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The American Urological Association and Endocrine Society published guidelines for the management of testosterone deficiency in
2018. Testosterone prescription patterns have varied widely recently, owing to increased public interest and emerging data on the
safety of testosterone therapy. The effect of guideline publication on testosterone prescribing is unknown. Thus, we aimed to assess
testosterone prescription trends using Medicare prescriber data. Specialties with over 100 testosterone prescribers from 2016-2019
were analyzed. Nine specialties were included (in order of descending prescription frequency): family practice, internal medicine,
urology, endocrinology, nurse practitioners, physician assistants, general practice, infectious disease, and emergency medicine. The
number of prescribers grew by a mean of 8.8% annually. There was a significant increase in average claims per provider from 2016
to 2019 (26.4 to 28.7, p < 0.0001), with the steepest increase occurring between 2017 and 2018 when the guidelines were released
(27.2 to 28.1, p = 0.015). The largest increase in claims per provider was among urologists. Advanced practice providers comprised
7.5% of Medicare testosterone claims in 2016 and 11.6% in 2019. While no causation can be established, these results suggest that
professional society guidelines are associated with increasing numbers of testosterone claims per provider, especially among
urologists. The changing demographics of prescribers justifies targeted education and further research.
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INTRODUCTION

Testosterone deficiency (TD) is a common condition affecting men
with increasing prevalence as they age [1, 2]. Patients with TD
present with a varied constellation of signs and symptoms,
including muscle wasting, fatigue, osteoporosis, oligospermia, and
obesity. Sexual dysfunction, such as erectile dysfunction and
decreased libido, also represents a hallmark of the condition [3].
Testosterone therapy (TTh) is an increasingly common treatment
for men diagnosed with TD.

As more clinicians recognize and diagnose TD among their
patients, the use of TTh has increased in tandem. TTh use in the
United States (US) increased by over 350% from 2001 to 2011.
From 2007 to 2014, TTh prescriptions among patients insured with
Medicare increased by 15.5% on average each year [4].

National trends in testosterone prescribing have fluctuated
based on guidance from professional and regulatory organiza-
tions. In 2015, the US Food and Drug Administration issued a
warning regarding increased cardiovascular risk in men over 65
receiving TTh. Not surprisingly, this was followed by a decrease in
TTh prescriptions [5]. However, further research concluded that
there was insufficient data to show a significant increase
cardiovascular risk with use of TTh [6]. Following this determina-
tion, prescriptions for TTh have increased through 2017 [7].

In March of 2018, the Endocrine Society (ES) also released
guidelines regarding TD, updating their prior guidelines from 2010
[8]. In August of the same year, the American Urological
Association (AUA) released its inaugural guidelines regarding the
evaluation and management of men with TD [9]. It is unknown

how the release of these guidelines has affected testosterone
prescribing patterns. The objective of this study was to evaluate
TTh prescription trends before and after the release of the 2018
professional society guidelines. We hypothesized that there would
be a significant increase in the average number of testosterone
claims per provider with the release of new society guidelines.

METHODS

Data was extracted from the Centers for Medicare and Medicaid Services
(CMS) Part D Prescriber Public Use File, spanning the years 2016 to 2019.
The CMS datasets report claim data for each Medicare prescriber over the
course of the calendar year. The datasets were queried for providers who
prescribed any modality of testosterone during the years analyzed.

We collected prescription information including year of prescription,
testosterone claim count, and days of testosterone prescribed. Providers
report their primary specialty when registering with CMS, and reported
specialty was extracted from the National Provider Identifier (NPI)
taxonomy data in CMS data. Specialties with fewer than 100 providers
were excluded from the analysis.

Statistical analysis and creation of figures was performed using R
(version 4.1.2). As the number of claims are non-normally distributed, the
data was analyzed via generalized linear models. Both a Poisson and
negative binomial model were fit, including specialty and year as
predictors. The negative binomial model provided better fit to the data,
as determined via a likelihood ratio test (x*(1) = 1,186,779, p < 0.001). To
assess overall change between 2016 and 2019, marginal estimates of the
average number of prescriptions per prescriber were calculated. Pairwise
comparisons of these estimates were calculated with the Tukey adjustment
for multiple comparisons.
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RESULTS

In 2016 there were 20,532 total testosterone prescribers in the
CMS dataset. This grew to 26,405 prescribers in 2019 (28.6%
increase). Prescribers had 542,040 claims, representing a total of
23,722,979 days of testosterone supplied in 2016. In 2019, there
were 751,976 claims (54.6% increase) for testosterone represent-
ing 33,004,554 days supplied (52% increase).

Nine specialties with over 100 TTh prescribers were identified
for analysis (listed in order of descending number of prescribers):
family practice, internal medicine, urology, endocrinology, nurse
practitioners (NPs), physician assistants (PAs), general practice,
infectious disease, and emergency medicine (Table 1). These nine
specialties represented 96.5% of testosterone prescribers in 2016
and 96.8% of prescribers in 2019. From 2016 to 2019, each
specialty had an increase in the number of testosterone
prescribers, except for emergency medicine which had a 4%
decline. NPs had the largest relative increase in prescribers (118%),
followed by PAs (78%) and family practice (31%). Urology and
endocrinology prescribers increased by 18% and 25% respectively
(Fig. 1).

The average number of claims per provider increased each year
from 26.4 claims in 2016 to 28.1 in 2019 (p <0.0001). Between
2016 and 2017 the average number of prescriptions increased by
0.62 from 26.38 to 27.00. If that same pace carried on, the
expected rate would be 27.62 prescriptions in 2018 but was
instead 28.1 (an increase of 1.1 prescriptions per provider).
Between 2018 and 2019 there was an increase of 0.47 to 28.58.
Focusing on consecutive years, only 2017 to 2018 demonstrated
statistically significant differences in mean testosterone claims per
provider (p =0.015; 2016 to 2017, p = 0.33; 2018 to 2019, p = 0.60)
(Fig. 2). Urologists had the largest increase in mean annual claims,
from 37.8 in 2016 to 44.7 in 2019. During the same period,
endocrinologist mean annual claims grew from 33.9 to 38.6
(Fig. 3).

NPs and PAs accounted for an increased share of testosterone
claims from 2016 to 2019, growing from 4.1% to 6.6% and 3.4% to
5.0% respectively. Collectively, advanced practice providers (APP)
were responsible for 7.5% of CMS testosterone claims in 2016 and
11.6% in 2019 (Fig. 4).

DISCUSSION

We demonstrate a significant increase in testosterone prescrip-
tions coinciding with the release of new TD management
guidelines by the AUA and ES in 2018. This trend of rising
testosterone prescriptions in CMS between 2016 to 2019 is
consistent with years prior [7]. Our analysis highlights the
statistically significant increase in the average annual claims per
provider in 2018, the year of AUA and ES guideline publication,
compared to the year prior, suggesting that the new guidelines
are associated with higher prescriptions rates. This result is similar
to a study on guideline effectiveness in pain management. After
the CDC released the “Guideline for Prescribing Opioids for
Chronic Pain” in 2016, there were fewer new prescriptions for
opiates and the prescriptions were for shorter durations,
effectively reversing the trends from years prior [10]. Our results
suggest that the guidelines can function as an effective tool for
changing practice patterns and educating providers.

Our study found the increase in claims was most pronounced in
urologists, possibly because the guidelines were viewed more by
urologists or are more trusted by urologists compared to other
specialties. The ES guidelines appear to be more conservative than
the AUA guidelines with a lower cut off for defining TD (264 ng/dL
vs 300 ng/dL) and additional contraindications for TTh possibly
explaining the higher number of claims per provider in urology
compared to endocrinology [11].

The baseline annual increase in testosterone is likely in part
from reasons unrelated to the guidelines. For one, the population
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Fig.1 Testosterone prescribers by specialty from 2016 to 2019. Total number of testosterone prescribers grouped by specialty plotted from
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Fig. 2 Average testosterone claims per prescriber from 2016 to 2019. Average number of testosterone claims per prescriber from 2016 to
2019 estimated from negative binomial regression model. Error bars represent 95% confidence intervals.

of adults in the US over 65-year-old is increasing [12], and the
incidence of low testosterone increases with age from a
prevalence of 20% in men over 60, and 50% in men over 80
years of age [13]. At the same time, marketing for TTh, especially
by direct-to-consumer (DTC) providers, has increased aggressively
over recent years which may have increased disease awareness
and demand for TTh [14]. Finally, several new modalities for
exogenous testosterone administration had emerge during the
years analyzed which may have further increased intertest among
both prescribers and patients [15]. Guidelines can quickly become
outdated in the setting of innovation. Societies must continuously
evaluate the validity of guidelines as 1 in 5 recommendations
become outdated within 3 years [16].

The proportion of APPs, such as NPs and PAs, in the urology
workforce is projected to almost double between 2015 and 2035.
Meanwhile, the number of full-time urologists is projected to
decrease over time [17]. This changing landscape creates more
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opportunities for APPs to assume roles in which they are
responsible for prescribing TTh, whether it be supervised in a
physician’s office, independent practice, or in a DTC model. This
trend is reflected in our study with an increasing proportion of TTh
claims coming from APPs over the study period. Professional
societies should recognize the increasing role of APPs and tailor
guidelines and education as appropriate.

Infectious disease and emergency medicine make up a
relatively small proportion of the total prescribers, however their
inclusion is notable. The AUA recommends testing for TD in HIV
men [9] and the ES recommends consideration of TTh for certain
HIV men to reduce weight loss [8]. Infectious disease physicians
are likely to be managing much of the care for these patients.
There has been interest of emergency medicine physicians in
evaluating for TD and prescribing TTh with recent articles
promoting TD management in the urgent care setting [18] and
online classes on TTh being led by emergency medicine
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physicians (https://nealrouzier.com/). Future study will be needed
to see how the prescription practices of these two specialties
evolve.

Further research is also needed to determine the trend of
testosterone prescription claims during the COVID-19 pandemic,
the growth of telehealth, and the increasing number of DTC
websites offering TTh. Indeed, several companies are now
providing DTC TTh such as TRT Nation (trtnation.com) and Regenx
Health (https://www.regenxhealth.com). Prior studies have shown
high variability in the degree to which these companies follow
AUA guidelines regarding testing and treatment of TD [19].
Several companies prescribe testosterone for patients testing well
above the established AUA and ES laboratory cut-offs for TD [20].
These companies represent a new avenue for patients to receive
TTh without formal consultation with a trained provider leading to
increased access to therapy but also the potential for substandard
management.

While our study is strengthened by the use of national
prescriber data, it is limited to information contained within
CMS and thus does not capture commercial insurance claims,
prescriptions from compounding pharmacies, or those paid with
cash. In addition, the AUA guidelines recommended that
“Commercially manufactured testosterone products should be

SPRINGER NATURE

prescribed rather than compounded testosterone, when possible,”
which may have had a large effect on use of compounded
formulations. Unfortunately, the large proportion of prescriptions
where the specific formulation or modality of testosterone was
unspecified in the CMS dataset prohibits analysis of modality
prescribed without significant bias. While trends in testosterone
modality usage are beyond the scope of this investigation, past
studies have shown that there is significant variation between
specialties [7]. Finally, our study focused on the guidelines’
association with prescription rates, we were not able to elucidate if
providers actual adhered to the recommendations.

CONCLUSION

One thing remains clear: as the landscape of testosterone therapy
continues to evolve, it becomes more complex with more
stakeholders involved. Here we demonstrate an increase in the
number of testosterone related claims to CMS. We also show an
increased number of providers prescribing TTh and changing
demographics of these providers coinciding with the release of
AUA and ES TD guidelines published in 2018. Our results suggest
the society guidelines educated testosterone providers and are
associated with changing practice patterns, but further study to
characterize the effect of the guidelines beyond TTh prescribing is
warranted.
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