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Abstract

Purpose: We explored the Medicare database (1999-2014) to provide a comprehensive
assessment of testosterone therapy (TT) patterns in the older US male population.

Materials and Methods: We estimated annual age-standardized incidence (new users) and
prevalence (existing users) of TT according to demographic characteristics, comorbidities, and
potential indications.

Results: There were 392,698 incident TT users during 88 million person-years. TT users were
predominantly younger, white non-Hispanic, and located in South and West US Census regions.
On average, TT dramatically increased during 2007-2014 (average annual percent
change=15.5%), despite a decrease in 2014. In 2014, the most common recorded potential
indications for any TT were hypogonadism (48%), fatigue (18%), erectile dysfunction (15%),
depression (4%), and psychosexual dysfunction (1%). Laboratory tests to measure circulating
testosterone concentrations for TT were infrequent with 35% having had at least one testosterone
test in the 120 days preceding TT, 4% the recommended two pre-TT tests, and 16% at least one
pre-TT test and at least one post-TT test.

Conclusions: TT remains common in the older US male population, despite a recent decrease.
Although TT prescriptions are predominantly for hypogonadism, a substantial proportion appear
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to be for less specific conditions. Testosterone tests amongst men prescribed TT appear to be
infrequent.
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Introduction

Endogenous testosterone is an anabolic steroid hormone essential to several human
functions including secondary male characteristics, spermatogenesis, hematopoiesis, sexual
function, physical performance, muscle strength, lean body mass and cognition.
Hypogonadism is clinically defined as confirmed morning serum testosterone below 300
ng/d due to disorders of the testicles, pituitary gland, or brain. Hypogonadism has been
linked with sexual dysfunction, negative mood states, decreased bone density, and body lean
mass; however, its association with cardiovascular disease and cancer remains controversial.
14 Serum testosterone concentrations decline 0.4-2.6% per year of age in men.> 6 Among
men 65 years and older, almost 10-14% have low serum testosterone concentrations
indicative of hypogonadism’, and approximately 5% exhibit symptoms associated with
hypogonadism.8

In recent years, prescriptions for testosterone therapy (TT) have increased rapidly.?
Diversification of TT to non-injectable forms and extensive direct-to-consumer marketing
with increasing off-label usel? 11 have likely contributed to these changes. A study of
Truven Health MarketScan commercial claims databasel?showed that TT use during 2003—
2013 increased four-fold (29 to 118/10,000 person-years) among younger men and three-
fold (125 to 374/10,000 person-years) among older men.12 The study also found that use of
topical gels and transdermal patches reduced during 2003-2013, whereas use of testosterone
injections and implantable pellets increased among younger men.12 However, they did not
study testosterone use among men aged at 65 years or older, who could have important and
different utilization patterns due to age related comorbidities (e.g., hypogonadism, fatigue,
erectile dysfunction, and psychosexual dysfunction) and change in insurance reimbursement.
13 Moreover, there has been limited study of trends of TT by indication for prescription as
well as the recommended tests required to accurately diagnose hypogonadism as the
underlying condition.

To address these gaps, we assessed trends in use of TT by demographic characteristics,
comorbidities, and potential indications in the older US male population using Medicare
data for the period 1999-2014.

Materials and Methods

Data sources

Medicare is a US federal medical insurance program for individuals aged 65 years or older,
select disabled adults and patients with end-stage renal disease. This program includes 97%
of the US population aged 65 years or older and has three main parts: Part A covers inpatient
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stays, Part B covers outpatient health care, and Part D—added in 2006—covers prescription
drugs. We constructed an open cohort consisting of all male Medicare beneficiaries who
were 65 years or older, had procedure/diagnostic claims in Parts A/B during 1999-2014, or
had prescription claims in Part D during 2006-2014, and were not enrolled in Medicare
capitated care (HMO). We linked the county code of enrollee’s residence in Medicare to the
2005-2009 American Community Survey (ACS) for a composite index of socioeconomic
status (SES) 1415,

Testosterone Therapy

The four major routes of TT administration are intramuscular injection, implantable pellet,
oral (including buccal), and transdermal. Injection/implant medical procedures were
searched by Health Care Procedure Coding System (HCPCS) codes in Medicare Parts A and
B (Supplemental Table 1). Oral and transdermal medication prescriptions were searched by
National Drug Code in Medicare Part D (Supplemental Table 2).

Demographics, Comorbidities, Potential Indications, and Surveillance

From the Medicare files and the linked ACS, we extracted demographic characteristics
(calendar year and age of Medicare enrollment, race, census region, and county-level SES),
comorbidity diagnoses and lifestyle variables ever preceding TT initiation (hypertension,
diabetes, hyperlipidemia, major cardiovascular diseases, prostatic hyperplasia/lower urinary
syndrome, inflammatory prostate, family history of prostate cancer, Charlson- Klabunde
comorbidity index [0, 1, 22] not including cancer diagnosist®, obesity/overweight, and
tobacco use), relevant medical complaints within 120 days preceding TT initiation (i.e.,
hypogonadism, fatigue, depression, erectile dysfunction, and psychosexual dysfunction), and
laboratory tests for free or total testosterone within 120 days before and/or after TT
initiation.

Data Analysis

To allow for a reasonable retrospective period to capture information on comorbidities and
lifestyle factors, we required men to be covered by Medicare for at least 12 months prior to
Jan 15t of the calendar year of analysis.

To estimate annual incidence (new user) rates of TT, new users were defined as men
initiating TT following a minimum 120-day washout period free of TT. Incidence was
calculated as the number of men with an incident prescription of TT in the calendar year
over person-time at risk among eligible individuals in Medicare (Equation 1). Men with an
incident TT prescription stopped contributing person-time to the denominator from the date
of incident prescription until the end of a 120-day washout period.

Equation 1:

Incidence =
Number of men who newly initiated TT in the calendal
Person — time of men in

7, who had not used T
¢ calendar year who wi

past 120 days. who were covered by Medicare for at least 12 months preceding Jan 1st of the calendar year,
red by Medicare for at least 12 months preceding Jan 1t of the calendar year
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To estimate annual prevalence (existing users) of TT use, we required men to be covered by
Medicare for at least 30 days in the calendar year of analysis. Prevalence was calculated as
the number of men who ever received TT in the calendar year divided by the total number of
men on June 30 of the given calendar year (Equation 2).

Equation 2:

Prevalence =
Number of men who received TT in the calendar year, who were covered by Medicare for at least 30 days of the calendar year
Number of men who were covered by Medicare for at least 30 days on Jun 30th of the calendar year

Annual incidence and prevalence were age-standardized to the 2000 US standard population
and expressed per 100,000 person-years. Counts fewer than ten were suppressed as per
confidentiality requirements. Calculation of prevalence from 2006 onwards and incidence
from 2007 onwards (to allow for the 12-month requirement in equation 1) were based on
male beneficiaries who had Part A/B and Part D coverages to enable direct comparisons
among TT routes of administration. Because of sparse data for oral TT, we only reported
overall age-standardized incidence and prevalence for this medication type.

We quantified the trends in age-standardized incidence and prevalence using joinpoint
regression analysis!’. Each joinpoint denotes a statistically significant change in the trend.
Trends were quantified using annual percent change (APC) for individual time intervals
determined by the best-fit joinpoint model. We also calculated average annual percent
change (AAPC) to summarize trends in the most recent eight-year period (2007-2014;
starting one year after Part D). AAPC is the weighted average of the APCs. R18 and
Joinpoint!” were used for data analysis.

In this Medicare cohort, we observed 392,698 incident TT users during 88 million person-
years providing a crude new user (incidence) rate of 444 per 100,000 person-years. Annual
numbers and age-standardized rates of new and existing users of TT are shown in Figure 1
and Table 1. New user rates of TT injection/implant dropped continually from 246 to 194
per 100,000 person-years during 2000-2006 (APC = -4.6%, 95%Cl: —6.2, —3.0) followed
by a surge to a peak of 511 in 2012 (APC = 18.7%, 95%Cl: 16.2, 21.3), before decreasing
rapidly to 325 in 2014 (APC = -18.4%, 95%Cl: —25.9, —=10.1). The new user rate of
transdermal TT started high at 529 per 100,000 person-years in 2007 and dramatically
increased during the period assessed (APC = 13.2%, 95%CI: 4.1, 23.0) with a peak of 1,045
in 2013. The use of oral TT was not common in this population, with a new user rate that
declined from 22 in 2007 to 3 per 100,000 person-years in 2014 (APC = -25.0%, 95%Cl:
—-27.7, —22.2). In the most recent eight years (2007—-2014), new user rates of any TT
increased by 15.5% per year (AAPC; 95%ClI: 5.8%, 26.1%); specifically, injection/implant
increased by 6.7% (95%CI: 3.9%, 9.5%) and transdermals increased by 13.2% (95%Cl:
4.1%, 23.0%). Existing user (prevalence) trends mirrored these new user trends.

There were notable differences in TT use by population demographics (Figure 2). TT users
were predominantly younger (ages 65-69 years), white non-Hispanic, and located in South
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and West US Census regions. These differences remained when assessing specific TT types.
There was a notable drop in new TT users for the youngest age group during 20132014,
compared with relatively stable trends at older ages. White non-Hispanic men were twice as
likely as other racial/ethnic groups to receive TT. Men in higher tertiles of SES were more
likely to use transdermal TT; men in the lowest tertile were more likely to use injection/
implant TT.

Men with a Charlson index =2 versus 0 were approximately twice as likely to initiate TT
(data not shown). Most new TT users had a history of hyperlipidemia (~90%) or
hypertension (~89%) (Supplementary Figure 1). Approximately half of new users ever had a
diagnosis of cardiovascular disease or diabetes. More than 50% of new users ever had an
enlarged prostate, and less than 20% ever had a symptomatic inflamed prostate.

Hypogonadism was the most common of the recorded potential indications in the 120 days
prior to TT initiation (Supplementary Figure 2; ~50% in 2014), followed by fatigue (~20%),
erectile dysfunction (~15%), depression (~4%), and psychosexual dysfunction (~1%). The
proportion of hypogonadism diagnoses among new users increased from 28% to 50% during
2007-2014 for injection/implant TT users and 32% to 49% for transdermal TT users. In line
with hypogonadism changes over time, having received at least one testosterone test in the
120 days prior to TT increased from 25% to 38% for injection/implant and 28% to 34% for
transdermal during 2007-2014 (Figure 3). Testosterone monitoring within 120 days after TT
initiation also increased during this period. The recommended two testosteronel? tests
within 120 days prior to TT initiation was rare (~4%), and paired pre- and post-tests for
testosterone concentration were found in only ~16% of new TT users.

Discussion

This study of Medicare data shows that TT use in the older US male population underwent
dramatic increases followed by a recent plateau and small decrease during the period 2006—
2013. Injectable and transdermal TT were the predominant types underlying these trends.
Our study also shows that non-white Hispanics used TT nearly twice as much as other
racial-ethnic groups. Although hypogonadism appeared to be the predominant indication for
TT prescription, less specific conditions like fatigue and erectile dysfunction are inferred as
possible indications for a substantial proportion of TT prescriptions. Testosterone tests
amongst men prescribed TT were infrequent in these data.

We observed 392,698 incident TT users during 88 million person-years providing for a
crude new user (incidence) rate of 444 per 100,000 person-years. Our results also found that
use of any TT rose rapidly during 2006-2013 followed by a decline in 2014 among the older
male Medicare population. This is in line with other studies to have assessed TT use among
older adults or across all age groups.1213.20 A previous study by Rao et al'2 reported that,
from 2003 to 2013, the rate of TT use among men increased from 29.2 to 118.1/10,000
person-years, almost a 4-fold increase during 10 years. Similarly Layton et al compared TT
use among older adults in the United States and United Kingdom and found that TT
initiation in the United States increased from 20.2 to 75.7/10,000 person-years during 2000—
2011, with the most rapid increase observed in 2008.20 Finally, Baillargeon, et al also found
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increasing TT use among men 30 years and older from 2002 to 2013 and then a decline in
use thereafter among 10 million men in a commercial health database.?!

We evaluated use of TT in three major administration routes: transdermal, injection/
implantable, and oral/buccal. Use of transdermal and injection/implantable modes of TT
showed steady increases during 2006—2013 before declining in 2014, whereas use of oral TT
remained low and exhibited a steady decline during 2006-2014. This is in line with previous
findings from Baillargeon et al who reported similar increases injectable and gel
formulations of TT and stable trends of oral and patch use of TT among US adults. 13
Similarly, Piszczek et al reported trends in TT use among Canadian men aged 66 years and
older, finding that topical and injectable forms of TT increased during 1997-2012, while
trends of oral forms were stable. 22

Hypogonadism, when defined simply as a serum total testosterone concentration of <300
ng/dL, may have a prevalence of up to 20% in men 60 years and older which may increase
to ~50% among men 80 years and older.23 In our study, the most common potential
indication for TT use appeared to be hypogonadism (50%)—as would be expected—
followed by fatigue (20%), erectile dysfunction (15%), depression (4%) and psychosocial
dysfunction (1%). This is in line with prior work by Baillargeon et al who reported similar
but higher prevalence’s of the same indications associated with TT use in their patient
population.13

Our study indicates that few men receive the Endocrine Society recommended?4 two
endogenous testosterone tests prior to receiving a TT prescription, and 2/3 of men were not
tested at all, which is higher than the 30-40% estimates from two recent overlapping studies
using Truven Health Analytics which includes commercial (Marketscan) and employer-
based Medicare Supplemental Insurance databases20: 22, In a third recent study of Truven,
the authors report that the proportion of men receiving TT who had at least one prior
testosterone test increased from 33% to 80% during 2003-20132. Although we also
observed an increase in Medicare data, it only peaked at 1/3 of men in 2014. The differences
in estimates from our Medicare study and the prior studies of Truven are likely attributable
to differences in accessibility (employer-based/federal), age distribution, and additional
insurance coverage particularly in Medicare beneficiaries.

The primary Imitations of our study is that we lack information from any additional
insurance and we rely solely upon Medicare billing data to infer indications and evaluate
testosterone tests. Other limitations include the inability to assess TT use and trends in men
aged less than 65 years, and current research data availability only through 2014. A major
strength of our study is that Medicare is a large, longitudinal data source that can be used to
study a variety of factors and associations in a nationally representative sample of older
adults in the US.

Conclusions

In conclusion, our study showed that use of TT increased from 2000-2013 and then showed
a decline in 2014. Although hypogonadism appeared to be the primary indication, TT also
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appeared to be prescribed for less specific conditions, often without the pre-requisite
testosterone tests. A definitive diagnosis of hypogonadism should be made, and the potential
benefits and harms should be discussed and weighed, prior to providing a TT prescription.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 3.

Annual counts and percentages of new users of testosterone therapy among United States
male Medicare beneficiaries by receipt of testosterone test(s) in the 120 days before or after

testosterone therapy initiation, 2000-2014
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