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Background.

 

A large proportion of men over 65 years of age have bioavailable testosterone levels below the refer-
ence range of young adult men. The impact of this on musculoskeletal health and the potential for improvement in func-
tion in this group with testosterone supplementation require investigation.

 

Methods.

 

Sixty-seven men (mean age 76 

 

6

 

 4 years, range 65–87) with bioavailable testosterone levels below 4.44
nmol/l (lower limit for adult normal range) were randomized to receive transdermal testosterone (two 2.5-mg patches
per day) or placebo patches for 1 year. All men received 500 mg supplemental calcium and 400 IU vitamin D. Outcome
measures included sex hormones (testosterone, bioavailable testosterone, sex-hormone binding globulin [SHBG], estra-
diol, and estrone), bone mineral density (BMD; femoral neck, Ward’s triangle, trochanter, lumbar spine, and total body),
bone turnover markers, lower extremity muscle strength, percent body fat, lean body mass, hemoglobin, hematocrit,
prostate symptoms, and prostate specific antigen (PSA) levels.

 

Results.

 

Twenty-three men (34%) withdrew from the study; 44 men completed the trial. In these men, bioavailable
testosterone levels increased from 3.2 

 

6

 

 1.2 nmol/l (

 

SD

 

) to 5.6 

 

6

 

 3.5 nmol/l (

 

p

 

 

 

,

 

 .002) at 12 months in the testosterone
group, whereas no change occurred in the control group. Although there was no change in estradiol levels in either
group, estrone levels increased in the testosterone group (103 

 

6

 

 26 pmol/l to 117 

 

6

 

 33 pmol/l; 

 

p 

 

,

 

 .017). The testoster-
one group had a 0.3% gain in femoral neck BMD, whereas the control group lost 1.6% over 12 months (

 

p 

 

5

 

 .015). No
significant changes were seen in markers of bone turnover in either group. Improvements in muscle strength were seen
in both groups at 12 months compared with baseline scores. Strength increased 38% (

 

p

 

 

 

5

 

 .017) in the testosterone group
and 27% in the control group (

 

p

 

 

 

5

 

 .06), with no statistical difference between the groups. In the testosterone group,
body fat decreased from 26.3 

 

6

 

 5.8% to 24.6 

 

6

 

 6.5% (

 

p

 

 

 

5

 

 .001), and lean body mass increased from 56.2 

 

6

 

 5.3 kg to
57.2 

 

6

 

 5.1 kg (

 

p

 

 

 

5

 

 .001), whereas body mass did not change. Men receiving testosterone had an increase in PSA from
2.0 

 

6

 

 1.4 

 

m

 

g/l to 2.6 

 

6

 

 1.8 

 

m

 

g/l (

 

p

 

 

 

5

 

 .04), whereas men receiving placebo had an increase in PSA from 1.9 

 

6

 

 1.0 

 

m

 

g/l
to 2.2 

 

6

 

 1.5 

 

m

 

g/l (

 

p

 

 

 

5

 

 .09). No significant differences between groups were seen in hemoglobin, hematocrit, symptoms
or signs of benign prostate hyperplasia, or PSA levels.

 

Conclusions.

 

Transdermal testosterone (5 mg/d) prevented bone loss at the femoral neck, decreased body fat, and in-
creased lean body mass in a group of healthy men over age 65 with low bioavailable testosterone levels. In addition,
both testosterone and placebo groups demonstrated gains in lower extremity muscle strength, possibly due to the benefi-
cial effects of vitamin D. Testosterone did result in a modest increase in PSA levels but resulted in no change in signs or
symptoms of prostate hyperplasia.

 

ESTOSTERONE levels decline with age (1), and as
many as 50% of men over age 65 have bioavailable tes-

tosterone levels below the reference range for young adult
men (2–4). The importance of the decline in testosterone
levels to the health of older men is not established, but tes-
tosterone insufficiency may play a role in age-related bone
loss and muscle weakness (5,6). We have previously ob-
served that baseline testosterone levels account for 20% of
the variability in femoral neck bone mineral density. We
also found a direct correlation between baseline bioavail-
able testosterone levels and strength among older men se-
lected for low bioavailable testosterone levels (7). There-
fore, we undertook this placebo-controlled study to determine
if testosterone supplementation using nonscrotal testoster-

one patches would affect sex hormone levels, bone mineral
density (BMD), biochemical markers of bone turnover,
lower extremity muscle strength, body composition, cal-
cium (Ca)-regulating hormones, and prostate parameters in
men with bioavailable testosterone levels at least 2 

 

SD

 

 be-
low the average for young adult men but without specific
complaints of hypogonadism or osteoporosis.

 

M

 

ETHODS

 

Subjects

 

The Institutional Review Board at the University of Con-
necticut Health Center approved the study, and all men gave
written informed consent prior to screening evaluation. Men
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were recruited using the following strategies: (i) letters were
sent to men over age 65 (names were provided by the De-
partment of Motor Vehicles for the area surrounding the
University of Connecticut Health Center); (ii) community
outreach lectures were provided to men’s groups and senior
centers; (iii) mailings were sent to men’s groups; and (iv)
flyers were distributed at senior centers and housing sites.
The informative talks were about general health, and the
flyers solicited men to be involved in a research proposal,
not specifically to study bone or muscle health. We included
men over age 65 with bioavailable testosterone levels below
4.44 nmol/l (normal range 4.44–14.91 nmol/l). Exclusion
criteria were (i) systemic disease or unresolved endocrine
disorder known to affect bone turnover, such as Paget’s dis-
ease or hyperparathyroidism; (ii) use of androgens in the
last 12 months; (iii) use of medication known to affect bone
turnover in the last 12 months, such as glucocorticoids, al-
endronate, calcitonin, or anti-seizure medication; or (iv) se-
rum creatinine (Cr) 

 

$

 

1.5 mg/dl. A total of 194 men re-
sponded to the various recruitment strategies and were
screened for eligibility by telephone survey. Of these, 121
were interested and eligible for laboratory screening. Labo-
ratory screening identified 90 (74%) men who met bioavail-
able testosterone criterion for eligibility. Twelve men were
excluded for prostate specific antigen (PSA) levels that
were above the normal range, and eleven men refused fur-
ther participation. A total of 67 men were randomly as-
signed to treatment or placebo for participation in the study.

 

Treatment

 

Men were randomized in a double-masked manner to re-
ceive either transdermal testosterone supplementation (two
2.5-mg Androderm, SmithKline Beecham, Collegeville, PA,
patches per day; 5 mg/d total dose) or a matching placebo
regimen. The active and placebo patches were void of any
distinguishing characteristics. The randomization and label-
ing of the patches was performed by SmithKline Beecham
(Collegeville, PA). Participants were instructed to apply
patches each evening before going to bed. A randomization
list was provided to the consulting pharmacist who had no
direct contact with research participants. Investigators and
subjects were unaware of the content of the patch. Both
groups received 500 mg Ca and 400 IU of vitamin D sup-
plementation. Follow-up examinations and repeat measure-
ment of outcome variables were performed at 6 and 12
months.

 

Evaluations

 

Participants in the study underwent medical history,
physical exam, and measurement of fasting serum Ca, Cr,
alkaline phosphatase, thyroid function tests, total and bio-
available testosterone, sex-hormone–binding globulin, es-
trone, estradiol, PSA level, and urinary Ca and Cr. Baseline
and follow-up evaluations of the outcome variables (sex-
and Ca-regulating hormone levels, BMD, bone markers,
strength, physical activity score, body composition, and
safety parameters) were performed at 0, 6, and 12 months of
treatment. Ca and vitamin D intake (including supplements)
were estimated by a 3-day food record. Activity was esti-
mated by the Physical Activity Scale for the Elderly ques-

 

tionnaire (8). Symptoms of benign prostate hyperplasia
were assessed using the International Prostate Symptom
Score (IPSS), and symptoms of urinary retention were re-
corded. Measurement of PSA levels was repeated when ele-
vations were detected; decisions to discontinue treatment
were made on the basis of participant and physician (pri-
mary physician, urologist, and principal investigator) dis-
cussion. Assessment of skin effects of the transdermal patch
were made using a 5-point scale with 0 representing no rash
and 4 representing erythema, induration, and bullae (9). We
also assessed symptoms of itching on a 4-point scale with 1
representing no itching and 4 representing persistent itching
(9). The BMD of the proximal femur, lumbar spine, and to-
tal body were obtained at baseline (Lunar DPX-L, Madison,
WI). The coefficient of variation (CV) of BMD measure-
ment at the proximal femur, spine, and total body was 

 

,

 

1%,
1.5%, and 2%, respectively. Analysis of the lumbar spine
was restricted to L1 for all men due to the osteophyte for-
mation and deformity noted in the lower lumbar vertebrae
in 75% of the men. Body fat and lean mass measurements
were obtained from the DXA. Leg extension strength [1
repetition maximum (10); intra- and intertester variability

 

,

 

10%] was measured on the Keiser Sitting Leg Press.

 

Biochemical Measurements

 

Blood and urine samples were collected between 7 and 9

 

am

 

 after a 10- to 12-hour fast. Urine and serum were di-
vided into 0.5-ml aliquots and stored at 

 

2

 

70°C. Ionized Ca
was measured within 2 hours of collection. All bone marker
assays were performed on batched serum or urine in the
Core Laboratory of the General Clinical Research Center at
the University of Connecticut Health Center.

Markers of bone formation included bone-specific alka-
line phosphatase and N-terminal type I procollagen peptide
measured by enzyme-linked immunosorbent assay (ELISA)
(Metra Biosystems Inc., Palo Alto, CA). Average intra-
assay variability was 

 

,

 

5% for both measures of bone forma-
tion. Markers of bone resorption were crosslinked N-telo-
peptide (NTX) and C-telopeptide (CTX) of type I collagen
measured by ELISA (Ostex International Inc., Seattle, WA;
and Osteometer A/S, Copenhagen, Denmark, respectively).
Intra-assay variability was 

 

,

 

10% for measures of bone re-
sorption.

Total and bioavailable testosterone and sex-hormone
binding globulin (SHBG) measurements were performed at
Endocrine Sciences Inc., Calabasas Hills, California. Tes-
tosterone levels were measured by radioimmunoassay SHBG
by competitive binding assay, and bioavailable testosterone
by competitive binding of the non-SHBG–bound portion of
testosterone following ammonium sulfate precipitation of
the SHBG-bound steroid as described by Nankin (4). Intra-
assay variability of the testosterone assay is less than 7%,
bioavailable testosterone less than 4%, and SHBG less than
10%. 25-hydroxyvitamin D was measured by competitive
protein binding with an intra-assay CV of less than 10%.
Samples for off-site assay were shipped on dry ice by over-
night mail. Estradiol and estrone were performed in the
GCRC core lab using radioimmunoassay (Diagnostic Sys-
tems Lab, Inc., Webster, TX); intra-assay variability was

 

,

 

10%. The detection limit of the estradiol assay is 2 pg/ml.
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Statistical Analysis

 

Analysis was done on those individuals who completed
the study. Baseline and clinical characteristics were re-
ported using means and standard deviations stratified by
treatment group. One-way analysis of variance (ANOVA)
was used to test the difference in baseline characteristics be-
tween the treatment groups. For each participant we calcu-
lated the percent change in BMD, biochemical markers of
bone turnover, hormone levels, and strength and compiled
questionnaire results from baseline to 12 months. Paired 

 

t

 

tests were used to assess change within the groups over
time. We also compared the percent change of each variable
of the groups using one-way ANOVA. We checked vari-
ables for normality of distribution and for the impact of out-
liers. All analyses were done using SPSS version 10.0
(SPSS, Inc, Chicago, IL).

 

R

 

ESULTS

 

Subject Population and Disposition

 

Sixty-seven men were recruited for the study. Twenty-
three men (33%) discontinued due to intercurrent illness,
rash, elevation in PSA level, and personal reasons (Table 1).
Forty-four men completed the study, with 24 men in the tes-
tosterone group and 20 men in the placebo group. Baseline
characteristics of the 44 men who finished the study are pre-
sented in Table 2; no significant differences existed in base-
line information between the treatment and control groups.
None of the men were active smokers; 34% had never
smoked, and 66% reported a prior history of smoking.
Sixty-three percent (42/67) of the men reported the use of

alcohol; mean alcohol consumption was 6 drinks/wk (range
1–21 drinks/wk), using the standard definition of 0.5 oz of
ethanol per drink (11). Medical conditions most commonly
reported included coronary artery disease (

 

n

 

 

 

5

 

 34), hyper-
tension (

 

n

 

 

 

5

 

 34), and osteoarthritis (

 

n

 

 

 

5

 

 31). None of the
men were receiving treatment for medical conditions that
might produce hypogonadism such as liver disease, alcohol-
ism, hemachromatosis, or Klinefelter’s disease. Commonly
used medications included antihypertensives (

 

n

 

 

 

5

 

 31), cho-
lesterol-lowering agents (

 

n

 

 

 

5

 

 10), thiazide diuretics (

 

n

 

 

 

5

 

12), histamine blockers (

 

n

 

 

 

5

 

 9), alpha-adrenergic antago-
nists (

 

n

 

 

 

5

 

 11), and aspirin for cardioprotective reasons (

 

n

 

 

 

5

 

20). None of the men reported a history of long-term corti-
costeroid therapy.

 

Sex Hormone and Ca-Regulating Hormone Changes

 

Baseline and 12-month data for sex hormones and Ca-
regulating hormones are shown in Table 3. Figure 1 shows
the change in testosterone level following replacement. Bio-
available testosterone increased to within the normal range
in 14 out of 24 (58%) of the men in the testosterone group
and 2 out of 20 (10%) in the placebo group. Estrone levels
increased in the testosterone group but not in the placebo
group. There were no changes in SHBG, estradiol, parathy-
roid hormone, or vitamin D in either group. There were be-
tween-group effects of treatment on estrogen or Ca-regulat-
ing hormones during treatment (data not shown).

 

Table 1. Enrollment and Cause for Discontinuation of 67 
Randomized Subjects

 

Testosterone Control

Men Enrolled 34 33
Discontinued 10 13
Reason for Discontinuation

Intercurrent illness 4 5
Rash 3 1
Elevation in PSA level 2 3
Other 1 4

Completed 24 20

 

Note

 

: PSA 

 

5

 

 prostate-specific antigen.

 

Table 2. Baseline Characteristics

 

Testosterone
(

 

n

 

 

 

5

 

 24)
Placebo
(

 

n

 

 

 

5

 

 20)

 

p

 

 Value

Age, years 76 

 

6

 

 4 75 

 

6

 

 5 .35
BMI, kg/m

 

2

 

27 

 

6

 

 3 26 

 

6

 

 3 .44
Calcium intake, mg/d 805 

 

6

 

 322 876 

 

6

 

 333 .48
Physical Activity Score 177 

 

6

 

 66 176 

 

6

 

 52 .97
BioT, nmol/l 3.23 

 

6

 

 1.28 3.47 

 

6

 

 0.80 .42
FN BMD, g/cm

 

2

 

0.93 

 

6

 

 0.14 0.93 

 

6

 

 0.12 .96
Strength, Newtons 735 

 

6

 

 223 755 

 

6

 

 220 .78
PSA, 

 

m

 

g/l 2.0 

 

6

 

 1.3 2.0 

 

6

 

 1.2 .92
IPSS 9.3 

 

6

 

 6.5 9.0 

 

6

 

 5.2 .96

 

Notes

 

: Values are mean 

 

6

 

 

 

SD

 

. BMI 

 

5

 

 body mass index; BioT 

 

5

 

 bioavail-
able testosterone; FN BMD 

 

5

 

 femoral neck bone mineral density; PSA 

 

5

 

 pros-
tate-specific antigen; IPSS 

 

5

 

 International Prostate Symptom Score.

 

Table 3. Changes in Sex and Calcium-Regulating Hormones Prior to and Following 12 Months of Treatment

 

Testosterone Control

Baseline 12-Month

 

p

 

 Value Baseline 12-Month

 

p

 

 Value P

 

†

 

Testosterone, nmol/l 13.5 

 

6

 

 6.0 22.2 

 

6

 

 10.9 .001 13.5 

 

6

 

 3.7 16.1 

 

6

 

 5.7 .005 .23
Bioavailable testosterone, nmol/l 3.2 

 

6

 

 1.2 5.6 

 

6

 

 3.5 .002 3.5 6 0.9 3.5 6 0.9 .89 .25
Estrone, pmol/l 103 6 26 117 6 33 .017 100 6 28 112 6 44 .12 .49
Estradiol, pmol/l 70 6 26 73 6 29 .42 58 6 21 64 6 25 .11 .49
Sex hormone binding globulin, nmol/l 1.5 6 0.5 1.4 6 0.5 .11 1.4 6 0.5 1.4 6 0.6 .58 .46
Parathyroid hormone, ng/l 61 6 47 63 6 51 .73 50 6 19 50 6 20 .91 .90
25 Hydroxyvitamin D, ng/ml 60 6 17 62 6 12 .60 65 6 26 67 6 14 .83 .61

Note: Values are mean 6 SD.
†P 5 p value for analysis of variance to compare changes in means between groups.
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BMD and Bone Turnover Markers
BMD and bone turnover marker data for baseline and 12

months are shown in Table 4. As seen in Figure 2, femoral
neck (FN) BMD decreased significantly in men receiving
placebo, whereas FN BMD was maintained in men on tes-
tosterone. Men receiving placebo lost 1.6% of FN BMD,
whereas the men receiving testosterone had a 0.3% gain, a
difference of 1.9% between the groups (p 5 .015). A simi-
lar trend was seen at Ward’s triangle (p 5 .08). There was
no significant change seen in BMD at the trochanteric site,
lumbar spine (L1), or total body.

There were no significant changes noted in any markers
of bone turnover in either group (Table 4). Although there
was an approximately 15% decrease in CTX and NTX in
the group receiving testosterone, these changes did not
achieve statistical significance.

Muscle Strength, Physical Activity, and 
Body Composition

The baseline and 12-month data for lower extremity mus-
cle strength, physical activity scores, body mass index

(BMI), height, lean body mass, and body fat are shown in
Table 5. Both the testosterone and placebo groups had sig-
nificant increases in lower extremity muscle strength. Body
fat decreased and lean mass increased from baseline values
in the testosterone group, and this was significantly differ-
ent from the placebo group for body fat (p 5 .04), with a
trend for lean mass (p 5 .07). No changes were detected in
BMI, height, or physical activity in either group.

Safety Evaluations
The baseline and 12-month values for PSA, IPSS total

score, hemoglobin, and hematocrit are given in Table 6.
Among the entire sample of 67 men, 11% (n 5 3) in the pla-
cebo group and 18% (n 5 6) in the testosterone group had
an elevation in PSA level above 4.0 mg/l. The three men
from the placebo group and two of the men from the tes-
tosterone group discontinued participation due to the eleva-
tion in PSA. In those men from the testosterone group who
completed the study, we detected a significant increase in
PSA, but this was not significantly different from the
changes in the placebo group in which a small increase in
PSA was also detected. We found no changes on digital ex-

Figure 1. Changes in bioavailable testosterone levels with therapy.
Subjects on testosterone replacement had significant increases in lev-
els at 6 and 12 months (p # .001).

Table 4. Changes in Bone Mineral Density and Bone Turnover Markers Following 12 Months of Treatment With Testosterone or 
Placebo Patch

Testosterone Control

Baseline 12-Month p Value Baseline 12-Month p Value P†

Bone Mineral Density
Femoral neck, g/cm2 0.930 6 0.147 0.927 6 0.140 .69 0.933 6 0.121 0.918 6 0.118 .005 .015
Ward’s triangle, g/cm2 0.749 6 0.133 0.752 6 0.134 .77 0.756 6 0.125 0.745 6 0.125 .05 .18
Trochanter, g/cm2 0.909 6 0.163 0.903 6 0.170 .43 0.939 6 0.154 0.933 6 0.149 .53 .94
Lumbar spine (L1), g/cm2 1.133 6 0.190 1.141 6 0.207 .37 1.132 6 0.164 1.147 6 0.167 .16 .50
Whole body, g/cm2 1.220 6 0.116 1.217 6 0.113 .34 1.228 6 0.085 1.227 6 0.080 .95 .81

Bone Turnover Markers
BAP, U/l 22.6 6 9.0 21.7 6 8.1 .34 19.4 6 4.7 18.2 6 4.7 .08 .76
PINP, mg/l 46.6 6 23.7 43.0 6 20.2 .30 41.8 6 19.8 39.5 6 17.2 .34 .26
NTX, nMBCE/mM 38.9 6 24.4 34.3 6 18.8 .21 33.7 6 15.4 34.4 6 17.5 .77 .34
CTX, mg/mM 178 6 112 155 6 92 .17 152 6 137 148 6 81 .80 .24

Note: BAP 5 bone-specific alkaline phosphatase; PINP 5 N-terminal type I procollagen peptide; NTX 5 crosslinked N-telopeptide of type I collagen; CTX 5
C-telopeptide of type I collagen.

†P 5 p value for analysis of variance to compare changes in means between groups.

Figure 2. The effects of testosterone or placebo on percent change
in femoral neck bone mineral density (FN BMD) following one year
of therapy.
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amination of the prostate in any of the men, nor did we find
any changes in IPSS score or reports of urinary retention. In
addition, we found no significant increase in hemoglobin or
hematocrit.

There were no significant differences in rash irritation be-
tween groups (1.9 6 0.3 vs 0.8 6 0.2; p 5 .09), but 77% of
the men in the testosterone group compared with 40% of
men in the placebo group reported a score of 2 or greater,
signifying a rash with induration. Itching was more frequent
in the men in the testosterone group compared with the pla-
cebo group (3.2 6 0.2 vs 2.6 6 0.2, p 5 .001). Seventy-five
percent of the men used a medium-strength topical steroid
cream (triamcinolone 0.1%) to manage the rash or itching.

DISCUSSION

Transdermal testosterone therapy prevented bone loss at
the femoral neck in men over age 65 selected for low bio-
available testosterone levels. Few studies to date have eval-
uated the effects of testosterone supplementation on bone
density in older men with modest testosterone insufficiency,
which is common with aging. In a 3-year study in which
men selected for testosterone levels below 2.1 nmol/l re-
ceived transscrotal testosterone, Snyder and colleagues
found no significant treatment effect on BMD; however,
linear regression analysis indicated a stronger treatment ef-
fect on lumbar spine in men with low baseline testosterone
levels (12). Other investigators have found testosterone re-
placement beneficial to bone density in younger men with
long-standing severe testosterone deficiency (13,14) as well
as acquired testosterone deficiency associated with pituitary
tumors and other causes (15). We found no significant

changes in markers of bone turnover in our population re-
ceiving testosterone or Ca and vitamin D, but we did ob-
serve a nonsignificant 15% decline in markers of bone re-
sorption consistent with our earlier pilot study (16) and with
the work of Snyder and colleagues (12). In contrast, studies
of older men receiving short-term testosterone therapy de-
livered by intramuscular injection or sublingual delivery
have decreased bone resorption (5,17) or increased bone
formation (6,16). Differences in testosterone replacement
regimens, the duration of treatment, and patient selection
may account for some of the differences between the stud-
ies. No study to date has evaluated the effect of testosterone
replacement on fracture risk.

It is noteworthy that the control subjects in our study who
received Ca and vitamin D nevertheless lost 1.6% of bone at
the femoral neck over 1 year. Snyder and colleagues found
no bone loss in a similar population of older men selected
for low testosterone levels (12), and Dawson-Hughes and
colleagues demonstrated gains in BMD in eugonadal men
receiving similar Ca and vitamin D supplementation (18) in
studies over three years. The expected loss in bone density
of community-dwelling, healthy older men is 0.5% to 1%
per year (19), suggesting that men with the moderate tes-
tosterone insufficiency associated with aging and comorbid-
ity may be at increased risk for bone loss. We have previ-
ously reported that 52% of older men selected for low
testosterone levels (2 SD) have BMD at least 1 SD below
the mean value for young adult men and that 15% of this
group has bone density scores more than 2.5 SD below the
mean value for young adult men, signifying osteoporosis
and increased risk for fracture (7). Similarly, some investi-

Table 5. Changes in Height, Body Mass Index, Physical Activity Score in the Elderly, Strength, and Body Composition Following 12 
Months of Treatment With Testosterone or Placebo

Testosterone Control

Baseline 12-Month p Value Baseline 12-Month p Value P†

Height, cm 175 6 7 175 6 7 .19 174 6 6 174 6 6 .67 .61
BMI, kg/m2 27 6 3 27 6 3 .29 26 6 3 26 6 3 .43 .86
PASE 177 6 66 165 6 65 .28 176 6 54 158 6 51 .13 .84
Strength, Newtons 748 6 233 988 6 364 .017 765 6 230 936 6 336 .06 .66
% Body fat, kg 26.3 6 5.8 24.6 6 6.5 .001 25.5 6 4.6 25.2 6 4.8 .40 .08
Lean mass, kg 56.2 6 5.3 57.2 6 5.1 .001 54.4 6 5.7 54.6 6 5.7 .49 .11

Note: BMI 5 body mass index; PASE 5 physical activity scale in the elderly.
†P 5 p value for analysis of variance to compare changes in means between groups.

Table 6. Changes in Prostate Symptoms, Prostate-Specific Antigen Level, Hemoglobin, Hematocrit, and Skin Reaction to 12-Month 
Treatment With Testosterone or Placebo Patch

Testosterone Control

Baseline 12-Month p Value Baseline 12-Month p Value P†

Prostate-specific antigen, mg/l 2.0 6 1.4 2.6 6 1.8 .04 1.9 6 1.0 2.2 6 1.5 .09 .11
International Prostate Symptom Score 9.0 6 7.2 9.3 6 5.7 .72 9.3 6 5.3 7.5 6 3.7 .07 .28
Hemoglobin, g/l 140 6 12 143 6 13 .23 149 6 10 146 6 10 .11 .07
Hematocrit, % 0.42 6 0.04 0.42 6 0.04 .70 0.44 6 0.03 0.43 6 0.03 .19 .30
Itching score 3.2 6 0.2 2.6 6 0.2 .001
Skin reactivity 1.9 6 0.3 0.8 6 0.2 .09

†P 5 p value for analysis of variance to compare changes in means between groups.
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gators have found testosterone or estrogen to be predictors
of low bone density in older men (20–22), although other
studies failed to find such an association (23–25).

Lower extremity muscle strength, measured by a sitting
leg press, increased in both the testosterone group (38%)
and the control group (27%); both groups were supple-
mented with Ca and vitamin D. In other studies of testoster-
one replacement in older hypogonadal men, hand grip
strength increased in men selected for testosterone below 60
ng/dl (5,26), whereas no changes were seen in other studies
where baseline testosterone levels were higher (6,12). In an
uncontrolled study, Urban and colleagues found improve-
ment in lower extremity strength in men receiving testoster-
one (27). Improvement in strength in the control group may
have been due to familiarity with the leg press, but we do
not expect improvements of more than 10%–15%. How-
ever, it is likely that some of the improvement in strength
was due to the anabolic effects of vitamin D on muscle. Im-
provement in muscle strength (28,29), decreased body sway
(30), and improvement in physical performance (31–33)
were reported following supplementation with vitamin D in
subjects with low vitamin D levels, whereas no effect was
seen on similar parameters in a controlled trial of vitamin D
supplementation in a group in which vitamin D levels were
not decreased at baseline (34).

Testosterone supplementation resulted in a significant de-
crease in body fat and an increase in lean body mass in our
study. Several investigators have found a decrease in body
fat and an increase in lean mass in older men treated with
testosterone (12,26,27).

The men in the testosterone group did not have a worsen-
ing of symptoms of benign prostate hyperplasia (IPSS
score), and there were no reports of urinary retention during
the year of therapy. There was a significant increase in PSA
levels in the men finishing testosterone therapy, but the PSA
levels also increased in the controls, and the changes were
not significantly different between the groups, suggesting
that PSA levels were increasing irrespective of testosterone
therapy. Small increases or no change in PSA levels have
been described in other studies (5,6,12,16,35), similar to our
results. Our study was not long enough to establish the
safety of testosterone on the prostate. Moreover, there are
no data to address whether androgens enhance the progres-
sion of preclinical to clinical prostate cancer. Nested case
control studies from two large population-based epidemio-
logic studies reveal both an association (36) and a lack of
association (37) between baseline testosterone levels and
the subsequent risk of developing prostate cancer.

Our study has several limitations. The drop-out rate was
high in both groups, limiting the sample size for analysis of
our primary outcome. Some men with elevation in PSA
level on testosterone therapy remained in the study, which
may have been responsible for the slightly greater increase
in PSA levels in the testosterone group. In addition, whereas
testosterone levels increased into the young adult normal
range in a majority of the men on transdermal testosterone
replacement, more robust outcomes might have been ob-
served if higher serum levels had been attained. No increase
in hematocrit was detected in this study, similar to previous
published work using transdermal or scrotal testosterone

(12,16,38). Polycythemia has been found in studies using
parenteral testosterone and has limited therapy (5,26).

Conclusions
Testosterone replacement therapy given to older men se-

lected for bioavailable testosterone levels $2 SD below the
mean value for young adult men maintained bone mineral
density in the femoral neck, increased muscle strength, de-
creased body fat, and increased lean body mass. There were
modest increases in PSA and no changes in hematologic pa-
rameters. In this study, testosterone replacement appeared
to be safe and beneficial in older men with low testosterone
levels, supporting the need for further clinical trials.
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