThods
Participant recruiting process
Patients with ADHD were recruited from nine paediatric 
cardiology centres in Germany and one in Austria. Inclu-
sion criteria were age 6–13 years (defined as children) 

or 14–18 years (defined as adolescents);16 confirmed 
ADHD diagnosis according to the International Classifi-
cation of Diseases, tenth revision;17 an individual decision 
to initiate MPH therapy; and written informed consent 
from the participants’ parents and from the participants 
themselves depending on their age. Exclusion criteria 
were pre- existing MPH therapy or use of other medi-
cations that could potentially influence BP or interfere 
with MPH. In accordance with the scope of practice of 
different medical specialists, the ADHD diagnosis and 
decisions regarding therapy were the responsibility of a 
child and youth psychiatrist. Detailed cardiac examina-
tions, recommended before and during MPH therapy,3 
were performed by a paediatric cardiologist. After the 
patients were referred by the psychiatrist to the cardiolo-
gist for routine cardiac examination, they were recruited 
by the latter according to the inclusion and exclusion 
criteria for the non- interventional study (NIS). Cardiolo-
gists measured BP and collected personal data relevant to 
the NIS. (figure 1)

sample size determination
All eligible patients at each of the study sites during the 
study period were included in the study group.

bP monitoring
ABPM is the gold standard for the diagnosis and moni-
toring of arterial hypertension in children and adoles-
cents.7 The ABPM device (Mobil- O- Graph- NG; IEM 
GmbH, Stolberg, Germany) used for this study has been 
validated by the British Hypertension Society18 and the 
European Society of Hypertension,19 and is suitable for 
use in children.

observation process
All participants completed a 24- hour ABPM session before 
the start of MPH therapy, thereby providing the baseline 
BP. A second session before the start of MPH therapy was 
intended (but not obligatory) to achieve familiarisation 
with the measurement method. Subsequently, a 24- hour 
ABPM session was conducted during the first 6 months of 
MPH therapy, with the measured BP compared with the 
baseline BP. A second session during MPH therapy was 
intended (but not obligatory) to increase the likelihood 
of monitoring possible BP changes during MPH therapy. 
If there were two ABPM sessions during MPH therapy, 
one was performed during the first 7 weeks after the 
start of MPH therapy and one was performed during the 
period thereafter when titration of the individual MPH 
dose was completed. The individual observation period 
ended 6 months after the start of MPH therapy.

bP measurement protocol
Children and adolescents, especially those with ADHD, 
tend to move during BP measurements, which might result 
in an incorrect BP measurement or render measurements 
impossible. To increase participant acceptance, measure-
ments were reduced to a minimum of two per hour during 
the day and one per hour during the night. Daytime was 
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defined from 08:00 to 20:00, and night- time was from 
00:00 to 06:00. Time intervals between these two defined 
periods were discarded because of interindividual differ-
ences in sleep- wake cycles. A maximum of 32 single- point 
BP measurements within a 24- hour cycle was possible. 
Only ABPM sessions with at least six daytime measure-
ments were eligible for further analyses. Additionally, at 
least four night- time measurements were mandatory for 
adolescents because night- time BP is needed to assess 
arterial hypertension in adolescents.20 Measurements 
beyond the following ranges were excluded: systolic BP, 
60–220 mm Hg; diastolic BP, 35–120 mm Hg; and heart 
rate, 40–180 bpm.

MPh therapy
Because psychiatric treatment was based on the clinical 
practice of the responsible child and youth psychiatrist, 
participants were treated with different preparations of 
the active ingredient MPH. These included the following: 
Medikinet and Medikinet retard (MEDICE Arzneimittel 
Pütter GmbH & Co. KG; Iserlohn, Germany); Equasym 
retard (Shire Deutschland GmbH; Berlin, Germany); 
Ritalin LA (Novartis Pharma GmbH; Nürnberg, 
Germany); and Concerta retard (Janssen- Cilag GmbH; 
Neuss, Germany). As recommended by the patient infor-
mation sheet, MPH therapy was started with the lowest 
possible dose, which was usually 5 mg of MPH once or 
twice per day.3 Then, the daily dose was increased at 
weekly intervals by 5–10 mg, depending on the individual 
participant’s response and tolerability. The mean daily 
MPH dose was 21.16 (11.14) mg and did not exceed 
60 mg. MPH was administered as one, two or three doses 
per day.

data analysis
For each individual, the measurements of each ABPM 
session were averaged separately for daytime and night- 
time. To obtain a more reliable baseline BP, based on the 
effect of a regression to the middle,21 averaging of base-
line ABPM measurements was performed for cases where 
two sessions were conducted. Then, ABPM measure-
ments during MPH therapy were compared with baseline 
values. In service of our aim of identifying the severity 
of BP changes during MPH therapy, when two ABPM 
sessions were performed during MPH therapy, the one 
with the greater BP effect was selected for analysis. There-
fore, our analysis approach adequately reflected the 
potential cardiovascular load on the individual patient, 
which is crucial because even a single occurrence of a 
severe BP change can have acute clinical consequences.22 
Because the EU- wide standardised patient information 
sheet for MPH estimates that BP changes >10 mm Hg 
are ‘common’ (≥1% to <10%),3 this information served 
as a comparative size for the study results. Accordingly, a 
relevant BP change was defined as a >10 mm Hg change 
(increase or decrease) in systolic BP or diastolic BP during 
either daytime or night- time; the ‘common’ appearance 
of the adverse effect was defined as stated previously. To 

improve the comparability of the results with those of 
other studies, parameters of descriptive statistics were 
calculated because existing studies of this topic mainly 
provide these data. For the sensitivity analysis, the 95% CI 
and 99% CI were calculated.

To enable interindividual analyses, SD scores (z- scores) 
for the daytime BP of all participants were calculated 
using the LMS method (with L, skewness; M, median; and 
S, coefficient of variation) described by Cole and Green23 
and modified by Neuhauser et al.24 Hereby, participants’ 
BP results were transformed into the value range of the 
normal distribution of a healthy reference population, 
standardised by age, sex, and height. The population of 
the German Health Interview and Examination Survey 
for Children and Adolescents was chosen as the refer-
ence group.24 Then, participants were categorised into 
five groups according to their z- scores, following the 
German guideline for arterial hypertension20 and the 
recommendations of the European Society of Hyperten-
sion7 (table 1): hypotension, normotension, prehyperten-
sion, hypertension stage I, and hypertension stage II. The 
individual BP group at baseline was compared with the 
BP group during MPH therapy. When two ABPM sessions 
were performed during MPH therapy, the one with the 
greater change in the BP category (eg, from normoten-
sion to hypertension) was chosen for data analyses, which 
was consistent with our aim of measuring the maximum 
possible individual load of MPH on the cardiovascular 
system.

efforts to address potential sources of bias
For quality assurance, all participating paediatric cardi-
ologists used the same ABPM device. All ABPM devices 
were programmed according to the study protocol and 
were installed by trained staff. Moreover, measurements 
per day were reduced to a minimum to increase partici-
pants’ acceptance. Higher BP values that might be caused 
by a high activity level during ABPM were controlled for 
by averaging the multiple ABPM measurements within 
one session (effect of regression to the middle). We 
excluded participants with a history of MPH therapy and 
those using other medications that might interact with 
MPH or influence BP.

Patient involvement
BP measurements obtained before and during MPH 
therapy are part of routine care for children and adoles-
cents with ADHD. In this NIS, ABPM was chosen to 
measure BP because it is the gold standard.7 Neverthe-
less, ABPM can be more stressful for participants than 
the alternative single- point BP measurements. There-
fore, participants and their parents were informed 
about the advantages and disadvantages of ABPM 
measurements, and participants were asked to assess 
the burden of using ABPM, including the imposed 
stress and required time.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gpsych.bm

j.com
/

G
en P

sych: first published as 10.1136/gpsych-2020-100193 on 26 A
pril 2020. D

ow
nloaded from

 

http://gpsych.bmj.com/


4 Busold- Hagenbeck D, et al. General Psychiatry 2020;33:e100193. doi:10.1136/gpsych-2020-100193

General Psychiatry

Table 2 Demographic data of the study population (n=44)

Sex n (%)

Male 34 (77%)

Female 10 (23%)

Age Years, mean (SD)

Male 9.12 (1.87)

Female 9.16 (1.92)

Age group16 n (%)

Infants and toddlers (1–5 years) 1 (2%)*

Children (6–13 years) 39 (89%)

Adolescents (14–18 years) 4 (9%)

BMI group n (%)

Underweight ( ≥ P3 and <P10) 2 (5%)

Normal weight ( ≥ P10 and <P90) 34 (77%)

Overweight ( ≥ P90 and <P97) 2 (5%)

Obesity ( ≥ P97) 6 (13%)

*One child younger than 6 years was included in the NIS, but 
approval for MPH therapy was obtained after the child’s sixth 
birthday; therefore, it was not started until after age 6 years.
BMI, body mass index; MPH, methylphenidate hydrochloride; NIS, 
non- interventional study; P, percentile of body mass index.

Table 1 Definition of arterial hypertension for ambulatory BP monitoring (ABPM) in children and adolescents

Arterial BP category
BP percentiles7 20 and corresponding z- scores24 defined 
for children (6–13 years) and adolescents (14–18 years)

BP threshold values20 defined for 
adults (>18 years) and if applicable 
for adolescents (14–18 years)*

Hypotension At least one criterion:
Sys <P5 (z- score <-1.645)
Dia <P5 (z- score <-1.645)

Not defined

Normotension Both criteria:
Sys ≥P5 and <P90 (z- score ≥-1.645 and <1.282)
Dia ≥P5 and <P90 (z- score ≥-1.645 and <1.282)

Both criteria:
Sys_D <130 mm Hg
Dia_D <80 mm Hg

Prehypertension At least one criterion:
Sys ≥P90 and <P95 (z- score ≥1.282 and <1.645)
Dia ≥P90 and <P95 (z- score ≥1.282 and <1.645)

At least one criterion:
Sys_D ≥130 and <135 mm Hg
Dia_D ≥80 and <85 mm Hg

Hypertension stage I At least one criterion:
Sys ≥P95 and <(P99 + 5 mm Hg)
(z- score ≥1.645 and <(2.326 + 5 mm Hg))
Dia ≥P95 and <(P99 + 5 mm Hg)
(z- score ≥1.645 and <(2.326 + 5 mm Hg))

At least one criterion:
Sys_D ≥135 mm Hg
Sys_N ≥120 mm Hg
Dia_D ≥85 mm Hg
Dia_N ≥70 mm Hg

Hypertension stage II At least one criterion:
Sys  ≥ (P99 + 5 mm Hg) (z- score  ≥ (2.326 + 5 mm Hg))
Dia  ≥ (P99 + 5 mm Hg) (z- score  ≥ (2.326 + 5 mm Hg))

Not defined

*If adolescents exceeded the threshold value for arterial hypertension of adults (but not the threshold value for arterial hypertension of 
children), then the lower threshold value for adults was important.20

BP, blood pressure; D, daytime blood pressure; Dia, diastolic blood pressure; N, night- time blood pressure; P, blood pressure percentile (eg, 
P90 = 90th blood pressure percentile); Sys, systolic blood pressure.

reporting guidelines
The Strengthening the Reporting of Observational 
Studies in Epidemiology Statement was used for reporting 
the NIS.

resulTs
Participants
Forty- four children and adolescents successfully partici-
pated in the NIS. Figure 1 shows the details of the indi-
viduals at each stage of the study (eg, numbers of those 
included in the study, those who received the planned 
MPH therapy, and those who completed follow- up). 
Demographic data of the participants are presented in 
table 2.

bP results
BP changes >10 mm Hg were observed in 15 of the 44 
participants (34.09%; 99% CI 15.52% to 52.66%) after 
the start of MPH therapy. BP results are presented in 
online supplementary table 1, and detailed systolic BP 
and diastolic BP changes are shown in online supplemen-
tary table 2. As illustrated in figure 2, 54.55% (95% CI 
39.61% to 69.49%) of the 44 participants was prehyper-
tensive or hypertensive prior to MPH therapy. For 22 of 
these 24 prehypertensive or hypertensive participants, BP 
was calculated as the mean of two ABPM sessions. One 
of the 24 prehypertensive or hypertensive participants 
was overweight and four were obese. In the normoten-
sive group (n=20), three participants were overweight or 
obese. Table 3 summarises the descriptive statistics.

dIsCussIon
Main findings
Two main observations were made regarding the 
frequency and individual severity of BP changes during 
the first 6 months of new MPH therapy. First, BP changes 
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Figure 2 Change in BP category after onset of MPH therapy (n=44). BP, blood pressure; HTN I or II, hypertensive blood 
pressure stage I or II; MPH, methylphenidate hydrochloride; NT, normotensive blood pressure; PRE, prehypertensive blood 
pressure.

Table 3 Descriptive statistics for daytime BP changes during MPH therapy

Daytime BP n
Maximum BP decrease, 
mm Hg

Maximum BP increase,
mm Hg

Mean BP change,
mm Hg SD, mm Hg

95% CI for the mean BP change, 
mm Hg

Lower limit Upper limit

Systolic 44 -22.14 23.08 0.87 8.85 -1.75 3.48

Diastolic 44 -17.05 10.72 1.96 5.90 0.21 3.70

BP, blood pressure.

>10 mm Hg were observed in 34.09% (99% CI 15.52% 
to 52.66%) of the 44 participants after the start of MPH 
therapy. The EU- wide standardised patient information 
sheet for MPH estimates that BP changes >10 mm Hg are 
‘common’ (≥1% to <10%) in children and adolescents 
with ADHD treated with MPH.3 Consequently, in our 
sample of children and adolescents with a high baseline 
rate of prehypertension and hypertension, the occur-
rence of BP changes >10 mm Hg during MPH therapy was 
higher than what was stated by the patient information 
sheet. To investigate the possibility that the frequency 
of BP changes during MPH therapy is underestimated, 
further studies with larger samples that include children 
in primary care settings are warranted. Second, the indi-
vidual BP changes observed in the 44 participants consid-
erably varied on both severity and direction, including BP 
increases and BP decreases >10 mm Hg. These individual 
BP changes resulted in average BP changes of 0.87 mm 
Hg (95% CI -1.75 mm Hg to 3.48 mm Hg) and 1.96 mm 
Hg (95% CI 0.21 mm Hg to 3.7 mm Hg) in systolic daytime 
BP and diastolic daytime BP, respectively. However, these 
relatively small average BP increases in the sample reflect 

neither the severity nor the direction of individual BP 
changes because the use of the arithmetic mean naturally 
neutralises opposing BP changes and relativises stronger 
individual BP reactions. Nevertheless, previous relevant 
studies usually used the arithmetic mean to measure the 
severity of BP changes during MPH therapy in children 
and adolescents with ADHD. These studies reported 
results similar to those of this NIS with an average BP 
increase in the sample of 1–4 mm Hg in systolic daytime 
BP and/or diastolic daytime BP.9–15 A recent meta- analysis 
confirmed a statistically significant increase in the aver-
aged post- treatment versus pretreatment systolic BP as 
compared with placebo.25 It is possible that the BP results 
of these studies that reported statistically significant but 
clinically ‘small’,8 14 ‘slight’,13 ‘minimal’,10 or ‘minor’15 BP 
changes in children and adolescents with ADHD might 
have been stronger if the arithmetic mean had not been 
used. Consequently, the common use of the arithmetic 
mean potentially led to an underestimation of the severity 
of BP changes during MPH therapy. To investigate this 
possibility, further research without averaging seems 
warranted. This is important for the individual patient 
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because information about the possibility or, even better, 
the frequency of strong BP increases and decreases during 
MPH therapy is clinically more crucial than information 
about the average BP change in a sample. An increase 
or decrease in BP is associated with different clinical 
consequences, depending on the patient risk group. For 
example, congestive heart failure, hypertensive encepha-
lopathy, or renal failure may occur as a result of an acute 
BP increase.22 Lower BP in younger individuals is asso-
ciated with an increased incidence of accidental deaths, 
which is possibly an indication of reduced reaction perfor-
mance at low BP.26 Finally, a single severe BP change can 
have acute clinical consequences,22 especially in patients 
with cardiovascular predispositions.

Additional findings
BP changes can lead to changes in the BP category, which 
is used to determine the initiation of diagnostic and ther-
apeutic measures according to the guidelines.27 Because 
of BP increases/decreases during MPH therapy, 11 of 
44 participants (25%) were categorised into a higher BP 
group than they had previously been categorised in (eg, 
normotension to hypertension), whereas 6 participants 
(14%) were categorised into a lower BP group (figure 2). 
Similar results (although based on single- point BP measure-
ments) were shown by Stowe et al6 and Hammerness et al,8 
who reported newly met criteria for prehypertension or 
hypertension in 37.5% of 8 patients and 14.04% of 114 
patients with ADHD, respectively, after the beginning 
of MPH therapy. Stowe et al6 also reported a patient with 
initial hypertensive BP values based on single BP measure-
ments who additionally met the ABPM criteria of arterial 
hypertension during MPH therapy. However, BP classifica-
tion during childhood and adolescence, unlike the BP clas-
sification in adulthood, is based on the statistical normal 
distribution of the BP values in a healthy comparison 
group.20 21 24 Accordingly, exceeding or falling below the 
percentile limits for normotension is not necessarily asso-
ciated with cardiovascular consequences (although, an 
association between statistically defined ‘high’ BP levels in 
childhood, and high BP values and their corresponding 
cardiovascular consequences in adulthood is well known28). 
Additionally, the percentile- oriented interpretation of BP is 
ordinally scaled and shows a very broad normal range (5th 
to 90th percentiles of the reference group), but with only 
very narrow prehypertensive, hypertensive and hypotensive 
BP ranges20 21 24 that are difficult to reach. Consequently, 
a change in the BP category and as well an absolute BP 
change in mm Hg should be considered during the risk- 
benefit assessment of MPH therapy.

Interestingly, the proportion of participants with base-
line prehypertension or hypertension was relatively high. 
According to the percentile- dependent definition of 
arterial prehypertension and hypertension during child-
hood, only 10% of the study participants were expected 
to have elevated BP values (ie, ≥90th percentile) before 
the beginning of MPH therapy. However, the propor-
tion of prehypertensive or hypertensive participants in 

the NIS was 54.55% (95% CI 39.61% to 69.49%). The 
study by Hammerness et al8 showed similar results, with 
29% of 114 participants having arterial hypertension. 
Therefore, systematically increased BP levels in children 
and adolescents with ADHD seem likely. A connection 
between neurocognitive disorders, such as ADHD, and 
arterial hypertension is possible.29 Although the question 
of a causal relationship between neurocognitive disor-
ders and arterial hypertension cannot be answered with 
this study design, the findings of this study encourage 
further investigations into arterial hypertension as a 
possible cause or consequence of ADHD. However, selec-
tion bias as the cause of the high proportion of initially 
prehypertensive or hypertensive participants in the NIS 
cannot be ruled out. Overall, the high baseline rate of 
prehypertension and hypertension observed in patients 
with ADHD is worth mentioning because screening for 
cardiac disorders before stimulant therapy is frequently 
disregarded. According to a survey of 615 members of the 
American Academy of Child and Adolescent Psychiatry, 
up to 25% of respondents do not routinely perform the 
officially recommended physical examination for their 
patients before stimulant therapy.30 In these cases, the 
patients’ cardiovascular predispositions, eg severe arte-
rial hypertension as a contraindication for MPH therapy,3 
remain undetected. This emphasizes the importance of 
the recommended cardiovascular examination of every 
ADHD patient before MPH therapy.

limitations
The external validity of the study sample has certain 
limitations. Given the high proportion of participants with 
pre- existing prehypertension or hypertension, BP values 
measured during MPH therapy may not be representa-
tive of patients with ADHD without such a cardiovascular 
risk profile. Furthermore, BP values collected before the 
start of MPH therapy apply to children and adolescents 
whose ADHD symptom severity had already led to psychi-
atric presentation and the planning of stimulant therapy. 
Therefore, these results may not be representative of chil-
dren and adolescents with only mild ADHD who do not 
require drug therapy.

Although the psychiatrists near the cardiology centres 
were familiarised with the study design, it cannot be ruled 
out that they referred predominantly patients with ADHD 
with high- risk cardiovascular profiles to paediatric cardi-
ology centres. This would have resulted in channeling 
bias, and might then partly explain the high number 
of prehypertensive or hypertensive participants in the 
sample. Because the total number of patients treated with 
MPH by psychiatrists was not documented, the degree of 
selection bias in the sample was difficult to estimate.

In favour of epidemiologically appropriate BP percen-
tiles, methodological differences regarding the BP 
measurement method were accepted. Neuhauser et al24 
used two single- point BP measurements, whereas the 
present study chose ABPM. Nevertheless, serious inac-
curacies in percentile classifications are rather unlikely 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gpsych.bm

j.com
/

G
en P

sych: first published as 10.1136/gpsych-2020-100193 on 26 A
pril 2020. D

ow
nloaded from

 

http://gpsych.bmj.com/


7Busold- Hagenbeck D, et al. General Psychiatry 2020;33:e100193. doi:10.1136/gpsych-2020-100193

General Psychiatry

because resting daytime BP in children and adoles-
cents measured using an ambulatory method or in clin-
ical practice does not differ remarkably.7 Furthermore, 
higher ambulatory BP values that might be caused by 
daily activity during ABPM are relativised by averaging 
the multiple measurements of the ABPM session (effect 
of the regression to the middle).

Because the follow- up period was only 6 months, the 
long- term haemodynamic effects during MPH therapy 
and the impact of these effects on adults formerly treated 
with MPH could not be addressed. A study with long- term 
follow- up is needed to answer these questions.

Implications
In our sample with a high baseline rate of prehyperten-
sion and hypertension, BP changes >10 mm Hg during 
MPH therapy were more frequent than those indicated 
by the EU- wide standardised patient information sheet. 
Moreover, individual BP changes, including BP increases 
and decreases >10 mm Hg, considerably varied. These 
individual BP changes resulted in a small average BP 
increase in the sample. Thus, the arithmetic mean 
reflected neither the severity nor the direction of indi-
vidual BP changes because the use of the arithmetic mean 
neutralises opposing BP changes and relativizes stronger 
individual BP reactions. In spite of this, the arithmetic 
mean is commonly used to indicate the severity of the 
possible BP change during MPH therapy. Therefore, the 
frequency and individual severity of BP changes during 
MPH therapy may be underestimated. Further studies 
without averaging and with larger samples including 
patients in primary care settings are warranted.
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