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Abstract

Objective: The purpose of this study was to determine whether stimulant users are at higher risk of a later cardiovascular event

than are non-users, examining this association in both a national cohort and a population-based sample of children and

adolescents diagnosed with attention-deficit/hyperactivity disorder (ADHD). We also aim to examine a possible dose-

response relationship in such an association.

Methods: We conducted a longitudinal, prospective cohort study of all children born in Denmark between 1990 and 1999.

Within this cohort, children with ADHD were identified. Data from national health registers on psychiatric and somatic

diagnoses, stimulant prescriptions, cardiovascular risk factors, pre- and perinatal and sociodemographic covariates in all

children and their parents were merged, using the unique personal identification number. Hazard ratios (HR) for cardio-

vascular events were estimated using Cox regression, adjusted for other known risk factors.

Results: In the total population (n = 714,258 contributing a total of 6,767,982 person-years) use of stimulants increased the risk

of a cardiovascular event; adjusted HR = 1.83 (1.10–3.04). In children with ADHD (n = 8300) stimulant treatment also increased

the risk of a cardiovascular event (adjusted HR = 2.20 [2.15–2.24]), with a complex time-dependent dose-response relationship.

Conclusions: This is the first nationwide cohort study of the cardiovascular safety of stimulants in children and adolescents,

and it represents, to our knowledge, the longest prospective follow-up study. Cardiovascular events were rare but twice as

likely in stimulant users as in non-users, both in the total national population and in children with ADHD. We found a

complex, time- and dose-dependent interrelationship between cardiovascular adverse events and stimulant treatment in

children and adolescents. Our results suggest a safety signal with an increased risk of cardiovascular disease associated with

stimulant treatment in children and adolescents, even after adjusting for a number of potential confounders.

Introduction

Worldwide, an increasing number of children and adoles-

cents with attention-deficit/hyperactivity-disorder (ADHD)

(American Psychiatric Association 2000) are treated with psycho-

stimulants (Lang et al. 2010). Concern regarding the cardiovascular

safety of these agents persists, and case reports of sudden death

or acute myocardial infarction have been published (Jiao et al.

2009; Ruwald et al. 2012). Stimulants significantly increase blood

pressure and heart rate in patients with ADHD (Findling et al. 2001;

Samuels et al. 2006; Mick et al. 2013), and although these car-

diovascular effects are usually small in magnitude, they contribute

to the concern of a possible association with serious adverse car-

diovascular events (Graham and Coghill 2008; Graham et al. 2011;

Vitiello et al. 2012).

In a review from 2012, Westover and Halm identified 10

population-based observational studies on the cardiovascular risks

of stimulant medications (Westover and Halm 2012). The review
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concluded that one of the seven studies in children and adolescents

and two of the three in adults found an association. (See Supple-

mentary Table S1 for an overview of these studies. Supplementary

material is available in the online version of this article at

www.liebertpub.com/jcap). It also concluded that the relationship

of time and dose of stimulants to the risk of adverse cardiovascular

events is unknown. The reviewed studies had methodological

limitations, which made the interpretation of the results difficult,

and the authors suggested that in order to overcome these limita-

tions future observational studies should include large population-

based samples, use hard clinical outcomes, examine time and dose

of stimulants, attempt to control for confounding by indication and

contraindication, reduce risk of selection bias by, for example, not

only comparing users with non-users, and adjust for confounders by

using appropriate statistical approaches and by including sensitiv-

ity analyses of subsamples with and without predisposing cardio-

vascular risk factors (Westover and Halm 2012).

We performed the first nationwide cohort study including a large

number of children and adolescents diagnosed with ADHD, with the

longest prospective follow-up, and used hard data from the Danish

national health registries on measurements of exposure, predictors,

potential confounders, effect modifiers, and outcomes, with the fol-

lowing three objectives: 1) To examine whether stimulant use

compared with non-use was associated with cardiovascular disease

in a total Danish population-sample; 2) to examine the same asso-

ciation in a population-based sample of children and adolescents with

a diagnosis of ADHD; and 3) to examine the modifying effect of time

and dose of stimulants and later cardiovascular disease.

Methods

Utilizing data from a number of national Danish registries (See

Table 1), we applied the unique personal identification number (ID)

as a key identifier, to combine and merge data across registries at

the level of each individual.

Participants

We identified a cohort of all children born in Denmark between

1990 and 1999 (n = 714,258) from the Danish Civil Registration

System (Pedersen et al. 2006). Within this birth cohort, we iden-

tified all children diagnosed with ADHD after the age of 5 years

(n = 8300), using the International Statistical Classification of

Diseases and Related Health Problems, 10th revision (ICD-10)

(World Health Organization 1993) diagnostic codes of F90.0,

F90.1, F90.8, or F90.9, from either the Danish Psychiatric Central

Register (DPCR) or the Danish National Hospital Register

(DNHR). A total of 419 individuals were diagnosed with ADHD

before the age of 5 years, and one additional individual was treated

with ADHD medication before the age of 5 years, and these 420

individuals were excluded. We have previously examined the

prevalence and predictors of ADHD medications within this cohort

(Dalsgaard et al. 2013a, 2014). We collected data on all lifetime

Table 1. The National Registers Providing Data for the Study and the Covered Time Period

Danish Civil Registration System (DCRS): 1974–2010 Danish National Hospital Register (DNHR): 1980–2010
� Identification of the unique personal identification (ID)

number as a key identifier of all live-born children in
Denmark between January 1, 1990 and December 31, 1999

� Identification of both parents of children in this cohort

Danish Psychiatric Central Register (DPCR): 1960–2010
� ID number
� Lifetime ICD-10 psychiatric diagnoses from all inpatient

admissions (since 1960) and outpatient contacts (since
1995) of all children in the cohort and their parents

� Information on date of admission, date of discharge,
identification of the hospital, ICD-10 diagnoses, and
conditions of admission (voluntary or coercive) for
all contacts

Integrated Database for Longitudinal Labour Market
Research (IDA): 1980–2010
� ID number
� Age of mother and father
� Level and length of education of mother and father
� Parental employment status of mother and father on

November 1 for each calendar year
� Length of unemployment periods for mothers and fathers

during each calendar year
� Gross income of both parents for each calendar year

Danish Medical Birth Register (MBR): 1973–2010
� ID number
� Apgar score
� Birth weight
� Birth complications
� Maternal smoking during pregnancy

� ID number
� Lifetime ICD-10 cardiovascular diseases (I00-I99) from all

inpatient admissions (since 1980) and outpatient contacts
(since 1995) for all children in the cohort and their parents

� Holds information on ICD-10 diagnoses, the date of
admission, date of discharge, and ID of the hospital

Danish Register of Medical Product Statistics (DRMPS):
1995–2008
� ID number for each prescription
� All prescriptions for all children in the cohort and their

parents
� Information on the anatomical therapeutic chemical

(ATC-code), the date of purchase, defined daily doses
(DDD), and brand name

We included the following ATC-codes for stimulants
treatment:
� Amphetamine (N06BA01)
� Dexamphetamine (N06BA02)
� Methylphenidate (N06BA04)

Cardiovascular risk factors, either in the child or in one of
the parents:
� Any cardiovascular disease in parents (I00–I99)
� Any respiratory disease in parents ( J00–J99)
� Congenital cardiovascular disease (Q20–28)
� Any cardiovascular disease in the child before the age of 5
� Fragile X (Q99.2)
� Down syndrome (Q90.x)
� Diabetes (E10–14)
� Cardiovascular medication (ATC-C code)
� Respiratory medication (ATC-R ode)
� Neuroleptics (ATC-N05A code)

ICD 10, International Statistical Classification of Diseases and Related Health Problems, 10th revision.
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psychiatric and somatic diagnoses, cardiovascular risk factors, and

drug prescriptions, as well as data concerning relevant socio-

demographic variables. See Table 2 for baseline characteristics.

Cardiovascular risk factors and definition of outcome

Risk factors for cardiovascular diseases were measured before

the age of 5 years, and were defined as a diagnosis of congenital

heart disease, cardiovascular disease, Fragile X, Down syndrome,

or diabetes, or a prescription for the child of neuroleptics or car-

diovascular or respiratory medication (anatomical therapeutic

chemical [ATC] codes N05A, R, or C, respectively; except C05A)

for the child. Parental cardiovascular disease, respiratory disease,

or diabetes or prescriptions with an ATC-code N05A, R, or C

(except C05A), were also considered cardiovascular risk factors.

The ICD-10 and ICD-9 diagnoses are shown in Supplementary

Table S2 (see the online article for supplementary material at http://

www.liebertonline.com/jcap). The outcome in this study was de-

fined as the child having a hospital contact (inpatient ward, out-

patient clinic, or visit to an emergency ward) with a diagnosis of a

cardiovascular disease, defined as an I00-I99 diagnosis in the

DNHR. In the main analyses, we differentiated these outcome

contacts from other contacts, for example, those resulting from

ADHD or follow-up of ADHD treatment, by including only 1)

outcome data from the DNHR, which includes contacts from de-

partments dealing with somatic health (and we did not include

outcome data from the DPCR) and 2) outcome contacts with a

cardiovascular diagnosis.

Stimulant treatment

The Danish Register of Medical Product Statistics gave data on

all drug purchases for cohort members and their parents. Stimulant

treatment was defined as purchase of a drug containing amphet-

amine (N06BA01), dexamphetamine (N06BA02), or methylphe-

nidate (N06BA04). A lifetime history of drug utilization was

constructed based on dates of prescriptions of medication as well as

the number of defined daily doses (DDD) of 30 mg of methylphe-

nidate purchased each day for a child from the age of 5 years,

onwards. The history of drug utilization, including timing and

dosing, was estimated by combining data on intervals between

prescriptions and number of DDDs per prescription, and date of

discontinuation of treatment was estimated based on number of

DDDs on the last prescription, and extrapolating the estimated dose

from the period preceding the last prescription. The daily dosage of

methylphenidate was divided into three groups – > 0 but < 15 mg/

day, between 15 and 30 mg/day, and > 30 mg/day – and was mea-

sured at three points in time: At the date of the cardiovascular event,

and 3 and 12 months prior to this date.

Potentially confounding risk factors

Additional risk factors included early measurements of peri-

natal and child health (e.g., maternal smoking during pregnancy,

length of gestation, birth complications, low birth weight, Apgar

score, number of injuries resulting in hospital contacts, and visits

to emergency wards before the child was 5 years of age) and

comorbid psychiatric conditions (Dalsgaard et al. 2002; Linnet

et al. 2003). We also included data on any psychiatric diagnoses

in parents. In addition, we included a number of demographic

and socioeconomic background variables: Gender, region, and

year of birth for the child, and age, education, and occupation for

the parents.

Statistics

Data on exposure (stimulant treatment) and outcome (cardio-

vascular events) were treated as time-dependent variables, and we

used Cox regression to estimate the impact of stimulant treatment

and dosage on the hazard ratio (HR) for a cardiovascular event;

95% confidence intervals (CIs) were calculated for HRs. Subjects

were followed until the date of outcome or censored at the date of

death or at the end of our observation (December 31, 2008),

whichever came first. In sensitivity analyses, we stratified on the

presence of a risk factor for cardiovascular diseases. We also per-

formed analyses on a subset of the sample, excluding patients who

had serious cardiovascular events or who died during follow-up.

In a small proportion of the ADHD sample ( < 1%) we did not

have complete data concerning all of the covariates. However,

stepwise inclusion of covariates in the model did not change the

estimated hazard ratios. We also included a covariate for missing

data in the adjusted analyses. The statistical package SAS 9.2 was

used in the analyses (SAS Institute Inc. 2000). The study was ap-

proved by the DCPR (7-505-29-1470/1) and by the Danish Data

Protection Agency (2010-41-4766).

Results

Stimulant use versus non-use
in the national population

Among 714,258 subjects (6,767,982 person-years), with each

subject contributing with a mean of 9.5 years of observation, a total

of 5734 individuals had a cardiovascular event (84 events per

100,000 person-years). There was an increased risk of any car-

diovascular event in stimulant users compared with non-users in the

total population, with an adjusted HR of 1.83 (95% CI 1.10–3.04).

Use of stimulants versus non-use
in subjects with ADHD

Among children with ADHD (n = 8,300) we identified 111 car-

diovascular events (170 events per 100,000 person-years). In

children with ADHD, stimulant use versus non-use was associated

with an increased hazard for a cardiovascular event (adjusted

HR = 2.34 [1.15–4.75]). The 111 cardiovascular events in children

with ADHD included hypertension (8%), ischemic heart disease

(2%), pulmonary heart disease ( < 1%), arrhythmias (23%), cardiac

arrest ( < 1%), heart failure (2%), heart disease caused by rheumatic

fever (2%), heart disease not otherwise specified (NOS) (14%),

cerebrovascular disease (9%), and cardiovascular disease NOS

(40%).

Change of dosage through the study period

For 57% of children with ADHD, who were treated with sti-

mulants and experiencing a cardiovascular event, stimulant dose

had been reduced during the 12 months prior to the event. Only

30% of children without a cardiovascular event had experienced a

decrease in stimulant dose within the last year (v2 = 9.35, df = 2,

p = 0.0022). Similarly, significantly more children with a car-

diovascular event discontinued stimulant treatment or had their

dose reduced from high/medium to low; 43% compared with only

24% among those who did not have a cardiovascular event

(v2 = 5.64, df = 2, p = 0.017). For additional data on dose changes

during follow-up, see Supplementary Table S3 (see the online

article for supplementary material at http://www.liebertonline

.com/jcap).
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Table 2. Demographic, Perinatal and Clinical Characteristics of ADHD Sample at Baseline

Not treated with stimulants (n = 2818)a Treated with stimulants (n = 5482)a

Variable Mean (SD) n (%) Mean (SD) n (%)

ADHD and treatment
Age at ADHD diagnosis 10.01 (3.22) 10.03 (3.00)
Age at initiation of stimulant treatment - 10.48 (2.88)
Duration of stimulant treatment, years - 2.45 (2.11)

Childb

5 min Apgar score 9.74 (1.17) 9.76 (1.07)
Gestation length (weeks) 39.25 (2.40) 39.29 (2.28)
Gender (male) 2203 (78.2%) 4511 (82.3%)
Birth weight < 1500 g 50 (1.9%) 68 (1.3%)
Birth weight 1500–2500 g 161 (6.0%) 326 (6.2%)
Birth weight > 2500 g 2452 (92.1%) 4831 (92,5%)
Complications at birth 792 (28.1%) 1634 (29.8%)
Congenital heart disease at birth (Q20–28) 60 (2.1%) 93 (1.7%)
Cardiovascular disease before age 5 40 (1.4%) 69 (1.3%)
Fragile X syndrome 0 (0.0%) 2 (0.0%)
Down syndrome 5 (0.2%) 2 (0.0%)
Diabetes 1 (0.0%) 3 (0.1%)
Neuroleptic treatment before age 5 0 (0.0%) 3 (0.1%)
Heart medication before age 5 15 (0.5%) 6 (0.1%)
Comorbid psychiatric condition 1750 (62.1%) 3450 (62.9%)
Affective disorder and anxiety 275 (9.8%) 459 (8.4%)
Number of psychiatric diagnoses 2.19 (1.33) 2.17 (1.28)
Number of injuries before age 5 1.01 (1.44) 1.15 (1.58)
Number of hospital contacts before age 5 4.95 (4.97) 4.99 (5.18)

Motherb

Age, mean (SD) 32.13 (5.21) 31.79 (5.03)
Length of education (years) 11.52 (2.37) 11.52 (2.35)
Income (1,000 $/year 2004) 38.3 (16.0) 39.3 (15.4)
Married/cohabiting with the child’s father 1698 (61.9%) 3266 (61.1%)
High school or less 1297 (48.3%) 2502 (47.5%)
Unemployed < 13 weeks 2237 (81.6%) 4,395 (82.2)
Unemployed 13–26 weeks 268 (9.8%) 508 (9.5%)
Unemployed > 26 weeks 237 (8.6%) 441 (8.3%)
Employed in November 1707 (62.3%) 3350 (66.1%)
Psychiatric diagnosis 347 (12.3%) 623 (11.4%)
Cardiovascular disease 171 (6.1%) 330 (6.0%)
Respiratory disease 565 (20.1%) 1157 (21.1%)
Smoking during pregnancy 299 (12.7%) 558 (12.2%)
Heart medication 257 (9.1%) 444 (8.1%)
Diabetes 30 (1.1%) 53 (1.0%)

Fatherb

Age, mean (SD) 35.10 (6.33) 34.81 (6.01)
Length of education (years) 11.47 (2.44) 11.35 (2.38)
Income (1,000 $/year 2004) 57.3 (33.2) 58.0 (33.9)
High school or less 1032 (41.4%) 2069 (42.4%)
Unemployed < 13 weeks 2271 (88.4%) 4472 (89.0%)
Unemployed 13–26 weeks 152 (5.9%) 267 (5.3%)
Unemployed > 26 weeks 146 (5.7%) 286 (5.7%)
Employed in November 2151 (83.7%) 4291 (85.4%)
Psychiatric diagnosis 279 (10.5%) 546 (10.6%)
Cardiovascular disease 170 (6.4%) 330 (6.4%)
Respiratory disease 427 (16.0%) 816 (15.8%)
Heart medication 121 (4.5%) 249 (4.8%)
Diabetes 28 (1.1%) 42 (0.8%)

Bold indicates a significant difference between the never and ever stimulant group at the 5% level.
aFor some baseline variables missing data.
bCovariates measured when the child was 4 years of age, unless otherwise specified.
ADHD, attention-deficit/hyperactivity disorder.
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Dose-response relationship in the adjusted analyses

We did, in the adjusted survival analyses, find a dose-response

relationship, with high doses associated with an increased risk of

cardiovascular events (see Table 3). Specifically, children pre-

scribed > 30 mg of methylphenidate per day 12 months prior to the

event had a higher risk than children not in treatment (adjusted

HR = 2.24 [1.20–4.20]).

In contrast, examining the dose at the time of the cardiovascular

event, we found an inverse relationship between cardiovascular

events and the current dose, with the highest risk in the group of

children being prescribed the lowest dose (see Table 4).

Sensitivity analyses

In the stratified analyses, children with known predisposing

cardiovascular risk factors were at similar risk of a cardiovascular

event (adjusted HR = 2.01, [1.98–2.06]) as children with no known

predisposing cardiovascular risk factors treated with the same dose

(adjusted HR = 2.46, [2.40–2.51]). Among children with ADHD,

five had experienced a serious cardiovascular event, including

cardiac arrest, uncompensated heart disease, and ischemic heart

disease. None of these children had been treated with stimulants.

When excluding these cases, the HRs remained unchanged (data

not shown). During the study period, six children died, but none of

them died from cardiovascular causes. All six had previously been

treated with stimulants and three were still receiving treatment at

the time of death. None of these six cases had ever received a

cardiovascular diagnosis. The HRs remained unchanged when

excluding these cases from the analyses (data not shown). For a

tabulation of dose changes in these six individuals, see Supple-

mentary Table S4 (see the online article for supplementary material

at http://www.liebertonline.com/jcap).

Discussion

In this large nationwide cohort study, we found that stimulant

treatment increased the risk of cardiovascular events both in the total

national population and in a population-based sample of children and

adolescents with ADHD. This is consistent with some of the findings

in one of the seven previous studies within this age group (Winter-

stein et al. 2007), although we found a higher estimated risk (2.2 vs.

1.2). Compared with the study by Winterstein et al., the observation

period of our study was much longer (9.5 vs. 2.3 years) and this may

explain the difference in estimated risk. Furthermore, our prospec-

tive follow-up may also offer less biased results than the previous

retrospective studies in children and adolescents (Winterstein et al.

2007, 2009; Cooper et al. 2011; Schelleman et al. 2011; Olfson et al.

2012) and in adults (Holick et al. 2009; Habel et al. 2011; Schelle-

man et al. 2012). Only two of the previous studies included patients

with ADHD and estimated the effect of treatment (Winterstein et al.

2007; Olfson et al. 2012), whereas the rest of the previous studies

compared users to non-users, essentially comparing patients with

ADHD to normal controls without ADHD. These two groups are

likely to differ in a number of ways in addition to their treatment

status, and hence would not have comparable cardiovascular risk

profiles. There is some evidence to suggest that ADHD may be more

prevalent in children with a cardiovascular disease than in the gen-

eral population (Vetter et al. 2008). In a recent study of 13,460 new

stimulant users, 2% had a preexisting cardiovascular disorder com-

pared with only 1.2% of non-users (Kraut et al. 2013).

We also found that children without predisposing cardiovascular

risk factors were at increased risk of a cardiovascular event. This is

in contrast to the negative findings in a smaller study, which ex-

cluded children with previous cardiovascular symptoms or diag-

nosis, rather than adjusting or stratifying for such a preexisting risk

(Olfson et al. 2012). Similarly to many previous studies, we have

adjusted risk estimates for child cardiovascular risk factors, but in

addition, we were also able to follow parents prospectively and

adjust for a large number of covariates in parents, including pa-

rental cardiovascular risk, and socioeconomic and psychiatric

history; hence our results may offer a less biased estimate of the

association.

Importantly, we also found a dose-response relationship be-

tween stimulant treatment and cardiovascular events. Children with

ADHD previously treated with high doses were 2.2 times more

likely to experience a cardiovascular event than were children with

ADHD who were treated with smaller doses. In contrast, when

these analyses were performed using the stimulant dosage at the

time of the cardiovascular event, we found a significant inverse

dose-response relationship. Only one previous study has examined

a dose-response relationship, and found current treatment with

methylphenidate to be associated with an increased risk of serious

cardiovascular events and death in adults with ADHD, with an HR

for all causes of death of 1.74 (1.60–1.89) compared with non-users

(Schelleman et al. 2012). Similar to our findings, the study found

that the risk was inversely related with current dose. Specifically,

adults with ADHD treated with < 20 mg of methylphenidate per

day had double the risk of sudden death as patients treated with

> 20 mg per day. We also found an inverse dose-response rela-

tionship with current dose, and our data suggest that high doses of

methylphenidate followed by a lower dose may contribute to an

increased long-term risk of adverse cardiovascular events.

A possible biological mechanism for the time-dose-response

relationship in our study may involve alterations to cardiac sym-

pathetic function via altered striatal dopamine transporter levels in

the brain, mediated through treatment and discontinuation of

treatment with stimulants. Drug-näive adults with ADHD have

higher density of dopamine transporters (DAT) in striatum (Dresel

et al. 2000; Krause et al. 2000), and exposure to stimulants further

increases density of DAT in the striatum even after discontinua-

tion of the medication (Fusar-Poli et al. 2012). In animals, DAT

are not only found in the central nervous system but also in the

myocardium (Palomar et al. 2011). The corrected cardiac repo-

larization time (QTc interval) is inversely correlated with striatal

DAT density (Kauppila et al. 2009). Reports on whether stimu-

lants prolong the QTc interval in patients with ADHD during

active treatment are inconsistent (Vetter et al. 2008; Arcieri et al.

2012; Hamilton et al. 2012; Martinez-Raga et al. 2013); and little

is known on the effect of discontinuation of stimulant treatment on

QTc interval. Animal studies have found that stimulants prolong

action potential duration and resting membrane potential in si-

noatrial cells (Aileru and Carpentier 1996), affect action-potential

repolarization in ventricular myocytes (Casis et al. 2000), affect

cell membranes in the myocardium (Henderson and Fischer

1995), and have dose-related structural effects on capillary en-

dothelial cells (Bahcelioglu et al. 2009). Drug-näive children with

ADHD have higher heart rates than controls (Huang and Tsai

2011; Imeraj et al. 2011; Buchhorn et al. 2012a) and reduced heart

rate variability (HRV), which is normalized by methylphenidate

(Buchhorn et al. 2012b).

Hence, theoretically, discontinuation of treatment may shorten

the QTc interval or result in reemergence of HRV in children with

ADHD. Short QT syndrome is known to be clinically associated

with atrial and ventricular fibrillation, syncope, and sudden cardiac
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Table 3. Adjusted Hazard Ratios for Cardiovascular Disease in Children with ADHD

Variable Hazard ratio 95% Confidence interval

Medicine dosage (12 months before the cardiovascular event)
No stimulant medication(reference) 1
Dosage < 15 mg methylphenidate 1.43 0.57 3.59
Dosage 15–30 mg methylphenidate 1.67 0.84 3.32
Dosage > 30 mg methylphenidate 2.24 1.20 4.21

Childa

Male (0/1) 0.71 0.45 1.11
5 min Apgar score 0.50 0.04 6.02
Birth weight < 1500 g 0.33 0.04 2.71
Birth weight 1500–2500 g 1.07 0.52 2.19
Birth weight > 2500 g (reference) 1.00
Gestation length (weeks) 1.00 0.94 1.07
Child health missing 0.67 0.05 9.43
Complications at birth 1.21 0.80 1.85
Heart disease at birth (Q20–28) 4.57 2.29 9.10
Cardiovascular disease before age 5 2.77 1.22 6.32
Diabetes 38.65 4.44 336.78
Treatment with heart medication before age 5 0.86 0.13 5.70
Any comorbid psychiatric condition 1.20 0.68 2.13
Number of comorbid psychiatric diagnoses 1.21 1.05 1.39
Comorbid affective or anxiety disorder 1.52 0.87 2.64
Number of injuries before age 5 0.97 0.82 1.14
Number of contacts with a hospital before age 5 1.04 1.02 1.07
Number of visits to the emergency ward before age 5 1.11 0.98 1.27

Mothera

Age 1.00 0.95 1.04
Educational level, high school or less 1.00 0.54 1.84
Length of education (years) 1.04 0.92 1.19
Unemployed < 13 weeks 0.90 0.46 1.78
Unemployed 13–26 weeks 0.70 0.27 1.79
Unemployed > 26 weeks (reference) 1
Employed in November 1.16 0.71 1.91
Psychiatric diagnoses 0.88 0.46 1.67
Cardiovascular disease 1.31 0.61 2.83
Respiratory disease 0.66 0.38 1.13
Smoking during pregnancy 1.50 0.59 3.83
Data on smoking missing 1.29 0.61 2.76
Diabetes 0.80 0.10 6.39
Cardiovascular medication (ATC-C code) 0.81 0.38 1.74
Data on mother missing 2.66 0.37 19.22

Fathera

Age 1.02 0.99 1.04
Educational level, high school or less 1.02 0.54 1.95
Length of education (years) 0.98 0.85 1.13
Unemployed < 13 weeks 1.09 0.46 2.57
Unemployed 13–26 weeks 1.86 0.64 5.41
Unemployed > 26 weeks (reference) 1
Employed in November 1.64 0.82 3.29
Psychiatric diagnosis 0.92 0.46 1.84
Cardiovascular disease 0.78 0.33 1.85
Respiratory disease 0.91 0.51 1.60
Diabetes 1.95 0.46 8.25
Cardiovascular medication (ATC-C code) 2.17 0.96 4.92
Data on father missing 1.75 0.25 12.23

Regionsa

Northern Jutland 0.68 0.25 1.83
Central Jutland 0.88 0.52 1.49
Southern Jutland 0.72 0.39 1.32
Zealand 1.37 0.78 2.41
Copenhagen area (reference) 1

Observations: Days 23,736,162 /Individuals 8295.
Bold indicates a significant difference between the never and ever stimulant group at the 5% level.
aCovariates measured when the child was 4 years of age, unless otherwise specified.
ADHD, attention-deficit/hyperactivity disorder; ATC-C, anatomical therapeutic chemical code C.
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death (Schimpf et al. 2008), and reduced HRV is also a known risk

factor for cardiovascular events (Tsuji et al. 1996).

Whether a decrease from high doses of stimulants can have en-

during effects on cardiac sympathetic function via altered striatal

DAT and whether a dose reduction or discontinuation can possibly

affect the QT interval may be worthy of further investigations. More

research is needed to gain a clearer understanding of the interactions

among stimulant dosage, dosage changes, and length of exposure on

cardiac, sympathetic, parasympathetic, and striatal function.

As with other registry-based studies, our study has a number of

methodological weaknesses. Systematic information bias may be

one limitation of using register data, particularly if cardiovascular

disease was diagnosed preferentially in one group compared with

the other. All subjects identified as having an ADHD diagnosis in

this study were followed at an outpatient clinic at a hospital de-

partment where, in principle, they were eligible for pharmacolog-

ical intervention. However, cardiovascular symptoms may have

been more likely identified in children receiving pharmacological

treatment, and minor cardiovascular symptoms may have led to a

reduction of dose. In an attempt to adjust for group differences, we

have, in our data set, included a number of potential confounding

covariates including a rich set of background variables indicating

the severity of the symptoms and geographical variation in phar-

macological treatment practices, as well as potential predisposition

for cardiovascular disease. In addition, diagnoses in the registers

are clinical diagnoses, not the result of systematic well-described

uniform assessments. However, the validity of the clinical ADHD

diagnoses in the registers has been shown to be good (Linnet et al.

2009; Dalsgaard et al. 2013b). This was not a randomized con-

trolled trial. Nationwide register-based cohort studies, on the other

hand, offer alternative opportunities to study large samples less

prone to selection bias for long periods, without attrition, and with

the ability to adjust the analyses for a number of important cov-

ariates that may act as potential confounders. Still, our results on

the inverse relationship between stimulant dose and risk of car-

diovascular events may be biased by residual confounding, and

should be interpreted cautiously and in light of this.

Conclusions

We present the first nationwide cohort study of the cardiovas-

cular safety of stimulants, and, to our knowledge, the longest pro-

spective follow-up study of this. Cardiovascular events were rare,

but associated with stimulant treatment, with a 1.8-fold increased

risk in the total population and a 2.2-fold increased risk in children

and adolescents with ADHD. Our study of a possible dose-response

relationship suggests a complex, time- and dose-dependent inter-

relationship between cardiovascular adverse events and stimulant

treatment and cardiovascular effects of discontinuation of stimulant

treatment in children and adolescents with ADHD.

Clinical Significance

If replicated in other studies, our findings may be of public health

significance, especially given the increasing use of psychostimu-

lants. Our findings may also be relevant for future revisions of the

international treatment guidelines with regard to the use of high

doses of methylphenidate, and regarding the recommendation of

drug holidays.
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