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ABSTRACT

BACKGROUND
Testosterone treatment in men with hypogonadism improves bone density and
quality, but trials with a sufficiently large sample and a sufficiently long duration
to determine the effect of testosterone on the incidence of fractures are needed.

METHODS
In a subtrial of a double-blind, randomized, placebo-controlled trial that assessed
the cardiovascular safety of testosterone treatment in middle-aged and older men
with hypogonadism, we examined the risk of clinical fracture in a time-to-event
analysis. Eligible men were 45 to 80 years of age with preexisting, or high risk of;
cardiovascular disease; one or more symptoms of hypogonadism; and two morn-
ing testosterone concentrations of less than 300 ng per deciliter (10.4 nmol per
liter), in fasting plasma samples obtained at least 48 hours apart. Participants were
randomly assigned to apply a testosterone or placebo gel daily. At every visit, par-
ticipants were asked if they had had a fracture since the previous visit. If they had,
medical records were obtained and adjudicated.

RESULTS

The full-analysis population included 5204 participants (2601 in the testosterone
group and 2603 in the placebo group). After a median follow-up of 3.19 years, a
clinical fracture had occurred in 91 participants (3.50%) in the testosterone group
and 64 participants (2.46%) in the placebo group (hazard ratio, 1.43; 95% confi-
dence interval, 1.04 to 1.97). The fracture incidence also appeared to be higher in
the testosterone group for all other fracture end points.

CONCLUSIONS
Among middle-aged and older men with hypogonadism, testosterone treatment
did not result in a lower incidence of clinical fracture than placebo. The fracture
incidence was numerically higher among men who received testosterone than
among those who received placebo. (Funded by AbbVie and others; TRAVERSE
ClinicalTrials.gov number, NCT03518034.)
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ESTOSTERONE TREATMENT IN MEN WHO

have hypogonadism due to pituitary or

testicular disease has been reported to im-
prove many measures of their bone structure and
quality. Studies have shown that such testosterone
treatment increased areal bone density on dual-
energy x-ray absorptiometry™® and volumetric
bone density on quantitative computed tomogra-
phy (CT).}* Testosterone treatment also improved
many topological measures of trabecular architec-
ture on magnetic resonance microimaging.>”

In addition, testosterone treatment improved
many measures of bone structure and quality in
men with moderate hypogonadism associated
with aging. Testosterone treatment in these men
for 3 years increased areal bone mineral density
of the spine.®? In the Bone Trial within the Tes-
tosterone Trials, testosterone treatment for 1 year
in older men with hypogonadism increased volu-
metric bone mineral density and estimated strength
of the spine and hip on quantitative CT."°

Severe hypogonadism has been associated with
an increased risk of clinical fractures among
men with prostate cancer. Men with prostate
cancer in whom severe hypogonadism develops
after treatment with “superactive” agonists of
gonadotropin-releasing hormone have been ob-
served to be more likely to sustain a fracture
than men with prostate cancer who have not
received this treatment.!3

Trials with a sufficiently large sample and a suf-
ficiently long duration to determine the effect of
testosterone therapy on the incidence of fractures
are needed to determine whether such treatment
would reduce the risk of fracture. The present sub-
trial of the Testosterone Replacement Therapy for
Assessment of Long-term Vascular Events and Ef-
ficacy Response in Hypogonadal Men (TRAVERSE)
trial, which was a phase 4 trial designed primarily
to determine whether testosterone treatment in
middle-aged and older men with hypogonadism
would increase the incidence of major adverse
cardiovascular events,** offered the opportunity to
determine whether testosterone treatment would
reduce the risk of clinical fractures.

METHODS

TRIAL DESIGN AND OVERSIGHT

The present Fracture Trial was a subtrial of the
double-blind, randomized, placebo-controlled
TRAVERSE trial. This planned subtrial assessed
the effect of testosterone treatment on the inci-
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dence of clinical fractures among all the partici-
pants in the TRAVERSE trial. The parent trial
was conducted at 316 sites in the United States
and was funded by a consortium of manufactur-
ers of testosterone, led by AbbVie. The parent
trial was overseen by the Cleveland Clinic Coor-
dinating Center for Clinical Research and sup-
ported logistically by Labcorp Drug Development.
The protocol for the parent trial, which is avail-
able with the full text of this article at NEJM.org,
was designed by an executive committee and
AbbVie. The protocol for the Fracture Trial was
designed by a separate fracture committee
(members are listed in the Supplementary Ap-
pendix, available at NEJM.org). The protocol was
approved by the institutional review board at
each participating institution. A data monitoring
committee also approved the protocol and mon-
itored unblinded interim data. Labcorp Drug
Development maintained the clinical database
and transferred the data to the University of
Wisconsin Statistical Data Analysis Center for
statistical analysis related to fractures.

The overall trial design has been described,™
and the results of the cardiovascular outcomes
have been reported.” The first author wrote the
first draft of the manuscript, and all the authors
contributed to subsequent drafts. Representatives
of AbbVie also suggested revisions. The fracture
committee made final decisions about content.
The first and fifth authors vouch for the com-
pleteness and accuracy of the data and for the
fidelity of the analyses to the statistical analysis
plan, available with the protocol. All the trial
participants provided written informed consent.

PARTICIPANTS

Participants were recruited from community
clinical practices. Entry criteria included male
sex, an age of 45 to 80 years, and clinical hypo-
gonadism, defined by two morning testosterone
concentrations of less than 300 ng per deciliter
(10.4 nmol per liter), in fasting plasma samples
obtained at least 48 hours apart, and one or
more symptoms of hypogonadism. Participants
were also required to have evidence of preexist-
ing cardiovascular disease or an increased risk
of cardiovascular disease. Osteoporosis was not
a criterion for entry. Among the exclusion crite-
ria were a serum testosterone concentration of
less than 100 ng per deciliter (3.5 nmol per liter)
and conditions that might be worsened by testos-
terone treatment, such as prostate cancer, severe
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TESTOSTERONE TREATMENT AND FRACTURES IN MEN

lower urinary tract symptoms, a hematocrit of
more than 50%, and severe untreated sleep apnea.

Participants were randomly assigned in a 1:1
ratio to receive either a transdermal 1.62% tes-
tosterone gel or matching placebo gel. Random-
ization was stratified according to the presence
or absence of preexisting cardiovascular disease.
The testosterone gel was supplied in a pump
bottle; each depression yielded 20.25 mg of tes-
tosterone. Participants applied the gel once per
day, initially one depression of the pump bottle
to each shoulder. The dose was adjusted, with the
use of a prespecified algorithm,"*? to attempt to
maintain a serum testosterone concentration of
350 to 750 ng per deciliter (12.1 to 26.0 nmol per
liter) and a hematocrit of less than 54%. The
serum testosterone concentration was measured
at weeks 2, 4, 12, 26, 52, 78, and 104 and then
yearly. The dose was adjusted in participants in
the placebo group to maintain blinding. Testos-
terone or placebo was discontinued if the serum
testosterone concentration remained more than
750 ng per deciliter or the hematocrit remained
more than 54% at the lowest daily dose of testos-
terone (20.25 mg) or if prostate cancer developed.

ASSESSMENTS

Participants were asked at each in-person or
telephone visit if they had had a fracture since
their previous visit. If they had, they were asked
about the nature of the injury and the location
of the fracture or fractures; they were also asked
for permission to obtain source documents, in-
cluding radiology reports.

Records of reported fractures were reviewed
by an adjudicator at the San Francisco Coordi-
nating Center who was unaware of the trial-
group assignments; the adjudicator was trained
by the second author, who also reviewed the
submitted medical records to ensure agreement
with the adjudication. In a manner similar to
that used in several large fracture studies, the
adjudicator classified the reported fracture as
follows: confirmed fracture, confirmed not to be
a fracture, fracture uncertain, or insufficient docu-
mentation to determine.’®” When documenta-
tion was insufficient, an attempt was made to
obtain additional documentation, including radio-
graphs.

FRACTURE END POINTS
The main fracture end point, which was as-
sessed in a time-to-event analysis, was the first

clinical fracture, defined as a clinical spine or
non-spine fracture that was documented by im-
aging or surgery and confirmed by adjudication.
Fractures of the sternum, fingers, toes, facial
bones, and skull were excluded. Other prespeci-
fied end points were time to first non-high-impact
clinical fracture; time to first clinical fracture in
participants not taking a medication to treat
osteoporosis; time to first non-high-impact clin-
ical fracture in participants not taking a medica-
tion to treat osteoporosis; fracture-free survival,
for which death as well as clinical fracture
counted as an event; time to first clinical frac-
ture not excluding fractures of the sternum,
fingers, toes, facial bones, and skull; time to
first clinical fracture not excluding those classi-
fied as uncertain; time to any major osteopo-
rotic fracture (hip, humerus, wrist, and clinical
spine); time to hip fracture; and time to clinical
vertebral fracture.

STATISTICAL ANALYSIS

The parent trial was designed to continue until
at least 256 major adverse cardiovascular events
had occurred, which was estimated to require en-
rollment of up to 6000 men for a mean of 3 years.*
Before enrollment, we estimated the power of
the trial to detect a clinically significant de-
crease in fracture risk. Assuming an enrollment
of at least 5400 men over a period of 3.5 years,
an additional 1.0 to 1.5 years of follow-up, and
a fracture rate of 3 to 4% per year in the placebo
group, we estimated that the trial would have at
least 80% power to detect a 30% lower risk of
fracture in the testosterone group than in the
placebo group.

All event analyses of this subtrial were con-
ducted in the full-analysis population that in-
cluded all the participants who underwent ran-
domization; the analyses were conducted on an
intention-to-treat basis, irrespective of adherence
to the trial regimen. Baseline characteristics were
also assessed in the full-analysis population. In
accordance with the prespecified analysis plan
for the main trial, analyses of serum testoster-
one, dihydrotestosterone, and estradiol concen-
trations were conducted in the safety population
of participants who had undergone randomiza-
tion and received at least one dose of testoster-
one or placebo; measurements only within 30 days
after the last dose of testosterone or placebo
were analyzed.

All analyses in the Fracture Trial used a cause-
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Table 1. Outcomes of Adjudication of Reported Fractures.*

Adjudication Outcome Testosterone Placebo

Total fractures reported and adjudicated 186 123

Confirmed fracture — no. (%) 154 (82.8) 97 (78.9)

Confirmed not to be a fracture — no. (%) 8 (4.3) 6 (4.9)

Unconfirmed — no. (%) 24 (12.9) 20 (16.3)
Fracture uncertain 9 (4.8) 7 (5.7)
Insufficient documentation 15 (8.1) 13 (10.6)

* Medical records of reported fractures were evaluated by a trained adjudicator,
who judged the evidence as confirming that a fracture had occurred, confirm-
ing that a fracture had not occurred, or not confirming either way (uncon-
firmed) owing to insufficient documentation or lack of clarity of the docu-
mentation (fracture uncertain).

206

specific Cox proportional-hazards model with
terms for trial group and status with respect to
previous cardiovascular disease. Data from par-
ticipants without an event were censored at the
date of last contact. Prespecified sensitivity analy-
ses are described in the Supplementary Appendix.'®

Descriptive summaries of the adjudication
process included the number and percentages of
the total events reported. For fracture location
and trauma, counts and percentages of partici-
pants having at least one event of the indicated
type were calculated. Aalen—Johansen estimates
of the cumulative incidence of fracture events,
with death as a competing risk, were also com-
puted.

In accordance with the statistical analysis
plan, no adjustment was made for multiple com-
parisons. All confidence intervals are unadjust-
ed and are not a substitute for hypothesis tests.
Analyses were performed with the use of SAS
software, version 9.4 (SAS Institute), and R soft-
ware, version 4.2.1 (R Foundation for Statistical
Computing).

RESULTS

PARTICIPANTS

Enrollment was conducted from May 23, 2018,
to February 1, 2022. The last participant com-
pleted trial assessments on January 19, 2023. Of
5246 patient identification numbers, 42 were
attributed to 20 participants with duplicate or
triplicate enrollment. After excluding these, the
full-analysis population included 5204 partici-

pants: 2601 in the testosterone group and 2603
in the placebo group. The safety population in-
cluded 5198 participants who had received at
least one dose: 2596 in the testosterone group
and 2602 in the placebo group. The baseline
characteristics of the participants have been re-
ported.” The two trial groups were similar with
respect to age, race, serum testosterone and es-
tradiol concentrations, and the use of medica-
tions to treat osteoporosis, which was docu-
mented in 13 participants (0.50%) in the
testosterone group and 11 participants (0.42%)
in the placebo group (Table S1 in the Supple-
mentary Appendix). The trial participants appear
to be representative of men with hypogonadism
in this age range in the United States, except for
an intentionally increased prevalence of cardio-
vascular disease (Table S2).

INTERVENTIONS AND ADHERENCE

Of the participants who were enrolled (safety
population), 4804 (92.4%) were followed for at
least 1 year, 3842 (73.9%) for at least 2 years, and
2974 (57.2%) for at least 3 years. The median
duration of participation was 3.19 years (inter-
quartile range, 1.96 to 3.53). Adherence, deter-
mined by comparison of the weights of the pump
bottles when dispensed and when returned, was
approximately 90% in both trial groups. The
incidence of early discontinuation of testoster-
one or placebo while continuing trial assess-
ments (61.6%) and early withdrawal from the
trial and having no further assessments (39.0%)
was relatively high but was similar in the two
trial groups (Fig. S1 and Table S3).

The median serum testosterone concentra-
tion in the testosterone group increased from
227 ng per deciliter (interquartile range, 189 to
258) (7.8 nmol per liter; interquartile range, 6.6
to 9.0) at baseline to 368 ng per deciliter (inter-
quartile range, 266 to 519) (12.8 nmol per liter;
interquartile range, 9.2 to 18.0) at month 6 and
remained higher than baseline through year 3
(Table S4). The median serum testosterone con-
centration did not change substantially among
the participants assigned to receive placebo. The
median serum concentrations of dihydrotestos-
terone and estradiol (Tables S5 and S6) also in-
creased among the participants assigned to re-
ceive testosterone but not among those assigned
to receive placebo.
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Subgroup

All clinical fractures

Non-high-impact clinical fractures

Clinical fractures in participants not taking
osteoporosis medication

Non-high-impact fractures in participants
not taking osteoporosis medication

Fracture-free survival

All clinical fractures, including those
that had been excluded

Al clinical fractures including uncertain
and insufficient documentation

Major osteoporotic fractures: hip, wrist,
humerus, and clinical spine

Hip fractures

Clinical vertebral fractures

Testosterone

Placebo

no. with fracture/no. at risk (%)

91/2601 (3.50)
75/2601 (2.88)
88/2588 (3.40)

72/2588 (2.78)

226/2601 (8.69)
109/2601 (4.19)

99/2601 (3.81)
36/2601 (1.38)

7/2601 (0.27)
14/2601 (0.54)

Hazard Ratio for Fracture (95% Cl)

64/2603 (2.46) —
57/2603 (2.19) - =
63/2592 (2.43) —
56/2592 (2.16) S S
198/2603 (7.61) —a
72/2603 (2.77) S
75/2603 (2.88) —
30/2603 (1.15) —_—
6/2603 (0.23) —a
11/2603 (0.42) T
T T T
0.5 1.0 2.0

Testosterone Better Placebo Better

1.43 (1.04-1.97)
1.32 (0.94-1.86)
1.41 (1.02-1.94)

1.29 (0.91-1.83)

1.15 (0.95-1.39)
1.52 (1.13-2.05)

1.33 (0.98-1.79)
1.20 (0.74-1.95)

1.16 (0.39-3.46)
1.26 (0.57-2.79)

Figure 1. Fracture End Points.

and are not a substitute for hypothesis tests.

The forest plot on the right shows that participants who received testosterone had a numerically higher incidence of all types of fractures
than those who received placebo. Data for “all clinical fractures” include all the participants who had one or more clinical fractures, ex-
cluding fractures of the sternum, fingers, toes, facial bones, and skull. Confidence intervals are unadjusted for multiple comparisons

ADJUDICATION OF FRACTURES

During the trial, 309 fractures in 224 partici-
pants were reported, including 186 fractures in
the testosterone group and 123 in the placebo
group (Table 1). Of these, 154 in the testosterone
group and 97 in the placebo group were con-
firmed to be fractures, and 8 in the testosterone
group and 6 in the placebo group were con-
firmed not to be fractures. The remaining 44
reported fractures could not be confirmed to be
fractures or not because of insufficient docu-
mentation or uncertainty after review of avail-
able medical records.

FRACTURE END POINTS

A total of 91 of 2601 participants (3.50%) in the
testosterone group and 64 of 2603 participants
(2.46%) in the placebo group had one or more
clinical fractures, excluding fractures of the ster-
num, fingers, toes, facial bones, and skull (haz-
ard ratio, 1.43; 95% confidence interval [CI],
1.04 to 1.97) (Fig. 1). Results of prespecified
sensitivity analyses were consistent with those of
the primary analysis (Fig. S3). No departures
from the proportional-hazards assumption were
observed for any fracture end point. The cumu-
lative incidence of clinical fracture at year 3 was

100+ 6
90 Hazard ratio, 1.43 (95% Cl, 1.04-1.97)
—_— 7 5_
X 804
§ 704 47 Testosterone
S 604 3+
¥
£ o504,
o PI
2 40 acebo
] 14
g 30
3 20 0 T T T
od 0 1 2 3
0 T T T
0 1 2 3
Years
No. at Risk
Testosterone 2601 2332 1812 1369
Placebo 2603 2335 1812 1354
Figure 2. Cumulative Incidence of All Clinical Fractures.
Fractures of the sternum, fingers, toes, facial bones, and skull were excluded
from the analysis. The inset shows the same data on an expanded y axis.
Pointwise 95% confidence interval bands are shown, as is the cause-specific
hazard ratio with unadjusted 95% confidence interval. Confidence intervals
are unadjusted for multiple comparisons and are not a substitute for hypoth-
esis tests.

3.8% (95% CI, 3.0 to 4.6) in the testosterone
group and 2.8% (95% CI, 2.1 to 3.5%) in the
placebo group (Fig. 2).
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A Non-High-Impact Clinical Fractures Figure 3. Cumulative Incidence of Three Types of Fractures.
1004 6+ Panel B includes data on fractures of the sternum, fin-
1 O,
904 . Hazard ratio, 1.32 (95% Cl, 0.94-1.86) gers, toes, facial bones, and skull, which were excluded
& 30 from the analysis of all clinical fractures. In all panels,
8 504 4 insets show the same data on expanded y axis. Point-
S 60 3 Testosterone wise 95% confidence interval bands are shown, as are
:..'é the cause-specific hazard ratios with unadjusted 95%
° 509 5o confidence intervals. Confidence intervals are unad-
;E 40+ . Placebo justed for multiple comparisons and are not a substi-
_g 304 tute for hypothesis tests.
5 20+ 0 T T T
104 0 1 2 3
0 : T T T Testosterone was also associated with a high-
v er fracture incidence than placebo for other frac-
ears . . .
ture end points. The forest plot in Figure 1
No. at Risk . ..
Testosterone 2601 2339 1822 1375 shows the consistency .of the gssoagmqn of tes-
Placebo 2603 2337 1815 1357 tosterone treatment with a higher incidence of
fractures of all types. The cumulative incidence
B All Clinical Fractures, Including Those That Had Been Excluded in the two trial groups of non-high-impact frac-
122: 1 Hazard ratio, 1.52 (95% Cl, 1.13-2.05) tures, all clinical fractures (including those that
— 54 had been excluded from the primary analysis), and
X 804 Testosterone .. . . . . .
T ol clinical fractures in participants not taking medi-
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5 ol cation for osteoporosis is shown in Figure 3.
3 1 3
S
£ 504
2 Lol 29 Placebo TRAUMA, FRACTURE LOCATION, AND ADVERSE
= 14 EVENTS
S 30 ) _ )
E 0l o : : : Most fractures in both trial groups were associ-
v . .
104 0 1 2 3 ated with trauma, more commonly with falls
0 , : : (Table 2). The anatomical locations of the frac-
0 1 2 3 tures, including locations excluded from the
Years primary analysis, are shown in Table S7. The
No. at Risk most common sites of fractures were ribs, wrist,
Testosterone 2601 2324 1799 1355 d Kkl
Placebo 2603 2332 1807 1348 and ankie. )
Traumatic events and falls were not prespeci-
C Clinical Fractures in Participants Not Taking Osteoporosis Medication fied end points, but clinically significant trauma
100 6+ ) was captured by the reporting of serious adverse
Hazard ratio, 1.41 (95% Cl, 1.02-1.94) . . .
904 5 events. Serious adverse events involving the mus-
R 807 . culoskeletal system were reported in 66 partici-
Q . .
g 70 Testosterone pants (2.5%) in the testosterone group and 65
3 62' 3 participants (2.5%) in the placebo group. Major
< 7 2o Placebo adverse cardiovascular events, the primary end
2 40+ . . i
RN point of the parent trial, and all serious adverse
=] 1 .
E events have been reported’® and are summarized
‘3 20 0 T T T .
104 0 1 2 3 in Table S8.
0 T T T
0 1 2 3
DISCUSSION
Years
No. at Risk In this subtrial involving middle-aged and older
Testosterone 2588 2323 1805 1364 men with hypogonadism, the 3-year cumulative
Placebo 2592 2324 1805 1350 . .. o :
incidence of all clinical fractures was 3.8% in
the testosterone group and 2.8% in the placebo
208 N ENGLJ MED 390;3 NEJM.ORG JANUARY 18, 2024

The New England Journal of Medicine
ownloaded from ngjm.org at CCSS CAJA COSTARRICENSE DE SEGURO SOCIAL BINASSS on January 24, 2024. For personal use only. No other uses without permission
Copyright © 2024 Massachusetts Medical Society. All rights reserved.



TESTOSTERONE TREATMENT AND FRACTURES IN MEN

Table 2. Fractures and Trauma.*
Testosterone Placebo
Fracture Type (N=2601) (N=2603)
no. of participants (%)
Any confirmed fracture 109 (4.19) 72 (2.77)
Fracture that was excluded from analysis of all clinical fracturesy 27 (1.04) 13 (0.50)
Fracture that was included in analysis of all clinical fractures 91 (3.50) 64 (2.46)
Fracture associated with trauma 84 (3.23) 58 (2.23)
Fall 58 (2.23) 43 (1.65)
From standing height or less 43 (1.65) 35 (1.34)
From more than standing height 8 (0.31) 5 (0.19)
On stairs or curb 7 (0.27) 4 (0.15)
Non-fall 25 (0.96) 15 (0.58)
Minimal to moderate 9 (0.35) 7 (0.27)
Severe 16 (0.62) 8 (0.31)
Undetermined type of trauma 2 (0.08) 2 (0.08)
Fracture not associated with trauma 6 (0.23) 6 (0.23)
Spontaneous 1 (0.04) 0
Stress 2 (0.08) 1 (0.04)
Pathologic 3 (0.12) 5 (0.19)
Fracture with undetermined association with trauma 3(0.12) 0

* Shown are the numbers of participants with at least one fracture of the stated type.
T Excluded were fractures of the sternum, fingers, toes, facial bones, and skull.

group. The fracture incidence was also numeri-
cally higher in the testosterone group for all
other fracture end points.

The end point of all clinical fractures is the
same as that used in several trials of treatments
for osteoporosis.”®?! The most common ana-
tomical sites of fractures were ribs, wrist, and
ankle, findings similar to those in previous
studies involving men.?»? These sites are of
clinical significance because fractures at these
sites are associated with low bone mineral den-
sity**?* and with previous fractures*** and are
therefore considered osteoporotic fractures. More
important, they are associated with an increased
risk of future fractures®> and increased mortality.”

We did not expect these results, because most
previous studies showed that testosterone im-
proved many measures of bone structure and
quality. In studies involving men with severe
hypogonadism, testosterone treatment increased
areal and volumetric bone mineral density™ and

improved many structural and mechanical mea-
sures of trabecular bone on magnetic resonance
microimaging.’” In the Testosterone Trials, which
involved older men with hypogonadism, testos-
terone treatment for 1 year increased volumetric
bone mineral density and estimated bone strength
on quantitative CT.%°

Because we did not expect these results, we
did not design the trial to assess possible mech-
anisms by which testosterone would increase the
incidence of fractures, so we can only speculate
about possible mechanisms. Although previous
studies showed that testosterone treatment in
men with hypogonadism improved many mea-
sures of bone structure, especially of trabecular
bone, one study showed that testosterone treat-
ment in men with severe hypogonadism decreased
cortical bone volume fraction and cortical bone
axial thickness, a measure of bone strength.’

The fact that testosterone was associated with
increased fracture risk among middle-aged and
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older men with hypogonadism should be consid-
ered in the context of potential benefits and
other risks of testosterone treatment in these
men. The Testosterone Trials showed that tes-
tosterone treatment improved sexual function®
and mood* and increased hemoglobin levels” in
older men. In the present trial, testosterone was
not associated with an increased risk of major
adverse cardiovascular events but was associated
with increased risks of atrial fibrillation, pulmo-
nary embolism, and acute kidney injury.”

The Fracture Trial had many strengths, includ-
ing enrolling more than 5000 men who had two
low morning testosterone values, as well as a ran-
domized, placebo-controlled design and a medi-
an duration of observation for more than 3 years
— a large and long trial of testosterone treat-
ment. Other strengths were the prespecified
design to inquire about fractures at every visit,
collection of information about reported frac-
tures, and adjudication of the reported fractures
centrally by an experienced adjudicator.’®?

This trial also had limitations. Participants were
not evaluated for organic causes of hypogonad-
ism, so it is not known whether some men with

such causes were included. Adherence to admin-
istration of testosterone or placebo was subopti-
mal, although it was similar in the two trial
groups. The increase in serum testosterone con-
centrations during treatment was less than in
some other studies, but the lesser increase could
not explain an increase in fractures. Information
about falls was not assessed, except in partici-
pants who reported fractures. Physical activity
and risk taking were also not assessed. Bone
density and structure were not evaluated, so the
effect of testosterone on these measures cannot
be compared with the results in previous studies.

We found that among middle-aged and older
men with hypogonadism, testosterone treatment
did not result in a lower incidence of clinical
fracture than placebo. The fracture incidence was
numerically higher among men who received
testosterone than among those who received
placebo.
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