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ABSTRACT

Aim: There have been concerns about links between medication for attention deficit hyperactivity disorder (ADHD) and cardiac
events in children and young people. Our aim was to identify any associations.

Method: This Swedish case-control study used national register data to identify individuals aged 5-30years who received their
first diagnosis of a cardiac arrest, arrhythmia, fainting or collapse in 2006-2018. Each case was matched with five controls, by
age, sex and region. Associations between ADHD medication and cardiac events were assessed using adjusted odds ratios (aORs)
with 95% confidence intervals (CIs). Adjustments were made for concomitant medications and comorbidities, including congen-
ital heart disease (CHD).

Results: We studied 112605 cases (57.9% female), with a median age of 20years (range 5-30), and 563024 matched controls.
Using ADHD medication was associated with cardiac events (aOR 1.63, 95% CI 1.47-1.81) across sexes and age groups. Undefined
arrhythmias had the strongest association (aOR 2.66, 95% CI 2.27-3.13). Cardiac arrests and defined arrhythmias had no associ-
ations. Long-term medication was associated with an increased risk (aOR 1.20, 95% CI 1.12-1.28). CHD had no impact.
Conclusion: ADHD medication was associated with cardiac events, particularly undefined arrhythmias. CHD did not increase
the risk.

1 | Introduction non-stimulants, can mitigate symptoms, potential cardiac risks
have prompted safety concerns [1, 2].

Attention deficit hyperactivity disorder (ADHD) affects around

8% of children globally and it is characterised by persistent inat- Many observational and experimental studies have investigated

tentiveness, hyperactivity and impulsiveness. Although studies ~ both the long-term and the short-term cardiovascular risks of

have shown that ADHD medication, including stimulants and ADHD medication [2-5]. However, some studies have excluded

Abbreviations: ADHD, attention deficit hyperactivity disorder; aOR, adjusted odds ratio; CHD, congenital heart disease; CI, confidence interval.
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Summary

« This national register study assessed the risks of car-
diac events in individual aged 5-30years who used
medication for attention deficit hyperactivity disorder
(ADHD).

» Comparing these Swedish cases with matched con-
trols revealed an association between ADHD med-
ication use and an increased risk of cardiac events,
particularly undefined arrhythmias.

» Noincreased risks of cardiac events were seen in those
with congenital heart disease.

fainting, which can be a sign of a cardiac event [6]. Others have
not considered confounding factors [2, 4, 7], such as congenital
heart disease (CHD), despite the fact that these factors have fre-
quently been linked to cardiac arrhythmias [8].

The risk estimate can be biased by some physical, mental and
neurological disorders that often occur at the same time as
ADHD or heart conditions. For example, epilepsy has a well-
established connection with ADHD and cardiac events, such as
arrhythmias, and this is possibly due to shared genetic or non-
genetic factors [9, 10]. This highlights a gap in the knowledge
about specific cardiac risks related to ADHD medication use.

Certainmedications,includingantiepileptics, theophylline, oral
steroids, levothyroxine and beta-adrenoceptor agonists [11-13],
could influence the risk of cardiac events. Antiepileptics may
affect the ion channels in the heart [11], while theophylline and
beta-adrenoceptor agonists may initiate supraventricular or
ventricular tachycardia [12, 13]. The risks of arrhythmias and
a prolonged QTc interval are known to vary with both sex and
age [14]. However, the associations between cardiac events and
ADHD medication by sex and across childhood, adolescence
and early adulthood are unknown.

The aim of this nationwide, register-based study was to assess
the associations between different cardiac events and exposure
to ADHD medication in patients aged 5-30years.

2 | Methods

This Swedish study was based on a nationwide case—control study
design that used data from 2006 to 2018. The design was selected
due to the rarity of the outcome, namely cardiac events, in the
target age group of 5-30years. Associations between the risk of
cardiac events and ADHD medication use were assessed. Age and
sex, together with potential confounding factors such as cardiac,
somatic and psychiatric comorbidities and concomitant medica-
tion, were considered. Associations between cardiac events and
types of ADHD medication and duration of use were also assessed.

2.1 | Data Sources

Data were obtained from Swedish national registers. These were
the Swedish National Patient Register, for inpatient and specialised

outpatient care, the Swedish Prescribed Drug Register and the
Swedish Population Register. The first two include detailed infor-
mation on disease diagnoses and prescribed medication, respec-
tively, and demographic data. Both have been recognised for their
good national coverage. The Swedish Population Register, which
was established in 1961, provides information on births, house-
holds, residence status and citizenship changes [15-17].

2.2 | Study Population and Inclusion Criteria
2.2.1 | Identification of Cases and Controls

Cases were identified from the Swedish National Patient
Register. They comprised all individuals in Sweden aged
5-30years who received an incident diagnosis of a cardiac event
between 1 January 2006 and 31 December 2018. Cardiac events
included cardiac arrests, defined and undefined cardiac ar-
rhythmias, fainting and collapse. The date of the cardiac event
was used as the index date. If a patient received a diagnosis of a
cardiac arrest or defined arrhythmia, it was classified as such. A
diagnosis of undefined arrhythmia, but not defined arrhythmia,
was classified as undefined arrhythmia. A diagnosis of fainting
or collapse, but not defined or undefined arrhythmia, was clas-
sified as fainting. The diagnoses were based on the International
Classification of Diseases, Tenth Revision, Swedish version
(ICD-10-SE) (Table S1). Patients were only excluded if they were
outside the age range or study dates.

Controls were identified from the Swedish Population Register
and each one was used only once during the study period. Five
controls were matched with each case, based on age, sex and re-
gion of residence at the time of the index date. The controls were
selected after all cases had been removed from the population
pool and no replacements were used.

2.2.2 | Main Medication Exposure

Data on medication were drawn from the Swedish Prescribed
Drug Register for the period 2006-2018. We selected individuals
aged 5-30years who had received at least one dispensed ADHD
medication in the year before their index date. This was defined
as current use. No dispensed medication for any other psy-
chotropic medication during this time span was included. The
Anatomical Therapeutic and Chemical codes that were included
were for the stimulants methylphenidate (NO6BA04), dexam-
phetamine (NO6BAO02) and lisdexamphetamine (NO6BA12) and
the non-stimulants atomoxetine (NO6BA09) and guanfacine
(C02AC02) (Table S1).

2.2.3 | Potential Confounders and Covariates

We retrieved potential confounders and covariates from the
Swedish National Patient Register and the Swedish Prescribed
Drug Register. Only occurrences that preceded the index date for
the cardiac event in the case were considered. We included the
cardiac comorbidities, CHD, long QT syndrome and Brugada's
syndrome as covariates. Other covariates that were included
were somatic diseases, like chronic obstructive pulmonary
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disease, epilepsy, chronic kidney disease, sleep disorders and
primary adrenocortical insufficiency. Neurodevelopmental
and psychiatric disorders were also included. We considered
some concomitant medications as confounding factors. These
included the systemic use of asthma medication, steroids, thy-
roxine, certain antihypertensives, such as doxazosin, and med-
ication for Parkinson's disease or epilepsy. Further details are
available in Table S1.

2.3 | Statistical Analysis

Conditional logistic regression was used to compute the crude
odds ratios and adjusted odds ratios (aORs) for all cardiac
events. Separate analyses were also carried out for cardiac
arrests or arrhythmias and fainting or collapse. Subgroup
analyses were carried out for sex, cases under 15years versus
15years or older, and undefined versus defined arrhythmias.
The latter subgroup included atrial arrhythmias and supra-
ventricular or ventricular tachycardia. The level of signifi-
cance was assessed using 95% confidence intervals (CIs). Six
multivariable models were used for the stepwise adjustments.
In Model I, crude odds ratios of cardiac events relative to
ADHD medication were assessed, based on the matching vari-
ables of age, sex and region. In Model II, adjustments for car-
diac comorbidities were carried out and these are presented
as adjusted odds ratios (aOR). Model IIT used adjustments for
cardiac comorbidities and neurodevelopmental disorders. In
Model 1V, adjustments for cardiac comorbidities, neurodevel-
opmental disorders and somatic diseases were carried out.
Model V used adjustments for cardiac comorbidities, neuro-
developmental disorders, somatic diseases and concomitant
medications. All the aforementioned covariates and other psy-
chiatric disorders were adjusted in Model VI.

Five sensitivity analyses were conducted to check the robust-
ness of the association between ADHD medication and the risk
of cardiac events. First, the analysis was restricted to individu-
als who had used ADHD medication at any time, and this was
compared with those who had not used medication. Second,
ADHD medication use was categorised into three groups: no
medication use, former use or current use. Former use was
defined as before the index date, but not in the 1-year period
before the cardiac event. This was the reference group, and it
allowed us to compare the cardiac event risks between current
and former users.

Third, we carried out a subgroup analysis to assess the associa-
tion between cardiac events and stimulant versus non-stimulant
ADHD medication. The fourth sensitivity analysis explored the
association between the duration of exposure to ADHD med-
ication and incident cardiac events. The duration of ADHD
medication use was categorised into four subgroups: no med-
ication use, short-term use of 2years or less, intermediate use
of 2-5years and long-term use of 5-13years. The aim of these
categories was to improve the statistical power and enable com-
parisons between different exposure thresholds. The fifth sensi-
tivity analysis was carried out to determine whether psychiatric
disorders served as mediators rather than confounders in the
study protocol.

2.4 | Ethics

The study was approved by the Swedish Ethical Review Board
(numbers 2019-04467 and 2020-05889) [18]. The Swedish
National Board of Health and Welfare and Statistics Sweden
linked the datasets using the unique personal identity numbers
assigned to all the legal residents. Data were then pseudony-
mised and securely delivered [19].

3 | Results

We matched each case from the Swedish National Patient
Register with five controls from the Swedish Population
Register and applied the inclusion and exclusion criteria. This
meant that 112605 cases (57.9% females) and 563024 controls
(57.9% females) from 2006 to 2018 were included in the final
analysis. The median age (interquartile range) at baseline was
20years (15-25years) for all cases. The mean age was 22years
(17-26years) for the combined category of cardiac arrests and
arrhythmias, and it was 18years (14-24years) for fainting and
collapse (Figure 1, Table 1).

The most common types of cardiac events among our cases were
fainting and collapse (57.5%), followed by undefined arrhyth-
mias (37.4%) (Table S2). Overall, cardiac, somatic and psychi-
atric comorbidities and concomitant medication use were more
common among cases than controls (Table 1).

Table 1 shows that more than twice as many cases as controls cur-
rently used ADHD medication (0.5% vs. 0.2%). Methylphenidate
was the most frequently dispensed medication (89.8%), followed
by atomoxetine (8.2%) and lisdexamphetamine (1.7%). In the full
cohort, current ADHD medication use was more strongly asso-
ciated with cardiac events than no medication (aOR 1.63 [95%
CI 1.47-1.81]). The aOR for the combined category of cardiac
arrests and arrhythmias was 2.54 (95% CI 2.17-2.96). The risk
of cardiac events with ADHD medication was almost similar
across the age groups. For those aged 5-14years the aOR was
1.60 (95% CI 1.35-1.92) and for those aged 15-30years it was
1.55 (95% CI 1.36-1.77). An association between fainting and
collapse and current ADHD medication was only found in the
younger age group (aOR 1.35, 95% CI 1.07-1.71). These associa-
tions remained unchanged when we adjusted for CHD, but were
attenuated when we included neurodevelopmental disorders
(Table 2).

Current ADHD medication use was more common among the
cases than controls and was associated with cardiac events in
both sexes, compared with no medication. For females, the aOR
was 1.56 (95% CI 1.33-1.83) and for males it was 1.69 (95% CI
1.47-1.94). There was a slightly higher risk of the combined cate-
gory of cardiac arrests and arrhythmias in females, with an aOR
of 2.60 (95% CI 2.01-3.37). No association between fainting or
collapse and current use of ADHD medication was observed in
either sex (Table 3).

Current ADHD medication use was associated with undefined
arrhythmias (aOR 2.66, 95% CI 2.27-3.13), but not with defined
arrhythmias (Table 4).
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National Patient Register
Cardiac events, all cardiac ICD-10 codes, during 2006-2018
N=137,424

ICD codes excluded in the
current study

All controls

Cardiac arrest

N=22,202 - - N=574,644 Controls excluded
Cardiac cases retrieved for the current study = Outof age range
Cases excluded 2006-2018 = Another index
= Didnot have controls, missing controls N=115,222 —— year, before 2006
when matched or after 2018
= Out of age range < 5 or > 30 years old — N=11,620
=  Admitted in another calendar year,
before 2006 or after 2018
N=2,617 Cases included Controls included Or}e case of
2 N=112.605 —— N=563,024 fainting/
i collapse

/ N\

ey | had four
controls

Fainting and collapse

Controls for cardiac arrest Controls for fainting

n=771
Cardiac arrest and

Atrial arrhythmia 1=64.697 and arrhythmia and collapse
arrhythmia n=47,987 ’ n=239,935 n=323,484
n=289 l
ST Defined
pra arrhythmia Controls for defined
ventricular | | arrhythmia
. n=5317
tachycardia n=26,585
n=2,068 Controls for Controls for
Undefined cardiac arrest / \ un(}ileﬁ}?e(‘l
Ventricular arrhythmia n=3,855 Controls for ar:rzi/(t) 211813
tachycardia n=42,096 Controls for supra- Controls for n ’
n=2,967 atrial ventricular ventricular
arrhythmia tachycardia tachycardia
n=1,445 n=10.340 n=14,835

FIGURE1 | Identification of cases and matched controls. Cases were individuals aged 5-30years old who received an incident diagnosis of a car-
diac event, cardiac arrest, arrhythmia, fainting or collapse, between 2006 and 2018. They were retrieved from the Swedish National Patient Register.
Controls were identified from the Swedish Population Register. The controls, who had no cardiac events, were included only once during the study

period (2006-2018).

3.1 | Results of Sensitivity Analyses

The use of ADHD medication at any time was associated with
cardiac events (Table S3). There was a stronger association be-
tween cardiac events and current use of ADHD medication than
former use (aOR 1.56, 95% CI 1.40-1.75). This was also the case
for the separate analyses of cardiac arrests and arrhythmias
(aOR 2.49, 95% CI 2.11-2.94). No difference in fainting and col-
lapse was found when current and former use of ADHD medica-
tion were compared (Table S4).

When we carried out the subgroup analysis by type of ADHD
medication, we found similar associations between cardiac
events and stimulants versus non-stimulants (Table S5). We
found an increased risk of cardiac events with long-term use,
namely 5-13years, compared with no medication (aOR 1.20,
95% CI 1.12-1.28) or shorter use (Table S6). The aOR remained
significant when only psychiatric illnesses that occurred before
the exposure were included.

4 | Discussion

This nationwide case-control, register-based study identified a
small but significant association between the use of ADHD med-
ication and an increased risk of cardiac events. This increased

risk was significant for all age groups and both sexes when it
was compared with individuals who had not used ADHD
medication. The primary contributor was an increased risk of
undefined arrhythmias. There was no significant association
between using ADHD medication and cardiac arrests or defined
arrhythmias. Using ADHD medication for 5years or more was
associated with a greater risk of cardiac events.

To our knowledge, only one previous study [20] had assessed the
risk of cardiac events related to current ADHD medication use
as psychopharmacological monotherapy. This study considered
arrhythmias and CHD.

We found an increased risk of the combined category of cardiac
arrests, arrhythmias and fainting, and current ADHD medica-
tion use (Table 2). This agreed with the findings of two other
studies [21, 22], but was lower than the risk reported by a study
that assessed adults aged 18years plus who used ADHD medi-
cation [23]. This may have been due to acquired comorbidities or
differences in the lifestyles of older adults [24], compared to our
younger study population.

ADHD medication use was associated with undefined ar-
rhythmias. To our knowledge, these have rarely been studied,
apart from in one incidence study by our group [25]. Most of
the previous research has focused on the associations between
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TABLE1 | Baseline characteristics of cases and matched controls.

Cardiac arrest and

2006-2018 Full sample arrhythmias Fainting and collapse
Cases Controls Cases Controls Cases Controls
n=112605 n=>563024 n=47987 n=239935 n=64697 n=323484
Variable n (%) n (%) n (%) n (%) n (%) n (%)
Sex
Male 47465(42.15)  237325(42.15)  23737(49.47) 118685(49.47) 23763 (36.73) 118815 (36.73)
Female 65140 (57.85) 325699 (57.85)  24250(50.53)  121250(50.53) 40934 (63.27) 204669 (63.27)
Age in years, median 20 (15-25) 20 (15-25) 22 (17-26) 22 (17-26) 18 (14-24) 18 (14-24)
(IQR)
ADHD medication, current use
Yes 577 (0.51) 1180 (0.21) 330 (0.69) 399 (0.17) 247 (0.38) 782 (0.24)
Cardiac comorbidities
Congenital heart disease (CHD)
Mild CHD 447 (0.40) 938 (0.17) 237 (0.49) 373 (0.16) 210 (0.32) 567 (0.18)
Severe CHD 776 (0.69) 1016 (0.18) 503 (1.05) 422 (0.18) 275 (0.43) 594 (0.18)
Long QT 8 (0.01) 0(0.00) 7 (0.01) 0(0.00) 2(0.00) 0(0.00)
Psychiatric comorbidities
Anxiety and depressive disorders
Unipolar disorders 5339 (4.74) 13012 (2.31) 2324 (4.84) 6015 (2.51) 3019 (4.67) 7011 (2.17)
0OCD 604 (0.54) 1617 (0.29) 307 (0.64) 732(0.31) 297 (0.46) 887 (0.27)
Other anxiety 5046 (4.48) 9740 (1.73) 2558 (5.33) 4546 (1.89) 2495 (3.86) 5208 (1.61)
disorders
Other emotional 138 (0.12) 409 (0.07) 65 (0.14) 161 (0.07) 73(0.11) 250 (0.08)
disorders
Substance use disorders
Alcohol use 2463 (2.19) 6530 (1.16) 1250 (2.60) 3153 (1.31) 1216 (1.88) 3384 (1.05)
disorders
Other substance use 2261 (2.01) 3854 (0.68) 1280 (2.67) 1943 (0.81) 981 (1.52) 1918 (0.59)
Psychotic and bipolar disorders
Schizophrenic 188 (0.17) 370 (0.07) 117 (0.24) 220 (0.09) 71 (0.11) 150 (0.05)
disorders
Other psychotic 532 (0.47) 1122 (0.20) 299 (0.62) 598 (0.25) 233(0.36) 525 (0.16)
disorders
Bipolar and mania 847 (0.75) 1647 (0.29) 420 (0.88) 801 (0.33) 428 (0.66) 847 (0.26)
disorder
Neurodevelopmental disorders
ADHD 4822 (4.28) 11155 (1.98) 2510 (5.23) 4747 (1.98) 2318 (3.58) 6419 (1.98)
Autism spectrum 1476 (1.31) 4619 (0.82) 687 (1.43) 1961 (0.82) 793 (1.23) 2663 (0.82)
disorders
Intellectual 722 (0.64) 2216 (0.39) 269 (0.56) 929 (0.39) 454 (0.70) 1290 (0.40)
disorders
(Continues)
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TABLE1 | (Continued)

Cardiac arrest and

2006-2018 Full sample arrhythmias Fainting and collapse
Cases Controls Cases Controls Cases Controls
n=112605 n=>563024 n=47987 n=239935 n=64697 n=323484
Variable n (%) n (%) n (%) n (%) n (%) n (%)
Tic disorders 180 (0.16) 548 (0.10) 79 (0.16) 224 (0.09) 101 (0.16) 324(0.10)
Learning/speech 342 (0.30) 1208 (0.21) 135 (0.28) 443 (0.18) 208 (0.32) 768 (0.24)
disorders
Other psychiatric disorders
Conduct disorders 487 (0.43) 1033 (0.18) 202 (0.42) 410 (0.17) 286 (0.44) 625 (0.19)
Eating disorders 1489 (1.32) 3396 (0.60) 680 (1.42) 1385 (0.58) 811 (1.25) 2015 (0.62)
Neurotic and 6322 (5.61) 13110 (2.33) 2806 (5.85) 6093 (2.54) 3525 (5.45) 7035 (2.17)
personality
disorders
Somatic comorbidities
Epilepsy 1185 (1.05) 3160 (0.56) 389 (0.81) 1342 (0.56) 796 (1.23) 1820 (0.56)
Sleep disorders 743 (0.66) 1696 (0.30) 366 (0.76) 769 (0.32) 377 (0.58) 928 (0.29)
COPD 10 (0.01) 21 (0.00) 6 (0.01) 9 (0.00) 4(0.01) 12 (0.00)
Chronic kidney 109 (0.10) 158 (0.03) 54(0.11) 65 (0.03) 55(0.09) 93 (0.03)
diseases
Adrenal 57 (0.05) 141 (0.03) 26 (0.05) 44(0.02) 31 (0.05) 97 (0.03)
insufficiency
Concomitant medications
Antiepileptic 4142 (3.68) 8847 (1.57) 1919 (4.00) 4056 (1.69) 2224 (3.44) 4801 (1.48)
Antiparkinsonian 402 (0.36) 721 (0.13) 223(0.46) 376 (0.16) 179 (0.28) 347 (0.11)
Steroids 11626 (10.32) 40197 (7.14) 5451 (11.36) 17712 (7.38) 6184 (9.56) 22510 (6.96)
Bronchial asthma 1997 (1.77) 8094 (1.44) 712 (1.48) 2694 (1.12) 1285 (1.99) 5406 (1.67)
medication
Antithyroid 2209 (1.96) 6174 (1.10) 1191 (2.48) 2902 (1.21) 1020 (1.58) 3274 (1.01)
medications
Doxazocin 56 (0.05) 92 (0.02) 29 (0.06) 54(0.02) 27(0.04) 38 (0.01)

Note: Further details on ICD-10 & ATC codes for the included covariates presented in Table S1.

Abbreviations: ADHD =attention deficit hyperactivity disorder, COPD =chronic obstructive pulmonary disease, IQR =interquartile range, OCD = obsessive

compulsive disorder.

ADHD medication and severe cardiovascular diseases [26, 27]
or all types of cardiac events [2, 4]. A diagnosis of undefined
arrhythmia is often applied when a specific arrhythmia is
suspected, but not confirmed by clinicians or echocardiog-
raphy. Sometimes an undefined arrhythmia can be defined
and treated at a later date, but diagnosing them can take
time.

Our study relied on registry data, which meant that unde-
fined arrhythmias could not become defined, leaving us
with limited knowledge of their characteristics and clinical
consequences. In addition, individuals on ADHD medica-
tion are more likely to be referred to specialised clinics than

non-medicated individuals, even if they do not have more se-
vere arrhythmias. Furthermore, we lacked data on those who
only visited primary care services or did not seek medical care
due to undefined events. Taken together, these factors may
have contributed to inflated associations in our results.

We did not observe any statistically significant increase in the
risk of defined arrhythmias with current use of ADHD med-
ication, in common with another study [2]. Although the risk
was not statistically significant, it could not be ruled out, due to
the limited cell numbers. However, we found it reassuring that
there was no change in the association between defined serious
arrhythmias and using ADHD medication.
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TABLE 4 | Association of cardiac events with ADHD medication use, stratified by type of cardiac event.

Cardiac event and Cases Controls Crude model* Adjusted model®
ADHD medication,
current use No. (%) No. (%) Odds ratio (95% CI) 0Odds ratio (95% CI)
Cardiac arrest 771 3855
No 769 (99.74) 3853 (98.95) 1 (Ref) 1 (Ref)
Yes 2(0.26) 2(0.05) 5.00 (0.70-35.50) 9.38 (1.21-72.49)
Defined arrhythmias
Defined arrhythmias, all 5317 26585
No 5303 (99.74) 26543 (99.84) 1 (Ref) 1 (Ref)
Yes 14 (0.26) 42 (0.16) 1.66 (0.91-3.05) 1.29 (0.67-2.49)
Defined arrhythmias, separate groups
1. Atrial arrhythmias 289 1445
No 289 (100.00) 1443 (99.89) 1 (Ref) 1 (Ref)
Yes 0 (0.00) 2(0.14) NA NA
2.SVT 2068 10340
No 2061 (99.66) 10323 (99.84) 1 (Ref) 1 (Ref)
Yes 7(0.34) 17 (0.16) 2.06 (0.85-4.96) 1.58 (0.61-4.11)
3.VT 2967 14835
No 2960 (99.76) 14811 (99.84) 1 (Ref) 1 (Ref)
Yes 7(0.24) 24(0.16) 1.46 (0.63-3.38) 1.09 (0.44-2.71)
Undefined arrhythmias 42096 210480
No 41779 (99.25) 210125 (99.83) 1 (Ref) 1 (Ref)
Yes 317 (0.75) 355 (0.17) 4.48 (3.85-5.21) 2.66 (2.27-3.13)

Abbreviations: ADHD =attention deficit hyperactivity disorder, CI=confidence interval, NA =not applicable, No=no use of ADHD medication, Ref=reference group,
SVT =supraventricular tachycardia, VT =ventricular tachycardia, Yes =use of ADHD medication.

2Crude model, adjusted by design, included only current ADHD medication use, but no other covariates.

bAdjusted model, fully adjusted, to cardiac, somatic comorbidities, medications, and all psychiatric disorders including neurodevelopmental disorders.

The association between cardiac events and the current use of
ADHD medication was similar across the age groups in our study.
This agreed with the results of another study, but their findings
were not statistically significant [2]. We found a small but signifi-
cant association between the risk of fainting or collapse and chil-
dren under 15years of age using ADHD medication. This may
have been influenced by changes related to their age or puberty,
making them sensitive to drug-induced side effects [28-30].
We found that 8.7% of the cases and 7.9% of the controls under
15years of age had used ADHD medication at some point. The
proportion was higher in the older controls than in their matched
cases. Atomoxetine, which is a selective norepinephrine reuptake
inhibitor, accounted for 99.3% of the non-stimulant ADHD med-
ication use by individuals in our study. The side effects of ato-
moxetine include syncope, orthostatic hypotension and long QT
syndrome [31]. Atomoxetine metabolism is complex, primarily
governed by cytochrome P450 2D6, with significant variations
among individuals, races and ethnicities, due to genetic differ-
ences [31]. We speculate that the association was influenced by
either atomoxetine metabolism or by help-seeking behaviour in

these patients. Further research into personalised medication
and age-related pharmacokinetics is recommended.

Our findings indicated that using ADHD medication posed
a slight difference in cardiac event risks between the sexes.
Females showed a slightly higher risk of the combined category
of cardiac arrests and arrhythmias than males. This was in line
with one study [2], but was contrary to another study, which
indicated similar risks between the sexes [4]. Sex-based differ-
ences in pharmacokinetics [32] may result in varying responses
to ADHD medication, and other studies have shown these in fe-
males [33]. This sex difference in cardiac risks may be counter-
balanced by the benefits of ADHD medication, which can both
alleviate symptoms and limit risky behaviours [34, 35].

The odds of cardiac events remained unchanged after adjusting
for CHD. Although CHD has been associated with an increased
risk of arrhythmias [8], using ADHD medication did not increase
this risk, in common with results from other studies [22, 36, 37].
A study on children with CHD who used central stimulants for
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ADHD reported no changes in cardiovascular parameters and
highlighted notable improvements in ADHD symptoms [38]. We
believe that, overall, the well-known cardiovascular risks as-
sociated with ADHD medication have raised awareness of the
safety aspects when these are prescribed. This may be demon-
strated by the low risks found in the current study and others.
Consultations with specialist colleagues, and considering car-
diac risks among children and young people with serious cardiac
conditions, are essential when prescribing ADHD medication.

Neurodevelopmental and psychiatric disorders have been asso-
ciated with cardiac risks. In our study, the association between
ADHD medication and cardiac events was decreased by adjust-
ing for neurodevelopmental disorders. The reason for this is
unknown. Dysregulation of pathways, like the hypothalamic—
pituitary-adrenal axis, or autonomic nervous system activity or
inflammation, may play a role [10]. This highlights the need for
full screening and early management of concomitant psychi-
atric and neurodevelopmental disorders in ADHD patients, in
order to increase cardiac protection.

This study indicated a higher cardiac risk with long-term ADHD
medication use, compared with no medication use, in line with
previous findings [4]. A systematic review only identified two
studies on ADHD medication use lasting more than 2years.
Neither of these studies showed significant results [2]. However,
biases in those studies prevent ruling out long-term cardiovas-
cular risks of ADHD medication.

4.1 | Strengths and Limitations

The register-based case—control study had a number of strengths.
We minimised recall bias by using previously collected data that
were retrieved from real-world settings, and this strengthened
the study implications. The case-control design is particularly
well-suited for studying rare outcomes, such as cardiac events in
young individuals. This is because it increases statistical power
and thereby strengthens the study’s findings. However, sudden
death was exceedingly rare in the death register, and was only re-
corded for nine cases aged 5-30years. Only four of these could be
matched with controls by Statistics Sweden. This indicates that
some of the nine cases may have had a prior cardiac event and
were already included in the study under other cardiac events.

We included individuals with preexisting cardiac syndromes
and CHD, but excluded those with psychopharmacological
polypharmacy. This approach enabled us to carry out a focused
assessment of these cardiac conditions and provide specific in-
sights into the effects of ADHD medication as a distinct expo-
sure. The risk of selection bias was thereby decreased.

There were also some limitations. Socioeconomic factors and
lifestyle behaviours were not accounted for in this study, as
these were not available in national patient registers. The ret-
rospective approach may have limited the study through the
risk of selection, recall and attribution bias. Furthermore, the
data used could not be controlled because it came from other
sources. However, all the registries we used have been validated,
with good coherence found between them and medical records

[15, 16]. The associations assessed in this study could not estab-
lish causality, in common with all observational studies.

5 | Conclusion

This case-control study found that current use of ADHD med-
ication was associated with cardiac events in individuals aged
5-30years, especially undefined arrhythmias. This suggests
that ADHD medication may be safer in terms of defined ar-
rhythmias. Pre-existing CHD did not modify the risk of cardiac
events, whereas neurodevelopmental disorders significantly in-
fluenced it. Further research is needed, and this should focus on
individuals with neurodevelopmental disorders and those with
undefined arrhythmias.
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