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associated with testosterone hypofunction–results from a
national claims database analysis
Garett P. Ostdiek-Wille 1✉, Kyle C. Bavitz1, Taylor P. Kohn2 and Christopher M. Deibert3

© The Author(s), under exclusive licence to Springer Nature Limited 2023

Male hypogonadism is not a risk associated with attention-deficit hyperactivity disorder (ADHD) stimulant medications, but recent
studies have explored this connection. Though the pathophysiologic connection remains unclear, we predicted that long-term use
of ADHD stimulant medications could increase the risk of hypogonadism in post-pubertal males. Utilizing TriNetX, LLC Research
Network data from January 2000 through December 2019, men older than 18 with ADHD receiving long-term stimulant medication
(>36 monthly prescriptions) were selected for the study population. Two control groups were constructed: individuals with ADHD
but no stimulant medication use, and individuals without ADHD or stimulant medication use. A diagnosis of testicular hypofunction
(ICD-10: E29.1) within five years of long-term ADHD stimulant medication use was the chosen primary outcome. After propensity
score matching, 17,224 men were analyzed in each group. Of the men with long-term ADHD stimulant medication use, 1.20% were
subsequently diagnosed with testicular hypofunction compared to 0.67% of individuals with ADHD without stimulant medication
use (RR: 1.78, 95% CI: 1.42–2.23) and 0.68% in men without ADHD or stimulant medication use (RR: 1.75, 95% CI: 1.39–2.19).
Therefore, chronic ADHD stimulant medication use was found to be significantly associated with a subsequent diagnosis of
testicular hypofunction.
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INTRODUCTION
Attention-deficit hyperactivity disorder (ADHD) is one of the most
diagnosed and treated psychiatric conditions in the United States.
A 2019 Centers for Disease Control and Prevention estimation
reported that over six million children, 9.4%, between the ages of
two and seventeen in the United States had received a diagnosis
of ADHD from a healthcare provider [1]. Of those children with a
diagnosis, 62.0% were currently using medication. Though often
considered a diagnosis in children, over 4% of adults are
diagnosed with ADHD [2]. A mainstay of treatment for ADHD in
both adults and children is stimulant medication such as
methylphenidate (Ritalin) or amphetamine-dextroamphetamine
(Adderall). These medications function by increasing the bioavail-
ability of the catecholamines dopamine and norepinephrine
within the brain [3].
Despite no reported risks of gonadal dysfunction associated

with the medications, case studies and animal studies have
recently suggested these medications could impact gonadal
functioning, including fertility rates [4–9]. Dopamine has been
shown to suppress the excitation of gonadotropin-releasing
hormone (GnRH) neurons in both male and female mice [10].
GnRH acts upon the hypothalamus to release both luteinizing
hormone (LH) and follicle-stimulating hormone (FSH), which
directly impact gonadal function and testosterone production
[11]. Hypogonadism and, potentially, infertility can result when

this signaling of the hypothalamic-pituitary-gonadal access is
disrupted or suppressed.
To further assess this relationship, Wang et al. in 2019 utilized

the National Health Insurance database in Taiwan to explore the
relationship between the long-term use of methylphenidate and
testicular dysfunction in boys [12]. This demonstrated an
increased rate of testicular dysfunction within the population of
males diagnosed with ADHD compared to their control group.
ADHD medication use itself had no increased risk of testicular
dysfunction [12].
We hypothesized that prolonged use of ADHD stimulant

medications could negatively impact testosterone production in
post-pubertal males. To assess this, we used electronic health
records to build a retrospective cohort to evaluate testicular
hypofunction rates among men with long-term use of ADHD
medications compared to others.

METHODS
Data source and study design
Data used in this study was collected and analyzed in January 2023 from
the TriNetX, LLC Research Network (TriNetX LLC, Cambridge MA, USA),
which provided access to electronic medical records (diagnoses, proce-
dures, medications, and laboratory values), as well as insurance claims for
approximately 108 million patients from 76 healthcare organizations.
Information regarding demographics, diagnoses from International
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Classification of Disease (ICD) codes, procedures from Current Procedural
Terminology (CPT) codes, and medications were all recorded and used for
analysis. Medication data was obtained from prescriptions, orders,
inpatient medication reconciliations, and charted medications and were
identified in the database using the National Library of Medicine RxNorm
classification system. Data from January 2000 through December 2019
were included.
The process by which the data was de-identified is attested to through a

formal determination by a qualified expert as defined in Section
§164.514(b)[1] of the Health Insurance Portability and Accountability
Privacy Rule. Because this study used only de-identified patient records
and did not involve the collection, use, or transmittal of individually
identifiable data, this study was exempted from the Institutional
Review Board.

Cohorts
To evaluate the risk of long-term ADHD stimulant medication on
developing a diagnosis of testosterone deficiency in post-pubertal males,
we included adult men ages 20–40 years with a diagnosis of ADHD (ICD-
10: F90) who did and did not have exposure to ADHD stimulant
medications, including methylphenidate (RxNorm: 6901), dextroampheta-
mine (3288), lisdexamfetamine (700,810), amphetamine (725), and
dexmethylphenidate (149,373). Men were defined as having chronic
exposure if they had received at least 36 prescriptions of ADHD
medications while control men with an ADHD diagnosis but had zero
instances of these prescriptions including the above stimulants as well as
non-stimulant ADHD medications including guanfacine (40,114) and
atomoxetine (38,400). A second control group was additionally created
including men with no diagnosis of ADHD and never having received any
ADHD medications to serve as a population control. The primary outcome
was a diagnosis of testicular hypofunction (ICD-10: E29.1) within five years
of having been prescribed at least 36 prescriptions of ADHD medications
(Fig. 1). We excluded men who did not meet these definitions, as well as
those with identified genetic conditions such as Klinefelter syndrome.

Statistical analysis
Data was reported as mean and standard deviation or total counts.
Baseline characteristics prior to propensity score matching were compared
using T-test and Chi-squared. We then utilized propensity score matching –
a statistical technique that utilizes logistic regression to build cohorts of
equal size based on covariates of interest. We used 1:1 greedy nearest-
neighbor propensity score matching to control for confounding variables
through the TriNetX platform. In this analysis, we controlled for: age at
Index, current age, race/ethnicity, hyperlipidemia (ICD-10: E78), overweight
or obesity (E66), obstructive sleep apnea (G47.3), diabetes mellitus (E08-
13), conduct disorder (F91), pervasive developmental disorders (F84), tic
disorders (F95), and intellectual disabilities (F70-79). Statistical analysis was
performed using Python and R software built into the TriNetX platform. We
determined that the two groups had minimal differences after balancing,
as the standardized differences between propensity scores were less than
0.1.

RESULTS
Before matching, we identified 19,498 men with a diagnosis of ADHD
and had received at least 36 prescriptions of ADHD stimulant
medications and 147,441 men with a diagnosis of ADHD but never
received any ADHD medications. After matching, a total of 17,224
men in each group were included in the analysis with an initial age of
ADHD diagnosis occurring at 19.1 (10.8–27.4) years for those taking
medications and 19.2 (11–27.4) years for those without medication
use. The current age of those included was 28.9 (22.7-35.1) in the
study group and 29 (22.8-35.1) in this control group (Table 1).
After propensity score matching, 1.20% of men who received at

least 36 prescriptions of ADHD medications were found to have a
subsequent diagnosis of testosterone hypofunction within five
years compared to 0.67% in men with ADHD but had never
received ADHD medications (risk ratio (RR) 1.78, 95% Confidence
Interval (CI) 1.42–2.23).
Next, we compared these men with chronic ADHD medication use

to the population without ADHD and who had never received any
ADHD medication. Our study identified 2,416,153 men matching this
criterion. After matching a total of 17,217 patients were included in
each group. The age of ADHD diagnosis occurred at 19.1 (10.8–27.4)
years and a current age of 28.9 (22.7–35.1) in the study group
compared to an age at index of 19.2 (11−27.4) with a current age of
29 ± (22.9–35.1) for the control group (Table 2). Analysis revealed that
1.20% of men who received at least 36 prescriptions of ADHD
medications had a subsequent diagnosis of testosterone hypofunc-
tion compared to 0.69% of men without a history of ADHD or ADHD
medication use (RR: 1.75, 95% CI 1.39–2.19).

DISCUSSION
This large-scale retrospective claims database study explored the
impact stimulant medication use for ADHD has on future testicular
hypofunction risk. The key finding is an increased relative risk for a
subsequent diagnosis of hypogonadism among adult male
patients who have received long-term pharmaceutical treatment
for ADHD with dextroamphetamine, lisdexamfetamine, ampheta-
mine, or dexmethylphenidate. This increased risk was found to be
significant when compared to both individuals without ADHD and
those with ADHD not using stimulant medications.
Our findings have major similarities and a key difference from

the previous large Taiwanese cohort study, which found an
association between an ADHD diagnosis and testicular dysfunc-
tion [12]. Both studies utilized large cohorts to compare rates of
testosterone hypofunction in individuals with ADHD retrospec-
tively. While our study did not evaluate the risk of testosterone
hypofunction for individuals with ADHD regardless of medication
use, we found a significant risk increase among individuals with
long-term stimulant use. This conflicts with findings from Wang et
al., who found no associated increase in the risk of testicular
dysfunction with methylphenidate use among individuals with
ADHD but did find a significant increase in testicular dysfunction
risk with an ADHD diagnosis. Notably, our study evaluated
multiple stimulant ADHD medications in addition to methylphe-
nidate. Wang et al. focused on the effects of hypogonadism on
development and puberty, a much younger study population with
nearly a 10-year lower mean age [12].
Yet, our findings support conclusions made by the case

study from Abdalla et al. that identified a case of reversible
pituitary failure leading to hypogonadism believed to be caused
by amphetamine-dextroamphetamine [4]. Another case report by
Ramasamy et al. from 2014 reported on a case of testicular failure
and delayed puberty in a 20-year-old male with a 17-year history
of methylphenidate use despite cessation of drug use years prior.
This patient was treated with supplemental testosterone and
human chorionic gonadotropin [5].
One longitudinal study explored this between 2005 and 2011 and

found a significantly decreased growth rate among adolescents withFig. 1 Sample Criteria and Outcomes.
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a 3-year history of stimulant medication use [13]. This treatment
length matches the criteria used in our study, but the patient
population of focus was on adolescents rather than adults, like the
research by Wang et al. [12]. With hypothalamic influence over
puberty and development involving the release of GnRH and
subsequently, LH and FSH [14], a shared physiological pathway may
be involved. Methylphenidate has also been found to decrease
testosterone levels in male rhesus monkeys, and that dose-
dependent decrease in testicular size further supports this idea [8].
The same axis is involved in folliculogenesis in females and was
found to be impacted in rats with methylphenidate exposure [9].
Wang et al. postulated higher dosing relative to mass compared to
typical pharmaceutical dosing in many of these animal studies as a
reason they did not translate to the results of their research [12]. Our
study did not have access to medication dosage, so we cannot
comment on the potential impact on gonadal functioning.
To our knowledge, this study is the first to identify a significant

relative risk of hypogonadism and testicular hypofunction with
long-term ADHD medication use. With the number of patients
found in TriNet, the power of this analysis is a particular strength,
with most current literature supporting our hypothesis consisting
of case reports [4–6]. The study size also allowed for propensity
matching to minimize treatment selection bias in this population.

Limitations of this study design include the lack of information
available on the cause of hypogonadism or hormone levels. Also,
an inherent bias exists because medication status was not
randomized among individuals in the study, and factors such as
symptom severity could impact who received pharmaceutical
treatment. Despite these drawbacks, the study’s results are
significant in helping determine all risks associated with the drug
that should be considered by both the patient and healthcare
provider when prescribing stimulant medication for ADHD.

CONCLUSIONS
Long-term ADHD stimulant medication use in men was found to
be associated with a significant increase in relative risk for a
subsequent testicular hypofunction diagnosis. This difference was
found when compared to both those with ADHD not using
pharmaceutical therapy and those without ADHD. These results
indicate that impaired gonadal function is a potential side effect of
stimulant medications. Future studies should explore the exact
physiologic pathways responsible for this effect in men and
women and the impact of the medications on GnRH, FSH, LH,
testosterone levels, and fertility. This will enhance understanding
of the adverse effects of stimulant use in treating ADHD.

Table 1. Men with ADHD Diagnosis and Long-Term vs No ADHD Medication Use.

Prior to Propensity Match After Propensity Matching

Men receiving
Chronic ADHD
Meds

Men Not receiving
Any ADHD Meds

P value Men receiving
Chronic ADHD
Meds

Men Not receiving
Any ADHD Meds

P
value

Baseline Variables

Total Patients 19,498 147,441 – 17,224 17,224 –

Age at Index 19.1 ± 8.32 17.7 ± 6.84 <0.0001 19.1 ± 8.32 19.2 ± 8.2 0.1952

Current Age 28.9 ± 6.16 27 ± 5.47 <0.0001 28.9 ± 6.16 29 ± 6.14 0.3491

Race/Ethincity

White 13,902 (80.629%) 90,805 (65.405%) <0.0001 13,884 (80.608%) 13,921 (80.823%) 0.6134

Black or African-American 1078 (6.252%) 19,671 (14.169%) <0.0001 1078 (6.259%) 1074 (6.235%) 0.9290

Asian 187 (1.085%) 1453 (1.047%) 0.6445 187 (1.086%) 206 (1.196%) 0.3351

Unknown Race 1999 (11.594%) 26,325 (18.961%) <0.0001 1999 (11.606%) 1962 (11.391%) 0.5320

Not Hispanic or Latino 13,144 (76.232%) 89,495 (64.461%) <0.0001 13,126 (76.208%) 13,154 (76.37%) 0.7228

Hispanic or Latino 864 (5.011%) 10,354 (7.458%) <0.0001 864 (5.016%) 819 (4.755%) 0.2607

Unknown Eithnicity 3234 (18.757%) 38,986 (28.081%) <0.0001 3234 (18.776%) 3251 (18.875%) 0.8147

Co-morbidities

Overweight/Obesity 621 (3.602%) 3377 (2.432%) <0.0001 609 (3.536%) 527 (3.06%) 0.0134

Sleep Apnea 288 (1.67%) 1930 (1.39%) 0.0034 287 (1.666%) 257 (1.492%) 0.1948

Hyperlipidemia 367 (2.129%) 1660 (1.196%) <0.0001 363 (2.108%) 356 (2.067%) 0.7919

Diabetes Mellitus 124 (0.719% 1376 (1.10%) 0.0006 124 (0.72%) 108 (0.627%) 0.2919

Conduct Disorder 997 (5.782%) 3898 (2.808%) <0.0001 980 (5.69%) 928 (5.388%) 0.2206

Pervasive developmental
disorder

326 (1.891%) 2946 (2.122%) 0.0456 326 (1.893%) 320 (1.858%) 0.8116

Tic Disorder 86 (0.499%) 786 (00.566%) 0.2631 86 (0.499%) 68 (0.395%) 0.1460

Intellectual disablities 84 (0.487%) 1079 (0.777%) <0.0001 84 (0.488%) 61 (0.354%) 0.0556

Outcomes

Diagnoses of Testicular
Hypofunction after 5 years

224 (1.15%) 550 (0.37%) 206 (1.196%) 116 (0.673%)

Risk Ratio (95% Conficence
Interval)

3.08 (2.64–3.60) 1.776 (1.416-2.227)

ADHD Attention Deficit Hyperactivity Disorder.
Normally distributed values are reported as mean ± standard deviation.
Characteristics were compared using T-test and Chi-squared analysis.
1:1 greedy nearest-neighbor propensity score matching to control for confounding variables.
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