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ABSTRACT

Introduction: This study aimed to estimate
risks of cardiovascular and cerebrovascular
events in patients treated with lisdexamfe-
tamine dimesylate (LDX) compared with
patients previously treated with other atten-
tion-deficit/hyperactivity disorder (ADHD)
medications (amphetamine, dexamphetamine,
methylphenidate or atomoxetine).

Methods: This population-based cohort study
used data from Danish and Swedish medical
and administrative national registers. The LDX
cohort included adult patients initiating LDX
with at least 12 months’ data preceding first
LDX dispensing (index date). A random sample
of patients treated with at least one non-LDX
ADHD medication in the 6–24 months (but not
less than 6 months) before index date (previous-
users cohort) were matched to LDX users on
age, sex, region and calendar year. The primary
outcome, a composite of major adverse cardio-
vascular and cerebrovascular events (MACE),
included first hospitalisation for acute myocar-
dial infarction or stroke and out-of-hospital
coronary heart disease or cerebrovascular dis-
ease death. Incidence rates (IRs) and IR ratios
(IRRs) with 95% confidence intervals (CIs) of
MACE were estimated using Poisson regression.
Results: From Denmark/Sweden, 5516/40,163
LDX users and 27,494/200,389 previous users
were included. In Denmark, IRs of MACE/1000
person-years (95% CI) were similar for LDX
(1.63 [0.85–3.14]) and previous users (1.61
[1.28–2.01]). In Sweden, IRs (95% CI) were 1.40
(1.09–1.79) in LDX users and 1.17 (1.00–1.38) in
previous users. Adjusted MACE IRRs (95% CI)
for LDX versus previous use were 1.01
(0.48–2.13) in Denmark, 1.13 (0.75–1.71) in
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Sweden, and 1.10 (0.77–1.58) in the pooled
analysis.
Conclusion: Our findings suggest little to no
increased risk of cardiovascular and cere-
brovascular events in patients treated with LDX
compared with patients previously treated with
other ADHD medications.

Keywords: Safety; Major adverse cardiovascular
events; Real-world

Key Summary Points

Why carry out this study?

Stimulants used in the treatment of
attention-deficit/hyperactivity disorder
(ADHD) in adults may be associated with
elevation of blood pressure and heart rate,
which have the potential to increase risks
of serious cardiovascular and
cerebrovascular events.

What did the study ask?

In this study, we estimated the risk of
cardiovascular and cerebrovascular events
in patients treated with the ADHD
medication lisdexamfetamine dimesylate
(LDX) compared with patients previously
treated with other ADHD medications.

What were the study
outcomes/conclusions?

The adjusted incidence rate ratios (IRRs)
(95% confidence intervals [CIs]) of major
adverse cardiovascular and
cerebrovascular events (MACE) for LDX
users versus previous users of other ADHD
medications were 1.01 (0.48–2.13) in
Denmark and 1.13 (0.75–1.71) in Sweden.

The pooled estimate of 1.10 (0.77–1.58)
indicated little to no increased risk of
MACE in patients treated with LDX
compared with patients previously treated
with other ADHD medications.

INTRODUCTION

Attention-deficit/hyperactivity disorder
(ADHD) affects about 3% of adults worldwide
[1] and is commonly treated with stimulant
medication, such as methylphenidate or
amphetamines, or with the non-stimulant ato-
moxetine. European treatment guidelines for
adult ADHD recommend exercising caution in
prescribing stimulants to individuals with
known cardiac defects, given small increases in
the risks of myocardial infarction (MI), sudden
cardiac death (SCD) or ventricular arrhythmias
with these medications [2]. Evidence from
clinical trials indicates that stimulants used in
ADHD treatment may be associated with ele-
vation of blood pressure and heart rate in adults
[3, 4]. While these treatment effects in turn may
increase risks of serious cardiovascular and
cerebrovascular events, those events are rare
and typically not detectable in clinical trials,
which rarely evaluate long-term adverse events
[5].

The effects of ADHD medications on blood
pressure and heart rate have also been reported
in observational studies [6, 7]. These studies
evaluated the association between atomoxetine,
methylphenidate or amphetamines and the risk
of serious cardiovascular and cerebrovascular
events and have reported mixed findings [8–13].
An increased risk of transient ischaemic attack
among patients treated with atomoxetine or
stimulant medication was reported in a US
study [10]; in another US study, an increased
risk of sudden death or ventricular arrhythmia
among patients treated with methylphenidate
was reported [11]. Other studies reported no
association between ADHD medication use and
adverse cardiovascular and cerebrovascular
outcomes [9, 10, 14]. Neither is there evidence
from meta-analyses for an association between
ADHD medications and an increased risk of all-
cause death or serious cardiovascular and cere-
brovascular events, such as cerebrovascular
accident, MI, significant electrocardiogram
changes or SCD/arrhythmia [7, 12].

Lisdexamfetamine dimesylate (LDX) is a
therapeutically inactive amphetamine prodrug,
indicated as part of a comprehensive treatment
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programme for ADHD in adult patients,
including as a first-line pharmacotherapy. The
safety profile of LDX is similar to that of other
stimulants [15]. Cardiovascular adverse events
observed in placebo-controlled clinical trials
among adults treated with LDX 30 mg, 50 mg or
70 mg include increased heart rate (in 5–8% of
LDX-treated patients and 0–2.5% of patients
receiving placebo), increased systolic blood
pressure (less than 1% to 3% of LDX-treated
patients and 0 patients receiving placebo) or
diastolic blood pressure (2–6% of LDX-treated
patients and 0–3% of patients receiving pla-
cebo), and increased QT interval corrected by
Fridericia’s formula (QTcF interval) (6–12% of
LDX-treated patients and 5% of patients
receiving placebo) [15–17]. LDX was initially
approved in Europe in 2012 for the treatment of
ADHD in children aged 6 years and older with
insufficient response to previous methylpheni-
date treatment. Subsequently, LDX was
approved, in 2015, for the treatment of ADHD
in adults in several European countries,
including Denmark and Sweden [18]; LDX is
also approved for the treatment of ADHD in
adults and children aged 6 years and older in
the USA [19]. Under a European postmarketing
regulatory commitment, a population-based
cohort study has been conducted to examine
the long-term cardiovascular and cerebrovas-
cular safety of LDX in adults. The present study
is the first to have evaluated the association
between the use of LDX in routine clinical
practice and risk of major adverse cardiovascu-
lar and cerebrovascular events (MACE).

The objective of this study was to estimate
the risk of cardiovascular and cerebrovascular
events in patients treated with LDX compared
with patients previously treated with other
ADHD medications (i.e. patients whose ADHD
medication use ended 181 days to 24 months
before initiation of the study).

METHODS

Study Design and Setting

The study was conducted in Denmark and
Sweden using national medical and

administrative registries that capture patient-
level prescription and health outcomes data:
the Danish National Registers (study period
from March 2013 to December 2017) and the
Swedish National Registers (study period from
September 2013 to December 2018). Both data
sources have been used extensively in pharma-
coepidemiologic studies [20] and were used
with the permission of the responsible data
holders. The study was registered in the Euro-
pean Union electronic register of postauthori-
sation studies in October 2017 (EU PAS Register
Number EUPAS20546). The study was reviewed
on ethical grounds and approved by the Swed-
ish Ethical Committee, and was deemed exempt
from review by the Danish Data Protection
Agency and the RTI International Institutional
Review Board.

In Denmark, all residents have access to a
universal healthcare system that covers visits to
general practitioners and specialists, hospital
admissions, outpatient visits and partial reim-
bursement of most medications used outside
the hospital setting [21]. The Danish Civil
Registration System is a total population register
that assigns an identifier to all Danish residents,
enabling data linkage across all Danish registers
[22]. The following Danish registers were used:
the Danish Civil Registration System, the Dan-
ish National Patient Registry, the Danish Psy-
chiatric Central Research Register, the Danish
National Prescription Registry and the Danish
Register of Causes of Death [20]. Data were
accessed, managed and analysed on the servers
of Statistics Denmark [23].

In Sweden, citizens have unrestricted access
to health services, including visits to general
practitioners and specialists, hospital admis-
sions, outpatient visits, and partial or complete
reimbursement of purchased medicines [20]. A
centralised civil registration system allows for
personal identification of each person in the
entire population and for the possibility of
linkage to all national registers. The following
Swedish registers were used: the Swedish Regis-
ter of the Total Population, the Swedish
National Patient Register, the Swedish Pre-
scribed Drug Register, the Swedish Cause of
Death Register and the Swedish Cancer Register
[20].
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Study Population

The eligibility criteria for study inclusion were
age at least 18 years at the index date and at
least 12 months of data available before the
index date. The study included two cohorts
identified from all eligible individuals in the
study data sources: the LDX cohort and the
cohort of previous users of other ADHD medi-
cations. The LDX cohort included adult patients
initiating LDX during the study period, and the
date of the first-ever LDX prescription was the
index date. The previous-users cohort, ran-
domly sampled and matched with LDX users by
age at index date, sex, region and calendar year
of index date in a ratio of up to 5:1 (previous
users to LDX users), included patients who had
at least one medication indicated for ADHD
(amphetamine, dexamphetamine, methylphe-
nidate or atomoxetine) dispensed 6–24 months
before the index date and who had not had
dispensing for a medication indicated for ADHD
within the 180 days before the index date. The
index date of patients in the previous-users
cohort was set as the index date of their mat-
ched LDX user. Patients could enter the previ-
ous-users cohort more than once if they fulfilled
the inclusion criteria and were matched to more
than one LDX user, and thus these individuals
have more than one index date. However, LDX
users were not allowed to enter the previous-
users cohort at any time after they were inclu-
ded in the LDX cohort. By selecting patients
with relatively recent use of ADHD drugs, we
expected to have an adult patient population
with ADHD that was more similar to the LDX
cohort than if we had selected persons from the
general population or never users or past users
of ADHD medications with an ADHD diagnosis,
thus minimising the risk of selection bias and
confounding by indication. We also did not
select as comparators patients that were cur-
rently treated with other ADHD drugs, since
most are also amphetamines or other stimulants
such as methylphenidate that would have the
same suspected cardiovascular effects. Follow-
up in both cohorts started at the index date and
ended at the first occurrence of a MACE event,
emigration or last available date in the admin-
istrative data (the Danish Civil Registration

System and the Swedish Register of the Total
Population), end of study (December 2017 in
Denmark and December 2018 in Sweden) or
death.

Variables

Exposure
Current use of LDX was considered the sum of
all episodes (i.e. continuous dispensings) of
current LDX use (Fig. 1). Post-LDX use was the
sum of all time intervals starting after the end of
an episode of current LDX use and ending at the
earliest of the end of follow-up or the start of
another episode of LDX use.

Outcomes
The primary study outcome was MACE, a
composite cardiovascular and cerebrovascular
outcome defined as a first hospitalisation for
acute MI or stroke, or an out-of-hospital death
due to coronary heart disease or cerebrovascular
disease, during the follow-up period.

The secondary outcomes were (1) an exten-
ded MACE (EMACE) outcome, comprising all
MACE components and additionally hospitali-
sation for either unstable angina or transient
ischaemic attack, (2) the composite coronary
components of EMACE (hospitalisation for
acute MI or unstable angina or out-of-hospital
death due to coronary heart disease), (3) the
composite cerebrovascular components of
EMACE (hospitalisation for stroke or transient
ischaemic attack or out-of-hospital death due to
cerebrovascular disease) and (4) a composite
outcome consisting of SCD and serious ven-
tricular arrhythmia (SVA), including ventricular
tachycardia, ventricular flutter and ventricular
fibrillation.

Potential Confounders
Potential demographic confounders identified
in the data sources included calendar year of
index date, sex, age and highest completed
education. Additional potential confounders
identified using proxies (diagnostic codes and/
or medication codes) included obesity, smoking
and alcohol use. Measured potential clinical
confounders, identified through inpatient and
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outpatient hospital diagnoses and dispensed
medications, included comorbidities (cardio-
vascular or cerebrovascular diseases, diabetes or
hyperlipidaemia, malignancy, kidney disease,
liver disease, chronic obstructive pulmonary
disease and psychiatric disorders including
ADHD) any time before or on the index date,
pharmacy-dispensed comedications (within
6 months before or at the index date for the
cardiovascular medications, and ever before the
index date for psychiatric medications) and
ADHD-related history.

Statistical Analyses

We estimated crude and adjusted incidence
rates (IRs) and crude and adjusted IR ratios
(IRRs) with the corresponding 95% confidence
intervals (CIs) for the comparison of the LDX
cohort with the previous-users cohort. Crude
and adjusted IRs, IRRs and 95% CIs were esti-
mated using Poisson regression with robust
estimation of the variance (since previous users
could be matched to several LDX patients). We
used the natural logarithm of the time at risk as
the offset parameter.

Propensity score stratification was used for
confounding adjustment. Using separate logis-
tic regression models for the Danish and Swed-
ish study populations, a propensity score
including all potential confounders was esti-
mated as the probability that a patient was a
member of the LDX cohort, as opposed to being
a member of the previous-users cohort. Patients
in both cohorts with a propensity score below
the first percentile of the LDX cohort

distribution or above the 99th percentile of the
previous-users cohort distribution were trim-
med. We used propensity score quintiles of the
LDX users to divide study cohorts into five non-
overlapping strata. Distribution of the baseline
characteristics within each propensity score
stratum after trimming was considered bal-
anced if the standardised mean difference was
less than 0.2 [24, 25]. We included the
propensity score quintiles as a covariable in the
Poisson regression models [24]. All analyses
were conducted separately for Denmark and
Sweden. Pooled estimates of IRs and IRRs were
obtained using random-effects meta-analysis
with a restricted maximum-likelihood estimator
[26].

In an exploratory analysis, we stratified IRRs
by age, sex, history of cardiovascular disease,
diagnosis of ADHD, and history of psychiatric
disorder, and separately evaluated the impacts
of long-term use of LDX (for at least 12 months)
and concomitant use of LDX with other ADHD
medications. We evaluated the robustness of
the main results in a series of sensitivity analy-
ses including the application of the same
inclusion criteria to the LDX cohort and the
previous-users cohort; investigating the effect of
prior ADHD medication within 180 days before
the index date; extending the carryover period
to a full duration of prior dispensing; investi-
gating MACE risk for post-LDX use (i.e. dur-
ing the time at risk after current LDX use
ended); using an intention-to-treat analysis;
and evaluating the strength of unmeasured
confounding in a quantitative bias analysis.

Fig. 1 LDX use time periods. ADHD attention-deficit/hyperactivity disorder, LDX lisdexamfetamine dimesylate
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RESULTS

Baseline Characteristics and Patterns
of LDX Use During Follow-up

After matching and propensity score trimming,
5516 and 40,163 LDX users were included in the
study in Denmark and Sweden, respectively
(Fig. 2). These LDX users were matched to
27,494 patients/index dates (16,697 unique
patients) in the previous-users cohort in Den-
mark and to 200,389 patients/index dates
(44,516 unique patients) in the previous-users
cohort in Sweden.

Approximately 50% of patients in each
cohort were aged 18–29 years, and nearly 50%
were female (Table 1). Nearly all patients in the
LDX cohort and all patients in the previous-
users cohort had a prior ADHD diagnosis or
dispensing of ADHD medications (Table 2). The
prevalence of psychiatric comorbidities was
high in both LDX and previous users (Table 1).
In both countries, the most prevalent psychi-
atric comorbidities were mood disorders and
anxiety disorders, and these together with eat-
ing disorders were slightly more prevalent in
LDX users than in previous users. Substance use
disorders and psychotic disorders both were
more prevalent in previous users than in LDX
users. In both countries, the utilisation of
comedications was higher in LDX users than in
previous users. The history of any cardiovascu-
lar comorbidity was similar between LDX users

and previous users in both countries and did
not exceed 11%.

Median (Q1–Q3) time since first diagnosis of
ADHD for LDX users was 2.2 (0.7–5.5) years in
Denmark and 2.6 (0.7–5.7) years in Sweden. In
Denmark, median (Q1–Q3) duration of time at
risk was 1.9 (0.9–3.1) person-years for LDX users
and 1.5 (0.6–2.7) person-years for previous
users. In Sweden, median (Q1–Q3) duration of
time at risk was 0.7 (0.2–1.7) and 0.6 (0.2–0.9)
person-years for LDX users and previous users,
respectively. Median (Q1–Q3) duration of cur-
rent LDX use during follow-up was 0.5 (0.2–1.5)
years in Denmark and 0.7 (0.2–1.7) years in
Sweden (Table 2). Utilisation of LDX in Den-
mark and Sweden was comparable; the duration
of current LDX use was shorter than 6 months
for approximately 50% of Danish patients and
40% of Swedish patients and longer than
12 months for approximately 35% of Danish
patients and 40% of Swedish patients. Nearly all
LDX users had used methylphenidate before the
first LDX dispensing (92.5% in Denmark and
86.2% in Sweden); a majority of LDX users
received at least six LDX prescriptions (52.1% in
Denmark and 58.1% in Sweden).

Incidence Rates and Incidence Rate Ratios

Primary Outcome: MACE
Crude and adjusted IRs for MACE are presented
in Table 3. After propensity score adjustment,
the IRs (95% CI) of MACE among current users
of LDX were 1.62 (0.84–3.11) and 2.08
(1.62–2.66) per 1000 person-years in Denmark
and Sweden, respectively. Among previous users
of other ADHD medications, the adjusted IRs
(95% CI) of MACE were 1.60 (1.27–2.03) and
1.84 (1.56–2.17) per 1000 person-years in Den-
mark and Sweden, respectively.

The adjusted IRRs (95% CI) of MACE for
current LDX users versus previous users were
1.01 (0.48–2.13) in Denmark and 1.13
(0.75–1.71) in Sweden (Fig. 3). The pooled
adjusted IRR (95% CI) for MACE for current
LDX users versus previous users was 1.10
(0.77–1.58).

bFig. 2 Cohort attrition. a Denmark. b Sweden. ADHD
attention-deficit/hyperactivity disorder, LDX lisdexamfe-
tamine dimesylate. aADHD drugs included in the study
were amphetamine, dexamphetamine, methylphenidate
and atomoxetine. bEligible patients had at least one
dispensing ending 181 days through 24 months before
the index date and had no other prescription of ADHD
medications within (at least) the 180 days before the index
date. cExclusion criteria are applied independently.
dPatients in the previous-users cohort were counted as
many times as index dates matched. Each previous user
could have been matched to multiple LDX users
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Table 1 Cohort characteristics after matching and trimming

Denmark, n (%) Sweden, n (%)

LDX users
(N = 5516)

Previous usersa

(N = 27,494)
LDX users
(N = 40,163)

Previous usersa

(N = 200,389)

Sex and age on index date

Women, 18–29 years 1270 (23.0) 6466 (23.5) 9332 (23.2) 47,858 (23.9)

Women, 30–39 years 654 (11.9) 3258 (11.8) 5269 (13.1) 25,979 (13.0)

Women, 40–49 years 536 (9.7) 2549 (9.3) 3485 (8.7) 17,104 (8.5)

Women, C 50 years 169 (3.1) 831 (3.0) 1843 (4.6) 8685 (4.3)

Men, 18–29 years 1436 (26.0) 7302 (26.6) 8953 (22.3) 46,035 (23.0)

Men, 30–39 years 752 (13.6) 3709 (13.5) 5772 (14.4) 28,205 (14.1)

Men, 40–49 years 491 (8.9) 2421 (8.8) 3503 (8.7) 17,228 (8.6)

Men, C 50 years 208 (3.8) 958 (3.5) 2006 (5.0) 9295 (4.6)

Calendar year at indexb

2013–2015 2663 (48.3) 13,295 (48.4) 12,144 (30.2) 62,008 (30.9)

2016–2017 (Denmark) 2853 (51.7) 14,199 (51.6) – –

2016–2018 (Sweden) – – 28,019 (69.8) 138,381 (69.1)

Obesity 475 (8.6) 2264 (8.2) 2724 (6.8) 12,967 (6.5)

Use of smoking cessation drugs 366 (6.6) 1509 (5.5) 2616 (6.5) 11,407 (5.7)

Use of alcohol-related drugs or presence of alcohol-

related somatic and psychiatric disorders

773 (14.0) 4436 (16.1) 8601 (21.4) 45,007 (22.5)

Highest completed education

Basic education (Denmark)

Secondary compulsory (Sweden)

2868 (52.0) 16,459 (59.9) 12,403 (30.9) 66,345 (33.1)

High school or similar (Denmark)

Vocational/high school (Sweden)

1725 (31.3) 7487 (27.2) 18,809 (46.8) 95,161 (47.5)

Higher education 764 (13.9) 2800 (10.2) 8458 (21.1) 35,066 (17.5)

Unknown 159 (2.9) 748 (2.7) 493 (1.2) 3817 (1.9)

Any cardiovascular disease before index date 464 (8.4) 2271 (8.3) 4390 (10.9) 21,496 (10.7)

Psychiatric comorbidities 2588 (46.9) 13,204 (48.0) 29,879 (74.4) 146,942 (73.3)

Mood disorders 1195 (21.7) 5545 (20.2) 19,973 (49.7) 94,307 (47.1)

Anxiety disorders 1517 (27.5) 7428 (27.0) 22,427 (55.8) 107,495 (53.6)

Eating disorders 166 (3.0) 696 (2.5) 1847 (4.6) 8120 (4.1)

Psychotic disorders 234 (4.2) 1570 (5.7) 1524 (3.8) 10,083 (5.0)

Substance use disorders 1043 (18.9) 5996 (21.8) 12,672 (31.6) 64,156 (32.0)
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Secondary Outcomes
Crude and adjusted IRs for the secondary out-
comes are presented in Table 4. For both LDX
users and previous users, adjusted IRs were
approximately 2 for EMACE, approximately 1
for coronary heart disease and cerebrovascular
disease, and approximately 0.5 for hospitalisa-
tion for SCD and SVA.

For EMACE, the adjusted IRRs (95% CI) for
LDX users versus previous users were 0.92
(0.45–1.88) in Denmark and 0.98 (0.68–1.41) in
Sweden. The adjusted IRRs (95% CI) for coro-
nary heart disease were 1.11 (0.41–2.98) in
Denmark and 1.37 (0.75–2.47) in Sweden,
whereas the IRRs (95% CI) for cerebrovascular
disease were 0.90 (0.35–2.30) in Denmark and
0.74 (0.46–1.19) in Sweden (Fig. 3). The IRRs for
hospitalisation for SCD and SVA were below 1
in both countries.

Exploratory and Sensitivity Analyses

Incidence rate ratios for MACE investigated by
age, sex and long-term use of LDX were similar
to those obtained in the main analyses but were
imprecise because of a low number of events
(Fig. 4a; Table S1, Online Resource 1). Among
patients with no history of cardiovascular dis-
ease, we found an increased, although impre-
cise, risk of MACE in LDX users compared with
previous users (pooled adjusted IRR, 1.53;
95% CI 0.97–2.40) (Fig. 4a; Table S1). Although
patients aged 50 years or older had a higher
incidence of MACE than younger patients,
when comparing within patients of the same
age group (Table S1), the incidence rate ratio
was not higher for the subgroup aged 50 years
or older than for younger age groups (Fig. 4a).
Overall, results from the sensitivity analyses

Table 1 continued

Denmark, n (%) Sweden, n (%)

LDX users
(N = 5516)

Previous usersa

(N = 27,494)
LDX users
(N = 40,163)

Previous usersa

(N = 200,389)

Comedications within 6 months before the index date

Antihypertensives 326 (5.9) 1193 (4.3) 3727 (9.3) 13,419 (6.7)

Antidiabetics 109 (2.0) 516 (1.9) 876 (2.2) 4370 (2.2)

NSAIDs 789 (14.3) 3210 (11.7) 4706 (11.7) 17,168 (8.6)

COPD medications 392 (7.1) 1531 (5.6) 3606 (9.0) 13,642 (6.8)

Comedications ever before the index date

Psychiatric medications 4445 (80.6) 21,222 (77.2) 35,173 (87.6) 167,493 (83.6)

Antidepressants 3569 (64.7) 16,570 (60.3) 30,031 (74.8) 137,819 (68.8)

Antipsychotics 2256 (40.9) 11,436 (41.6) 12,740 (31.7) 62,057 (31.0)

Anxiolytics 1630 (29.6) 7841 (28.5) 25,737 (64.1) 116,743 (58.3)

Hypnotics and sedatives 2589 (46.9) 11,114 (40.4) 27,015 (67.3) 124,357 (62.1)

Drugs used in opioid dependence 133 (2.4) 787 (2.9) 686 (1.7) 3564 (1.8)

Percentages in this table represent the percentage of the total number of patients in each cohort
COPD chronic obstructive pulmonary disease, LDX lisdexamfetamine dimesylate, NSAID nonsteroidal anti-inflammatory
drug
aTotal number of previous users represents total patient/index dates after matching and trimming
bEnd of the study period differed in each data source (Denmark, 2017; Sweden, 2018)
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were similar to those obtained in the main
analysis (Fig. 4b; Table S2, Online Resource 1).
Regarding the impact of unmeasured con-
founding, we observed that only an extreme
unmeasured confounder that is strongly asso-
ciated with MACE and much more prevalent
among LDX users would meaningfully change
the IRR estimates (see Online Resource 1).

DISCUSSION

The clinical importance of this cohort study
among adult new users of LDX and remote users
of other ADHD medications is supported by the
data. Long-term use of LDX in this study was
fairly prevalent, with 35–40% of patients in the
LDX cohort having current LDX use of longer
than 12 months. We observed little to no
increased risk of MACE among patients treated
with LDX compared with patients previously

Table 2 ADHD-related history and patterns of LDX use during follow-up

Parameter, n (%) Denmark Sweden

LDX users
(N = 5516)

Previous usersa

(N = 27,494)
LDX users
(N = 40,163)

Previous usersa

(N = 200,389)

ADHD diagnosis, n (%) 5346 (96.9) 27,494 (100.0) 37,869 (94.3) 200,389 (100.0)

Time since first ADHD diagnosis,

median (Q1–Q3), years

2.2 (0.7, 5.5) 4.0 (2.3, 7.1) 2.6 (0.7, 5.7) 4.1 (2.3, 6.7)

ADHD medications any time before index date, n (%)

Amphetamine 32 (0.6) 75 (0.3) 330 (0.8) 2102 (1.0)

Atomoxetine 2076 (37.6) 9009 (32.8) 9790 (24.4) 64,636 (32.3)

Methylphenidate 5105 (92.5) 25,154 (91.5) 34,624 (86.2) 182,505 (91.1)

Dexamfetamine 272 (4.9) 334 (1.2) 1751 (4.4) 4454 (2.2)

Duration of time at risk, median

(Q1–Q3), person-yearsb
1.9 (0.9–3.1) 1.5 (0.6–2.7) 0.7 (0.2–1.7) 0.6 (0.2–0.9)

Number of dispensings of LDX during follow-up, n (%)

1–2 1614 (29.3) – 9642 (24.0) –

3–5 1029 (18.7) – 7178 (17.9) –

C 6 2873 (52.1) – 23,343 (58.1) –

Duration of current LDX use during follow-up

Median (Q1–Q3), years 0.5 (0.2–1.5) – 0.7 (0.2–1.7) –

\ 6 months, n (%) 2633 (47.7) – 15,780 (39.3) –

6–12 months, n (%) 944 (17.1) – 7930 (19.7) –

[ 12 months, n (%) 1939 (35.2) – 16,453 (41.0) –

ADHD attention-deficit/hyperactivity disorder, LDX lisdexamfetamine dimesylate
aTotal number of previous users represents total patient/index dates after matching and trimming
bFor the LDX cohort, time at risk was duration of current LDX use (i.e. the sum of all episodes of continuous LDX use).
For the previous-user cohort, time at risk started at the index date and ended at the end of follow-up
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treated with other ADHD medications (i.e.
amphetamine, dexamphetamine, methylphe-
nidate or atomoxetine). The adjusted IR of
MACE in LDX users was 1.62 and 2.08 per 1000
persons-years in Denmark and Sweden, respec-
tively. A weak association between the use of
LDX and the risk of MACE, compared with
previous users of other ADHD medications who
were no longer treated with these medications,
was observed, with adjusted IRRs (95% CI) of
1.01 (0.48–2.13) in Denmark, 1.13 (0.75–1.71)
in Sweden and 1.10 (0.77–1.58) for the pooled
population. No clinically meaningful associa-
tion among LDX users compared with previous
users was observed for any of the secondary
outcomes. Results were generally consistent in
exploratory and sensitivity analyses.

The prevalence of cardiovascular disease in
adults with ADHD, regardless of whether and
how they have been treated, has not been
extensively researched [27]. Furthermore, evi-
dence from previous evaluations of the cardio-
vascular and cerebrovascular risks associated
with ADHD medications, mostly amphetamines

(other than LDX) and methylphenidate, has
been inconclusive and somewhat limited by
potential unmeasured confounding and selec-
tion bias [9–11, 14]. The results of this study are
in accordance with several studies investigating
other cardiovascular and cerebrovascular out-
comes among patients treated with stimulants
indicated for ADHD. The IRs for MACE observed
among current LDX users in our study (1.62 and
2.08 per 1000 person-years in Denmark and
Sweden, respectively) are similar to IRs reported
in two studies conducted in the USA. In a study
conducted among US adults (aged 18 years or
older) using claims data between 1999 and
2006, Schelleman et al. [9] reported that the IR
for a composite score of stroke and MI among
new users of amphetamine was 2.62 per 1000
person-years, while the IR for age- and sex-
matched non-users of ADHD medications was
3.03. The resulting adjusted hazard ratio (HR)
was 0.78 (95% CI 0.51–1.19), and the authors
concluded that no increased risk of serious car-
diovascular events was observed in patients
initiating treatment with amphetamines

Table 3 Crude and adjusted incidence rates and crude incidence rate ratios for MACE (primary outcome)

Exposure Outcome,
na

Person-
yearsb

Crude IR
(95% CI)

Adjusted IR
(95% CI)c

Crude IRR
(95% CI)

Adjusted IRR
(95% CI)

Denmark

LDX users 9 5507.9 1.63

(0.85–3.14)

1.62 (0.84–3.11) 1.02 (0.49–2.11) 1.01 (0.48–2.13)

Previous

users

76 47,274.7 1.61

(1.28–2.01)

1.60 (1.27–2.03) Reference Reference

Sweden

LDX users 63 45,024.6 1.40

(1.09–1.79)

2.08 (1.62–2.66) 1.19 (0.78–1.81) 1.13 (0.75–1.71)

Previous

users

144 122,740.5 1.17

(1.00–1.38)

1.84 (1.56–2.17) Reference Reference

IRs and IRRs are per 1000 person-years
CI confidence interval, IR incidence rate, IRR incidence rate ratio, LDX lisdexamfetamine dimesylate, MACE major adverse
cardiovascular and cerebrovascular events
aPatients with MACE events during current LDX use
bPatient-years accumulated during study medication use, as defined for the primary analysis, in patients at risk for MACE
cFrom a Poisson regression model with log-time offset and adjusted for quintiles of the propensity score as a categorical
variable
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compared with patients not initiating an ADHD
medication. In a study including more than
440,000 adults from four US study populations
(1986–2005), Habel et al. [14] reported rates of
serious cardiovascular and cerebrovascular
events (including MI, SCD or stroke) of 1.88 per
1000 person-years among current users of
amphetamines (other than LDX), 2.51 per 1000
person-years among current users of methyl-
phenidate and 3.60 per 1000 person-years
among previous users (patients with more than
364 days since the end of the last days’ supply).
The authors of the latter study concluded that
current or new use of ADHD medications was
not associated with an increased risk of serious
cardiovascular events: the adjusted risk ratios
for serious cardiovascular and cerebrovascular
events were 1.03 (95% CI 0.86–1.24) when
comparing current users of methylphenidate,
amphetamine or atomoxetine with previous
users and 0.83 (95% CI 0.72–0.96) when com-
paring current users with non-users (i.e. a gen-
eral population of the same age and sex with no
current and no previous use).

Another US study by Holick et al. [10]
showed an increased risk (HR 3.44; 95% CI
1.13–10.60) of transient ischaemic attack but
not of cerebrovascular accident (HR 0.71;
95% CI 0.34–1.47) among patients treated with
atomoxetine or ADHD stimulant medication
compared with the general population.

However, in this secondary analysis, the authors
used an intention-to-treat approach and did not
match the cohorts by propensity score as they
did in their primary analysis, where they found
no association [10]. Another study by Schelle-
man et al. [11] found an increased risk of sud-
den death or ventricular arrhythmia (adjusted
HR 1.84; 95% CI 1.33–2.55) and all-cause death
(adjusted HR 1.74; 95% CI 1.60–1.89) when
comparing methylphenidate users with the
general population. A more recent meta-analy-
sis including three trials conducted in adults
concluded that no difference was detected in
the number of adverse cardiac events (including
cerebrovascular accidents, MI, SCD and signifi-
cant electrocardiogram changes) between the
participants treated with methylphenidate and
those treated with placebo [12]. Another recent
meta-analysis evaluating use of methylpheni-
date both in adults and in children and ado-
lescents (which included the studies by Habel
et al. [14] and Schelleman et al. [11]) also
demonstrated no increased risk of stroke or MI
[7]. Another study investigated new-onset heart
failure or cardiomyopathy among initiators of
lisdexamfetamine, methylphenidate and ato-
moxetine [13]. The event rates (per 1000 per-
son-years) of heart failure/cardiomyopathy by
age categories among patients treated with
amphetamines during the first 90 days of use
were 1.61 (less than 22 years), 2.42

Fig. 3 Adjusted incidence rate ratios for LDX users
compared with previous users, trimmed population:
primary analysis, primary and secondary outcomes. CI
confidence interval, EMACE extended major adverse
cardiovascular and cerebrovascular events, IRR incidence

rate ratio, LDX lisdexamfetamine dimesylate, MACE
major adverse cardiovascular and cerebrovascular events,
SCD sudden cardiac death, SVA serious ventricular
arrhythmia. IRRs are per 1000 person-years
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Table 4 Crude and adjusted incidence rates for secondary outcomes

Exposure Outcome, na Person-yearsb Crude IR (95% CI) Adjusted IR (95% CI)c

Denmark

EMACEd

LDX users – NR 1.82 (0.98–3.37) 1.75 (0.94–3.25)

Previous users 88 47,264.0 1.86 (1.51–2.29) 1.90 (1.53–2.35)

Coronary heart diseasee

LDX users – NR 0.91 (0.38–2.18) 0.82 (0.34–2.00)

Previous users 40 47,322.5 0.85 (0.62–1.15) 0.74 (0.52–1.07)

Cerebrovascular diseasef

LDX users – NR 1.09 (0.49–2.42) 1.00 (0.45–2.24)

Previous users 51 47,289.6 1.08 (0.82–1.42) 1.11 (0.84–1.47)

Hospitalisation for SCD and SVAg

LDX users – NR 0.36 (0.09–1.45) 0.30 (0.07–1.24)

Previous users 27 47,342.4 0.57 (0.39–0.83) 0.44 (0.26–0.74)

Sweden

EMACEd

LDX users 73 NR 1.62 (1.29–2.04) 2.35 (1.87–2.96)

Previous users 196 122,718.2 1.60 (1.39–1.84) 2.40 (2.09–2.76)

Coronary heart diseasee

LDX users 34 NR 0.75 (0.54–1.06) 1.12 (0.80–1.57)

Previous users 60 122,780.4 0.49 (0.38–0.63) 0.82 (0.64–1.06)

Cerebrovascular diseasef

LDX users 39 NR 0.87 (0.63–1.19) 1.34 (0.98–1.83)

Previous users 142 122,745.1 1.16 (0.98–1.36) 1.80 (1.53–2.13)

Hospitalisation for SCD and SVAg

LDX users 19 NR 0.42 (0.27–0.66) 0.53 (0.34–0.84)
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(22–44 years), 9.22 (45–64 years) and 47.11
(65 years or older). Longer duration of amphe-
tamine use was not associated with an increased
rate of cardiovascular or cerebrovascular events.
Outcome rates were slightly higher for all age
groups of at least 22 years for 90 days’ use of
methylphenidate products than for 90 days’ use
of amphetamine products [13]. Finally, a study
of patients treated with methylphenidate who
had had an MI in South Korea, Taiwan and
Hong Kong isolated MI risk by time period—
before, during and after methylphenidate
exposure—relative to a baseline period of non-
exposure [28]. The highest risk of MI occurred
during the pre-exposure period, suggesting that
there is not a causal relationship between
methylphenidate and MI [28].

Some limitations of this study are acknowl-
edged. By design, different inclusion criteria
were applied to LDX users and previous users,
who required a ‘‘washout’’ period of at least
180 days from the end of the previous use of
any of the other ADHD medications (am-
phetamine, dexamphetamine, methylpheni-
date or atomoxetine), potentially leading to

immortal-time bias. Nonetheless, in the analysis
evaluating previous exposure, in which patients
in the LDX cohort were subject to the same
washout period as was applied for previous
users, the results remained consistent with the
primary findings, suggesting that immortal-
time bias may be minimal. Further, some
patients may not have taken the dispensed LDX
as prescribed, and the exact dosing regimen of
prescribed medication was unavailable in this
study. Nevertheless, data on redeemed pre-
scriptions is considered to more closely reflect
actual use by patients than prescription data.
We assumed the use of one LDX capsule per day
regardless of the strength and therefore may
have overestimated the duration of LDX use.
While evaluation of duration of use was focused
on long-term use, and short-term use (e.g. less
than 3 or 6 months) was not evaluated, we do
not anticipate that an increased risk of MACE
for LDX would have been detected with short-
term use. Because the IRR estimate for MACE
was 1.10 (95% CI 0.77–1.58) in the overall
analysis including short-term and long-term
users and was 1.59 (0.86–2.95) in the analysis of

Table 4 continued

Exposure Outcome, na Person-yearsb Crude IR (95% CI) Adjusted IR (95% CI)c

Previous users 66 122,799.3 0.54 (0.42–0.68) 0.74 (0.58–0.94)

IRs are per 1000 person-years. Because of confidentiality rules in Denmark, the number of cases could not be shown
(represented as ‘‘–‘‘), and the person-years have been rounded to 5500 person-years
AMI acute myocardial infarction, CI confidence interval, EMACE extended major adverse cardiovascular and cere-
brovascular events, IR incidence rate, LDX lisdexamfetamine dimesylate, NR not reported, SCD sudden cardiac death, SVA
serious ventricular arrhythmia, TIA transient ischaemic attack
aPatients with each outcome during current LDX use
bPatient-years accumulated during study medication use, as defined for the primary analysis, in patients at risk for each
outcome
cFrom a Poisson regression model with log-time offset adjusting for quintiles of the propensity score as a categorical variable
dIncludes hospitalisation for AMI, fatal or non-fatal; hospitalisation for stroke, fatal or non-fatal; out-of-hospital coronary
heart disease death, including SCD; out-of-hospital cerebrovascular death; hospitalisation for unstable angina, fatal or non-
fatal; and hospitalisation for TIA, fatal or non-fatal
eIncludes hospitalisation for AMI, fatal or non-fatal; hospitalisation for unstable angina, fatal or non-fatal; and out-of-
hospital coronary heart disease death (including SCD)
fIncludes hospitalisation for stroke, fatal or non-fatal; hospitalisation for TIA, fatal or non-fatal; and out-of-hospital
cerebrovascular death
gIncludes hospitalisation for SCD and SVA, including ventricular tachycardia, ventricular flutter, and ventricular fibrillation
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Fig. 4 Adjusted incidence rate ratios for LDX users
compared with previous users, trimmed population:
exploratory and sensitivity analyses. a Exploratory analyses.
b Sensitivity analyses. ADHD attention-deficit/

hyperactivity disorder, CI confidence interval, IRR inci-
dence rate ratio, LDX lisdexamfetamine dimesylate,
MACE major adverse cardiovascular and cerebrovascular
events

Neurol Ther (2022) 11:1659–1676 1673



long-term use, the IRR point estimate for short-
term use (less than 6 months), in theory, would
have been lower than 1.10. The precision of the
IRRs for several subgroup analyses was low since
they were based on a low number of events; in
particular, the number of events in the sub-
groups aged 18–29 and 30–39 were small, and
thus risk estimates were imprecise (i.e. had wide
95% CIs) and should be interpreted with cau-
tion. It also was not possible to support an
exploratory analysis for users aged 65 years or
older because of an insufficient number of users
within those age groups. An additional limita-
tion is possible unmeasured confounding,
though a quantitative bias analysis showed that
the main results were robust to unmeasured
confounding, except in extreme scenarios,
where an unmeasured confounder was strongly
associated with MACE and much more preva-
lent in LDX users than in previous users of other
ADHD medications. Finally, although the
inclusion of a comparator group of previous
users of other ADHD medications reduced the
potential for selection bias or confounding due
to a healthy-user effect among patients from the
general population or with chronically treated
ADHD [14], it cannot be discounted that
patients in the previous-users cohort were those
for whom the ADHD treatment did not work or
who may have had fewer symptoms, leading to
confounding by indication by the comparison
of untreated versus treated patients. However,
the risk was considered minimal because the
baseline characteristics of both cohorts were
balanced using matching and propensity scores.

CONCLUSION

To our knowledge, this is the first population-
based observational study using routinely col-
lected administrative data from clinical practice
to investigate the cardiovascular and cere-
brovascular risk associated with exposure to
LDX. Results of the current study suggest that
there is little to no increased risk of cardiovas-
cular and cerebrovascular events among
patients treated with LDX compared with
patients previously treated with other ADHD
medications.
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