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Abstract

Introduction: Prescription stimulants are an effective FDA approved treatment for attention deficit hyperactivity disorder
(ADHD) however their safety has come under scrutiny. Multiple studies demonstrate safe use in pediatric populations,
but prescriptions are increasing to adults and it is not evident which comorbidities might place people at risk of adverse
outcomes. The aim of this study is to identify risk factors of adverse cardiovascular events for individuals exposed to
stimulants across the lifespan. Methods: We conducted a case control study utilizing the TriNetX research network
database. Individuals were included for study if they were younger than 90years old and prescribed stimulants between
January I, 2010 and December 31, 2020. We utilized summary statistics, chi2, and multivariate logistic regression to identify
risk factors for cardiovascular events. Results: Of the 987,762 individuals prescribed stimulants, 49,902 experienced
an adverse cardiovascular event. Individuals with atherosclerotic heart disease had the highest odds of adverse events
(aOR=36.7, p<.00I). Hypertension (aOR=2.78 p <.001), cocaine use (aOR=1.64 p<.001), and anxiety (aOR=1.46
p <.001) were also strongly predictive of adverse outcomes, but risk varied by age. Conclusions: Atherosclerotic heart
disease and its antecedents pose the greatest risk for cardiovascular events for people prescribed stimulants. Mental health
diagnoses are also independent predictors and age may be an effect modifier of these relationships. ADHD was not an
independent risk factor for major adverse cardiovascular events when controlling for other biopsychosocial variables in
adult populations. Additional research focused on predictive models and prospective studies may be warranted to better
inform clinical decisions regarding stimulant prescriptions for the broad demographic of patients that may benefit from
these medications. (J. of Att. Dis. 2025; 29(8) 628-634)
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There are 3.3million children and 16million adults pre-
scribed stimulants such as amphetamine, lisdexamfetamine,

and methylphenidate in the United States (Danielson et al.,
2018; Piper et al., 2018; Safer, 2016). Stimulants exert their
effects via neurotransmitters such as dopamine, serotonin,
and norepinephrine to increase alertness, reduce appetite,
elevate heart rate, blood pressure, and enhance mood
(Olfson et al., 2013). They are broadly utilized in treatment
of attention deficit hyperactivity disorder (ADHD) as well
as narcolepsy, but may also be utilized for other conditions
(Hardy, 2009; Lim et al., 2023; Smith et al., 2021).

While stimulants are effective across a broad phenotype
of symptoms, concerns have been raised regarding their
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safety (Arnsten, 2006; Hechtman et al., 2004; Rajeh et al.,
2017). Multiple studies demonstrate stimulant safety in
pediatric populations, but studies also consistently show
elevations in heart rate as well as blood pressure, and epi-
sodes of sudden cardiac death involving stimulant medica-
tions have been documented and warned by the FDA
(Charatan, 2006; Hennissen et al., 2017). Just as concern-
ing, recent studies demonstrated a six- to nine-fold elevated
risk of major adverse cardiovascular events (arrhythmia,
heart attack, and stroke) when stimulants are prescribed to
older adults, and stimulants are increasingly prescribed to
nonpediatric populations, where safety data are lacking
(Brumbaugh et al., 2022; Latronica et al., 2021, 2022).

There are many factors that may contribute to this ele-
vated risk in older populations including atrophy of pace-
maker cells, myocardial fibrosis, and atherosclerosis (Choi
et al., 2022). However, the aging process is not uniform, so
it is possible that safety may vary across the lifespan, and
within age demographics. Given the cases of sudden car-
diac death, continual increase in stimulant prescriptions,
and the increasingly broad demographics that are receiving
these prescriptions, it is important to identify potential risk
factors for cardiac events so that patients and providers can
make informed decisions when considering risks and bene-
fits of stimulant medications (Brumbaugh et al., 2022). The
aim of this study is to determine which patient level factors
are associated with adverse cardiovascular events for peo-
ple prescribed stimulants across the lifespan.

Methods

Data Source

We conducted a case control study utilizing a national data-
base (TriNetX). TriNetX is a federated health research net-
work consisting of de-identified, aggregated electronic
health records (EHRs) (demographics, diagnoses, proce-
dures, medications, laboratory tests, and genomics) of
more than 70 million patients from participating healthcare
organizations.

Study Design

We included all individuals younger than 90 years of age who
were prescribed a stimulant (amphetamine, dextroamphet-
amine, lisdexamfetamin, methylphenidate, methamphet-
amine, or dexmethylphenidate) between January 1, 2010 and
December 31, 2020. We excluded all individuals prescribed a
stimulant before 2010 and those 90 and older. Individuals
were classified as a case if they experienced a cardiovascular
event after starting stimulant medications and a control if
they did not experience a cardiovascular event during the
study period. Cardiovascular events were captured using the
following ICD-10 diagnosis codes: ischemic heart diseases
(I20-125), cardiac arrest (146.9), atrial fibrillation (148),

cardiac arrhythmias (I49), heart failure (I150), and cerebral
infarction (163). We utilized the biopsychosocial model, lit-
erature review, and clinical expertise to determine variables
of'interest and controlled for known risk factors of cardiovas-
cular events including patient demographics and relevant
comorbidities. Our final model included age, gender, race
atherosclerotic heart disease, hypertension, diabetes, obesity,
depression, anxiety, schizophrenia, bipolar disorder, nicotine
use, alcohol use, cocaine use, and opioid use. We also con-
ducted an age stratified analysis to explore age as an effect
modifier in the relationship between biopsychosocial vari-
ables and cardiovascular events.

Data Analysis

We addressed our aims with descriptive statistics (t-test for
continuous variables, Chi-square test for categorical vari-
ables) and logistic regression analyses. The adjusted odds
ratio (aOR) and p-value were computed to indicate the
effect and the significance level of prescription stimulants.
We conducted all analyses with R statistical software pack-
age and all data in TriNetX are de-identified so this study
was exempt from Institutional Review Board oversight.

Results

Study Population

A total of 987,762 individuals were prescribed stimulants
between January 1, 2010 to December 31, 2020. The average
age of all participants was 28.7 years old, and 48.7% of the
study sample was female. There were 49,902 cases (cardio-
vascular events) and 937,860 controls. The most common
diagnoses were ADHD (43.2%), anxiety (26.9%), and
depression (21.4%). Of note, the majority of those prescribed
a stimulant did not have a diagnosis of ADHD (56.8%). The
most common diagnoses among cases were hypertension
(55.5%), depression (48.9%), anxiety (47.9%), ADHD
(33.9%), and atherosclerotic heart disease (31.1%) (Table 1).

Risk Factors for Cardiovascular Events

People with a cardiovascular event had a higher average
age (48.2years old) than those without a cardiovascular
event (27.6years old, p <.001). The strongest risk factor
for cardiovascular events was diagnosed atherosclerotic
heart disease (aOR=36.7, p<.001). Other notable bio-
logical variables associated with cardiovascular events
included hypertension (aOR=2.78, p<<.001), diabetes
(aOR=1.56,p <.001), and obesity (aOR=1.45,p <.001).
Additionally, depression (aOR=1.55, p <.001) and anxi-
ety (aOR=1.46, p <.001) were both strongly correlated
with cardiovascular events (Table 2). Substance use dis-
orders (SUDs) such as cocaine alcohol, and opioid use
were also associated with increased odds of adverse
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Table |I. Characteristics of the Study Population.

All participants,

Cohort with CV,

Cohort without

Characteristics N=987,786 N=49,902 CV, N=937,860 p-Value
Age, (mean, SD) 28.7 (18.2) 48.2 (20.9) 27.6 (17.4) <.001
Female, N (%) 480,578 (48.7) 26,079 (52.3) 454,499 (48.5) <.001
Race/ethnicity

Black 96,257 (9.7) 4,072 (8.2) 92,185 (9.8) <.001

White 753,254 (76.2) 41,967 (84.1) 711,287 (75.8) <.001

Other 138,251 (14.0) 3,863 (7.7) 134,388 (14.3) <.001
Tobacco use, N (%) 71,992 (7.3) 9,889 (19.8) 62,103 (6.6) <.001
Atherosclerotic heart disease, N (%) 18,379 (1.9) 15,497 (31.1) 2,882 (0.3) <.001
Hypertension, N (%) 117,529 (11.9) 27,682 (55.5) 89,847 (9.6) <.001
Diabetes, N (%) 43,728 (4.4) 12,117 (24.3) 31,611 (3.4) <.001
Obesity, N (%) 79,812 (8.1) 11,554 (23.2) 68,258 (7.3) <.001
Depression, N (%) 210,930 (21.4) 24,382 (48.9) 186,548 (19.9) <.001
Anxiety, N (%) 265,799 (26.9) 23,886 (47.9) 241,913 (25.8) <.001
Schizophrenia, N (%) 4,324 (0.4) 666 (1.3) 3,658 (0.4) .006
Bipolar, N (%) 41,507 (4.2) 4,781 (9.6) 36,726 (3.9) <.001
ADHD, N (%) 426,469 (43.2) 16,908 (33.9) 409,561 (43.7) <.001
Cocaine use, N (%) 4,759 (0.5) 960 (1.9) 3,799 (0.4) <.001
Alcohol use, N (%) 24,440 (2.5) 3,775 (7.6) 20,665 (2.2) <.001
Opioid use, N (%) 16,070 (1.6) 2,656 (5.3) 13,414 (1.4) <.001

Note. CV =adverse cardiovascular events; N=number of patients; ADHD =attention deficit hyperactivity disorder.

Table 2. Assessment of Risk Factors for Cardiovascular Events
Among Patients With Stimulant Prescriptions.

Characteristics Adjust odds ratio p-Value
Age 1.02 <.001
Gender (female) 0.99 622
Race/ethnicity (Black) 1.20 <.001
Nicotine use 1.25 <.001
Atherosclerotic heart disease 36.73 <.001
Hypertension 2.78 <.001
Diabetes 1.56 <.001
Obesity 1.45 <.001
Depression 1.55 <.001
Anxiety 1.46 <.001
Schizophrenia .19 .001
Bipolar disorder 1.22 <.001
ADHD 0.95 <.001
Cocaine use 1.64 <.001
Alcohol use 1.30 <.001
Opioid use 1.45 <.001

Note. Variables controlled for in this analysis included age, sex, race,
nicotine use, atherosclerotic heart disease, hypertension, diabetes,
obesity, depression, anxiety, schizophrenia, bipolar disorder, alcohol use,
cocaine use, and opioid use.

cardiovascular events. Of note, a stimulant prescription
for people with a diagnosis of ADHD was associated with
reduced risk of a cardiovascular event (aOR=0.95,
p <0.01) when controlling for other risk factors.

Multivariable Age Stratified Analysis

Multiple variables demonstrate differences in risk across the
lifespan. The strongest risk factor for adverse events in all
age groups was a diagnosis of atherosclerotic heart disease
(aOR=13.32-316.0, p<.01) (Figure 1a). Known risk fac-
tors for atherosclerotic heart disease were also consistently
associated with elevated risk across the lifespan: hyperten-
sion (aOR=2.43-4.72, p<.01), diabetes (aOR=1.44-1.75,
p<.01), obesity (aOR=1.29-1.58, p<<.01) (Figure la).
Race was not a strong independent risk factor for adverse
events in younger age groups, but was associated with
increased risk of cardiovascular events among those aged 36
and older (aOR=1.24-1.33, p<.01) (Figure 1b).

When we evaluated psychological variables, we noticed
that ADHD was associated with slightly increased risk of
adverse events in people younger than 16 but was the only
variable consistently associated with reduced risk or no dif-
ference in adverse events in all other age groups (aOR=0.85—
0.98) (Figure 1c). Anxiety was most strongly associated with
adverse events among people ages 17-25 (aOR=2.23,
p<<.01) and consistently associated with increased risk
through adulthood. We observed a similar trend for depres-
sion. Bipolar disorder and schizophrenia did not evidence
statistically significant between group differences for those
5665 and those 26 and older, respectively (Figure 1c).

Similar to psychiatric illness, substance use was a sig-
nificant risk factor for cardiovascular events across the
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lifespan, but most strongly predictive of adverse events in
younger populations. All associations for nicotine use, alco-
hol use, opioid use, and cocaine use were statistically sig-
nificant with the exception of the following substances by
age group: nicotine use age 56—65, cocaine use ages 56 and
older, opioid use ages 65 and older (Figure 1d).

Discussion

Prescription stimulants have increased dramatically over
the past 20 years and their safety has been questioned, par-
ticularly in older populations. The strongest risk factor for
cardiovascular events at all ages was a diagnosis of athero-
sclerotic heart disease, and the majority of people that expe-
rienced adverse events had a diagnosis of hypertension
(55%), a known risk factor of atherosclerotic heart disease.
Psychosocial variables such as depression, anxiety, and
substance use, were more prominent risk factors in younger
adults than older adults. ADHD was not an independent risk
factor for adverse events in people older than 16 when
adjusting for other biopsychosocial risk factors. Although
atherosclerosis is consistently the strongest predictor of
negative events, our data suggest variable risk of cardiovas-
cular events across the lifespan.

A recently published case control study that thoroughly
evaluated the relationship between ADHD medications and
cardiovascular outcomes found increased duration of medi-
cation exposure was associated with increased risk of car-
diovascular events (Zhang et al., 2024). They observed
similar patterns in the relationship between stimulant expo-
sure and cardiovascular events in youth and adults (Zhang
et al., 2024). While this suggests conflict with our results,
differences in study design may explain differing conclu-
sions. First, their study controlled for similar risk factors
(diabetes, hypertension, gender, substance use disorders,
depression, and schizophrenia) and assessed similar out-
comes of interest (incident adverse cardiovascular events),
but their study took place in Sweden, where there is lower
prevalence of substance use disorders than the United States
(Vetter et al., 2008). Prevalence of substance use disorders
varies across the lifespan, which may have contributed to
some of the variance we detected in our US sample (Wu &
Blazer, 2014). Second, they excluded individuals that
received a stimulant prescription for a non-ADHD diagnosis
prior to the study index date (Zhang et al., 2024). We
included all individuals that received stimulants, which may
have also contributed to the age related variability in our
data. Finally, they only assessed two age groups 1) those
<25 and 2) those >25years old (Zhang et al., 2024). Our
assessment of age was more granular. Our study also differs
in that in addition to controlling for relevant variables that
contribute to cardiovascular disease, we assessed each
comorbidity as independent predictor of incident cardiovas-
cular events in the context of stimulant exposure. Information

from our study regarding risk contributed by these comor-
bidities at various stages in life is complimentary to the cur-
rent literature and important to inform patient and provider
decisions regarding prescription stimulants.

The American Heart Association (AHA) currently rec-
ommends clinicians assess for history of fainting, dizziness
with exertion, chest pain with exercise, or change in exer-
cise tolerance before prescribing stimulants (Vetter et al.,
2008). They also recommend assessing for heart murmur,
family history of sudden cardiac death, long QT syndrome,
Wolff-Parkinson-White syndrome, and Marfan’s syndrome
(Vetter et al., 2008). These recommendations align with our
data, however we suggest providers remain mindful that
many do not manifest overt symptoms of conditions such as
atherosclerosis. Other prominent risk factors for cardiovas-
cular events such as obesity, diabetes, anxiety, and depres-
sion are not mentioned in their guidelines. Still, these more
insidious conditions may contribute to adverse events, such
as the unexpected deaths that resulted in a black box warn-
ing by the FDA. This is most evident in the trends witnessed
between atherosclerosis and cardiovascular events in vari-
ous age groups. Atherosclerosis is a prominent risk factor
across the lifespan but in our study, the magnitude of the
association decreases with increased age. This is unlikely
due to a reduced absolute risk associated with stimulant use
in older adults with atherosclerosis and most likely
explained by increased prevalence of undiagnosed athero-
sclerosis as well as increased general risk of cardiovascular
events in non-pediatric populations. Obesity and hyperten-
sion are both examples of conditions that can slowly yield
elevated cardiac vulnerabilities over time. This may explain
why our study shows they are more prominent independent
risk factors among people older than 65 than people in their
20s. Given potential for silent disease, these risk factors of
atherosclerosis may be particularly important when consid-
ering stimulant prescriptions for older adults.

The elevated risk for adverse cardiac events in young
people prescribed stimulants with a diagnosis of anxiety,
depression, or substance use in our study population also
aligns with existing literature. It is possible that cardiovas-
cular events among individuals with mental illness are
mediated by subclinical QT prolongation, the risk factor
identified by the AHA. However, studies show that young
adults with depression or anxiety are more likely to engage
in prescription stimulant misuse or non-oral use (inhalation
or injection) of stimulants; this can strongly influence the
risk of cardiovascular events and may explain the increased
risk of cardiovascular events in patients with depression,
anxiety, bipolar disorder, and schizophrenia across the
lifespan in our study (Chang et al., 2014). It is also worth
noting that substance use and misuse decrease with age,
which we observe in the reduced strength of the association
between psychosocial variables and cardiovascular events
in our older age groups (Wu & Blazer, 2014). The reduced
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magnitude of these independent effects may also be attrib-
uted to increased relevance of other cardiovascular vari-
ables (diabetes, hypertension, obesity, atherosclerosis) in
older adults.

Importantly, treatment of ADHD with stimulants may
reduce risk of substance use and related disorders (Chang
et al., 2014). ADHD is associated with reduced risk of
adverse events in nearly all age groups of our study.
These reduced cardiovascular risks align with a recent
study that demonstrated reduced all-cause mortality
among a cohort of individuals who were treated with
stimulants for ADHD (Li et al., 2024). These associa-
tions are important to consider as prescription stimulant
requests grow across the United States and providers are
forced to make decisions with patients regarding risks
compared to benefits in both pediatric and non-pediatric
populations.

Limitations

While these data offer value to clinical and scientific com-
munities, there are a number of limitations that should be
considered. First, the study relied on electronic health
records which has known susceptibility to inaccuracy and
misclassification bias. There is no ability to review charts to
validate data or evaluate the extent of bias. However, there
is no reason to suspect unbalanced misclassification.
Additionally, this study explores the risk of cardiovascular
events with stimulant use, however the analyses are based
on a proxy for stimulant use, stimulant prescriptions. Our
research data did not indicate whether a diagnosis was a
primary diagnosis nor specify the diagnosis associated the
stimulant prescription. Furthermore, this study explores the
risk of cardiovascular events with prescription stimulant
use, however it does not detail variability in risk based on
specific dose, duration, or the type of stimulant prescribed.
Nevertheless, this study offers providers initial information
regarding cardiovascular risks when they consider prescrib-
ing stimulants irrespective of their justification, when the
patient has co-morbid anxiety, depression, substance use
disorders, and other underlying cardiovascular risks at vari-
ous life stages.

We hope this study serves as a foundation for future
inquiry as well as clinically relevant information that pro-
viders may consider when discussing potential risks and
benefits of stimulant prescriptions with their patients.
Further study is needed to establish dose response relation-
ships and the degree of risk among individuals with multi-
ple risk factors as well as those exposed to various
formulations of stimulants. Feasibility and acceptability of
more nuanced risk stratification prior to initiation of pre-
scription stimulants, time to event studies, and prospective
trials to further evaluate safe use of prescription stimulants
in non-pediatric populations are warranted.

Conclusion

These data suggest that risk associated with stimulants
varies across the lifespan and the majority that do have
adverse outcomes have known risk factors for atheroscle-
rosis or diagnosis of atherosclerosis. Attention deficit and
hyperactivity disorder was not an independent risk factor
for major adverse cardiovascular events when controlling
for other biopsychosocial variables in adult populations.
Additional research focused on predictive models and pro-
spective studies may enhance conversations regarding
risks and benefits of stimulant prescriptions for the broad
demographic of patients that receive these prescriptions.
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