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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 increase heart rate
and blood pressure, raising concerns about their cardiovascular safety.

Objective—Examine whether current use of medications used primarily to treat ADHD is
associated with increased risk of serious cardiovascular eventsin young and middle-aged adults.

Design—Retrospective, population-based cohort study

Setting—Computerized health records from 4 study sites (Optuminsight Epidemiology,
Tennessee Medicaid, Kaiser Permanente California, and the HMO Research Network), starting in
1986 at one site and ending in 2005 at all sites, with additional covariate assessment using 2007
survey data.

Participants—Adults aged 25-64 years with dispensed prescriptions for methylphenidate,
amphetamine, or atomoxetine at baseline. Each medication user (n=150,359) was matched to two
non-users on study site, birth year, sex, and calendar year (total users and non-users=443,198).

Main Outcome—Serious cardiovascular events, including myocardial infarction (M1), sudden
cardiac death (SCD), or stroke. Comparison between current or new users and remote usersto
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% Cl,
1.14-1.57) for MI, 0.30 (95% ClI, 0.20-0.42) for SCD, and 0.56 (95% ClI, 0.43-0.72) for stroke.
The multivariable adjusted rate ratio (RR) of serious cardiovascular events for current use vs non-
use 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 was 1.03 (95% ClI,
0.86-1.24) for current use vs remote use, and was 1.02 (95% Cl, 0.82—1.28) for new use vs remote
use.

Conclusion—Among young and middle-aged adults, current or new use of ADHD medications,
compared with non-use or remote use, was not associated with an increased risk of serious
cardiovascular events. Apparent protective associations likely represent healthy user bias.

Introduction

Between 2001 and 2010, use of medications |abeled for treatment of Attention Deficit
Hyperactivity Disorder (ADHD) increased even more rapidly in adults than in children(2).
According to a US Food and Drug Administration (FDA) advisory committee briefing on
the safety of ADHD medications held in 2006, more than 1.5 million US adults were taking
stimulants in 2005, and adults received approximately 32% of all issued prescriptions (2).
Theincrease in ADHD diagnosesis likely the primary cause of increased prescribing (3,4),
although stimulants also are approved for treatment of narcolepsy(5) and may be used off-
label to treat obesity(6) and fatigue 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 a non-stimulant agent, atomoxetine.

Placebo-controlled studiesin children and adults indicate stimulants and atomoxetine
elevate systolic blood pressure levels by approximately 2-5 mm Hg and diastolic blood
pressure by 1-3 mm Hg, and also lead to increases in heart rate(10,11). While these effects
would be expected to slightly increase risk for myocardial infarction (M), sudden cardiac
death (SCD), and stroke(12), clinical trials have not been large enough to assess risk of these
events.

JAMA. Author manuscript; availablein PMC 2012 June 28.
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In asummary from the FDA Adverse Event Reporting System, cardiac arrest, M1, and death
were among the top 50 adverse events reported after use of amphetamine and
methylphenidate(2). Although one study among children suggested markedly elevated risks
of SCD(13), cardiovascular safety data from pharmacoepidemiologic studies are limited and
inconsistent(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 25-64
years. Study drugs included all agents with alabeled indication for treatment of ADHD in
either children or adults as of December 31, 2005.

The study was conducted in parallel with a study of ADHD drug use and serious
cardiovascular eventsin youths aged 2-24 years(19).

Study sitesincluded VVanderbilt University (Tennessee State Medicaid data), Kaiser
Permanente (KP) California (Northern and Southern KP regions), Optuminsight
Epidemiology (data from alarge health insurance plan) and the HMO Research Network
(Harvard Pilgrim Health Care; Fallon Community Health Plan; Group Health Cooperative of
Puget Sound; HealthPartners, KP Georgia; KP Northwest; and KP Colorado). The selected
sites provide geographic and sociodemographic diversity and have similar computerized
data structures.

The start date for the availability of computerized data differed across study sites, ranging
from 1986 to 2002. Follow-up concluded at the end of 2005 so that mortality searches could
be conducted using complete state death records and the National Death Index (NDI). The
study was approved by institutional review boards (IRB) at each participating institution and
the FDA Research in Human Subjects Committee. The requirement for participant informed
consent was waived.

Study participants

Eligible individuals were aged 25-64 years with at least 12 months of continuous health
plan coverage and pharmacy benefits before cohort entry (denoted as tg). Individuals were
excluded if they had one or more of the following diagnoses (based on 1CD-9/10 codes)
within 365 days before tg: sickle cell disease, cancer (other than non-melanoma skin cancer),
HIV infection, organ transplant, liver failure/hepatic coma, end-stage renal disease,
respiratory failure, or congestive heart failure. When these diagnoses occurred after t,
follow-up time was censored.

At each contributing site, we assembled the eligible members and time periods when all
eligibility criteriawere met. For each exposed period (ie, at least one ADHD prescription),
starting with the earliest, we randomly selected two unexposed periods from all members
with no ADHD medication use on tg and the same sex and birth year.

Study medications and exposure categories

Medication use was based on prescription fills from electronic pharmacy records. ADHD
medications included stimulant class medications (methylphenidate, amphetamines,
pemoline), and atomoxetine, a sel ective norepinephrine reuptake inhibitor. Amphetamines
included dextroamphetamines and amphetamine salts. Although infrequently used and not
structurally similar to the other stimulants, pemoline was included because of its labeled
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indication for ADHD. Each person-day of follow-up was classified into mutually exclusive
exposure categories according to ADHD drug use, based on prescription dispensing dates
and days supply. Current usewas the period between prescription start date and end of days
supply (including up to a 7-day carryover from previous prescriptions). /ndeterminate use
was the first 89 days after end of current use. Former usebegan 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. Non-usereferred to person-days with no current
use and no past use (back to 365 days before tg). Past users and non-users could become
current users during follow-up, and when this occurred, their person-time was classified as
described above. Less than 1% of non-users became users after baseline. Current use was
further categorized based on specific medications (amphetamines, methylphenidate,
atomoxetine, multiple ADHD drugs, or pemoline) and on pre-specified duration categories
(1-30 days, 31-90 days, 91-182 days, 183—-365 days, 366+ days).

We consider current use the most etiologically relevant exposure. Risk during current use
was compared to risk during non-use. In addition, to account for potential selection bias or
unmeasured confounding that could arise from users being more or less healthy than non-
users, we restricted some analyses to ever users of ADHD medications. We compared rates
during periods of current use to rates during periods 365 days or more after use ended (i.e.,
remote use). These analyses are less influenced by potential confounders that are
unmeasured and stable over time, but these analyses assume no medication effects that
remain after discontinuation.

Study endpoints

Potential endpoints were identified from claims and vital records (diagnoses and 1CD codes
provided in e€Table 1). For members with death not identified from these sources and whose
health plan enrollment ended prior to end of study period, we performed NDI searches.

Medical records, including hospitalizations, reports from emergency medical services,
autopsies, and death certificates, were requested on all potential SCDs (n=411) and strokes
(n=980) and on arandom 31% sample of potential MIs (n=433) for assessment by trained
adjudicators (primary care physicians for Ml and SCD, neurologists for stroke. Of the 371
M1 cases with sufficient records available, 353 (95%) were confirmed by adjudication. Ml
was defined as an acute event involving hospitalization with characteristic cardiac enzyme
changes, and either symptoms or characteristic electrocardiographic changes(20,21). SCD
was defined as witnessed sudden death in a community setting preceded by typical
symptoms of cardiac ischemia. Deaths were excluded when documentation suggested a non-
cardiac cause (eg, motor vehicle accident) or if clinically severe heart disease was present
and sudden cardiac death was not unexpected (eg, end-stage congestive heart failure). Stroke
was defined as an acute neurologic deficit of sudden onset that persisted more than 24 hours,
corresponded to a vascular territory, and was not explained by other causes such as trauma,
infection, vasculitis, extracranial hemorrhage leading to hypotension, or profound
hypotension from another cause. Strokes that occurred during a hospitalization were
excluded.

All Mls, other than those determined by adjudication to be non-cases (n=18), were included
in analyses. For potential SCD cases without available or adequate hospital or autopsy
records (n=203), we used an |CD-9/10 code-based definition with a previously reported
positive predictive value (PPV) of 86%(22). SCD cases based on the code-based definition
(n=157), aswell as those confirmed by clinical adjudication (n=139), wereincluded in
primary analyses. For potential strokes with insufficient hospital or autopsy records for
clinical adjudication (n=179) or for whom records were unavailable (n=69), we used a code-
based definition to identify probable strokes. Probable strokes had 1CD-9/10 codes with a
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positive predictive value (PPV) of 80% or greater, based on those strokes for whom records
were available. Strokes confirmed by adjudication (n=451) and those with insufficient
records meeting the diagnostic code-based definition (n=124), were included as eventsin
primary analyses (eTables 2a, 2b). In secondary analyses, we included all electronicaly
identified SCDs or strokes except those confirmed as non-events by adjudication.

Confounders

To control for potential differencesin cardiovascular disease (CVD) risk between exposed
and unexposed individuals, we constructed a summary cardiovascular risk score (CRS)
(23,24). The CRS was based on inpatient and outpatient diagnoses (from claims or
encounter databases) and pharmacy records and included CVD and medications, mental
health conditions (excluding ADHD) and psychotropic medications, other health conditions
(e.g., diabetes mellitus, obesity, smoking-related) and medications, and health care
utilization (see Table 1 and eTable 3 for details). For each endpoint (M1, SCD, stroke or any
serious cardiovascular event), a separate score was created from a Poisson regression model
among al patients, adjusted for ADHD medications and matching variables (age, sex, data
site, calendar year at cohort entry). The score was the linear predictor from the coefficients
of the resulting regression model, excluding the coefficients for ADHD medications and the
matching variables. In primary analyses, several CRS variables not thought to be on the
causal pathway between medication use and our outcomes were treated as time-varying
(eTable 3). In secondary analyses, all CRS variables were based on diagnoses/medication
use in the 365 days prior to tg and fixed at baseline. For the new user analyses, we used the
CRS for comparisons of current vs remote use and constructed a propensity score (PS)(25)
for current vs. non-use of ADHD medications at ty using variables included in the CRS.

Unmeasured confounders

To examine the possible extent and direction of unmeasured confounding by risk factors for
cardiovascular disease on which information was not or was inconsistently available in the
electronic health care records, we conducted sensitivity analyses using information on
potential confounders from two sources. Race/ethnicity, smoking, obesity, history of CVD
and drug abuse were obtained from the adjudicated records of SCD, MI and stroke cases. In
addition, race/ethnicity, income, education, smoking, obesity, and family history of CVD
were available on approximately 200,000 KP Northern California members aged 25-64
years who completed amailed survey for adifferent study in 2007 (eMethods 1). Electronic
pharmacy records for ADHD medications were obtained on survey participants.

We used multivariable logistic regression to examine the association between potential
confounders (from either survey or chart reviews) and use of ADHD medications. For
variables associated with use of ADHD medications, we assessed the extent of their

potential confounding effect on our rate ratios (RR) for MI, SCD or stroke associated with
ADHD medications using externa adjustment methods(26—28). This approach assumed
associations in our study population were similar to our external samples and did not address
joint confounding by several unmeasured covariates.

Statistical approach

Follow-up began at cohort entry and ended at one of the four endpoints (MI, SCD, stroke, or
any of these serious cardiovascular events), death, end of insurance coverage/pharmacy
benefit, day before 651 birthday, or end of study period (December 2005), whichever came
first. Poisson regression was used to estimate the association of ADHD medication use with
risk of serious cardiovascular events, while adjusting for potentially confounding variables.
Covariates in the full model included study site, age (5-year dummy categories), sex,
calendar year (19861992, 1993-1999, 2000—2001, 2002—2003, 2004—2005), and CRS
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(specified as decile dummies). Matching variables (site, age, sex, calendar year at cohort
entry) were included in the full model because, while matching assured balance with respect
to these variables at baseline, it did not assure balance during follow-up.

To minimize biases related to underascertainment of events occurring early in therapy (29),
we also conducted analyses restricting to new users of ADHD medications (no use in the
year prior to baseline). In these analyses, risk during current use was compared to risk
during follow-up classified as remote use. Current use among new users also was compared
to non-use (in their matches).

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

When examining rates of any serious cardiovascular event in the full cohort, we had 80%
power to detect RRs of 1.23 for current use vs. non-use and 1.30 for current use vs. remote
use. In 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 done with SAS version 9.1. For all
RR estimates, 95% confidence limits were reported.

The study included atotal of 443,198 adults, of whom 150,359 were users of ADHD
medications at baseline. Methylphenidate accounted for 45% of current use; amphetamine,
atomoxetine and pemoline accounted for 44%, 8%, and 3%, respectively.

Characteristics of study population

Baseline characteristics of users and non-users are shown in Table 1; characteristics of
person-time by medication use are presented in the Appendix (eTable 3). Cardiovascular
diseases were generally uncommon and similar or modestly more prevalent in users than
non-users. As expected, ADHD was substantially more common among current users than
non-users. This also was true for other psychiatric conditions. The preval ences of
cardiovascular risk factors were modestly higher during periods of remote use than during
periods of current use — or non-use.

Number of events and rate ratios in the full cohort

During 806,182 person-years of follow-up (median 1.3, interquartile range 0.6-2.6 years per
person), 1357 cases of M1, 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 1,000 person-years of 1.34 (95% confidence interval (Cl) 1.14-1.57) for
M1, 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, therate ratio (RR) of M1, SCD, or stroke
for current vs. non-use of ADHD medications was 0.97 (95% CI 0.84-1.12). After also
adjusting for the CRS, the RR was modestly lower (RR=0.83, 95%CI 0.72-0.96). Results
were similar for specific medications and across endpoints (Figure 1). RRs also were similar
for ischemic or hemorrhagic stroke (eTables 4a and 4b). Findings for SCD and stroke
changed only minimally when all electronically identified cases were included except those
adjudicated as non-cases (eTables 5a and 5b). Overall results were essentially unchanged
when all variablesin the CRS were fixed at baseline (eTable 6).

JAMA. Author manuscript; availablein PMC 2012 June 28.
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Analyses restricted to users of ADHD medications (remote use comparison)

Among ever users of ADHD medications, the adjusted RRs of serious cardiovascular events
was nearly the same during periods of current use as it was during follow-up periods more
than one year after use ended, RR=1.03 (95% Cl, 0.86-1.24) (Table 2). This 1.24 estimated
upper bound for the RR would correspond to an absolute risk difference of 0.17 serious
cardiovascular events per 1000 person years in adults ages 25-44 years (ages at which the
absolute risk was only 0.87 per 1000 person years); and 0.68 serious cardiovascular events
per 1000 person years in adults ages 45-64 years (when the absolute risk during current use
was 3.5 per 1000 person years).

New user analyses

In the new user cohort, baseline characteristics of new users of ADHD medication were
generaly similar to characteristics of all ADHD medication users (eTable 7). Cardiovascular
diseases were similar or dightly more prevaent in new users than non-users. ADHD and
other psychiatric conditions were substantially more common in the new users than the non-
users. In the new user analyses, RRsfor current vs. remote use were close to 1.0 for M,
stroke and the combined endpoint (Table 3). Although not statistically significant, RRs for
methylphenidate were 1.26, 1.44, and 1.20 for M|, stroke, and the combined endpoint,
respectively, somewhat higher than the RRs for the other drugs. For the combined endpoint,
there was no pattern of increasing risk with increasing duration of current use or for any
window of time. For current use (all durations combined) vs remote use, the RR for the
combined endpoint was 1.02. The upper bound of the Cl was 1.28; this would amount to an
additional 0.19 events per 1000 person years at ages 2544 years and an additional 0.77
events per 1000 person years at ages 45-64 years.

Subgroup analyses

RRswere similar in al subgroup analyses (Figure 2). While we did observe differencesin
event rates, cohort characteristics, and RRs by data site, RRs for current use were not
statistically significantly elevated at any site (eTables 8-10).

Sensitivity analyses —unmeasured confounding

Information from review of medical records of MI, SCD, and stroke cases and the external
survey population suggested that several factors were not or were only very weakly
associated with use of ADHD medications and, therefore, were unlikely to be important
confounders (obesity, smoking, family history of cardiovascular disease). However, in these
data users of ADHD medications more often had some college education compared to
nonusers (17% v. 10%, adjusting for age). In addition, 5% of the stimulant users were black
or Hispanic versus 12% of the nonusers. If similar patterns for race/ethnicity and education
were also present in our full study cohort, and if each of these characteristics independently
multiplied the risk of serious cardiovascular events by 2.4, then these two unmeasured
factors would yield a* healthy user bias’ substantial enough to account for an apparent RR
of 0.83 (asin our comparison of current vs non-use) given atrue 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 users of ADHD medications identified through filled
prescriptions, we found no evidence of an increased risk of M1, SCD, or stroke associated
with current use compared to non-use or remote use of ADHD medications. We a so found
little support for an increased risk for any specific medication or with longer duration of
current use. Results were similar when users were restricted to new users. Rate ratios did not

JAMA. Author manuscript; availablein PMC 2012 June 28.
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appear to be influenced by prior cardiovascular disease or by prior non-ADHD psychiatric
conditions. They also were similar across age groups. As expected, event rates were
substantially higher in the Medicaid population; however, the RR for current use was similar
to other sites.

Our study has several limitations. Use of ADHD medications was based on electronic
pharmacy records of filled prescriptions. Filled prescriptions may not represent medications
actually consumed and days supply may not represent actual periods of use. Nonethel ess,
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 factor. Although we used a strict definition of current use minimizing misclassification
of this exposure, there was limited ability to assess medication adherence using standard
definitions. Despite its very large size, the study had only moderate power for several
comparisons, including current vs. remote use in the new user analyses and in comparisons
for individual drugs. The study did not include adults 65 years and older and therefore
results cannot be generalized to this age group.

We reviewed the medical records and death certificates to confirm SCD and stroke
diagnoses. However, records were unavailable for some of our electronically identified
cases. We used an ICD-9/10 code-based definition for these cases and misclassification of
some cases may have occurred. If non-differential with respect to ADHD medication use,
this misclassification would bias RRs towards the null.

Thereislimited accuracy of ADHD diagnoses in adults from claims and encounter
databases. However, previous studies have validated |CD 9/10 code-based definitions of
many important covariates, including diabetes, congestive heart failure, peripheral vascular
disease, and hypertension, reporting positive predictive values exceeding 90% for each
condition (31-33). Although we adjusted for numerous established and potential
cardiovascular risk factors, there were some factors, primarily psychiatric conditions and
medications, for which the prevalence was substantial in users of ADHD medications but
rare in non-users. Thus, we had limited ability to adjust for these variables. Important
residual confounding by psychiatric conditions and medications seems unlikely, since most
are not established risk factors for CVD, they were not or were only modestly related to risk
in our cohort, and results were similar when we restricted analyses to those with or to those
without these psychiatric conditions or medication use.

Importantly, there appears to be a modest amount of healthy user bias influencing our RR
comparisons of current vs. non-use. Results are less prone to this bias when analyses are
restricted to ever users of ADHD medications, and we compare periods of current use to
follow-up periods remote from use. In these comparisons, the RR for serious cardiovascular
eventswas 1.03 in the full cohort and 1.02 in new users, indicating the incidence of these
events while currently on ADHD medicationsis very similar to the incidence during periods
while off these medications. In sensitivity analyses, we saw evidence for two potential
sources of amodest amount of healthy user bias; a higher percentage of users were white
and college educated.

Clinical trials have provided limited information on the cardiovascular safety of ADHD
medications, primarily because they have been too small to evaluate serious events such as
MI, SCD, or stroke (34,35). Post-marketing surveillance data from AERS (2) and from the
National Electronic Injury Surveillance System(36) have suggested a potential elevation in
risk of serious cardiovascular events. However, with these surveillance systems, which
capture only asmall percentage of adverse events, false signals may occur if clinicians
suspect, and are thus more likely to report, adverse events for a particular drug.

JAMA. Author manuscript; availablein PMC 2012 June 28.
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The findings of the current study were similar to those of our parallel study in youths aged
2-24 years, in which we found no evidence of increased risk for serious cardiovascular
eventsin current users of ADHD medications compared to nonusers (19). To our
knowledge, only 2 pharmacoepidemiol ogic studies of ADHD medications and
cardiovascular disease in adults have reported results(17,18). These studies, which were
substantially smaller than ours, used electronic pharmacy records and medical encounter
data, with similarly limited information on some potentially important risk factors. In one,
users of ADHD medications had an over 3-fold higher rate of transient ischemic attacks but
a 30% lower rate of cerebrovascular 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 second 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 non-use or remote use, was
not associated with an increased risk of serious cardiovascular events. A modestly elevated
risk cannot be ruled out given limited power and alack of complete information on some
potentially important risk factors and other factors related to use of these medications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Outcome and ADHD Medication Use Person Years  No. events RR [95% CI]
Mi
Current use —T 113324 .2 152 0.88 [0.74,1.05]
Amphetamines 4 49080.1 59 0.92[0.70,1.19]
Methylphenidate i 512328 77 0.89[0.71,1.13]
Atomoxetine I B 84248 1" 0.87 [0.48,1.57]
Pemaoline —_— 1T 3047.3 5 0.71[0.281.71]
Multiple 1539.1 0 -
Indeterminate use i 53896.7 86 1.07 [0.85,1.33]
Former use ] 47858.5 65 0.78 [0.61,1.00]
Remote use —* 69792.9 147 0.82 [0.68,0.97]
Nonuse y 9597431 907 1.00 [reference]
scb
Current use e 107525.0 32 0.80[0.55,1.18]
Amphetamines —— 46910.0 13 0.93[0.52,1.63]
Methylphenidate S 47887 .1 13 0.67 [0.38,1.18]
Atomoxetine P §257.6 4 1.04 [0.38,2.582)
Pemoline 29957 2 1.08[0.27 4.37]
Multiple 14745 0 -
Indeterminate use —— 518140 14 0.73[0.42,1.26]
Former use BRI 46263.5 20 0.80[0.57,1.44)
Remote use - 68102.6 50 0.98[0.71,1.35]
Nonuse y 93595155 180 1.00 [reference]
Stroke
Current use — 111935.5 63 0.76 [0.58,1.00]
Amphetamines — 48672.9 19 0.63 [0.40,1.01]
Methylphenidate —a 50332.3 39 0.94 [0.68,1.32]
Atomoxetine d 83711 3 0.44[0.14,1.38]
Pemaline bt 30301 2 0.59[0.15,2.39]
Multiple 1629.2 0 -
Indeterminate use e an 533278 31 0.83[0.57,1.19]
Former use — 47333.0 39 1.01[0.73,1.41]
Remote use —eT 69202.3 67 0.82[0.63,1.07]
Nonuse y 553458.5 375 1.00 [reference]
MI, SCD or Stroke
Current use ) 1073224 234 0.83[0.72,0.96]
Amphetamines —*T 46826.5 88 0.85[0.68,1.05]
Methylphenidate —&T1 47792.3 120 0.87[0.72,1.04]
Atomoxetine e 8248.2 17 0.74 [0.46,1.19]
Pemaline R e 2985.2 9 0.75[0.39,1.45]
Multiple 14701 0 -
Indeterminate use — 517096 125 0.84 [0.78,1.13]
Former use T 461208 121 0.86 [0.72,1.04]
Remote use - 67459.0 243 0.81[0.70,0.83]
Nonuse y 5335404 1391 1.00 [reference]
04|5 1 2| ;
Lower Risk RR and 95% CI Higher Risk
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Figure 1. Adjusted rateratios for serious cardiovascular events associated with ADHD
medication use
The figure depicts RRs and 95% Clsfor current use, indeterminate use and former use, with
nonuse as the reference category. RRs adjusted for site, age, sex, calendar year, and CRS
(some variables within score are time-varying)
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Subgroup and ADHD Medication Use Person'Years  No.events  RR[95% Cl|

Full cohort

Current use e 1073224 234 0.83[0.72,0.95]

Past use o 1653194 489 0.85[0.77,0.95]

Nonuse 533540 4 1391 1.00 [reference]
New user cohort

Current use —— 52094.6 125 0.77[0.63,0.94]

Past use g 116918.7 376 0.85[0.75,0.98]

Nonuse 3175144 957 1.00 [reference]
No history of CVD

Current use — 707481 79 0.79[0.62,1.00]

Past use L 1064971 148 0.79[0.65,0.95]

Nonuse 391881.9 562 1.00 [reference]
History of CVD

Current use ] 365742 155 0.87[0.73,1.03]

Past use 1 58822.3 34 0.89[0.79,1.01]

Nonuse 141658.5 829 1.00 [reference]
No non-ADHD psychiatric conditions

Current use —* 283556 43 0.76 [0.56,1.04]

Past use b 49324 .2 103 0.82[0.67,1.01]

Nonuse 407981.5 884 1.00 [reference]
Non-ADHD psychiatric conditions

Current use e 78966.8 191 0.87[0.73,1.03]

Past use = 115995.3 386 0.88(0.77,1.01]

Nonuse 125558.9 507 1.00 [reference]
Users without ADHD diagnoses

Current use g 697574 177 0.86 [0.74,1.01]

Past use o 1310847 434 0.87[0.78,0.97]

Nonuse 385962.7 1113 1.00 [reference]
Users with ADHD diagnoses

Current use ] 37564 .9 57 0.76 [0.57,1.01]

Past use — 342647 55 0.79[0.59,1.08)

Nonuse 152357.3 283 1.00 [reference]
Age 25-44 years |

Current use s 54106.9 a7 0.78[0.57,1.06]

Past use —* 85786.7 102 0.79[0.63,1.00]

Nonuse 271667.1 250 1.00 [reference]
Age 45-64 years

Current use e 53215.5 187 0.83[0.71,0.97]

Past use o 79532.7 387 0.86[0.76,0.97]

Nonuse 261873.3 1141 1.00 [reference]

T T
02 05 1 2 5
Lower Risk RR and 95% CI Higher Risk

Figure 2. Subgroup analysesfor combined endpoint (M1, SCD or stroke)

The figure depicts RRs and 95% Cls for current use and past use (indeterminate/former/
remote use), with nonuse as the reference category. All RRs adjusted for site, age, sex,
calendar year, and CRS (some variables within score are time-varying), except for new users
(adjusted for PS).
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Table 1
Selected characteristics of study cohort at baseline
Characteristic Current Use Nonuse
Number of unique individuals 150,359 292,839
Number of membership periods? 152,852 293,749
Median year of cohort entry 2003 2003
Person-years during foll ow—upb 107,322 533,540
Demographics
Median age in years (interquartile range) 42 | 3449 42 | 3449
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% 0 0%
Methylphenidate 70,923 | 46.4% 0 0%
Atomoxetine 19,283 | 12.6% 0 0%
Pemoline 3,973 2.6% 0 0%
Multiple 849 0.6% 0 0%
Cardiovascular disease within past year®
Acute myocardial infarction 340 0.2% 689 0.2%
Ischemia 3,998 | 26% 6,857 | 23%
Coronary revascul arization 253 0.2% 643 0.2%
Congestive heart failure 1,112 0.7% 1,759 0.6%
Arrhythmia 3,560 2.3% 5,076 1.7%
Stroke/transient ischemic attack 1,826 1.2% 2,075 0.7%
Congenital heart disorder 331 0.2% 556 0.2%
Coronary artery anomaly 66 0.0% 89 0.0%
Peripheral vascular disease 1,225 0.8% 1,651 0.6%
Hypertension 22562 | 14.8% | 39,011 | 13.3%
Hyperlipidemiad 28,613 | 187% | 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% 2,682 0.9%
Anxiety 30,472 | 19.9% 15,670 5.3%
Psychotic disorders 2,494 1.6% 1,833 0.6%
Other selected medical condiitions within past year
Diabetes @ 8972 | 59% | 15862 | 54%
Obesity 9,119 | 6.0% | 11,439 | 3.9%
Smoking 11,579 7.6% 14,717 5.0%

JAMA. Author manuscript; availablein PMC 2012 June 28.
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Characteristic Current Use Nonuse
Alcohol/substance abuse 7,965 5.2% 4,514 1.5%
Suicide attempt 795 0.5% 410 0.1%
Injury 30,655 | 20.1% 37,559 | 12.8%
Seizure 3,062 2.0% 2,854 1.0%
Asthma 11,627 7.6% 12,432 4.2%

Use of cardiovascular drug within past year®
Loop diuretic 4,328 2.8% 4,932 1.7%
Digoxin 587 0.4% 1,130 0.4%
Nitrates 1,941 1.3% 3,298 1.1%
Anticoagulant 1,768 1.2% 2,421 0.8%
Platelet inhibitor 996 0.7% 1,675 0.6%
Anti-arrhythmic agents 556 0.4% 631 0.2%

ACE inhibitor 10,719 7.0% 19,796 6.7%
Angiotensin receptor blocker 3,652 2.4% 5,988 2.0%
Beta-blocker 12,431 8.1% 19,091 6.5%
Calcium-channel blocker 7,028 4.6% 12,233 4.2%

Thiazide diuretic

12,471 8.2%

20,008 6.8%

Other antihypertensive

1,668 1.1%

Use of psychotropic medications within past year

Antipsychotic, any

14,618 9.6%

Tricyclic antidepressant

14,224 9.3%

2,192 0.7%
5,371 1.8%
9,907 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 4,177 2.7% 1,002 0.3%
Modafinil 4,732 3.1% 383 0.1%
Insomnia medications 15,270 | 10.0% 6,732 2.3%
Thioridazine 307 0.2% 181 0.1%
Mood stabilizers, without seizure 22,426 | 14.7% 8,631 2.9%
Clonidine/guanfacine, without hypertension 2,000 1.3% 659 0.2%

Use of other selected medications within past year

Beta-agonist

18,971 | 12.4%

20,835 7.1%

Epinephrine

1,342 0.9%

1,274 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 med)

960 0.6%

1,200 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 2,602 1.7% 1,787 0.6%
pde5 inhibitors 5,183 3.4% 4,504 1.5%

JAMA. Author manuscript; availablein PMC 2012 June 28.
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Characteristic Current Use Nonuse
Triptans 7,164 4.7% 5,298 1.8%
Oral contraceptives 18,379 | 12.0% 28,590 9.7%
Hormones, menopausal 18,026 | 11.8% 23,388 8.0%

Utilization within past year
Cardjovascular visits

Emergency, 1+ 5728 | 3.7% 7697 | 2.6%
Inpatient, 1+ 6,022 3.9% 7,130 2.4%
Physician, 14 43,474 | 28.4% 65,256 | 22.2%
Physician, 5+ 13,242 8.7% 17,713 6.0%
Psychiatric visits®
Emergency, 1+ 4,417 2.9% 2,897 1.0%
Inpatient, 1+ 7,761 5.1% 3,827 1.3%
Physician, 14 43,538 | 28.5% 26,703 9.1%
Physician, 5+ 40,176 | 26.3% 11,048 3.8%
Other visits
Emergency, 1+ 7,885 5.2% 9,594 3.3%
Inpatient, 1+ 5,812 3.8% 5,595 1.9%
Physician, 1+ 55,386 | 36.2% 69,134 | 23.5%
Number of different medications’
1 24,309 | 15.9% 61,193 | 20.8%
2+ 108,955 | 71.3% | 116,680 | 39.7%

Abbreviations: ACE, angiotensin-converting enzyme; SSRI, selective serotonin reuptake inhibitors; SNRI, serotonin and norepinephrine reuptake
inhibitors; COX, cyclooxygenase; pde5, phosphodiesterase type 5

aPercents are based on membership periods. There were 299 indeterminate and former users at baseline.
bFoIIow-up time based on combined endpoint (M|, SCD, or stroke).

clncl uding medications

L(/ari ables used to define history of CVD for subgroup analysesin Figure 2.

eEch uding ADHD visits

fExcl uding ADHD medications

All variables in table included in CRS, except demographics and ADHD

JAMA. Author manuscript; availablein PMC 2012 June 28.



Page 18

Habel et al.

uos! redwod 8sn 810LWS J ‘9sn Lo ITRoIpaW AHAY YlIM PRIRIO0SSe ‘'S1UBAS J2|NJISeAOIP fed SNo1 s 10) S0l a1l pasnipy

NIH-PA Author Manuscript

TLT-1.T0 750 S50 LE0 920 € TT.E8 auPXoWoly
¢LT—1LL0 ST'T STT 08'0 120 6€ €'2e€'0S aepluayd Ayl N
62T—9v0 120 0.0 0’0 6€0 67 6'2/9'8y soulweRydwy
T€T—990 €60 06'0 850 950 €9 G'GE6'TTT asn Wwa.ln)
p>P s
MUl 00T 00T 00T €L0 0S 9'20T'89 asn ajowRy
GG T—S650 260 6'0 650 4] 0C S'€9z'or ash Bullo4
SET—-TFO jZA0] 0.0 LE0 120 14 0v18'TS asn SeuiWRRpU|
- - - - 000 0 ST aldnni
9SGV —120 oT'T T 760 190 4 1'S66'C suljowed
S6'C—8€0 90T Vil 990 870 14 9'/52'8 auleXowoly
L2T—LE0 890 990 LE0 120 €T T/88'LY aepliayd Ayl N
9L T—-150 60 S80 8€0 820 €T 00T6'91 soulweRydwy
6¢'T—¢S0 280 6.0 o 0g0 4 0'GeS'L0T 8N Welnd
2d3s
MUl 00T 00T 00T TTe LT 6'26.'69 asn ajouwey
82T—-T.0 960 260 790 9ET jee] §'898'Ly asn Jsw.ioH
TLT—-00T €T 6T'T 9.0 09T 98 1'968'€S asn seuiWRRBpU|
- - - - 000 0 T6ES'T aidniniA
ZrC—9g0 /80 /80 8.0 79T S €/10'e suljowed
96'T—290 90T 660 290 €T T 8ver's auPXoWOolyY
SV'T—€80 oT'T 00T T.0 0S'T 1L 8'CeC'1S applwayd Ayl N
¢ST—€80 crT 660 150 0cT 6S T'080°61 seulweseydwy
9€'T—980 80T 860 79'0 veT ¢St Zee'eTT 8N Welnd
IN
1D %56 qdd pdd SPS | sJA-uossed | seng sIAk SNJels uoljedIpa N
pesnipy | seiqeiren | POBNIPERUN | 000'TRREY | JoquinN | -uosid
Buiyorew
peisnlpy

¢?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

JAMA. Author manuscript; availablein PMC 2012 June 28.



Page 19

Habel et al.

‘Sjujodpus 8x0.8 Lo exep apiaoid 1ou pip ey (161099 d X ‘Alunwiwiod uo|fed) sais NHO INH 0M1 83U} papn oxe sesAfeuy

/4

‘sjujodpus QIS uoerep apiAoid Jou pIP Tyl (1ISSMULON d X BIBI099 d ¥ ‘AlunwiioD uo|fed) ssls NHO WH 89443 8U) popn(oxe Bm%c/m

"(BuiAren-swi a.e 3100 UIYIIM S3|Ce LIeA BLIOS) SHD puUe ‘1eak Jjepuafed ‘xes ‘afie ‘a1is 1o) pasnipy

q

‘(sa|ceLren Buiyorew ‘a1) ek Jepused pue ‘xaes ‘afe ‘alis 10} pasn ._u<m

aluBLRWLIB JBSe Y ‘dY 91008 Y1 e [NaseAoipled 'SHO | eABIUI 80USP U0 ‘[ ‘Ol S1e) "HY ‘YTeap Jelpaed Usppns ‘dos [UoRIUI RIPIRI0AW ‘[N SUOIRIARINGY

8oLl 00T 00T 00T 09°€ eve 068129 asn sjowey
€€'T—980 10T 90T €L0 29¢ Tet 8'0etT'oy 8N Jewlio4
Sr'T—¥60 ITT 60T 190 e 149 9'60LTS asn aeulw.RBPU|
-- -- -- - 000 0 TOLY'T adniniN
Z8T—-8r0 €60 560 ¥80 10€ 6 2'986°C auljowed
0ST—990 26’0 06'0 190 907¢ LT A 17A] aulpPXowory
Y€ T—980 10T 70T 0L0 152 0zt €26L'Ly | srplueydihyein
¥E'T—280 S0'T €6'0 250 88T 88 §'9z8'oy souweseydwy
¥Z1T—-980 €071 960 190 8T¢C vee ¥'2ze’L0T asn eI
15@3043S 10 A2S ‘I
USRI 00T 00T 00T 160 19 €202'69 asN ajouwiey
€8'T—€80 €T Vet Ga8'0 280 6€ 0'€ee'Ly 8N Jeuwlio4
¥ST—-990 10T 96'0 090 850 T€ 8'/2¢c'eS asn aeulweepu|
- - - - 000 0 2628 aidnni
96'¢—8T10 cL0 v.0 890 990 4 T0€0'E suljowsd
1D %S6 qdd pdd S }S] sih-uossed | sweng sl snies uoledipe N
posnipy | sojqerren | PESNIPRUN | 000'TRREY | OWNN [ -uosid
Buiyorew
pesnipy

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

JAMA. Author manuscript; availablein PMC 2012 June 28.



Page 20

Habel et al.

uos!.redwod asn ajowa J 110409 J8sn MU ‘ash UoiedIpawl HAY YlIM paTRIoosSe ‘S1uaAd Je|NdSeAOIp Jed SNoLss J0) Solel atel pasnipy

NIH-PA Author Manuscript

- - - - 000 0 6'€0L sdniniA
LL'9—€ET0 €60 06'0 oTT 260 T 9T60'T suljowed
16'¢—820 06'0 G6'0 190 170 € ¥'8re'9 suljexowoly
'T—-¢€0 690 0.0 €vo 9€0 8 9'950°2 aepuaydiAye N
¢1—¢10 80 €0 910 ¥10 € 1'200'22 seulweRydw Y

uoledipaw Jo adA L
TTT-¥€0 290 190 7e0 620 1) 2'€02'es 8N WeInd
pdos
U1 00T 00T 00T 80¢C ST ZY6T'sS asn ajowey
6/’ T—8L0 80T 80T SL0 ST SS L'/80'GE asn Jsw.ioH
¥8'T—G60 ceT 12T 080 197 s 0°060'TE asn aeuiWRRBpU|
€LT—9L0 <1 60T G800 LL'T 6¢ Z'Ger'at sfep +99¢
10C¢—0L0 6TT €TT 890 €T 9T 6'T2CTT shep G9e—€8T
€ST—9€0 SL0 1.0 040} 780 8 £'995'6 skep 28116
96'T— 2GS0 90T 10T S50 4 T 8'959'6 shep 06-T¢
€r'¢—0L0 €T KT 0.0 T T £'925', shep 0g-T
LuoneINg

- - - - 000 0 L'yl adniniA
€0€—-8T0 SL0 9.0 980 6LT 4 VYIT'T suljowsd
0T'¢—¥50 90T 90T 190 6ET 6 €'GL¥'9 sulexowoly
08'T—880 KT €T 80 9T v 8'0€6'c aepuayd Ay N
9’ T—090 ¥6'0 98'0 0S0 €0T e 9'69z'ee seulweRydw Y

uoledipaw Jo adA L
Sr'T—180 80T 70T 190 6ET L 6'€€5'SS 8N Welnd
IN
10 %S6 qdd e pSps| sJA-ucsied | sueng SJA SNJels uoljedIpa N
pepnlpy | seqeiren | PEBSNIPERUN | 000'TAREY | BQunN | -ucsid
Buiyorew
pesnipy

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

JAMA. Author manuscript; availablein PMC 2012 June 28.



Page 21

Habel et al.

501 10ads 1IN

LRI 00T 00T 00T 20T 9g S20LYS 5N ajouisy
S9'T—-990 7o'T S0T €L0 SL0 4 9vr9'rE asn Jewlio4
/9'T—090 00T 00T ¥9'0 G990 0c T',59°0€ asn afeuiWRRpU|
TTC—690 T 6T'T 160 660 9T 9/80'9T shep +99¢
€9T—020 Gs'0 950 Ge0 9€'0 14 9'8T0°TT shep Goe—€8T
Y1'€-9.0 aSs'T 69T ¥6'0 96'0 6 0'86€'6 shep z8T-16
TSC—970 80T oT'T 290 €90 9 8'TIS'6 skep 06-T€
€GC—€E0 260 €6'0 €90 Y50 14 0Ty, shep 0e-T

LuoneINg
- - - - 000 0 €6EL adniniN
¢L'S—vE0 6ET 8T 8LT 28T 4 L'660'T suljowed
¥0'¢—02'0 79'0 99'0 90 ¥0 € v'62v'9 sulexowoly
0€'¢—060 Wt €ST 60T T 9 L'SEe'Ee aepuaydAye N
€9T—6€0 110 ¢L0 €vo 0 (0] 2'596'C2 soulweRydw Y
uoiedipaw joadA ]
9T—-2L0 60T oT'T €L0 G0 144 €695V 88N Ju_1IND
oIS
0UB PRI 00T 00T 00T €80 14 9'9¢6'€S 5N ajouisy
9G'T—-0S0 88'0 680 190 YA 9T 9//8'ce asn JewlioH
6. T—¢50 960 60 250 1240 €T 1258L'6¢ asn afeuiWRRpU|
EV'1—2¢C0 150 PAS0) o0 €e0 S 8'6¢T'ST shep +99¢
¢9T—€00 [4A40] [440] 170 0To T €TIS0T shep Goe—€8T
0T’ €—0r0 T 60T €90 w0 14 0'920'6 shep z8T-16
€€T—¥T0 950 950 90 440} 4 6'G6T'6 shkep 06-T¢
18C—9T0 89°0 1290 €e0 820 4 V.12, shep 0e-T
ouoneIng
10 %56 qdd pdd S}S] sJA-uosied | siueng sIhk snjess uolesipe N
posnlpy | sejgeiren | POBSNIPERUN | 000'TAREY | BQWNN | -uosied
Buiyorew
pasnipy

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

JAMA. Author manuscript; availablein PMC 2012 June 28.



Page 22

Habel et al.

'sjulodpue 8x0.1s Uo efep spiaod Jou pip eyl 161089 d M “‘AlunwiwioD uo|ed) ssis NHOIWH 0MI 83 pepnjoxe ﬁ%ém

‘sjulodpus DS uo eep apiroid Jou pip eyl (ISOMULON d M 181099 4y ‘AunwiwioD uojed) s81s NHO IWH 99141 3yl papnoxa §>_mc<h

"(suoreoipaw QHAY BYio Yiimauljowed pue Ajuo auljowed) asn auljowad apnoul Jou Saop uo _§:n_u

*(BuiAren-swn afe 103 UIYIIM SS|0e LIeA BWIOS) SHD Pue ‘1eak fepuded ‘xas ‘afie 9115 J0j paisn ._v<Q

‘(sa1qeren Buiyorew ‘a1) Jeak Jepused pue ‘xas ‘afe ‘als o) pasn ._U<m

aluslieWLIBd JBSe Y ‘dY 91008 ¥SII 2 [NIsSeA0IpIed ‘SHD | [eAIBIUI 80USPIUCD ‘[ ‘Ol 1. “HY ‘YTesp Jeipaed Usppns ‘doS ‘UoNoRIUI RIPIO0AW ‘| Al SUOIRIASINGY

MUl 00T 00T 00T 69°€ 16T T'0SP'eS asN oy
wW1-1.80 1T €TT 8.0 /8¢ 16 €VLL'EE asn Bsulio4
85 T—¥60 (4" 6TT SL0 9.¢C 8 2'769'6¢C asn ajeulweepu|
19 T—080 oT'T 90T G8'0 re Ly §'GS0'ST shep +99¢
LET—V¥S0 980 Ga8'0 ¢so 16T 0c T'v6v'0T skep Goe—€8T
/S T—-090 160 960 ¥50 00C 8T €'870'6 shkep z8T-16
69'T—990 S0'T 0T 950 10¢C 6T L'T6T'6 skep 06-T€
€8T—-990 0TT 80T 090 (444 9T L'STZ'L shep 0g-T

ouomreIng
- - - - 000 0 7' 10L adninin
6V'¢—2v0 20T 10T Gt 09v S 17'880T auljowed
99 T—€S0 760 €60 09'0 Tee 14 v'ove'9 aulPXxowoly
65T—T160 0z'1T @t 680 1453 69 8'800'zz | akpRydIAUBIN
€CT-T190 /80 080 90 69T VA 8'G56'TC saulweRydwy
uoleoIpaw Jo adA L
82'T—¢80 20T 00T 990 or'e et 9'¥60'2S asn welInd
10 %56 qdd pdd PSS | sJA-uosted | siueng sk snes uoledipe N
posnipy | soiqeiren | POBNIPRUN | 000'TRIEY | PQWNN | -uosied
Buiyorew
pesnipy

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

JAMA. Author manuscript; availablein PMC 2012 June 28.



