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BETWEEN 2001 AND 2010, USE

of medications labeled for
treatment of attention-deficit/
hyperactivity disorder (ADHD)

increased even more rapidly in adults
than in children.1 According to a 2006
US Food and Drug Administration
(FDA) advisory committee briefing on
the safety of ADHD medications, more
than 1.5 million US adults were tak-
ing stimulants in 2005, and adults re-
ceived approximately 32% of all is-
sued prescriptions.2 The increase in
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Context More than 1.5 million US adults use stimulants and other medications labeled
for treatment of attention-deficit/hyperactivity disorder (ADHD). These agents can in-
crease heart rate and blood pressure, raising concerns about their cardiovascular safety.

Objective To examine whether current use of medications prescribed primarily to
treat ADHD is associated with increased risk of serious cardiovascular events in young
and middle-aged adults.

Design, Setting, and Participants Retrospective, population-based cohort study
using electronic health care records from 4 study sites (OptumInsight Epidemiology,
Tennessee Medicaid, Kaiser Permanente California, and the HMO Research Net-
work), starting in 1986 at 1 site and ending in 2005 at all sites, with additional covar-
iate assessment using 2007 survey data. Participants were adults aged 25 through 64
years with dispensed prescriptions for methylphenidate, amphetamine, or atomox-
etine at baseline. Each medication user (n=150 359) was matched to 2 nonusers on
study site, birth year, sex, and calendar year (443 198 total users and nonusers).

Main Outcome Measures Serious cardiovascular events, including myocardial in-
farction (MI), sudden cardiac death (SCD), or stroke, with comparison between cur-
rent or new users and remote users to account for potential healthy-user bias.

Results During 806 182 person-years of follow-up (median, 1.3 years per person), 1357
cases of MI, 296 cases of SCD, and 575 cases of stroke occurred. There were 107 322
person-years of current use (median, 0.33 years), with a crude incidence per 1000 person-
years of 1.34 (95% CI, 1.14-1.57) for MI, 0.30 (95% CI, 0.20-0.42) for SCD, and 0.56
(95% CI, 0.43-0.72) for stroke. The multivariable-adjusted rate ratio (RR) of serious car-
diovascular events for current use vs nonuse of ADHD medications was 0.83 (95% CI,
0.72-0.96). Among new users of ADHD medications, the adjusted RR was 0.77 (95%
CI, 0.63-0.94). The adjusted RR for current use vs remote use was 1.03 (95% CI, 0.86-
1.24); for new use vs remote use, the adjusted RR was 1.02 (95% CI, 0.82-1.28); the
upper limit of 1.28 corresponds to an additional 0.19 events per 1000 person-years at
ages 25-44 years and 0.77 events per 1000 person-years at ages 45-64 years.

Conclusions Among young and middle-aged adults, current or new use of ADHD
medications, compared with nonuse or remote use, was not associated with an in-
creased risk of serious cardiovascular events. Apparent protective associations likely
represent healthy-user bias.
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ADHD diagnoses is likely the primary
cause of increased prescribing,3,4 al-
though stimulants also are approved for
treatment of narcolepsy5 and may be
used off-label to treat obesity6 and fa-
tigue related to depression,7 stroke,8 or
traumatic brain injury.9 Adults with
ADHD are commonly treated with the
stimulant classes methylphenidate and
amphetamine and increasingly with a
nonstimulant agent, atomoxetine.

Placebo-controlled studies in chil-
dren and adults indicate that stimu-
lants and atomoxetine elevate systolic
blood pressure levels by approxi-
mately 2 to 5 mm Hg and diastolic
blood pressure levels by 1 to 3 mm Hg
and also lead to increases in heart
rate.10,11 Although these effects would
be expected to slightly increase risk for
myocardial infarction (MI), sudden car-
diac death (SCD), and stroke,12 clini-
cal trials have not been large enough to
assess risk of these events.

In a summary from the FDA Adverse
Event Reporting System, cardiac arrest,
MI, and sudden unexplained death were
among the top 50 adverse events re-
ported after use of amphetamines and
methylphenidate.2 Although 1 study
among children suggested markedly el-
evated risks of SCD,13 cardiovascular
safety data from pharmacoepidemio-
logic studies are limited and inconsis-
tent,13-16 especially among adults.17,18

The aim of this study was to examine
whether current use of medications used
primarily to treat ADHD is associated
with increased risk of MI, SCD, or stroke
in adults aged 25 through 64 years. Study
drugs included all agents with a labeled
indication for treatment of ADHD in
either children or adults as of Decem-
ber 31, 2005.

METHODS
The study was conducted in parallel
with a study of ADHD drug use and se-
rious cardiovascular events in youths
aged 2 through 24 years.19

Data Sites

Study sites included Vanderbilt Uni-
versity (Tennessee State Medicaid data),
Kaiser Permanente (KP) California

(northern and southern KP regions),
Optum Insight Epidemiology (data
from a large health insurance plan), and
the HMO Research Network (Harvard
Pilgrim Health Care; Fallon Commu-
nity Health Plan; Group Health Coop-
erative of Puget Sound; HealthPart-
ners; KP Georgia; KP Northwest; and
KP Colorado). The selected sites pro-
vide geographic and sociodemo-
graphic diversity and have similar com-
puterized data structures.

Thestartdatefortheavailabilityofcom-
puterizeddatadifferedacrossstudysites,
ranging from 1986 to 2002. Follow-up
concludedat theendof2005sothatmor-
tality searchescouldbeconductedusing
complete statedeathrecordsandtheNa-
tional Death Index. The study was ap-
provedbythe institutional reviewboards
ofeachparticipatinginstitutionandbythe
FDA Research in Human Subjects Com-
mittee. The requirement for participant
informed consent was waived.

Study Participants

Eligible individuals were aged 25
through 64 years with at least 12
months of continuous health plan cov-
erage and pharmacy benefits before co-
hort entry (time zero). Individuals were
excluded if they had 1 or more of the
following diagnoses (based on Interna-
tional Classification of Diseases, Ninth
Revision [ICD-9] or International Clas-
sification of Diseases, Tenth Revision
[ICD-10] codes) within 365 days be-
fore cohort entry: sickle cell disease,
cancer (other than nonmelanoma skin
cancer), human immunodeficiency vi-
rus infection, organ transplant, liver fail-
ure/hepatic coma, end-stage renal dis-
ease, respiratory failure, or congestive
heart failure. When these diagnoses oc-
curred after cohort entry, follow-up
time was censored.

At each contributing site, we as-
sembled the eligible members and peri-
ods when all eligibility criteria were met.
For each exposed period (ie, at least 1
ADHD prescription), starting with the
earliest, we randomly selected 2 unex-
posed periods from all members with no
ADHD medication use at cohort entry
and the same sex and birth year.

Study Medications
and Exposure Categories
Medication use was based on prescrip-
tion fills from electronic pharmacy rec-
ords. ADHD medications included
stimulant-class medications (methyl-
phenidate, amphetamines, pemoline)
and atomoxetine, a selective norepineph-
rine reuptake inhibitor. Amphetamines
included dextroamphetamines and am-
phetamine salts. Although infrequently
used and not structurally similar to the
other stimulants, pemoline was in-
cluded because of its labeled indication
for ADHD. Each person-day of fol-
low-up was classified into mutually ex-
clusive exposure categories according to
ADHD drug use, based on prescription
dispensing dates and days supply.

Current use was defined as the period
between prescription start date and end
of days supply (including up to a 7-day
carryover from previous prescriptions).
Indeterminateusewas the first89daysaf-
ter end of current use. Former use began
at 90 days after end of current use and
ended at 364 days after last current use.
Greater than 364 days since end of last
days supply was considered remote use.
Nonuse referred to person-days with no
current use and no past use (back to 365
daysbeforecohort entry).Pastusersand
nonuserscouldbecomecurrentusersdur-
ing follow-up; when this occurred, their
person-time was classified as described
above.Less than1%ofnonusersbecame
usersafterbaseline.Currentusewas fur-
ther categorized based on specific medi-
cations(amphetamines,methylphenidate,
atomoxetine, multiple ADHD drugs, or
pemoline) and on prespecified duration
categories(1-30days,31-90days,91-182
days, 183-365 days, �366 days).

We consider current use the most
etiologically relevant exposure. Risk
during current use was compared with
risk during nonuse. In addition, to ac-
count for potential selection bias or un-
measured confounding that could arise
from users being more or less healthy
than nonusers, we restricted some
analyses to ever users of ADHD medi-
cations. These analyses compared rates
during periods of current use with rates
during periods 365 days or more after
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use ended (ie, remote use). These analy-
ses are less influenced by potential con-
founders that are unmeasured and
stable over time, but analyses assume
no medication effects that remain af-
ter discontinuation.

Study End Points

Potential end points were identified
from claims and vital records (diagno-
ses and ICD codes provided in eTable
1, available at http://www.jama.com).
For members with death not identi-
fied from these sources and whose
health plan enrollment ended prior to
end of study period, we performed Na-
tional Death Index searches.

Medical records, including hospital-
izations, reports from emergency medi-
cal services, autopsies, and death cer-
tificates, were requested for all potential
SCDs (n=411) and strokes (n=980) and
for a random 31% sample of potential
MIs (n=433) for assessment by trained
adjudicators (primary care physicians for
MI and SCD, neurologists for stroke).

Of the371MIcaseswithsufficient rec-
ords available, 353 (95%) were con-
firmedbyadjudication.Myocardial infarc-
tion was defined as an acute event
involving hospitalization with charac-
teristic changes in cardiac enzyme lev-
els and either symptoms or characteris-
tic electrocardiographic changes.20,21

Sudden cardiac death was defined as wit-
nessedsuddendeath inacommunityset-
ting, preceded by typical symptoms of
cardiac ischemia. Deaths were excluded
when documentation suggested a non-
cardiac cause (eg, motor vehicle crash)
or if clinically severe heart disease was
presentandsuddencardiacdeathwasnot
unexpected (eg, end-stage congestive
heart failure). Stroke was defined as an
acute neurologic deficit of sudden onset
that persisted more than 24 hours, cor-
respondedtoavascular territory,andwas
not explained by other causes such as
trauma, infection, vasculitis, extracra-
nial hemorrhage leading to hypoten-
sion, or profound hypotension from
anothercause.Strokes thatoccurreddur-
ing a hospitalization were excluded.

All MIs, other than those deter-
mined by adjudication to be noncases

(n=18), were included in analyses. For
potential SCD cases without available
or adequate hospital or autopsy rec-
ords (n = 203), we used an ICD-9/
ICD-10 code–based definition with a
previously reported positive predic-
tive value of 86%.22 SCD cases based on
the code-based definition (n=157), as
well as those confirmed by clinical ad-
judication (n=139), were included in
primary analyses. For potential strokes
with insufficient hospital or autopsy
records for clinical adjudication
(n=179) or for which records were un-
available (n = 69), we used a code-
based definition to identify probable
strokes. Probable strokes had ICD-9/
ICD-10 codes with a positive predic-
tive value of 80% or greater, based on
those strokes for which records were
available. Strokes confirmed by adju-
dication (n=451) and those with in-
sufficient records meeting the diagnos-
tic code–based definition (n=124) were
included as events in primary analy-
ses (eTable 2A and B). In secondary
analyses, we included all electroni-
cally identified SCDs or strokes ex-
cept those confirmed as nonevents by
adjudication.

Confounders

To control for potential differences in
cardiovascular disease (CVD) risk be-
tween exposed and unexposed indi-
viduals, we constructed a summary car-
diovascular risk score (CRS).23,24 The
CRS was based on inpatient and out-
patient diagnoses (from claims or
encounter databases) and pharmacy
records and included CVD and medi-
cations, mental health conditions
(excluding ADHD) and use of psycho-
tropic medications, other health con-
ditions (eg, diabetes mellitus, obesity,
smoking-related) and medications, and
health care utilization (TABLE 1 and
eTable 3).

For each end point (MI, SCD, stroke,
or any serious cardiovascular event), a
separate score was created from a Pois-
son regression model among all pa-
tients, adjusted for ADHD medica-
tions and matching variables (age, sex,
data site, calendar year at cohort en-

try). The score was the linear predic-
tor from the coefficients of the result-
ing regression model, excluding the
coefficients for ADHD medications and
the matching variables.

In primary analyses, several CRS vari-
ables not thought to be on the causal
pathway between medication use and
our outcomes were treated as time vary-
ing (eTable 3). In secondary analyses,
all CRS variables were based on diag-
noses or medication use in the 365 days
prior to cohort entry and fixed at base-
line. For the new-user analyses, we used
the CRS for comparisons of current vs
remote use and constructed a propen-
sity score25 for current vs nonuse of
ADHD medications at cohort entry,
using variables included in the CRS.

Unmeasured Confounders

To examine the possible extent and di-
rection of unmeasured confounding by
risk factors for CVD on which informa-
tion was not or was inconsistently avail-
able in the electronic health care rec-
ords, we conducted sensitivity analyses
using information on potential con-
founders from 2 sources. Race/
ethnicity, smoking, obesity, history of
CVD,anddrugabusewereobtained from
the adjudicated records of MI, SCD, and
stroke cases. In addition, race/
ethnicity, income, education, smoking,
obesity, and family history of CVD were
available for approximately 200 000 KP
Northern California members aged 25
through 64 years who completed a
mailed survey for a different study in
2007 (eMethods). Electronic pharmacy
records for ADHD medications were ob-
tained for survey participants.

We used multivariable logistic re-
gression to examine the association be-
tween potential confounders (from
either survey or chart reviews) and use
of ADHD medications. For variables as-
sociated with use of ADHD medica-
tions, we assessed the extent of their po-
tential confounding effect on rate ratios
(RRs) for MI, SCD, or stroke associ-
ated with ADHD medications, using ex-
ternal adjustment methods.26-28 This ap-
proach assumed that associations in our
study population were similar to those
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in our external samples and did not ad-
dress joint confounding by several un-
measured covariates.

Statistical Analysis

Follow-up began at cohort entry and
ended at 1 of the 4 end points (MI, SCD,
stroke, or any of these serious cardio-
vascular events), death, end of insur-
ance coverage or pharmacy benefit, day
before 65th birthday, or end of study pe-
riod (December 2005), whichever came
first. Poisson regression was used to es-
timate the association of ADHD medi-
cation use with risk of serious cardio-
vascular events, while adjusting for
potentially confounding variables. Co-
variates in the full model included study
site, age (5-year dummy categories), sex,
calendar year (1986-1992, 1993-1999,
2000-2001, 2002-2003, 2004-2005), and
CRS (specified as decile dummies).
Matching variables (site, age, sex, cal-
endar year at cohort entry) were in-
cluded in the full model because,
although matching ensured balance with
respect to these variables at baseline, it
did not ensure balance during follow-up.

To minimize biases related to under-
ascertainment of events occurring early
in therapy,29 we also conducted analy-
ses restricted to new users of ADHD
medications (no use in the year prior
to baseline). In these analyses, risk dur-
ing periods of current use was com-
pared with risk during periods remote
from last use. Current use among new
users also was compared with nonuse
(in their matches).

To examine whether associations
could be influenced by prior disease
conditions, we conducted subgroup
analyses. In one analysis, users were re-
stricted to those with a prior diagnosis
of ADHD and compared with matched
nonusers. Additional subgroups were
based on prior CVD, prior non-ADHD
psychiatric diagnoses or medication use,
age (25-44 vs 45-64 years) during fol-
low-up, and data site.

When examining rates of any seri-
ous cardiovascular event in the full co-
hort, we had 80% power to detect RRs
of 1.23 for current use vs nonuse and
1.30 for current use vs remote use. In

Table 1. Selected Characteristics of Study Cohort at Baselinea

Characteristic Current Use Nonuse

No. of unique individuals 150 359 292 839

No. of membership periodsb 152 852 293 749

Year of cohort entry, median 2003 2003

Person-years during follow-upc 107 322 533 540

Demographic and Clinical
Demographics

Age, median (IQR), y 42 (34-49) 42 (34-49)

Male sex 70 245 (46.0) 135 002 (46.0)

Medicaid enrollment 14 786 (9.7) 29 171 (9.9)

ADHD medication
Amphetamines 57 824 (37.8)

Methylphenidate 70 923 (46.4)

Atomoxetine 19 283 (12.6)

Pemoline 3973 (2.6)

Multiple 849 (0.6)

Cardiovascular disease within past yeard

Acute MI 340 (0.2) 689 (0.2)

Ischemia 3998 (2.6) 6857 (2.3)

Coronary revascularization 253 (0.2) 643 (0.2)

Congestive heart failure 1112 (0.7) 1759 (0.6)

Arrhythmia 3560 (2.3) 5076 (1.7)

Stroke/transient ischemic attack 1826 (1.2) 2075 (0.7)

Congenital heart disorder 331 (0.2) 556 (0.2)

Coronary artery anomaly 66 (0.0) 89 (0.0)

Peripheral vascular disease 1225 (0.8) 1651 (0.6)

Hypertension 22 562 (14.8) 39 011 (13.3)

Hyperlipidemiae 28 613 (18.7) 42 601 (14.5)

Mental health claims within past year
ADHD 46 356 (30.3) 455 (0.2)

Major depression 61 417 (40.2) 23 296 (7.9)

Bipolar disorder 11 196 (7.3) 2682 (0.9)

Anxiety 30 472 (19.9) 15 670 (5.3)

Psychotic disorders 2494 (1.6) 1833 (0.6)

Other selected medical conditions within past year
Diabetese 8972 (5.9) 15 862 (5.4)

Obesity 9119 (6.0) 11 439 (3.9)

Smoking 11 579 (7.6) 14 717 (5.0)

Alcohol/substance abuse 7965 (5.2) 4514 (1.5)

Suicide attempt 795 (0.5) 410 (0.1)

Injury 30 655 (20.1) 37 559 (12.8)

Seizure 3062 (2.0) 2854 (1.0)

Asthma 11 627 (7.6) 12 432 (4.2)

Use of cardiovascular drug within past yeard

Loop diuretic 4328 (2.8) 4932 (1.7)

Digoxin 587 (0.4) 1130 (0.4)

Nitrates 1941 (1.3) 3298 (1.1)

Anticoagulant 1768 (1.2) 2421 (0.8)

Platelet inhibitor 996 (0.7) 1675 (0.6)

Antiarrhythmic agents 556 (0.4) 631 (0.2)

ACE inhibitor 10 719 (7.0) 19 796 (6.7)

Angiotensin receptor blocker 3652 (2.4) 5988 (2.0)

�-Blocker 12 431 (8.1) 19 091 (6.5)

Calcium-channel blocker 7028 (4.6) 12 233 (4.2)

Thiazide diuretic 12 471 (8.2) 20 008 (6.8)

Other antihypertensive 1668 (1.1) 2192 (0.7)
(continued)
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new-user analyses, the least detectable
RRs were 1.31 for current use vs non-
use and 1.38 for current vs remote use.

All analyses were performed using
SAS version 9.1. For all RR estimates,
95% confidence limits were reported.

RESULTS
The study included a total of 443 198
adults, of whom 150 359 were users of
ADHD medications at baseline. Meth-
ylphenidate accounted for 45% of cur-
rent use; amphetamine, for 44%; ato-
moxetine, for 8%; and pemoline, for 3%.

Characteristics of Study Population

Baseline characteristics of users and
nonusers are reported in Table 1; char-
acteristics of person-time by medica-
tion use are reported in eTable 3. Car-
diovascular diseases were generally
uncommon and similar or modestly
more prevalent in users than nonus-
ers. As expected, ADHD was substan-
tially more common among current us-
ers than nonusers. This also was true
for other psychiatric conditions. The
prevalences of cardiovascular risk fac-
tors were modestly higher during pe-
riods of remote use than during peri-
ods of current use or nonuse.

Number of Events and RRs
in the Full Cohort

During 806 182 person-years of fol-
low-up (median, 1.3 [interquartile
range, 0.6-2.6] years per person), 1357
cases of MI, 296 cases of SCD, and 575
cases of stroke occurred. There were
107 322 person-years of current use
(median, 0.33 [range, 0.0-13.5] years
per user), with a crude incidence per
1000 person-years of 1.34 (95% CI,
1.14-1.57) for MI, 0.30 (95% CI, 0.20-
0.42) for SCD, and 0.56 (95% CI, 0.43-
0.72) for stroke.

In analysis adjusted for matching
variables only, the RR of MI, SCD, or
stroke for current vs nonuse of ADHD
medications was 0.97 (95% CI, 0.84-
1.12). After also adjusting for the CRS,
the RR was modestly lower (0.83 [95%
CI, 0.72-0.96]). Results were similar for
specific medications and across end
points (FIGURE 1 and eTable 4). Rate

ratios also were similar for ischemic or
hemorrhagic stroke (eTable 5A and B).
Findings for SCD and stroke changed
only minimally when all electroni-
cally identified cases were included ex-

cept those adjudicated as noncases
(eTable 6A and B). Overall results were
essentially unchanged when all vari-
ables in the CRS were fixed at baseline
(eTable 7).

Table 1. Selected Characteristics of Study Cohort at Baselinea (continued)

Characteristic Current Use Nonuse
Demographic and Clinical (cont.)

Use of psychotropic medications within past year
Antipsychotic, any 14 618 (9.6) 5371 (1.8)
Tricyclic antidepressant 14 224 (9.3) 9907 (3.4)
Antidepressants, other or SSRI/SNRI 81 639 (53.4) 36 962 (12.6)
Benzodiazepines 43 695 (28.6) 25 956 (8.8)
Lithium 4177 (2.7) 1002 (0.3)
Modafinil 4732 (3.1) 383 (0.1)
Insomnia medications 15 270 (10.0) 6732 (2.3)
Thioridazine 307 (0.2) 181 (0.1)
Mood stabilizers, without seizure 22 426 (14.7) 8631 (2.9)
Clonidine/guanfacine, without hypertension 2000 (1.3) 659 (0.2)

Use of other selected medications within past year
�-Agonist 18 971 (12.4) 20 835 (7.1)
Epinephrine 1342 (0.9) 1274 (0.4)
Asthma medications, other 39 645 (25.9) 45 102 (15.4)
Seizure medications, any 24 139 (15.8) 10 397 (3.5)
Theophylline compounds (asthma medication) 960 (0.6) 1200 (0.4)
COX-2 inhibitors 10 666 (7.0) 10 838 (3.7)
Other drugs to improve blood flow 216 (0.1) 250 (0.1)
Clonidine 2602 (1.7) 1787 (0.6)
Phosphodiesterase type 5 inhibitors 5183 (3.4) 4504 (1.5)
Triptans 7164 (4.7) 5298 (1.8)
Oral contraceptives 18 379 (12.0) 28 590 (9.7)
Hormones, menopausal 18 026 (11.8) 23 388 (8.0)

Health Care Utilization Within Past Year
Cardiovascular visits

Emergency, �1 5728 (3.7) 7697 (2.6)
Inpatient, �1 6022 (3.9) 7130 (2.4)
Physician, 1-4 43 474 (28.4) 65 256 (22.2)
Physician, �5 13 242 (8.7) 17 713 (6.0)

Psychiatric visitsf

Emergency, �1 4417 (2.9) 2897 (1.0)
Inpatient, �1 7761 (5.1) 3827 (1.3)
Physician, 1-4 43 538 (28.5) 26 703 (9.1)
Physician, �5 40 176 (26.3) 11 048 (3.8)

Other visits
Emergency, �1 7885 (5.2) 9594 (3.3)
Inpatient, �1 5812 (3.8) 5595 (1.9)
Physician, �1 55 386 (36.2) 69 134 (23.5)

No. of different medicationsg

1 24 309 (15.9) 61 193 (20.8)
�2 108 955 (71.3) 116 680 (39.7)

Abbreviations: ACE, angiotensin-converting enzyme; ADHD, attention-deficit/hyperactivity disorder; COX-2, cyclooxy-
genase 2; IQR, interquartile range; MI, myocardial infarction; SNRI, serotonin and norepinephrine reuptake inhibitor;
SSRI, selective serotonin reuptake inhibitor.

aData are presented as No. (%) unless otherwise indicated.
bAll variables in table included in cardiovascular risk score, except demographics and ADHD. Percentages are based

on membership periods. There were 299 indeterminate and former users at baseline.
cFollow-up time based on combined end point (MI, sudden cardiac death, or stroke).
dVariables used to define history of cardiovascular disease for subgroup analyses in Figure 2.
e Including medications.
fExcluding ADHD visits.
gExcluding ADHD medications.
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Analyses Restricted to Users
of ADHD Medications
(Remote Use Comparison)
Among ever users of ADHD medica-
tions, the adjusted RR of serious car-
diovascular events was nearly the same
during periods of current use as dur-
ing follow-up periods more than 1 year
after use ended (RR, 1.03 [95% CI, 0.86-
1.24]) (TABLE 2). This 1.24 estimated

upper bound for the RR would corre-
spond to an absolute risk difference of
0.17 serious cardiovascular events per
1000 person-years in adults aged 25
through 44 years (ages at which the ab-
solute risk was only 0.87 per 1000 per-
son-years) and of 0.68 serious cardio-
vascular events per 1000 person-years
in adults aged 45 through 64 years
(ages at which the absolute risk dur-

ing current use was 3.5 per 1000 per-
son-years).

New-User Analyses
In the new-user cohort, baseline char-
acteristics of new users of ADHD medi-
cation were generally similar to charac-
teristics of all ADHD medication users
(eTable 8). Cardiovascular diseases were
similar or slightly more prevalent in new
users than nonusers. ADHD and other
psychiatric conditions were substan-
tially more common in new users than
in nonusers. In the new-user analyses,
RRs for current vs remote use were close
to 1.0 for MI, stroke, and the combined
end point (TABLE 3). Although not sta-
tistically significant, RRs for methylphe-
nidate were 1.26 (95% CI, 0.88-1.80) for
MI, 1.44 (95% CI, 0.90-2.30) for stroke,
and 1.20 (95% CI, 0.91-1.59) for the
combined end point—somewhat higher
than the RRs for the other drugs.

For the combined end point, there was
no pattern of increasing risk with in-
creasing duration of current use or for
any window of time. For current use (all
durations combined) vs remote use, the
RR for the combined end point was 1.02.
The upper bound of the CI was 1.28; this
would amount to an additional 0.19
events per 1000 person-years at ages 25
through 44 years and an additional 0.77
events per 1000 person-years at ages 45
through 64 years.

Subgroup Analyses

Rate ratios were similar in all sub-
group analyses (FIGURE 2 and eTable
9). Although we did observe differ-
ences in event rates, cohort character-
istics, and RRs by data site, RRs for
current use were not statistically sig-
nificantly elevated at any site (eTables
10, 11, and 12).

Sensitivity Analyses—
Unmeasured Confounding

Information from review of medical rec-
ords of MI, SCD, and stroke cases and
the external survey population sug-
gested that several factors (obesity, smok-
ing, family history of CVD) were not or
were only very weakly associated with
use of ADHD medications and there-

Figure 1. Adjusted Rate Ratios for Serious Cardiovascular Events Associated With Use vs
Nonuse of ADHD Medications

Lower Risk Higher Risk

0.2 5.01.0

Rate Ratio (95% CI)

No. of
Events

Outcome and ADHD
Medication Use Person-Years

Rate Ratio
(95% CI)

MI
152Current use 113 324.2 0.88 (0.74-1.05)

86Indeterminate use 53 896.7 1.07 (0.85-1.33)
65Former use 47 858.5 0.78 (0.61-1.00)

147Remote use 69 792.9 0.82 (0.68-0.97)
907Nonuse 559 743.1 1 [Reference]

59Amphetamines 49 080.1 0.92 (0.70-1.19)
77Methylphenidate 51 232.8 0.89 (0.71-1.13)
11Atomoxetine 8424.8 0.87 (0.48-1.57)
5Pemoline 3047.3 0.71 (0.29-1.71)
0Multiple 1539.1 NA

0.2 5.01.0

Rate Ratio (95% CI)

SCD
32Current use 107 525.0 0.80 (0.55-1.18)

14Indeterminate use 51 814.0 0.73 (0.42-1.26)
20Former use 46 263.5 0.90 (0.57-1.44)
50Remote use 68 102.6 0.98 (0.71-1.35)

180Nonuse 535 515.5 1 [Reference]

13Amphetamines 46 910.0 0.93 (0.52-1.63)
13Methylphenidate 47 887.1 0.67 (0.38-1.18)
4Atomoxetine 8257.6 1.04 (0.38-2.82)
2Pemoline 2995.7 1.08 (0.27-4.37)
0Multiple 1474.5 NA

0.2 5.01.0

Rate Ratio (95% CI)

Stroke
63Current use 111 935.5 0.76 (0.58-1.00)

31Indeterminate use 53 327.8 0.83 (0.57-1.19)
39Former use 47 333.0 1.01 (0.73-1.41)
67Remote use 69 202.3 0.82 (0.63-1.07)

375Nonuse 553 458.5 1 [Reference]

19Amphetamines 48 672.9 0.63 (0.40-1.01)
39Methylphenidate 50 332.3 0.94 (0.68-1.32)
3Atomoxetine 8371.1 0.44 (0.14-1.38)
2Pemoline 3030.1 0.59 (0.15-2.39)
0Multiple 1529.2 NA

0.2 5.01.0

Rate Ratio (95% CI)

MI, SCD, or stroke
234Current use 107 322.4 0.83 (0.72-0.96)

125Indeterminate use 51 709.6 0.94 (0.78-1.13)
121Former use 46 120.8 0.86 (0.72-1.04)
243Remote use 67 489.0 0.81 (0.70-0.93)

1391Nonuse 533 540.4 1 [Reference]

88Amphetamines 46 826.5 0.85 (0.68-1.05)
120Methylphenidate 47 792.3 0.87 (0.72-1.04)
17Atomoxetine 8248.2 0.74 (0.46-1.19)
9Pemoline 2985.2 0.75 (0.39-1.45)
0Multiple 1470.1 NA

Rate ratios are adjusted for site, age, sex, calendar year, and cardiovascular risk score (some variables
within score are time varying). ADHD indicates attention-deficit/hyperactivity disorder; MI, myocardial
infarction; NA, not applicable; SCD, sudden cardiac death.
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fore were unlikely to be important con-
founders. However, in these data, users
of ADHD medications more often had
some college education compared with
nonusers (17% vs 10%, adjusting for
age). In addition, 5% of the stimulant us-
ers were black or Hispanic vs 12% of the
nonusers. If similar patterns for race/
ethnicity and education were also pre-

sent in our full study cohort, and if each
of these characteristics independently
multiplied the risk of serious cardiovas-
cular events by 2.4, then these 2 unmea-
sured factors would yield a healthy-
user bias substantial enough to account
for an apparent RR of 0.83 (as in our
comparison of current use vs nonuse),
given a true RR of 1.0.

COMMENT
In our population-based cohort of more
than 440 000 young and middle-aged
adults, including more than 150 000 us-
ers of ADHD medications identified
through filled prescriptions, we found
no evidence of an increased risk of MI,
SCD, or stroke associated with cur-
rent use compared with nonuse or re-

Table 2. Adjusted Rate Ratios for Serious Cardiovascular Events Associated With Periods of Current Use of Attention-Deficit/Hyperactivity
Disorder Medications vs Periods Remote From Last Use

Medication Status Person-Years
No. of
Events

Rate/1000
Person-Years

RR (95% CI)

Unadjusted
Adjusted

Matching-Variablesa Adjustedb

MI
Current use 113 324.2 152 1.34 0.64 (0.51-0.80) 0.98 (0.78-1.23) 1.08 (0.86-1.36)

Amphetamines 49 080.1 59 1.20 0.57 (0.42-0.77) 0.99 (0.73-1.34) 1.12 (0.83-1.52)
Methylphenidate 51 232.8 77 1.50 0.71 (0.54-0.94) 1.00 (0.76-1.32) 1.10 (0.83-1.45)
Atomoxetine 8424.8 11 1.31 0.62 (0.34-1.14) 0.99 (0.54-1.84) 1.06 (0.57-1.96)
Pemoline 3047.3 5 1.64 0.78 (0.32-1.90) 0.87 (0.36-2.13) 0.87 (0.36-2.12)
Multiple 1539.1 0 0.00 NA NA NA

Indeterminate use 53 896.7 86 1.60 0.76 (0.58-0.99) 1.19 (0.91-1.56) 1.31 (1.00-1.71)
Former use 47 858.5 65 1.36 0.64 (0.48-0.86) 0.92 (0.68-1.23) 0.96 (0.71-1.28)
Remote use 69 792.9 147 2.11 1 [Reference] 1 [Reference] 1 [Reference]

SCDc

Current use 107 525.0 32 0.30 0.41 (0.26-0.63) 0.79 (0.50-1.24) 0.82 (0.52-1.29)
Amphetamines 46 910.0 13 0.28 0.38 (0.21-0.69) 0.85 (0.46-1.58) 0.94 (0.51-1.76)
Methylphenidate 47 887.1 13 0.27 0.37 (0.20-0.68) 0.66 (0.36-1.23) 0.68 (0.37-1.27)
Atomoxetine 8257.6 4 0.48 0.66 (0.24-1.83) 1.14 (0.41-3.18) 1.06 (0.38-2.95)
Pemoline 2995.7 2 0.67 0.91 (0.22-3.74) 1.11 (0.27-4.59) 1.10 (0.27-4.56)
Multiple 1474.5 0 0.00 NA NA NA

Indeterminate use 51 814.0 14 0.27 0.37 (0.20-0.67) 0.70 (0.39-1.28) 0.74 (0.41-1.35)
Former use 46 263.5 20 0.43 0.59 (0.35-0.99) 0.94 (0.56-1.58) 0.92 (0.55-1.55)
Remote use 68 102.6 50 0.73 1 [Reference] 1 [Reference] 1 [Reference]

Stroked

Current use 111 935.5 63 0.56 0.58 (0.41-0.82) 0.90 (0.63-1.28) 0.93 (0.65-1.31)
Amphetamines 48 672.9 19 0.39 0.40 (0.24-0.67) 0.70 (0.42-1.18) 0.77 (0.46-1.29)
Methylphenidate 50 332.3 39 0.77 0.80 (0.54-1.19) 1.15 (0.77-1.72) 1.15 (0.77-1.72)
Atomoxetine 8371.1 3 0.36 0.37 (0.12-1.18) 0.55 (0.17-1.75) 0.54 (0.17-1.71)
Pemoline 3030.1 2 0.66 0.68 (0.17-2.78) 0.74 (0.18-3.04) 0.72 (0.18-2.96)
Multiple 1529.2 0 0.00 NA NA NA

Indeterminate use 53 327.8 31 0.58 0.60 (0.39-0.92) 0.96 (0.63-1.48) 1.01 (0.65-1.54)
Former use 47 333.0 39 0.82 0.85 (0.57-1.26) 1.24 (0.85-1.85) 1.23 (0.83-1.83)
Remote use 69 202.3 67 0.97 1 [Reference] 1 [Reference] 1 [Reference]

MI, SCD, or strokec,d

Current use 107 322.4 234 2.18 0.61 (0.51-0.72) 0.96 (0.80-1.15) 1.03 (0.86-1.24)
Amphetamines 46 826.5 88 1.88 0.52 (0.41-0.67) 0.93 (0.73-1.19) 1.05 (0.82-1.34)
Methylphenidate 47 792.3 120 2.51 0.70 (0.56-0.87) 1.01 (0.81-1.26) 1.07 (0.86-1.34)
Atomoxetine 8248.2 17 2.06 0.57 (0.35-0.94) 0.90 (0.55-1.48) 0.92 (0.56-1.50)
Pemoline 2985.2 9 3.01 0.84 (0.43-1.63) 0.95 (0.49-1.85) 0.93 (0.48-1.82)
Multiple 1470.1 0 0.00 NA NA NA

Indeterminate use 51 709.6 125 2.42 0.67 (0.54-0.83) 1.09 (0.88-1.35) 1.17 (0.94-1.45)
Former use 46 120.8 121 2.62 0.73 (0.59-0.91) 1.06 (0.85-1.32) 1.07 (0.86-1.33)
Remote use 67 489.0 243 3.60 1 [Reference] 1 [Reference] 1 [Reference]

Abbreviations: MI, myocardial infarction; NA, not applicable; RR, rate ratio; SCD, sudden cardiac death.
aAdjusted for site, age, sex, and calendar year (ie, matching variables).
bAdjusted for site, age, sex, calendar year, and cardiovascular risk score (some variables within score are time varying).
cAnalyses excluded the 3 Health Maintenance Organization Research Network (HMORN) sites (Fallon Community, Kaiser Permanente [KP] Georgia, KP Northwest) that did not

provide data on SCD end points.
dAnalyses excluded the 2 HMORN sites (Fallon Community, KP Georgia) that did not provide data on stroke end points.
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mote use of ADHD medications. We
also found little support for an in-
creased risk with any specific medica-
tion or with longer duration of cur-
rent use. Results were similar when
users were restricted to new users. Rate

ratios did not appear to be influenced
by prior CVD or by prior non-ADHD
psychiatric conditions. They also were
similar across age groups. As ex-
pected, event rates were substantially
higher in the Medicaid population;

however, the RR for current use was
similar to that in other sites.

Our study has several limitations. Use
of ADHD medications was based on
electronic pharmacy records of filled
prescriptions. Filled prescriptions may

Table 3. Adjusted Rate Ratios for Serious Cardiovascular Events Associated With Periods of New Use of Attention-Deficit/Hyperactivity
Disorder Medications vs Periods Remote From Last Use

Medication Status Person-Years
No. of
Events

Rate/1000
Person-Years

RR (95% CI)

Unadjusted
Adjusted

Matching-Variablesa Adjustedb

MI
Current use 55 533.9 77 1.39 0.67 (0.50-0.89) 1.04 (0.77-1.39) 1.08 (0.81-1.45)

Amphetamines 23 265.6 24 1.03 0.50 (0.32-0.77) 0.86 (0.55-1.34) 0.94 (0.60-1.46)
Methylphenidate 23 930.8 42 1.76 0.84 (0.59-1.20) 1.23 (0.86-1.75) 1.26 (0.88-1.80)
Atomoxetine 6475.3 9 1.39 0.67 (0.34-1.31) 1.06 (0.54-2.10) 1.06 (0.54-2.10)
Pemoline 1114.4 2 1.79 0.86 (0.21-3.49) 0.76 (0.19-3.07) 0.75 (0.18-3.03)
Multiple 747.7 0 0.00 NA NA NA

Duration, dc

1-30 7526.3 11 1.46 0.70 (0.38-1.30) 1.26 (0.68-2.33) 1.31 (0.70-2.43)
31-90 9656.8 11 1.14 0.55 (0.29-1.01) 1.01 (0.54-1.88) 1.06 (0.57-1.96)
91-182 9556.3 8 0.84 0.40 (0.20-1.47) 0.71 (0.35-1.47) 0.75 (0.36-1.53)
183-365 11 221.9 16 1.43 0.68 (0.41-1.15) 1.13 (0.67-1.92) 1.19 (0.70-2.01)
�366 16 425.2 29 1.77 0.85 (0.56-1.27) 1.09 (0.72-1.64) 1.15 (0.76-1.73)

Indeterminate use 31 090.0 52 1.67 0.80 (0.58-1.11) 1.27 (0.92-1.77) 1.32 (0.95-1.84)
Former use 35 087.7 55 1.57 0.75 (0.55-1.04) 1.08 (0.78-1.49) 1.08 (0.78-1.49)
Remote use 55 194.2 115 2.08 1 [Reference] 1 [Reference] 1 [Reference]

SCDd

Current use 52 203.2 15 0.29 0.34 (0.19-0.62) 0.61 (0.34-1.09) 0.62 (0.34-1.11)
Amphetamines 22 002.7 3 0.14 0.16 (0.05-0.53) 0.34 (0.11-1.10) 0.38 (0.12-1.22)
Methylphenidate 22 056.6 8 0.36 0.43 (0.20-0.92) 0.70 (0.33-1.50) 0.69 (0.32-1.46)
Atomoxetine 6348.4 3 0.47 0.57 (0.18-1.82) 0.95 (0.29-3.09) 0.90 (0.28-2.91)
Pemoline 1091.6 1 0.92 1.10 (0.15-7.96) 0.90 (0.12-6.63) 0.93 (0.13-6.77)
Multiple 703.9 0 0.00 NA NA NA

Duration, dc

1-30 7217.4 2 0.28 0.33 (0.08-1.37) 0.67 (0.16-2.79) 0.68 (0.16-2.81)
31-90 9195.9 2 0.22 0.26 (0.06-1.07) 0.56 (0.13-2.30) 0.56 (0.14-2.33)
91-182 9026.0 4 0.44 0.53 (0.19-2.30) 1.09 (0.39-3.04) 1.11 (0.40-3.10)
183-365 10 511.3 1 0.10 0.11 (0.02-0.83) 0.22 (0.03-1.59) 0.22 (0.03-1.62)
�366 15 129.8 5 0.33 0.40 (0.16-1.00) 0.57 (0.22-1.43) 0.57 (0.22-1.43)

Indeterminate use 29 752.7 13 0.44 0.52 (0.28-0.97) 0.94 (0.50-1.75) 0.96 (0.52-1.79)
Former use 33 877.6 16 0.47 0.57 (0.32-1.00) 0.89 (0.50-1.57) 0.88 (0.50-1.56)
Remote use 53 926.6 45 0.83 1 [Reference] 1 [Reference] 1 [Reference]

Strokee

Current use 54 569.3 41 0.75 0.73 (0.49-1.10) 1.10 (0.73-1.65) 1.09 (0.72-1.64)
Amphetamines 22 965.2 10 0.44 0.43 (0.22-0.83) 0.72 (0.37-1.41) 0.77 (0.39-1.53)
Methylphenidate 23 335.7 26 1.11 1.09 (0.68-1.73) 1.53 (0.96-2.45) 1.44 (0.90-2.30)
Atomoxetine 6429.4 3 0.47 0.46 (0.14-1.46) 0.66 (0.20-2.11) 0.64 (0.20-2.04)
Pemoline 1099.7 2 1.82 1.78 (0.43-7.28) 1.48 (0.36-6.08) 1.39 (0.34-5.72)
Multiple 739.3 0 0.00 NA NA NA

Duration, dc

1-30 7421.0 4 0.54 0.53 (0.19-6.08) 0.93 (0.34-2.57) 0.92 (0.33-2.53)
31-90 9511.8 6 0.63 0.62 (0.27-1.43) 1.10 (0.47-2.57) 1.08 (0.46-2.51)
91-182 9398.0 9 0.96 0.94 (0.46-1.89) 1.59 (0.78-3.23) 1.55 (0.76-3.14)
183-365 11 018.6 4 0.36 0.35 (0.13-0.98) 0.56 (0.20-1.55) 0.55 (0.20-1.53)
�366 16 087.6 16 0.99 0.97 (0.56-1.69) 1.19 (0.68-2.09) 1.21 (0.69-2.11)

Indeterminate use 30 657.1 20 0.65 0.64 (0.38-1.06) 1.00 (0.60-1.66) 1.0 (0.60-1.67)
Former use 34 644.6 26 0.75 0.73 (0.46-1.17) 1.05 (0.66-1.68) 1.04 (0.65-1.65)
Remote use 54 702.5 56 1.02 1 [Reference] 1 [Reference] 1 [Reference]

(continued)
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not represent medications actually con-
sumed, and days supply may not rep-
resent actual periods of use. Nonethe-
less, electronic pharmacy databases
have been found to be excellent sources
of information on drug use.30 We did
not obtain dose data and therefore could
not examine if risk varied by this fac-
tor. Although we used a strict defini-
tion of current use, minimizing mis-
classification of this exposure, we had
limited ability to assess medication ad-
herence using standard definitions. De-
spite its large size, the study had only
moderate power for several compari-
sons, including current vs remote use
in the new-user analyses and in com-
parisons for individual drugs. The study
did not include adults 65 years and
older; therefore, results cannot be gen-
eralized to this age group.

We reviewed medical records and
death certificates to confirm SCD and
stroke diagnoses. However, records
were unavailable for some of our elec-
tronically identified cases. We used an
ICD-9/ICD-10 code–based definition
for these cases, and misclassification
of some cases may have occurred. If
nondifferential with respect to ADHD

medication use, this misclassification
would bias RRs toward the null.

The accuracy of ADHD diagnoses in
adults from claims and encounter da-
tabases is limited. However, previous
studies have validated ICD 9/ICD-10
code–based definitions of many impor-
tant covariates, including diabetes, con-
gestive heart failure, peripheral vascu-
lar disease, and hypertension, reporting
positive predictive values exceeding
90% for each condition.31-33 Although
we adjusted for numerous established
and potential cardiovascular risk fac-
tors, there were some factors, primar-
ily psychiatric conditions and medica-
tions, for which the prevalence was
substantial in users of ADHD medica-
tions but rare in nonusers. Thus, we had
limited ability to adjust for these vari-
ables. Important residual confound-
ing by psychiatric conditions and medi-
cations seems unlikely, because most
are not established risk factors for CVD,
they were not or were only modestly re-
lated to risk in our cohort, and results
were similar when we restricted analy-
ses to participants with or to those with-
out these psychiatric conditions or
medication use.

There appears to be a modest amount
of healthy-user bias influencing our RR
comparisons of current use vs nonuse.
Results are less prone to this bias when
analyses are restricted to ever users of
ADHD medications, and we compared
periods of current use with follow-up pe-
riods remote from use. In these com-
parisons, the RR for serious cardiovas-
cular events was 1.03 in the full cohort
and 1.02 in new users, indicating that
the incidence of these events while cur-
rently receiving ADHD medications is
similar to the incidence during periods
while not receiving these medications.
In sensitivity analyses, we saw evi-
dence for 2 potential sources of a mod-
est amount of healthy-user bias: a higher
percentage of users were white and col-
lege educated.

Clinical trials have provided limited
information on the cardiovascular safety
of ADHD medications, primarily be-
cause these trials have been too small to
evaluate serious events such as MI, SCD,
or stroke.34,35 Postmarketing surveil-
lance data from the Adverse Event Re-
porting System2 and from the National
Electronic Injury Surveillance System36

have suggested a potential elevation in

Table 3. Adjusted Rate Ratios for Serious Cardiovascular Events Associated With Periods of New Use of Attention-Deficit/Hyperactivity
Disorder Medications vs Periods Remote From Last Use (continued)

Medication Status Person-Years
No. of
Events

Rate/1000
Person-Years

RR (95% CI)

Unadjusted
Adjusted

Matching-Variablesa Adjustedb

MI, SCD, or stroked,e

Current use 52 094.6 125 2.40 0.65 (0.52-0.81) 1.00 (0.80-1.26) 1.02 (0.82-1.28)
Amphetamines 21 955.8 37 1.69 0.46 (0.32-0.65) 0.80 (0.56-1.13) 0.87 (0.61-1.23)
Methylphenidate 22 008.8 69 3.14 0.85 (0.65-1.12) 1.22 (0.92-1.60) 1.20 (0.91-1.59)
Atomoxetine 6340.4 14 2.21 0.60 (0.35-1.03) 0.93 (0.54-1.60) 0.91 (0.53-1.56)
Pemoline 1088.1 5 4.60 1.25 (0.51-3.03) 1.07 (0.44-2.61) 1.02 (0.42-2.49)
Multiple 701.4 0 0.00 NA NA NA

Duration, dc

1-30 7215.7 16 2.22 0.60 (0.36-1.00) 1.08 (0.65-1.80) 1.10 (0.66-1.83)
31-90 9191.7 19 2.07 0.56 (0.35-0.90) 1.04 (0.65-1.66) 1.05 (0.66-1.69)
91-182 9018.3 18 2.00 0.54 (0.33-0.88) 0.96 (0.59-1.55) 0.97 (0.60-1.57)
183-365 10 494.1 20 1.91 0.52 (0.33-0.82) 0.85 (0.53-1.34) 0.86 (0.54-1.37)
�366 15 055.5 47 3.12 0.85 (0.62-1.16) 1.06 (0.77-1.46) 1.10 (0.80-1.51)

Indeterminate use 29 694.2 82 2.76 0.75 (0.58-0.97) 1.19 (0.92-1.55) 1.22 (0.94-1.58)
Former use 33 774.3 97 2.87 0.78 (0.61-0.99) 1.13 (0.88-1.44) 1.11 (0.87-1.41)
Remote use 53 450.1 197 3.69 1 [Reference] 1 [Reference] 1 [Reference]

Abbreviations: MI, myocardial infarction; NA, not applicable; RR, rate ratio; SCD, sudden cardiac death.
aAdjusted for site, age, sex, and calendar year (ie, matching variables).
bAdjusted for site, age, sex, calendar year, and cardiovascular risk score (some variables within score are time varying).
cDuration does not include pemoline use (pemoline only and pemoline with other attention-deficit/hyperactivity disorder medications).
dAnalyses excluded the 3 Health Maintenance Organization Research Network (HMORN) sites (Fallon Community, Kaiser Permanente [KP] Georgia, KP Northwest) that did not

provide data on SCD end points.
eAnalyses excluded the 2 HMORN sites (Fallon Community, KP Georgia) that did not provide data on stroke end points.
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risk of serious cardiovascular events.
However, with these surveillance sys-
tems, which capture only a small per-
centage of adverse events, false signals
may occur if clinicians suspect, and are
thus more likely to report, adverse events
for a particular drug.

The findings of the current study
were similar to those of our parallel
study in youths aged 2 through 24
years, in which we found no evidence
of increased risk for serious cardiovas-
cular events in current users of ADHD
medications compared with nonus-

ers.19 To our knowledge, only 2 phar-
macoepidemiologic studies of ADHD
medications and CVD in adults have
reported results.17,18 These studies,
which were substantially smaller than
ours, used electronic pharmacy rec-
ords and medical encounter data,
with similarly limited information on
some potentially important risk fac-
tors. In one study, users of ADHD
medications had a more than 3-fold
higher rate of transient ischemic
attacks but a 30% lower rate of cere-
brovascular accidents, although the
latter was not statistically significant.17

In contrast, no increase in SCDs
among children, adolescents, or
young adults was observed in a sec-
ond cohort study conducted in the
General Practice Research Database.18

In conclusion, in this cohort of young
and middle-aged adults, current or new
use of ADHD medications identified
from filled prescriptions, compared
with nonuse or remote use, was not as-
sociated with an increased risk of seri-
ous cardiovascular events. A modestly
elevated risk cannot be ruled out, given
limited power and a lack of complete
information on some potentially im-
portant risk factors and other factors re-
lated to use of these medications.
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