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KEY POINTS

� Stimulant-related minor increases in blood pressure (BP) and heart rate (HR) have been
well described, albeit principally reported as group-level data, in short-term treatment
of healthy samples.

� Subjective complaints of a cardiovascular (CV) or cardiopulmonary nature tend to be iso-
lated experiences and have not been associated with serious CV outcomes, noting the
very low absolute risk of serious outcomes challenges detection in epidemiologic
investigations.

� Recommendations regarding stimulant treatment in the presence of medical comorbid-
ities are beginning to emerge, with future investigations needed to support sophisticated
identification of risk based on structural or dynamic pathophysiology.

� Attention to stimulant-associated CV risk is an opportunity for clinicians treating pediatric
attention-deficit hyperactivity disorder (ADHD) to engage in general CV risk identification
and intervention, such as targeting physical inactivity, Tobacco use, and childhood
obesity.
BACKGROUND

First-line treatment for attention-deficit hyperactivity disorder (ADHD) includes meth-
ylphenidate (MPH) and amphetamine (AMP)-based stimulant medications. The car-
diovascular (CV) impact of stimulants has been considered for decades given
inherent sympathomimetic effects.1 CV findings on stimulants have been typically pre-
sented as clinically nonsignificant increases in resting blood pressure (BP) and heart
rate (HR) in the context of short-term clinical trials, with healthy prescreened partici-
pants. Following a series of serious CV events in the setting of stimulant medications,
large-scale epidemiologic studies were conducted in pediatric and adult populations.
While the association between stimulants and serious CV events has not determined
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causality, there is no unifying mechanism to understand stimulants’ impact on the CV
system beyond known sympathomimetic activity. In addition, there is no understand-
ing of mediating variables andmoderating processes in the relationship between stim-
ulants and CV outcomes, with particular uncertainty in regards to the medically
complex/vulnerable patient. In this article, we will review the underlying literature on
this subject as well as make clinical recommendations on screening to mitigate poten-
tially adverse outcomes.
CURRENT EVIDENCE

Mean elevations in HR and BP on stimulants have been reported for decades. A series
of studies were conducted in the 1970s–1980s, using small samples but with a tar-
geted methodology. Readings were taken typically 1 to 2-hours postdose, principally
after immediate-release MPH administration. Significant increases in HR versus pla-
cebo were described, including greater elevations in medication-naı̈ve subjects as
well as dose dependency.2–5 With the arrival of extended duration formulations, HR
and BP outcomes were reported in the context of large, placebo-controlled studies,
with measurements typically w 8 to 10-hours postdose. Significant increases in HR
(�9 bpm) versus placebo (�1bpm) were documented across extended-release
MPH and AMP agents.6–9

Subsequent open extension clinical trials (6–24 months) showed persistent eleva-
tions in HR (1–5 bpm) and BP (1–5 mm Hg), consistent with a lack of tolerance to stim-
ulants’ effects on HR, and with an apparent absence of dose-dependency. Longer
term, 2 to 14 year ADHD cohorts, offered nonconclusive findings given small numbers
of consistent medication users, and uncertain actual exposure.7,8,10–16 Recent natu-
ralistic reports find unchanged BP, with significant elevations in HR,17 and conversely,
declining BP over 12 years of stimulant without significant HR change.18 Limitations
that remain in the interpretation of naturalistic reports include the nonverified medica-
tion intake and details around the collection of BP/HR.
In addition to mean HR and BP changes, some clinical reports include frequency of

vital sign outliers, who are defined as exceeding a threshold (eg, �120/80 mm Hg) or
per change from baseline (eg, increase in SBP�20mmHg, HR > 25bpm), at least once
on medication. Outlier rates are typically 5% to 15% in shorter and longer term treat-
ment. When reported, outlier elevations seem sporadic, with less than 5% occurring at
consecutive visits.7,8,19–23 The clinical relevance or intervention for these outliers re-
mains unknown.
There have been few investigations of moderators of BP/HR outcomes during ther-

apeutic stimulant treatment. The US FDA Center for Drug Evaluation and Research
conducted a novel study of stimulant formulation in healthy adults. BP and HR
changes were found to be highly dependent on MPH pharmacokinetics.24 However,
in an extensive review of pediatric clinical trials (N 5 5837), Hennissen (2017) found
no effect of medication type or dose, along with age, gender, or comorbidity.25

In addition to objective BP and HR findings, subjective experiences of a possible CV
or cardiopulmonary nature have been well documented in the clinical trial literature.
Palpitations, tachycardia, chest pain/tightness, and dyspnea are most common, in
up tow20% of stimulant-treated subjects and can occur more frequently than on pla-
cebo. In a rare investigation of moderating/mediating variables, Hammerness22 found
elevated rates of comorbid anxiety disorders in those adolescents with consecutive
CV complaints, albeit not a primary outcome with sufficient power to offer conclu-
sions. Emergency room, naturalistic presentations document similar subjective com-
plaints in stimulant-treated patients, yet serious events associated with complaints are
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rare and consistent with rates of persons not receiving stimulant
medications.12,19,23,26–29

SERIOUS OR RARE CARDIOVASCULAR EVENTS

In the 1990s and early 2000s, serious CV events in youth prescribed stimulants raised
clinical, scientific, and public health questions about the safety of ADHD treatment.
The 1990s cases of sudden death involving children receiving clonidine alongside
MPH30 were not attributed to either medication or to their combination. Investigations
of concomitant MPH and clonidine as well as tricyclic antidepressants subsequently
shifted focus to serious CV adverse outcomes (eg, heart attack, death) associated
with stimulants alone.31 Multiple epidemiologic, registry and case control studies
have been undertaken since then, with the preponderance of evidence finding no
causal relationship between therapeutic stimulants and serious, life-threatening CV
outcomes (ie, sudden death, myocardial infarction, and stroke). Actual rates are
low, highlighting the challenge of such investigations.32–38 When observed, rates of
serious CV events on stimulants including sudden cardiac death are not different
from known general population rates (1.32 per 100,000 persons in children and young
adults).39 Methodological issues limit the interpretation of positive findings,31 yet con-
fidence intervals for pooled estimates do not exclude a modest increase in risk.40,41

Taking the sum of the literature, US FDA concluded the rate of sudden death with
stimulants was less than national rates and the Pediatric Advisory Committee deemed
a black box warning was not indicated. Instead, FDA issued warnings about stimu-
lants in underlying CV disease and directed the creation and implementation of Medi-
cation Guides. However, a recent evaluation of professional and consumer labels for
ADHD medications registered in Australia, Canada, UK, and US finds inconsistencies
in the description of stimulants’ CV risk profile.42

Responsive to what seems to be another rare event, albeit of lower severity, a major
change to US warnings occurred in 2013; “Stimulants used to treat ADHD are associ-
ated with peripheral vasculopathy, including Raynaud’s phenomenon. Careful obser-
vation for digital changes is necessary during treatment.”43 Limited case report
references exist in the pediatric (therapeutic) literature to support this association.
For example, Yu et al (2010) described 4 boys with ADHD who developed vasculop-
athy following mean 6 years of stimulant exposure.44 A recent case series (N 5 16) of
adults receiving treatment with AMP stimulants described generally mild vasospastic
symptoms of the extremities.45 Severe vascular manifestations were associated with a
history of rheumatologic disease, found in 25% of the sample. However, is possible
that peripheral vasculopathy occurs more often the literature suggests, as this adverse
event is not systematically assessed for in clinical studies.

GUIDELINES AND RECOMMENDATIONS

Recommendations from American Academies of Pediatrics, Child and Adolescent
Psychiatry, and American Heart Association recommend a CV focused patient and
family history and physical examination for youth before the initiation of stimulant
medication for ADHD.37,46–48 The aim is to identify patients with undiagnosed under-
lying CV disease, for example, structural disorders (Table 1).
Potential cardiac origin symptoms include fainting or dizziness (exertional,

emotional), chest pain (central, crushing, exertional), worsening exercise tolerance,
palpitations, increased HR, extra/skipped beats, and seizures (exertional, emotional).
Family member’s relevant history includes sudden or unexplained death in young
(<40 years), sudden death during exercise, cardiac arrhythmias, cardiomyopathy,
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Table 1
Recommendations for cardiovascular screening when using stimulant medications for ADHD

Medical History (screening for
sudden death risk)

� Personal congenital or acquired cardiac disease
� Palpitations, chest pain, syncope, unexplained

dizziness, fainting, shortness of breath or seizure,
postexercise symptoms

� Family history of premature cardiac disease
(< 30 years of age), history of sudden or
unexplained death including drowning or
motor vehicle accident

� Other medications including over the counter
that affect the heart

� Routine medical and family cardiac istory

Vital Signs;
Routine Care

� Blood pressure/heart rate at baseline and
periodically thereafter

� No ECG, Holter, or exercise testing necessary
in routine care

Suspicion of CV disease
(eg, hypertrophic cardiomyopathy;
ion channelopathies)

� Consult pediatric (or adult) specialty care,
for example, cardiology, with workup as
indicated by clinical history and symptoms

Recommendations derived from the American Heart Association and American Academy of Pedi-
atrics.32,46,63–66
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and presence of connective tissues diseases (eg, Marfan syndrome.) Any concerns
before during treatment should be shared with primary care and/or specialists for
the consideration of further evaluation.
Following the initiation of a stimulant, recommendations are generally to periodically

monitor for changes inHRorBP inhealthy children,with assessments recommended to
occur at every health encounter for those at theoretic increased risk, such as in pres-
ence of complex medical conditions or concomitant medications known to increase
BP.49–55 If elevated BP is observed per appropriate protocol,55 repeat measurements
are indicated with primary/specialty care consultation, including the consideration of
ambulatory BPmonitoring.56 Canadian ADHDResource Alliance (CADDRA)Guidelines
for individuals across the lifespan recommend initial BP assessment before starting
medication, and thenduring follow-up,with closermonitoring for thosewithHTNor cor-
onary heart disease. While not recommending a frequency of follow-up assessment,
CADDRA recommends taking measurements while the medication is present in the
system, as it may be useful to compare to findings before a dose is taken.57

In addition to BP monitoring, CV review during treatment can identify concerning
complaints (crushing, exertional chest pain, extra/skipped beats). When present,
symptoms should be communicated for shared decision making.46,47,56,58 Thoughtful
documentation of normative/baseline CV experiences before stimulant initiation, such
as racing heart during exertion or with anxiety, will aid in a possible later review.
For those who do not tolerate an initial stimulant trial, such as mild subjective

discomfort, without a determined contraindication to continue pharmacotherapy
(eg, new/unstable CV finding), an alternate form of stimulant may be considered.
Theoretically, differences in pharmacokinetics among stimulants may impact CV toler-
ability although this has been understudied.24 A nonstimulant may be considered as
well, given these agents offer differing CV impacts based on pharmacodynamics.
While noradrenergic atomoxetine and viloxazine also result in elevations in BP/
HR,25,59,60 the converse risk (ie, hypotension, bradycardia and syncope) can occur
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with monotherapy or adjunctive therapy with the nonstimulant alpha-2-adrenergic ag-
onists’ clonidine and guanfacine.61,62

CONTROVERSIES

Although screening ECG is not recommended for healthy children/adolescents with
ADHD,37,46,56,67 previous conflicting recommendations from the American Heart Asso-
ciation and American Academy of Pediatrics left clinicians and families uncertain.46,47 A
follow-up joint statement clarified that ECGs were not universally mandatory,64 yet the
practice of screening ECG remained.65

Since early examinations, no statistically significant, clinically meaningful changes
have been reported in ECG intervals in pediatric samples. A range of subjects (1%–
19%) have “abnormal” ECG reports (eg, ST–T wave changes; bundle branch block)
consistent with ECG variants found in similar rates in healthy individuals.7,19,21,23,68–70

QTc prolongation during stimulant treatment when present has been modest,71 while
poor metabolizers of the nonstimulant atomoxetine have demonstrated increased QTC
intervals.69There isnoevidence thatanyECGfinding isassociatedwithan increased like-
lihood of serious event due to stimulant medication.37

A retrospective study of 1470 children on ADHDmedication with “abnormal” ECG in
screening led to the identification of true abnormality in 0.3% of sample, at a cost to
identify each case of $17,000.72 Instead, referral is recommended if clinical CV
concern (eg, palpitations, syncopal episodes) before initiation or during the course
of treatment.1,37,46,56,67

COMPLICATIONS/CONCERNS

Concerns expressed include the uncertain impact of cumulative stimulant exposure,
as well as the devolving baseline physical health of the pediatric population. At pre-
sent, ADHD patients are typically prescribed an extended duration form of stimulant,
year-round, with potential exposure for decades. It is not known if greater exposure
over the course of the day or cumulatively over years impacts the distribution of risk.
In addition, the physical health profile of US children is concerning, with the accu-

mulation of CV risk factors that may impact tolerability/safety of stimulant medica-
tions. While the onset of tobacco use in adolescence has a potential lifelong
impact, the present-day regular/excess use of energy drinks (w30% of adolescents)
especially before or during sports, may trigger palpitations and arrhythmias,73,74 with
increases ofw3 to 4 mm Hg BP documented across 15 adult studies.75 Elevated BMI
(w50% of teenagers), is particularly startling given that rates of hypertension increase
with increasing adiposity; from 4% to 25%.55 CV disease risk accumulates the earlier
children develop their obesity, with detectable precursors of atherosclerosis by the
time a child enters middle school.75 All participants in health care delivery should be
engaged in recognizing and monitoring individuals who are overweight or obese.76

In sum, data collected in past years regarding CV impact may not similarly inform
risk: benefit considerations for today’s patient. It is important to note these concerns
reflect theoretic risk and offer areas of future investigation as well as public health
engagement.

MEDICAL COMORBIDITIES

While there is no specific form of heart disease identified to be of greatest concern,37

stimulants’ CV risk may be mediated by a given patient’s vulnerability. Few clinical in-
vestigations have examined specific CV populations such as a small sample of adults
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with ADHD and hypertension.77–79 In a nationwide insurance database in South Korea,
highest risk of arrhythmia was seen in children with Congenital Heart Disease; despite
an increased relative risk, the absolute risk was low.77 In a small sample of children
(N5 28) with known long QT-syndrome, none of the children on stimulant experienced
QT-related events.80

The Spanish Society of Pediatric Cardiology and Congenital Heart Disease recently
outlined a comprehensive and individualized approach with considerations per spe-
cific cardiac condition. For example, the society recommends individualized pharma-
cologic treatment in those sensitive to potential tachycardia, such as in the setting of
diastolic dysfunction or mitral stenosis in whom a shortening of the diastole should be
avoided, or patients with systolic dysfunction in whom an increase in myocardial ox-
ygen consumption secondary to tachycardia should be avoided.56 Medications were
not advised for a limited number of high-risk patients, including hemodynamically un-
stable CHD, residual hypertension, catecholaminergic polymorphic ventricular tachy-
cardia, and frequent/complex PVCs.56,81
FUTURE DIRECTIONS

Critical questions remain about the mechanisms of stimulant’s CV impact.82 Abnormal
sympathetic tone,83 physiologic adaptations,1,77 direct pathologic changes84,85; or
peripheral vascular changes86 are possible etiologic pathways. Finally, cardio-
pulmonary symptoms (eg, dyspnea) may indicate exercise-induced pulmonary arterial
hypertension, diastolic dysfunction or peripheral muscle dysfunction.
Studies using dynamic assessments77,87 and advances in methodology may be

used to investigate a range of possible mechanisms. Risk may be determined to
vary, according to a range of mediators (eg, age, gender, family CV history) and mod-
erators (eg, tobacco use, stimulant dose, duration, formulation).
On the contrary, stimulant treatment of ADHD may be cardio-protective, with

associated, albeit indirect, improvements in functioning and reductions in
emotional reactivity.58 As per Skinner’s commentary regarding patients with long
QT syndrome,88 therapeutic stimulants may be associated with the removal of
peaks in HR due to improved temper and behavioral control. In addition, stimulant
treatment may lead to further indirect cardio-protection via improvements in phys-
ical health, and attention to self-care (eg, adherence to eating, sleeping, exercise
regimens).89,90
SUMMARY

Stimulant-class medications for healthy children and adolescents with ADHD continue
to be associated with mean elevations in BP (�5 mm Hg) and HR (�10 beats/min)
without changes in electrocardiographic parameters. A subset (5%–15%) of children
and adolescents may have a greater increase in HR or BP or may report a CV-type
complaint during treatment. Serious CV events during stimulant treatment are rare
and similar to groups of children not receiving stimulant medication. Despite the sta-
bility of these findings, CVmay be considered dynamic, related to underlying (medical)
vulnerability in a given patient, in response to alterations in prescribing, or impacted by
the baseline health of the treated population. Screening includes CV-focused history
before stimulant initiation, as well as monitoring of HR/BP and for novel subjective
complaints in the context of treatment. Lifespan guidelines do not distinguish specific
risk nor offer recommendations per age, besides that related to monitoring in the pres-
ence of increased medical comorbidities.58
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CLINICS CARE POINTS

� Expect minor increases in HR, BP on stimulant, with outliers having greater change

� Subjective reports of a seemingly CV nature occur infrequently, without evident-associated
serious CV outcomes

� Rare serious CV events occur without evident causality

� CV screening of all patients being considered for, and occurring while taking stimulant
medication may identify those with underlying structural or other cardiac abnormalities—
positive findings should result in collaborative care with primary and speciality care

� There remains insufficient evidence to guide risk assessment for a given patient, particularly
for medically complex, although guidelines are emerging

� Opportunities exist to support public health monitoring of general CV risk factors, namely
elevated BMI and BP, although stimulant attributable CV risk for such vulnerable patients
is theoretic
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