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Context: Aging in men is associated with reduced testosterone (T) levels and physiological changes
leading to frailty, but the benefits of T supplementation are inconclusive.

Objective: We studied the effects of T supplementation with and without progressive resistance
training (PRT) on functional performance, strength, and body composition.

Design, Setting, and Participants: We recruited 167 generally healthy community-dwelling older
men (66 = 5 years) with low-normal baseline total T levels (200-350 ng/dL).

Intervention: Subjects were randomized to placebo or transdermal T gel [2 doses targeting either
a lower (400-550 ng/dL) or higher (600-1000 ng/dL) T range] and to either PRT or no exercise for
12 months.

Main Outcome Measure: The primary outcome was functional performance, whereas secondary
outcomes were strength and body composition.

Results: A total of 143 men completed the study. At 12 months, total T was 528 + 287 ng/dL in
subjects receiving any T and 287 =+ 65 ng/dL in the placebo group. In the PRT group, function and
strength were not different between T- and placebo-treated subjects, despite greater improve-
ments in fat mass (P = .04) and fat-free mass (P = .01) with T. In the non-PRT group, T did not
improve function butimproved fat mass (P = .005), fat-free mass (P = .03), and upper body strength
(P = .03) compared with placebo. There were fewer cardiovascular events in the T-treated groups
compared with placebo.

Conclusions: T supplementation was well tolerated and improved body composition but had no
effect on functional performance. T supplementation improved upper body strength only in non-
exercisers compared with placebo. (J Clin Endocrinol Metab 98: 1891-1900, 2013)

ISSN Print 0021-972X  ISSN Online 1945-7197 Abbreviations: AUA, American Urological Association; CS-PFP, continuous-scale physical
Printed in U.S.A. functional performance test; FFM, fat-free mass; FM, fat mass; HCT, hematocrit; PRT,
Copyright © 2013 by The Endocrine Society progressive resistance exercise training; PSA, prostate-specific antigen; 1-RM, 1-repetition
Received October 22, 2012. Accepted February 22, 2013. maximum; T, testosterone.

First Published Online March 26, 2013

doi: 10.1210/jc.2012-3695

J Clin Endocrinol Metab, May 2013, 98(5):1891-1900 jcem.endojournals.org 1891

20z Iudy G1-u01sanB-Ad 2989£62/168 H/S/86/2I0E/UaD/W00:dNO-dlWepEoR//:SAY WO} PAPEOJUMOQ



1892 Hildreth et al Testosterone and Exercise in Aging Men

ging in men is associated with unfavorable changes in
A body composition, strength, and physical function
(1-3), which may increase the risk of frailty and disability,
loss of independence, reduced quality of life, and increased
mortality (4). Similar alterations in young hypogonadal
men are largely reversed with testosterone (T) replacement
(5), suggesting that low T levels may be responsible, in
part, for the physiological alterations that occur with ad-
vancing age. Decreased T production with aging is par-
tially offset by reduced clearance, frequently resulting in
low-normal T levels. Although the physiological impor-
tance and clinical approach to treatment of T levels in this
low-normal range is unclear, there is considerable interest
in T replacement or supplementation in aging men to pre-
serve or improve function and prevent frailty.

A consistent finding of T treatment in older men is an
increase in lean mass and a decline in fat mass (FM) (6—
14). To date, most studies have shown little to no effect of
T supplementation on measures of strength or physical
function (6, 8—14). An important limitation of previous
studies is the lack of a concurrent exercise intervention.
Exercise improves body composition, strength, and phys-
ical function, and this response is maintained even into
very old age (15, 16). T levels may be an important deter-
minant of the anabolic response of muscle to exercise,
creating a favorable hormonal environment that may aug-
ment exercise-induced responses in strength, power, and
physical function. Although a positive association has
been observed between exercise-induced increases in
strength and serum T in older men (17), little is known
about the potential interaction between T supplementa-
tion and strength training.

We sought to determine the independent and combined
effects of 12 months of T supplementation and progressive
resistance exercise training (PRT) on physical function,
strength, and body composition in older men with low-
normal baseline T levels (200-350 ng/dL). We also sought
to determine differences in the frequency of adverse effects
between lower-range (400-550 ng/dL) and higher-range
(600-1000 ng/dL) T supplementation.

Subjects and Methods

Subjects

Subjects were untrained community dwelling men =60 years
of age with an average of 2 separate baseline fasting morning
total T samples between 200 and 350 ng/dL; stable medication
regimen for =3 months; body mass index <35 kg/m?; stable
weight for the past 6 months; and a Mini Mental State Exami-
nation (18) score =24. All volunteers were screened using a
graded maximal exercise test to eliminate subjects with evidence
of active coronary artery disease. Additional exclusion criteria
included exercise-limiting conditions, an abnormal digital rectal
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examination or transrectal ultrasound, a prostate-specific anti-
gen (PSA) above the age-adjusted normal level, an American
Urological Association (AUA) symptom score (19) >20, a his-
tory of prostate or breast cancer, uncontrolled hypertension,
diabetes, untreated dyslipidemia, hematocrit (HCT) >52%, use
of androgenic steroids or other drugs that could affect T levels,
and other clinically important illnesses or conditions that could
affect the outcome measures.

Study design

The study was approved by the Colorado Multiple Institu-
tional Review Board, and all subjects provided written informed
consent. The study was designed and conducted by the study
team, with industry support limited to provision of 1% T (An-
drogel; Abbott Laboratories, Chicago, Illinois) and matching
placebo gel. The study was a 12-month, randomized, placebo-
controlled trial of T supplementation crossed with PRT (3
times/wk vs none). Randomization was performed using a doc-
umented permuted block randomization with random block
sizes. Subjects and investigators (except the study pharmacist
and statistician) were blinded to drug treatment. Outcome mea-
sures were assessed at baseline and 26 and 52 weeks by research
personnel blinded to treatment group.

The T gel and matching placebo were provided in 2.5- or 5.0-g
packets. All subjects were initiated on two 2.5-g packets daily (2
placebo packets in the placebo group, 1 T gel and 1 placebo
packet in the lower-range T group, and 2 T gel packets in the
higher-range T group). Serum T levels were monitored by the
pharmacist approximately every 2 weeks for the first 12 weeks
with dose titrations made in 2.5-g increments to achieve a level
of 400 to 550 ng/dL in the lower-range group and 600 to 1000
ng/dL in the higher-range group; sham adjustments were made in
the placebo group. The maximum dose of T gel used was 10 g/d.

Safety monitoring included assessment of PSA, AUA score,
HCT, alanine amino transferase and aspartate amino transferase
at baseline and 4, 12, 26, and 52 weeks. Subjects with a con-
firmed increase in PSA =0.75 ng/mL over baseline or an AUA
score =20 stopped the study drug until medically cleared by the
study urologist and their primary healthcare provider if appro-
priate. Subjects with a HCT =54% underwent phlebotomy to
lower HCT to =52%. If the HCT persisted at =54%, or was
>55% at any time, the study drug dose was reduced. The
Epworth Sleepiness Score (20) and arterial oxygenation by pulse
oximetry were measured at baselineand 12,26, 36,and 52 weeks
to monitor for hypoxemia.

The PRT intervention included 4 upper-body (bench press,
incline press, overhead pull-down, and seated row), and 3 lower-
body (knee extension, knee flexion, and seated leg press) exer-
cises. The maximal weight a participant could lift once [1-rep-
etition maximum (1-RM)] for each exercise was assessed at
baseline and 2 weeks and then monthly in the PRT groups to
define the appropriate training progression. Resistance was pro-
gressively increased from 50% to 80% of the last 1-RM when-
ever 3 full sets could be completed. Subjects were asked to attend
supervised exercise sessions 3 d/wk. Overall physical activity
level was measured in all participants using the Yale Physical
Activity Survey for Older Adults (21).

Outcome measures
The primary outcome was the change from baseline in the
total score on the continuous-scale physical functional perfor-
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Figure 1. The flow of subjects through the study. A total of 167 men were randomized, and

143 men completed follow-up testing and were included in the analysis.

mance test (CS-PFP) between the placebo plus PRT group com-
pared with any-T (lower- and higher-range groups combined)
plus PRT groups. The CS-PFP comprises 15 everyday tasks re-
quiring upper and lower body strength and flexibility, balance,
coordination, and endurance (22). The CS-PFP was developed to
measure performance in higher-functioning adults with minimal
floor or ceiling effects and is valid, reliable, and sensitive to
change (22, 23). Total and individual domain scores are scaled
from 0 to 100. The stair climbing and 6-minute walk tasks of the
CS-PFP were evaluated as individual measures of power and
endurance, respectively.

Muscle strength was assessed by 1-RM measurements for
each of the 7 exercises. Average (bilateral) grip strength was
assessed with a hand dynamometer. Leg extensor power was
evaluated using a Nottingham leg extensor power rig (watts).
Isokinetic strength at the knee and elbow (flexion and extension
at 120°), ankle (dorsiflexion and extension at 60°), and shoulder
(internal and external rotation at 120°) was measure by dyna-
mometry (newton-meters). Joints were tested in a fixed order.
Body composition was measured using dual-energy x-ray ab-
sorptiometry (Hologic Discovery, Bedford, Massachusetts).

Total serum T and SHBG were measured by ELISA using a
Beckman Coulter (Brea, California) Access Il analyzer as previ-
ously described (24).

Adverse events were categorized as prespecified, serious (the
subject sought medical attention), or nonserious. Serious events
were subcategorized into cardiovascular and noncardiovascular
based on review of adverse event reports and medical records by
2 study physicians blinded to treatment assignment.

Statistical analysis

The study was designed to provide >90% power with 25
subjects in each of 6 groups to detect a 0.8-SD difference between
the effects of any-T vs placebo in the no-PRT group or the PRT
group on the primary outcome at the 2.5% level using a 1-sided
¢ test because the hypothesis was 1-sided. The effect size trans-
lates to a between-group difference in change over 12 months of

applied to the non-PRT groups and the
same contrast estimated.

Because the variability in T levels may
have affected the results of the study, exploratory analyses re-
placed the indicator variable for group with serum T levels (in
10-ng/dL increments) at 52 weeks to evaluate exposure to T with
a more sensitive measure. The model included baseline and an
indicator for exercise.

Baseline characteristics of the treatment groups were com-
pared using the global F test from a 1-way ANOVA for contin-
uous measures or a x test for independent proportions for cat-
egorical measures. SAS version 9.2 (SAS Institute Inc, Cary,
North Carolina) was used for all statistical analyses. All analyses
were intention-to-treat. We made no adjustments for multiple
testing. To avoid data-driven conclusions and control the type I
error risk, all analyses were prespecified and prioritized in a
statistical analysis plan filed before any data analysis.

Results

Subjects

A total of 167 volunteers were randomized. Twenty-
three subjects dropped out of the study and refused follow-
up, 1 subjectdied, and 143 (86% ) completed the study and
were included in the analysis (Figure 1). There were no
differences in baseline characteristics between subjects in
the any-T and placebo groups (Table 1) or between the
PRT and non-PRT groups (data not shown).

Treatment adherence

Adherence to the drug intervention was similar among
groups. The mean possession ratio (days of gel dispensed/
days in the study) was 88% = 9% for placebo, 85% =
15% for the lower-range T group, and 88 % =+ 12 % for the
higher-range T group. The average final T dose was 5.0 =
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Table 1. Baseline Characteristics of Participants by

Drug Assignment?

Placebo T (any)
Characteristic (n = 47) (n = 96)
Age, y 66.5 + 5.2 66.5 * 5.8
Race
White 54 (96.4%) 103 (92.8%)
African-American 1(1.8%) 5(4.5%)
Asian 0 (0.0%) 1(0.9%)
Other 1(1.8%) 2 (1.8%)
Ethnicity
Non-Hispanic 54 (96.4%) 110 (99.1%)
Hispanic 2(3.6%) 1(0.9%)
Education, y
8-12 3 (5.4%) 5(4.5%)
13-20 53 (94.6%) 106 (95.5%)
Systolic BP, mm Hg 128.2 = 16.5 126.1 = 14.8
Diastolic BP, mm Hg 75.8 = 8.5 758 738
VO, max, ml/kg/min 251 +49 253 *57
Yale Physical Activity 5607 *+ 3031 5969 =+ 3553
Survey, kcal/wk
Total T, ng/dL 2943 =388 2977 434
Calculated free T, nmol/L® 0.2 = 0.1 0.2 +0.0
PSA, ng/mL 1510 1.4 +09
Hematocrit, % 46.7 = 3.0 46.3 = 3.0
AUA symptom score 54+40 55+45
Fasting glucose, mg/dL 95.0 = 8.9 95.8 =104
Fasting insulin, wlU/mL 145+ 83 139+74
Cholesterol, mg/dL 1794 +31.8 173.8 £ 343
HDL cholesterol, mg/dL 454 +94 440+ 119
LDL cholesterol, mg/dL 106.4 = 289 100.3 = 29.2
Triglycerides, mg/dL 138.1 =588 147.8 =79.0
AST, U/L 254 52 26.2 £5.2
ALT, U/L 266 7.8 27.6 95
TSH, plU/mL 22*+1.1 22*+1.1
Chronic conditions, 0.41 =1.77 0.25 £ 1.32
number
Prescription medications, 3.21 =£2.39 2.49 = 1.55
number

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; AUA, American Urologic Association; BP, blood
pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
PSA, prostate specific antigen; VO, max, maximal oxygen uptake.

SI conversion factors: total T, 0.0347; glucose, 0.0555; insulin, 6.945;
total, HDL, and LDL cholesterol, 0.0259; and triglycerides, 0.0113.

“ Data are presented as mean = SD or number (percent).

b Calculated free T according to Sédegard et al (41).

2.0 g/d (interquartile range = 2.5-7.5) in the lower-range
group and 8.7 * 1.8 g/d (interquartile range = 7.5-10.0)
in the higher-range group. The T dose remained stable
after 12 weeks unless required by an adverse event. In the
lower-range group, the average T level was 401 + 268
ng/dL at 12 weeks and 457 = 278 ng/dL at 52 weeks.
Corresponding levels in the higher-range group were
583 + 286 and 598 + 385 ng/dL (P = .001 for lower- vs.
higher-range T at 52 weeks).

Adherence to exercise was higher at 6 than 12 months
and was not different between any-T and placebo groups
ateither time point. Mean attendance for the placebo plus
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PRT groupwas 9.4 = 2.1and 6.4 + 3.2 sessions per month
(P <.001;78% and 53% of sessions) at 6 and 12 months,
respectively, and for the any-T plus PRT group was 8.9 =
2.9 and 7.0 % 2.7 sessions per month (P <.001; 74% and
58% of sessions). Maximal oxygen uptake and Yale Phys-
ical Activity Survey scores did not change in any group.

Physical function

Among non-PRT subjects, those randomized to pla-
cebo had greater improvement in lower body strength
compared with any-T (Table 2 and Figure 2). There was no
significant improvement in physical function with any-T
in either PRT or non-PRT subjects and no improvement in
physical function with PRT in either any-T-treated or pla-
cebo-treated subjects.

Muscle strength and power

Among PRT subjects, changes in 1-RM and power
were not different between placebo- and any-T-treated
subjects. (Table 2 and Figure 2). Among non-PRT sub-
jects, any-T treatment was associated with greater incre-
ments in 1-RM for bench press (12.1% vs 6.2%), incline
press (15.6% vs 3.7%), average upper body strength
(12.4% vs 7.3%), and grip strength (15.3% vs 7.8%)
compared with placebo. Changes in lower-body 1-RM,
isokinetic strength, and power were not different between
any-T and placebo in the non-PRT subjects.

Body composition

Among subjects randomized to PRT, those receiving
any-T averaged a 1.2-kg greater decrement in FM, a 1.7-kg
greater increment in fat-free mass (FFM), and a 0.3-kg
greater increment in arm FFM than placebo subjects (Table
3 and Figure 2). Among non-PRT subjects, those receiving
any-T averaged a 1.7-kg greater decrease in FM, a 0.9-kg
greater decrease in trunk FM, a 0.6-kg greater increase in
appendicular FFM, and a 0.3-kg greater increase in arm FFM
compared with those receiving placebo.

Adverse events

There were no differences in the frequency of prespeci-
fied adverse events between placebo- and any-T-treated
groups except for HCT (Table 4). Compared with the
lower-range group, subjects in the higher-range group
were more likely to have an elevated HCT.

We observed no significant increases in PSA in any
group. At 12 months, the mean PSA was 1.49 (range 0.21-
4.70) ng/mL in the placebo groups, 1.56 (0.21-4.50)
ng/mL in the lower-range T group, and 1.78 (0.50-4.60)
ng/mL in the higher-range T group. Thirty subjects were
referred for urological evaluation; 2 of these had a prostate
biopsy. There were no cases of prostate cancer.
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Table 2. Change From Baseline to 12 Months in Physical Function, Strength, and Power by Exercise Group?®

Placebo (n = 22 PRT Any-T (n = 49 PRT
and 25 No PRT) and 47 No PRT)
A Change
Baseline Change Baseline Change (95% i) P Value
PRT
Physical function (Range 0—100)
CS-PFP total 69.1 £ 9.9 3.6 £8.0 70.5 * 14.6 33x74 —0.2(—4.2,3.8) .93
Upper body strength 75.8 £ 10.8 1.8+109 78.6* 1438 03*+11.5 -0.7(-6.1,4.6) .79
Upper body flexibility 78.2 £ 12.2 —22*11.0 754 +12.7 0.9 +97 2.3(=2.6,7.1) .36
Lower body strength 64.1 = 11.8 44 +94 67.3 £ 159 3594 —0.5(—5.5,4.4) 84
Balance 68.9 + 10.8 47 + 88 69.7 = 15.3 46*+738 0.2(—-4.1,4.5) .93
Endurance 69.0 = 10.5 47 = 8.6 70.0 = 15.1 45 +75 0.1(—4.0,4.3) .95
Stair climb speed, s 48 1.1 -00x09 47=*17 —-0.2+0.8 -0.3(0.7,0.1) 16
6-min walk, m 536.4 = 65.0 243 +88.8 560.1 = 132.6 25.6 =79.2 3.2(—39.5, 46.0) .88
Strength (1-RM, kg)
Upper body
Bench press 58.4 +17.7 269 +11.4 587 *159 257+ 145 —-15(-8.7,5.6) .67
Incline press 50.7 = 154 249 *+125 506 * 146 23.6 = 12.7 —1.9(—-8.5,4.8) .58
Overhead pulldown 80.5 £ 20.2 287 149 79.0=* 16.6 26.2 156 —3.4(—11.3,4.6) 41
Seated row 53.8 = 14.3 21.3+13.1 536123 206 £ 11.3 —1.4(-7.6,4.7) .65
Avg upper body 61.0+ 156 255+ 113 605+ 140 243 +11.6 —1.5(-7.5, 4.5) 63
Grip strength 41.7 =10.9 34 *6.7 405 = 11.0 3.2+103 —-19(-6.3,2.5) 40
Lower body
Knee extension 65.6 = 23.8 30.1 £ 188 63.1 = 20.2 315+ 15.2 0.5(—8.0,9.0) 90
Knee flexion 476 = 146 208 £ 11.3 494+ 122 185120 —2.6(—8.3,3.2) 38
Seated leg press 135.7 439 31.8=*278 1293 *+354 383 +*305 —-0.1(-14.0,13.7) .99
Avg lower body 83.9 £ 27.1 27.0*x17.0 80.3 +20.3 28.0+19.7 —-1.6(—10.9,7.7) 74
Power (Power Rig, watts)
Leg extensor 2293 +50.8 243 *+62.0 2453*+688 51*51.1 —18.1(—46.7,10.5) .21
No PRT
Physical function (Range 0-100)
CS-PFP total 68.4 + 16.1 3.1 £6.7 716 119 08+73 —2.2(-5.8,1.4) .23
Upper body strength 752 = 14.2 3.6 +9.0 772 = 12.8 0.0 =838 —-3.5(=7.9,0.8) 11
Upper body flexibility 76.5+11.8 —24+95 786*96 -21+92 0.7(-38,5.1) .76
Lower body strength 64.3 £ 18.2 54+7.0 68.4 + 14.2 0.7 £ 8.7 —-45(-8.7,-04) .03
Balance 685+ 17.5 25+74 71.7 =125 1.4+78 —-0.8(—4.6, 3.0) .68
Endurance 68.2 = 17.0 28=*+78 71.8 £12.3 1.5+75 —1.1(-4.9,2.7) .57
Stair climb speed, s 50+x14 -0.1*x09 47+12 0.1*x1.0 0.1(-0.4,0.5) 78
6-min walk, m 536.1 +106.0 7.5+93.7 5645=*89.1 85=*649 0.8(—39.0,40.6) 97
Strength (1-RM, kqg)
Upper body
Bench press 56.5 + 19.8 3.5*+89 60.1 = 15.8 7.3+£92 4.7 (0.5, 9.0) .03
Incline press 50.9 = 19.2 1.9+79 52.0 = 15.0 8.1+8.9 6.9(2.7,11.1) .001
Overhead pulldown 77.4 £ 23.0 6.3+11.0 825=*155 93 +96 3.9(-1.2,89) A3
Seated row 50.5+ 125 57*+74 56.1 = 11.9 7.0+ 9.6 2.4(-1.9, 6.6) 27
Avg upper body 58.8 + 17.3 43 *+77 62.8 = 13.2 7.8 £6.9 3.9(0.5,7.4) .03
Grip strength 56.5 + 19.8 29=*80 39.1 £12.7 6.0+12.4 4.1(0.0,8.3) .05
Lower body
Knee extension 60.1 = 25.3 11.0+10.1 649 *204 124 +10.6 1.9(-3.1,6.9) 45
Knee flexion 46.1 = 11.8 55+56 49.0 = 10.3 7174 1.8(—1.6,5.2) .30
Seated leg press 125.7 £ 388 9.1 £215 1304 +350 11.6 *237 45(—6.3,15.3) 41
Avg lower body 77.3 £23.7 94*+116 81.8=*206 10.5 109 1.9(-3.4,7.3) A48
Power (Power Rig, watts)
Leg extensor 2123 706 45+ 346 2333+648 08=*+369 —-15(-19.1,16.1) .87

Abbreviation: Cl, confidence interval.

@ Data are mean + SD. A Change = change from baseline (any-T) minus change from baseline (placebo). P values are for placebo vs any-T,
conditioned on baseline values.

More subjects in the any-T—treated groups reported Discussion
serious adverse events. However, there were fewer car-  In otherwise healthy older men with low-normal baseline
diovascular events among any-T—treated than among pla- T levels, any-T supplementation and PRT independently
cebo-treated subjects (P value = .001). decreased FM and increased FFM and upper body
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Figure 2. Unadjusted relative mean changes from baseline at 6 and 12 months. Error bars represent SE. **, P < .05 on comparison of absolute

adjusted means (Tables 2 and 3).

strength, but neither had an effect on physical function.
Although the combination of any-T plus PRT produced
greater changes in body composition than PRT alone,
there were no additive effects of any-T plus PRT on
strength or physical function.

Physical function

Physical function assessed by CS-PFP total score did not
improve with any-T supplementation, either alone or
combined with PRT. This is consistent with previous stud-
ies of T supplementation alone reporting no improve-

ments in physical function (measured via stair climb,
timed up-and-go, or walking speed) in healthy (7, 8, 25)
and frail older men (12) and with studies of T combined
with resistance exercise in younger HIV-positive men with
serum T <349 ng/dL (26) and in frail elderly men with
serum T <480 ng/dL (27). In contrast, improvement in
physical function has been demonstrated with 6 months of
T gel (10 g/d) in men =65 years with mobility limitations
and serum T 100 to 350 ng/dL (28), with 6 months of T gel
(0.05 g/d) in frail men =75 years with serum T <346 ng/dL
(11) and with 13 months of im T alone or combined with
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Table 3. Change from Baseline to 12 Months in Body Composition by Exercise Group?®
Placebo (n = 22 PRT Any-T (n = 49 PRT
and 25 No PRT) and 47 No PRT)
A Change
Baseline Change Baseline Change (95% CI) P Value
PRT
Weight, kg 90.6 = 13.8 —-0.1+28 90.0 £ 11.2 03+28 0.4(-1.0,1.7) .61
Body mass index, kg/m? 295+ 36 —-0.8*+29 286 =*3.0 0.1 £0.9 0.7(—=0.2, 1.6) 1
FM, kg 274 =71 -06=*17 266=*63 -1.8=*+25 —1.2(=2.3,0.0 .04
FFM, kg 63.2 = 8.6 04 *21 63470 2124 1.5(0.4, 2.6) .01
FM trunk, kg 16.3 44 -04=*+1.2 15.6 = 4.1 -09=*+1.7 —-0.5(—1.3,0.3) 19
FFM, kg
Appendicular 27.8 4.2 04=*13 28.0 £ 3.6 1.1*+14 0.6(=0.1,1.2) .09
Arms 73+12 02+04 5*+1.1 05+05 0.3(0.0,0.5) .03
Legs 20.5 = 3.1 02+10 20.6 = 2.5 06+1.0 0.3(-0.2,0.8) .20
Waist circumference, cm 105.2 94 —22*+43 103.7 = 9.1 —2.1*x44 —0.3(=2.5,1.8) 77
Hip circumference, cm 104.3 = 8.0 —0.6 £5.2 105.0 = 8.1 -28+70 —-2.1(-5.0,0.8 15
No PRT
Weight, kg 86.9 = 134 0.8 33 90.8 = 12.5 —-0.1 = 3.1 —1.0(-2.6,0.6) 22
Body mass index, kg/m? 283 = 3.7 03 *£1.1 292 =33 -03*x1.7 —0.5(—1.3,0.3) .19
FM, kg 245+76 0.7+23 263 *+6.9 -1.0*+23 —-16(-2.8,-05) .005
FFM, kg 624 7.2 0.1x1.7 64574 1.0x22 0.8(=0.2,1.9 12
FM trunk, kg 14.4 =43 05=x17 155 +4.2 -04+14 —-0.9(—1.6, —0.1) 03
FFM, kg
Appendicular 27.6 = 3.3 0.0x1.1 286 = 3.73 06+1.0 0.6 (0.1, 1.1) .03
Arms 73+1.0 0.0*+0.3 7611 03+05 0.3(0.0,0.5) .02
Legs 203 =24 0.0+ 09 21.0+12.8 0.3+0.8 0.3(-0.1,0.7) 13
Waist circumference, cm 102.3 9.8 —-0.2 £45 106.3 = 19.2 —-24+x36 —2.0(-4.1,0.0 .05
Hip circumference, cm 102.7 =114 1670 105.1 = 15.0 —13*x56 —2.4(—4.9,0.2) .07

Abbreviation: Cl, confidence interval.

@ Data are mean =+ SD. A Change = change from baseline (any-T) minus change from baseline (placebo). P values are for placebo vs any-T,

conditioned on baseline values.

finasteride in healthy men =635 years with serum T < 350
ng/dL (9). The reasons for the lack of improvements in the
present study and the inconsistencies in the literature are
unclear. In the present study, PRT alone did not improve
CS-PFP scores. PRT alone and combined with endur-
ance training has previously been shown to have modest
effects on physical function, as measured by improved gait
speed and chair rise and CS-PFP scores in older adults with
and without functional limitations (22, 29). This may re-
flect the lack of an endurance component and/or subop-
timal adherence to the PRT intervention. Participants in
our study also had a high baseline level of physical func-
tion, with CS-PFP total scores close to those reported in
healthy adults 35 to 44 years of age (30). By comparison,
scores of 54.2 = 11.0 and 23.6 * 8.7 have been reported
for community-dwelling older adults and long-term care
residents with minimal dependency, respectively (22). The
CS-PFP has not previously been used in studies of T treat-
ment and may not measure aspects of physical function
responsive to T treatment. This test may also lack suffi-
cient sensitivity to detect small changes associated with T
treatment.

Muscle strength and power
We observed improvements in strength with both
any-T and PRT but found no additional improvements in

strength with T plus PRT compared with either interven-
tion alone. The improvements in strength with any-T
alone compared with placebo were limited to the upper
body, which supports other controlled trials of T supple-
mentation in healthy older men (9, 12, 25, 31). This may
reflect the higher level of regular exercise of the lower body
in healthy older adults, However, Bhasin et al (32) found
improvements in leg press strength in healthy older men
that were correlated with both T dose and level. In the
present study, exploratory analyses revealed a similar ef-
fect of serum T level achieved on the improvement in leg
press strength but no apparent effect of T dose or serum T
level on any other strength measures (Supplemental Table
1, published on The Endocrine Society’s Journals Online
web site at http://jcem.endojournals.org).

Although the effects of PRT on muscle strength in older
adults are well established (29, 33), to our knowledge, this
is the first trial to examine the effects of T plus PRT in
generally healthy older men with low-normal serum T. An
association between exercise-induced increases in strength
and serum T in older men (17) suggests that T adminis-
tration may augment muscle hypertrophy with PRT in
older men, producing greater gains in strength. In young
men, supraphysiological T supplementation plus weight
training produced greater improvements in upper and
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Table 4. Adverse Events

Number of Subjects (No. of Events)

Placebo Any-T T (Lower Range) T (Higher Range)
Category/Event (n = 47) (n = 96) (n = 47) (n = 49) A P,
Prespecified adverse events
HCT® 3(3) 13(17) 2 (4) 11 (13) 27 .008
PSAP 9 (14) 12 (12) 5 (9) 7(13) 46 57
AUA symptom score® 2(2) 1(1) 1(1) 0 (0) .55 1.00
Liver function tests® 0(0) 0(0) 0 (0) 0 (0)
Somnolence/hypoxia® 0 (0) 0 (0) 0 (0) 0 (0)
Serious adverse events
Cardiovascular
Acute coronary syndrome 3(3) 1(1) 0 (0) 1(1) .30 .50
Arrhythmia 4 (4) 0 (0) 0 (0) 0 (0) .01
Aortic aneurysm 1(1) 0 (0) 0 (0) 0 (0) 34
Syncope/presyncope 2(3) 203) 2(3) 0 (0) .60 .50
Total cardiovascular 10 (11) 3(4) 2(3) 1(1) .001 1.00
Other (noncardiovascular) 20 (53) 68 (119) 31 (55) 37 (64) .003 24
All other nonserious adverse events
Total 9(12) 13(13) 6 (6) 7(7) 47 78

P, = exact likelihood ratio x? test for equal proportions placebo vs any-T, number of subjects. P, = exact likelihood ratio x? test for equal

proportions lower-range T vs higher-range T, number of subjects.
FHCT =54%.

b Increase of =0.75 ng/mL over baseline at any time point (confirmed by a second measurement in 2 weeks).

€ AUA symptom score =20.

4 Alanine aminotransferase or aspartate aminotransferase >2 times the upper limit of normal.

¢ Somnolence = Epworth Sleepiness Score (20) >16; hypoxia is defined as arterial oxygen saturation by pulse oximetry <88%.

lower body strength than either T or exercise alone (34).
However, in a population of young HIV-infected men
with weight loss and serum T <349 ng/dL, both im T and
resistance exercise increased muscle mass and strength,
but the combination resulted in no additional gains (26).
Sullivan et al (27) also found a trend toward greater
strength with 12 weeks of im T supplementation in frail
elderly men with serum T <480 ng/dL but no augmenta-
tion of these effects with resistance exercise. In the present
study, the increases in strength with PRT were comparable
to those seen with similar PRT programs in older adults
(33); however, T treatment did not augment the effects of
PRT on strength. Although the primary analyses were not
set up for a direct test of interaction between T and PRT,
a model combining all 6 groups to test for main effects of
T, PRT, and their interaction for bench press showed no
interaction (data not shown). The lack of an additive effect
of T with PRT raises the possibility of a common mech-
anistic pathway (eg, inhibition of myostatin) that should
be investigated in future studies (35, 36).

Body composition

In the present study, older men randomized to any-T
alone achieved an average 1.0-kg decrease in FM and
1.0-kg increase in FFM, compared with an average 2.0-kg
decrease and 2.7-kg increase, respectively, reported in a
systematic review of T therapy in older men (37). Partic-

ipants randomized to placebo plus PRT had a 0.6-kg de-
crease in FM and a 0.4-kg increase in FFM, somewhat less
than found in a recent meta-analysis of PRT in older adults
(38). The combination of T plus PRT produced greater
improvements in FM and FFM than placebo plus PRT.
The effects of T with or without PRT were more pro-
nounced in upper body FFM, which supports our finding
with respect to strength. Previous studies of the combined
effects of T plus PRT have been limited to young healthy
men, chronically ill HIV-positive men, and older men in
combination with megesterol acetate, with inconclusive
results (26, 34, 39). To our knowledge, this is the first
study to show that T treatment may augment PRT-in-
duced changes in body composition in generally healthy
older men.

It is unclear why the favorable changes in body com-
position consistently demonstrated with T supplementa-
tion in older men have not reliably translated into gains in
overall strength or physical function. A threshold level of
T may be needed to achieve increases in FEM sufficient to
enhance strength and physical function (14). Because only
32% of men in the lower-range and 20% of men in the
higher-range T group achieved target T levels at 52 weeks,
we may not have reached the threshold for sufficient in-
creases in FFM. Furthermore, the measured T levels were
highly variable, indicating significant variability in ab-
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sorption and/or adherence. The lack of ongoing regular
dosage titration makes actual T exposure difficult to as-
sess. Although the study was not powered to examine low-
er- and higher-range T groups separately, exploratory
analyses by T group and with T level as a continuous
variable did not affect the primary conclusions (Supple-
mental Tables 1 and 2).

Adverse events

Other than dose-dependent elevations in HCT, there
were no differences in adverse events with lower-range
compared with higher-range T. There were more serious
adverse events reported in the any-T—treated groups com-
pared with placebo. These were defined as any complaint
for which the subject sought any medical attention; thus,
the clinical significance is uncertain. In contrast to the
Testosterone in Older Men with Mobility Limitations
(TOM) trial (40), we observed fewer cardiovascular
events in the any-T-treated groups compared with pla-
cebo, which may reflect the healthier population in the
present study. T supplementation may be of most interest
in older, frail men likely to have cardiovascular risk fac-
tors, and the safety of long-term use in this population
remains unclear.

Conclusions

In this study of generally healthy older men with low-
normal T levels, 52 weeks of T supplementation, PRT, and
T plus PRT improved body composition and upper body
strength but not physical function. Although T plus PRT
produced greater improvements in body composition than
either intervention alone, this did not translate into en-
hanced strength or physical function. T supplementation
was well tolerated and associated with a lower rate of
cardiovascular endpoints in this population. Whether T
supplementation with or without PRT improves physical
function in specific populations of older men requires fur-
ther study.
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