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Abstract
This meta-analysis was conducted to evaluate the association between Attention deficit hyperactivity disorder (ADHD) 
medications and risk of sudden death/arrhythmia, stroke, myocardial infarction as well as all-cause death. We searched 
PubMed, Web of Science and China National Knowledge Infrastructure from 1950 to May 2018. All observational studies 
that the exposure of interest was ADHD medications, the outcome of interest was sudden death/arrhythmia, stroke, myo-
cardial infarction as well as all-cause death, and the study reported relative risks (RRs) with 95% confidence intervals (95% 
CIs) were included. Pooled RRs were estimated by random-effects model. Subgroup analyses were conducted to examine 
the effects of study design, population, Country, follow-up duration, female proportion, covariates adjustment on the risk of 
sudden death/arrhythmia. Eight articles with ten studies (4,221,929 participants) were included in this meta-analysis about 
the association between ADHD medications and risk of sudden death/arrhythmia. The pooled RRs with 95% CIs of sudden 
death/arrhythmia for ADHD medications were 1.39 (1.06, 1.83). The result of the cohort study was 1.24 (0.84, 1.83). The 
pooled RRs between ADHD medications and stroke, myocardial infarction, all-cause death were 1.00 (0.74, 1.35), 0.91 
(0.79, 1.05), 0.89 (0.54, 1.45), respectively. As for methylphenidate, the pooled RRs between methylphenidate and sudden 
death/arrhythmia, stroke, myocardial infarction, all-cause death were 1.46 (1.03, 2.07), 0.92 (0.70, 1.21), 0.97 (0.77, 1.23), 
1.00 (0.49, 2.04), respectively. Based on the results of cohort studies, there was no correlation between ADHD medications 
and sudden death/arrhythmia, stroke, myocardial infarction and all-cause death. However, some of the confidence intervals 
do not exclude modest elevated risks, e.g., for sudden death/arrhythmia.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is a com-
mon neurobehavioral disorder that is characterized by 
hyperactivity, inattention, and impulsivity [1]. ADHD is a 
childhood-onset disorder, but symptoms may persist into 
adulthood [2]. In the United States, its prevalence in the 
childhood and adulthood was 2.2–17.8% [3] and 4–4.5% 
[4, 5], respectively. Clinical guidelines and practice param-
eters show that medications play a key role in the clinical 

management of ADHD [6–8]. The recommended medica-
tions of ADHD include stimulants (e.g., methylphenidate 
and amphetamines) and non-stimulant medications (e.g., 
atomoxetine) [9].

Drugs with the same pharmacological properties as 
amphetamine include methamphetamine, dextroampheta-
mine, amphetamine salt (https​://www.fda.gov/drugs​/drugs​
afety​/ucm27​7770.htm). Because ADHD medications can 
rapidly reduce the overt clinical manifestations, it has rapid 
growth in the use of such agents [10].

However, two studies revealed that ADHD medications 
use among children and adults diagnosed with ADHD was 
associated with increasing of systolic blood pressure, dias-
tolic blood pressure and heart rate [11, 12]. Furthermore, 
some studies have reported adverse events that included 
cases of sudden death, myocardial infarction, and stroke in 
conjunction with ADHD medications use [13].
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Accordingly, some observational studies have been con-
ducted to assess the association between ADHD medications 
and the risk of sudden death/arrhythmia, stroke, myocar-
dial infarction as well as all-cause death. Several studies 
indicated that ADHD medications can increase the risk of 
sudden death/arrhythmia [14–17]. However, other studies 
proposed no association between them [18–21]. In addition, 
the results are also inconsistent between ADHD medications 
and stroke, myocardial infarction and all-cause death [14, 15, 
17–21]. Therefore, there continues to be a controversy about 
whether there exists an association between ADHD medi-
cations and sudden death/arrhythmia, stroke, myocardial 
infarction as well as all-cause death. So our meta-analysis 
seeks to estimate the strength of association between them.

Materials and methods

We referred to Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines for 
reporting of meta-analyses in this analysis [22].

Search strategy

Two investigators independently identified articles through 
a systematic search of PubMed, Web of Science and China 
National Knowledge Infrastructure from 1950 to May 2018, 
and by searching the reference lists of selected articles. 
The search terms were as following: (((((((((sudden death) 
OR sudden cardiac death) OR arrhythmia) OR ventricular 
arrhythmia) OR stroke) OR MI) OR Myocardial infarction) 
OR all-cause death)) AND (((((((((((((ADHD) OR atten-
tion deficit hyperactivity disorder)) AND ((((((therapy) 
OR treatment) OR drug) OR medicine) OR medications))) 
OR methylphenidate) OR dexmethylphenidate) OR meth-
amphetamine) OR dextroamphetamine) OR amphetamine 
salts) OR amphetamine) OR pemoline) OR atomoxetine)).

Inclusion criteria

The inclusion criteria were as following: (1) observational 
study was published as the original study; (2) the expo-
sure of interest was ADHD medications (methylphenidate, 
dexmethylphenidate, methamphetamine, dextroampheta-
mine, amphetamine salts, amphetamine, pemoline, atom-
oxetine); (3) the primary outcome of interest was sudden 
death/arrhythmia, and the secondary outcome of interest 
was stroke, myocardial infarction and all-cause death; The 
rationale for considering sudden cardiac death and arrhyth-
mia as a composite outcome is that sudden cardiac death 
is often due to undocumented ventricular arrhythmia, and 
considered presumed arrhythmic death [18]. (4) the study 
reported RRs, odds ratios or hazard ratios with 95% CIs, 

with all results being presented as RRs; All selected studies 
were carefully checked by two investigators, respectively, 
to ensure that individual study was eligible for inclusion 
criteria in this meta-analysis. If the two investigators were 
disputable about the eligibility of an article, it was resolved 
by discussing with a third investigator.

Data extraction

Two investigators independently extracted the relevant data. 
If there are disagreements between them, it was resolved 
through discussion. Information extracted from each study 
was as follows: (1) the first author’s name; (2) publication 
year; (3) country where the study was conducted; (4) age 
range of subjects; (5) female proportion; (6) study design; 
(7) years of follow up; (8) exposure classification; (9) out-
come events; (10) sample size and number of cases; (11) 
RRs (we presented all results with RRs for simplicity) with 
corresponding 95% CIs; (12) variables adjusted for in the 
analysis.

Data synthesis

The random-effects model was used as the pooling method 
throughout the analysis. Pooled value was calculated as the 
inverse variance-weighted mean of the logarithm of RRs 
with 95% CIs to assess the strength of association between 
ADHD medications and the risk of sudden death/arrhythmia, 
stroke, myocardial infarction as well as all-cause death. We 
used the I2 statistic to assess the heterogeneity between stud-
ies (I2 values of 0, 25, 50 and 75% represent no, low, moder-
ate and high heterogeneity, respectively) [23]. Because the 
severity of ventricular arrhythmias and arrhythmias is differ-
ent [24]. Sensitivity analysis was done to explore the effects 
of ADHD medications on arrhythmias of varying severity. 
Subgroup analyses were conducted to perform comparisons 
between groups. Meta-regression was performed to evaluate 
the potentially important covariates that might exert sub-
stantial impacts on between-study heterogeneity [25]. The 
leave-one-out sensitivity analysis [26] was also carried out 
to evaluate the key studies that have a substantial impact on 
the between-study heterogeneity. Influence analysis was per-
formed with one study removed at a time to assess whether 
the results could have been affected markedly by a single 
study [27]. The Egger et al. [28] regression asymmetry test 
and the funnel plot were adopted to evaluate small-study 
effect. The Newcastle–Ottawa Quality Assessment scale 
(NOS) [29] was used to assess the overall quality and risk 
of bias of the observational studies.

All statistical analyses were performed with STATA ver-
sion 15.0. All reported probabilities (P values) were two-
sided with a statistical significance level of 0.05.
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Results

Study selection and study characteristics

We identified 2472 articles by literature search. After exclu-
sion of not for human being, not in English and Chinese, and 
duplicate articles, a total of 1868 articles were included for 
screening titles and abstracts. Another 1860 records were 
excluded for some reasons, and eight articles were included 
in this meta-analysis (Fig. 1). Eight articles containing ten 
studies with 4,221,929 participants provided results for 
ADHD medications and sudden death/arrhythmia. Seven 
articles containing eight studies with 3,274,486 participants 
provided results for ADHD medications and stroke. Five 
articles including six studies with 2,161,506 participants 
provided results regarding ADHD medications and myo-
cardial infarction. Three articles including five studies with 
2,831,293 participants provided results regarding ADHD 
medications and all-cause death.

As for methylphenidate, five articles containing six 
studies with 1,512,324 participants were for sudden 
death/arrhythmia, three articles containing three studies 
with 583,783 participants were for stroke, three articles 

containing three studies with 583,768 participants were 
for myocardial infarction and two articles containing three 
studies with 1,439,409 participants were for all-cause death. 
Detailed characteristics about the included studies appear in 
Table 1, Table 2. The methodological quality was assessed 
with the Newcastle–Ottawa scale. (Table 3).

Synthesis of results

The pooled RRs between ADHD medications and sudden 
death/arrhythmia were 1.39 (1.06, 1.83) (Fig. 2). When we 
excluded a study [16] (RR= 7.4), the pooled RRs were 1.36 
(1.04, 1.77). When we stratified studies by population, the 
pooled RRs in studies conducted in child and adult were 1.61 
(1.49, 1.74) and 1.23 (0.77, 1.98), respectively. In subgroup 
analysis, the pooled RRs were 1.24 (0.84, 1.83) for cohort 
study, 1.21 (0.76, 1.92) for America, 1.13 (0.69, 1.85) for 
follow-up duration < 1 years, 1.62 (1.49, 1.75) for female 
proportion < 50%, and 1.21 (0.78, 1.87) for covariates 
adjusted age and gender. Because the severity of ventricular 
arrhythmias and arrhythmias is different. When we excluded 
two studies [14, 15] that the outcome was arrhythmia, the 
pooled RRs between ADHD medications and sudden death 
were 1.21 (0.76, 1.92).

Fig. 1   Flowchart of the selec-
tion of studies included in the 
meta-analysis
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The pooled RR between ADHD medications and stroke 
was 1.00 (0.74, 1.35). In subgroup analysis, the pooled RRs 
were 1.08 (0.78, 1.50) for cohort study, 0.91 (0.75, 1.09) 
for America, 1.09 (0.75, 1.58) for adult. The pooled RRs 
between ADHD medications and myocardial infarction, 
all-cause death were 0.91 (0.79, 1.05), 0.89 (0.54, 1.45), 
respectively.

As for methylphenidate, the pooled RRs between meth-
ylphenidate and sudden death/arrhythmia, stroke, myo-
cardial infarction, all-cause death were 1.46 (1.03, 2.07), 
0.92 (0.70, 1.21), 0.97 (0.77, 1.23) and 1.00 (0.49, 2.04), 

respectively. The results of the pooled analysis are summa-
rized in Table 4.

Sources of heterogeneity

A univariate meta-regression analysis was conducted to 
explore the between-study heterogeneity among ADHD 
medications and sudden death/arrhythmia. The results 
showed that the covariates of publication year (P = 0.427), 
country where the studies were conducted (P = 0.298), study 
design (P = 0.326), sample size (P = 0.231) were not the 
source of heterogeneity.

Table 3   Quality assessment of 
studies included in the meta-
analysis

* represents one point
**, ***, **** indicates the score of each part
a Amphetamine, dextroamphetamine, methamphetamine, methylphenidate
b Amphetamine, atomoxetine, methylphenidate
c Methylphenidate, dexmethylphenidate, dextroamphetamines, amphetamine salts, atomoxetine, pemoline

ID First author Year Selection Quality assessment criteria

Comparability Exposure 
(outcome)

Overall 
quality

1 Schelleman H (Amphetamines) 2013 **** ** ** 8
2 Schelleman H (Atomoxetine) 2013 **** ** ** 8
3 Shin JY (Methylphenidate) 2016 ** ** *** 7
4 HuangMC (Methamphetamine) 2016 **** ** ** 8
5 Gould MSa 2009 *** ** ** 7
6 Schelleman Hb 2011 **** ** * 7
7 Schelleman Hb 2011 **** ** * 7
8 Cooper WOc 2011 **** ** ** 8
9 Habel LAb 2011 **** ** ** 8
10 Schelleman H (Methylphenidate) 2012 **** ** ** 8

Fig. 2   Forest plot of ADHD 
medications and the risk of sud-
den death/arrhythmia. The size 
of gray box is positively propor-
tional to the weight assigned to 
each study, and horizontal lines 
represent the 95% confidence 
intervals. a Amphetamine, 
dextroamphetamine, metham-
phetamine, methylphenidate. 
b Amphetamine, atomoxetine, 
methylphenidate. c Methylphe-
nidate, dexmethylphenidate, 
dextroamphetamines, ampheta-
mine salts, atomoxetine, 
pemoline
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One study [20] was found to be key contributors to this 
moderate between-study heterogeneity by the leave-one-out 
sensitivity analysis. After excluding this study, low hetero-
geneity (I2= 3.4%, Pheterogeneity= 0.406) was found, and the 
pooled RRs were 1.62 (95% CIs 1.45 to 1.81).

A univariate meta-regression analysis was also conducted 
to explore the between-study heterogeneity among ADHD 
medications and stroke. The results showed that the covari-
ates of publication year (P = 0.527), country where the stud-
ies were conducted (P = 0.603), study design (P = 0.311), 
sample size (P = 0.568) were not the source of heterogeneity.

Influence analysis and small‑study effect

In influence analysis, no individual study was found to have 
an excessive influence on the pooled effect in influence anal-
ysis for ADHD medications and sudden death/arrhythmia 
(Fig. 3). The pooled RRs (95% CIs) ranged from 1.29 (0.90, 

Table 4   Summary risk estimates of the association between ADHD medications, methylphenidate and risk of sudden death/arrhythmia as well 
as stroke, myocardial infarction, all-cause death

ADHD attention deficit hyperactivity disorder, CI confidence interval, RR relative risk

Exposure Outcome Subgroup No. of studies Pooled RR (95% CI) I2 (%) P value

ADHD medications Sudden death/arrhythmia All studies 10 1.39 (1.06, 1.83) 56.80 0.013
Sensitivity analysis
Sudden death (excluding arrhythmia) 8 1.21 (0.76,1.92) 57.40 0.022
Study design
 Cohort study 8 1.24 (0.84, 1.83) 55.30 0.029
 Case–control study 2 2.46 (0.64, 9.41) 55.60 0.004

Population
 Child 5 1.61 (1.49, 1.74) 0.00 0.548
 Adult 5 1.23 (0.77, 1.98) 73.80 0.004

Country
 America 8 1.21 (0.76, 1.92) 57.40 0.022
 Non-America 2 1.62 (1.49, 1.75) 0.00 0.511

Follow-up duration
 > 1 years 3 1.61 (1.49, 1.75) 0.00 0.543
 < 1 years 6 1.13 (0.69, 1.85) 61.90 0.022

Female proportion
 > 50% 3 1.21 (0.67, 2.21) 81.20 0.005
 < 50% 5 1.62 (1.49, 1.75) 0.00 0.483

Covariates adjustment
 Adjust age and gender 6 1.21 (0.78, 1.87) 68.00 0.008
 Non-adjust age and gender 3 1.61 (1.48, 1.74) 0.00 0.989

All-cause death All studies 5 0.89 (0.54, 1.45) 94.10 0.000
Stroke All studies 8 1.00 (0.74, 1.35) 67.30 0.003
Myocardial infarction All studies 6 0.91 (0.79, 1.05) 0.00 0.445

Methylphenidate Sudden death/arrhythmia All studies 6 1.46 (1.03, 2.07) 58.50 0.034
All-cause death All studies 3 1.00 (0.49, 2.04) 88.50 0.000
Stroke All studies 3 0.92 (0.70, 1.21) 49.70 0.137
Myocardial infarction All studies 3 0.97 (0.77, 1.23) 40.80 0.185

Fig. 3   Influence analysis of the included studies for ADHD medica-
tions and the risk of sudden death/arrhythmia. The middle line repre-
sents the pooled effect value. The bilateral lines represent 95% confi-
dence interval
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1.84) to 1.62 (1.45, 1.81). The visual inspection of the fun-
nel plot and Egger’s test (P = 0.443) showed no evidence of 
publication bias for all included studies (Fig. 4).

No individual study was found to have an excessive 
influence on the pooled effect in influence analysis among 
ADHD medications and stroke. The pooled RRs (95% CIs) 
ranged from 0.86 (0.73, 1.01) to 1.08 (0.78, 1.49). The visual 
inspection of the funnel plot and Egger’s test (P = 0.970) 
showed no evidence of publication bias for all included stud-
ies for stroke.

Discussion

Our meta-analysis based on ten studies including 4,221,929 
participants showed a positive association between ADHD 
medications and risk of sudden death/arrhythmia. A meta-
analysis (three studies, 1,884,963 patients) in 2013s con-
ducted by Marianna Mazza [30] showed inconsistent con-
clusions. Because this meta-analysis only contained three 
studies (1,884,963 patients), fewer participants resulted in 
inconsistent results with our study and decreased the power 
of test. Our study failed to confirm the relationship between 
ADHD medications and stroke, myocardial infarction, all-
cause death. The single methylphenidate user showed the 
positive association with the risk of sudden death/arrhyth-
mia, but the association between methylphenidate and 
stroke, myocardial infarction, all-cause death was no statis-
tical significance.

Not a single factor but various factors conjointly account 
for the impact of ADHD medications on cardiovascular 
diseases. ADHD medications (both stimulants and atom-
oxetine) have the same pharmacological properties to pro-
duce cardiovascular effects by increasing heart rate and 
blood pressure. For each type of ADHD drug, the situation 

is slightly different. Methylphenidate and amphetamines 
are sympathomimetic agents that stimulate the release of 
catecholamine [31], which increase heart rate and blood 
pressure. A similar assay can be applied to atomoxetine, a 
selective norepinephrine reuptake inhibitor that is used in 
ADHD therapy since 2003. It has been calculated that these 
agents can increase systolic and diastolic blood pressures 
(on average 1–4 mmHg) and heart rate (on average 3–8 bpm) 
[19]. And a meta-analysis concluded that an increment in 
resting heart rate can increase the risk of sudden death [32]. 
High resting heart rate increases the risk of sudden death 
that results from ventricular fibrillation [33].

Furthermore, increased blood pressure was related to an 
increased risk of sudden death/arrhythmia in a prospective 
population-based study [34]. Increased blood pressure is an 
independent risk factor for coronary artery disease. It has 
been documented that hypertension and coronary artery dis-
ease predisposes to left ventricular hypertrophy, which has 
been shown to increase the risk of arrhythmias and sudden 
cardiac death [35–37]. Meanwhile, high blood pressure also 
accelerates the process of plaque rupture that may lead to 
sudden death/arrhythmia [38, 39]. All these effects predis-
pose users to a higher risk of sudden death/arrhythmia.

Our meta-analysis showed moderate between-study het-
erogeneity. A univariate meta-regression analysis with the 
covariates of publication year, country where the studies 
were conducted, study design, sample size was conducted 
to explore the between-study heterogeneity among ADHD 
medications and sudden death/arrhythmia. However, no 
source of heterogeneity was identified.

One study [20] was found to be key contributors to this 
moderate between-study heterogeneity by the leave-one-out 
sensitivity analysis. After excluding this study, the hetero-
geneity was low, and the results were found to be consistent 
with the one based on all studies, indicating that our results 
were stable and reliable. The reasons why this article con-
tributes to moderate heterogeneity may be as follows: First, 
the subject age of this study [20] was large. Second, this 
study used an ICD-9/10 code-based definition for outcome, 
which may generate misclassification of some outcome. 
Third, confounders adjusted for in each study were differ-
ent. The confounders (e.g., the medical status and drugs use) 
adjusted in this study were not completely consistent with 
other studies. Forth, the proportion of each single drug used 
is different. All these factors combined to contribute to the 
between-study heterogeneity.

A major strength of the present meta-analysis is a 
larger number of participants included, allowing a much 
greater possibility of reaching reasonable conclusions. 
Second, nearly all included studies had adjusted for poten-
tial confounders (e.g., age, gender, data source) increas-
ing the credibility of the results. Third, our study analyzed 
the association between ADHD medications and four 

Fig. 4   The funnel plot of ADHD medications and the risk of sudden 
death/arrhythmia. Each dot represents a different study
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cardiovascular diseases (sudden death/arrhythmia, stroke, 
myocardial infarction as well as all-cause death), indicating 
a multifaceted relationship between them.

This study has some limitations. First, the diagnosis in 
the claims data was coded based on the ICD-9-CM or ICD-
10-CM System, and misclassification of some cases may 
have occurred. Second, confounders adjusted for in each 
study were different and there are some additional unknown 
confounders that might result in residual confounding. 
Third, some studies with respect to duration, dosage, and 
route of ADHD administration were not available in the 
studies. Thus, we were unable to investigate any possible 
dose–response relationship between ADHD medications 
and outcome measures. Fourth, because of the limited study 
number, we could not analyze the relationship between any 
single medication and the outcome interest. Fifth, because 
of the small number of studies included in some subgroup 
analysis, the conclusions of some subgroups are unstable.

Conclusions and implications

In summary, based on the results of cohort studies, there 
was no correlation between ADHD medications and sud-
den death/arrhythmia, stroke, myocardial infarction and all-
cause death. However, some of the confidence intervals do 
not exclude modest elevated risks, e.g., for sudden death/
arrhythmia. With the increased use of drugs for ADHD glob-
ally, the benefits of ADHD medications should be carefully 
weighed against the potential cardiovascular diseases risk. 
Patients treated with ADHD medications should be periodi-
cally monitored for changes in heart rate or blood pressure.
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