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Effect of testosterone therapy on lumbar spine and hip mineral density
in elderly men
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(Received 17 May 2007; revised 1 May 2008; accepted 14 June 2008)

Abstract
Objective. The aim of the present study was to analyse the effect of testosterone therapy on bone mineral density in healthy
elderly men who had low levels of total testosterone.
Design. Randomized, double-blind, placebo-controlled study.
Participants. Forty-eight men over 60 years old with decreased testosterone levels (�320 ng/dL) comprised the study.
Twenty-five out of 48 received intramuscular injections of testosterone enanthate every three weeks during 12 months; the
remaining 23 participants formed the control group. All participants had measurements of bone mineral density (BMD) in
both lumbar spine and hip before and at the end of the study as well as testosterone and 17-b estradiol levels.
Results: Testosterone treated group exhibited a significant (p5 0.05) increment (from 1.198+ 0.153 to 1.240+ 0.141 g/
cm2) in lumbar BMD in parallel with a significant (p5 0.001) increment (from 301+ 32 to 471+ 107 ng/dL) in
testosterone concentrations, whereas no significant change occurred in femoral neck BMD.
Conclusions. Testosterone therapy elicited a positive effect only in lumbar BMD in elderly men with diminished testosterone
serum levels.
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Introduction

As men age there is a physiological decline in androgen

which might induce unfavourable changes in organs

upon which androgens act [1–2]. In consequence, it

has been suggested that the decrement in testosterone

levels could be associated with low bone mineral

density (BMD) in elderly males [3–5].

On the basis of these observations, the use of

testosterone therapy has been proposed to be bene-

ficial on BMD in elderly men with reduced testoster-

one concentrations [6–7]; however, few controlled

randomized trials have been addressed to assess

whether testosterone therapy in older men might

increase bone density. At present, three placebo-

controlled randomized trials in older men [8–10]

reported imprecise effects on BMD. In one study,

intramuscular testosterone treatment increased sig-

nificantly lumbar spine and hip BMD [9]. Conversely,

in others studies with transdermal testosterone

therapy have not been convincingly established

improvement in bone density [8]. Moreover, it was

suggested an improvement in bone density only

in subjects with pretreatment testosterone le-

vels�200 ng/dL [10]. Therefore, questions still exist

about the potential benefit of testosterone treatment

on BMD in elderly men with low normal testosterone

levels.

The aim of the present study was to evaluate the

effect of intramuscular testosterone therapy on BMD

in elderly men with low total serum testosterone

concentrations.

Methods

Participants

Forty-eight subjects over 60 years of age were

included in the study, and they were recruited from

November 2002 to January 2005, in the General

Hospital 25 of the Instituto Mexicano del Seguro

Social in Mexico City. All participants had total

serum testosterone levels below 320 ng/dL. Low

normal testosterone level was defined as a value

under 1 standard deviation (SD) of the mean in

normal men aged between 50 to 70 years [11]. None

of them had received hormone therapy prior to this

study. Participants were interviewed for medical

history and underwent a physical examination,

including a digital rectal examination for prostatic

abnormalities.
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Subjects were not included when they had a

history or presence of any malignancy and prostate

hypertrophy, a history of recent cardiovascular

disease, liver or renal disease, haematological ab-

normalities, diabetes and increased (�4.0 ng/mL)

prostate-specific antigen (PSA). Participants were

excluded if they were taking any medications affect-

ing bone metabolism, or more than 30 mL of

alcoholic drinks a day.

Design

This study had a randomized, double-blind, placebo-

controlled design. Forty-eight subjects were eligible

for randomization. A randomization without stratifi-

cation was computer-generated and randomization

numbers were assigned to the subjects in orders of

enrolment into the trial. Twenty-five out of the 48

subjects received testosterone treatment and 23

comprised the placebo group. Enanthate testosterone

was administered IM at a dose of 250 mg every 21

days during a period of 12 months. Those in the

placebo group received sham injections. The placebo

injections were identical in appearance to the

testosterone injections. Participants were clinically

evaluated every 21 days in the outpatient clinic where

the injections were applied by a nurse. Pharmacy

personnel labelled the injections for the participants

and provided the medication upon prescription of the

physician. Only the pharmacist knew of the rando-

mization, neither the participants nor the radiologist

and laboratory technicians knew the content of the

injections until the entire study was completed.

Measurements of biochemical markers such PSA,

haematocrit and hepatic transaminases were carried

out every two months. The study was approved by

the ethics committee of the Instituto Mexicano del

Seguro Social, the volunteers were informed about

the trial, and gave written consent to participate.

Hormone analysis

At baseline and the end of the study, fasting blood

samples were obtained from an antecubital vein

between 7:30 and 8:30 a.m. using vacuum tubes,

these samples were centrifuged at 400 g for 15

minutes. The serum was aliquoted and stored at

7708C until assayed in a single run for each

hormone assay. Serum testosterone levels were

measured by a specific solid-phase radioimmunoas-

say using commercial kits from Diagnostic Products

Corporation (Los Angeles, CA). The intra- and

inter-assay coefficients of variation (CVs) were 7.3%

and 7% respectively. The analytical sensitivity of this

assay was 4 ng/dL. Serum 17-b estradiol levels were

measured by a solid phase radioimmunoassay with a

kit from Diagnostic Products Corporation (Los

Angeles, CA). The intra- and inter-assay CVs were

4.0 and 8.6%, respectively, the sensitivity of this

assay was 10 pg/mL. The reference normal values for

testosterone in men aged 50 to 70 years in our

laboratory is 300 to 700 ng/dL, whereas the reference

range for estradiol is 10 to 40 pg/mL.

Bone mineral density

Bone mineral density (BMD) was estimated at

baseline and after 12 months of treatment, BMD

was measured at the lumbar spine (L1-L4 together)

and the hip (femoral neck) by dual energy X-ray

absorptiometry using a Lunar DPX densitometer

scanner (GE Lunar Corporation, Madison, WI).

Scanning was performed according to the instruc-

tions of the manufacturer; the CV for this technique

was 1.0% in the lumbar spine and 1.3% in the

femoral neck. Calibration was performed routinely

every morning using the standard provided by the

manufacturer. BMD was expressed as raw bone

density as well as in standardized deviation scores

compared with a young adult (T score) reference

populations as calculated by the commercial proto-

cols. All subjects were tested on the same machine

and by the same operator.

Statistical analysis

Statistical power calculations performed to detect a

difference in BMD after treatment of 3% revealed the

need for 21 participants per group to achieve a power

of 80%. Intention-to-treat analysis was performed;

for 6 subjects who did not complete the protocol the

baseline observation of BMD was carried forward to

final time points. Data are expressed as means

(+SD) and a parametric statistical analysis was

used. Comparison of change in serum hormones

concentrations basal and after treatment was done

using the paired t test. The significance of the change

between groups was tested using the independent

sample t test. Correlation between testosterone,

estradiol and BMD was calculated with Pearson

coefficients. Comparisons resulting in P� 0.05 were

considered statistically significant. Analysis was

performed using the computer program statistical

software SPSS version 12.0.

Results

Main baseline characteristics of participants are

shown in Table I, they were similar in both groups.

The age of the participants was 63.15+ 7.9 years.

Three out of the total 48 participants had testoster-

one level below 200 ng/dL, the other 21 patients had

values between 201 to 300 ng/dL, and the remaining

24 had concentrations between 301 and 320 ng/dL.

Forty-two subjects completed the entire 12 months

of the study. Six subjects did not complete the study

for the following reasons: increment of PSA (three

were in the treated group) and lost to follow-up (two

were in the control group, and one was in the treated

group).
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Hormonal levels

The treated group exhibited a significant (p5 0.001)

increment in testosterone concentrations (from

301+ 32 ng/dL to 471+ 107 ng/dL), at the end of

the 12 months study. Total testosterone levels during

the treatment reached values within normal range

and neighbouring to mean for the age-matched

(504+ 169 ng/dL) male in our laboratory. By con-

trast, testosterone levels remained similar in the

control group and there was a significant (p5 0.05)

difference between groups in testosterone values at

the end of the study (Table II). Collaterally 17-b
estradiol levels increased significantly (p5 0.01) in

the treated group and these values had a positive

correlation (r¼ 0.221, p¼ 0.014) with testosterone

concentrations.

Bone mineral density

Baseline BMD of the lumbar spine and hip were

similar in both groups, but lumbar BMD had a

significant (p5 0.05) increment (from 1.198+
0.153 to 1.240+ 0.141 g/cm2) after testosterone

therapy (Figure 1). Lumbar spine BMD increased

by 0.042+ 0.011 g/cm2 (þ3.5% of initial value) in

the treated group; in addition a significant (p¼ 0.05)

difference was observed between the two groups at

the term of the study. By contrast, femoral BMD was

similar in both groups after treatment.

The increment in lumbar BMD after testosterone

therapy correlated significantly (r¼70.201,

p5 0.05) with baseline 17-b estradiol, that is, the

lower the pretreatment estradiol level, the greater the

effect of testosterone treatment on BMD. This

correlation was not significant with testosterone

levels.

Side effects

During the study three out of 25 treated patients had

a moderate elevation in PSA levels (between 4.3 and

5.0 ng/mL). These participants were excluded from

the study; after discontinuation of the testosterone

treatment, PSA level normalized, and they were

thoroughly evaluated by the consultant urologist who

ruled out malignancy in the prostate.

Haematocrit values showed a significant

(p5 0.05) increment in the group compared with

the placebo group (from 44.7+ 5.2% to 46.4+
4.3%) but within the normal range [12). No subject

experienced an increase above the upper limit of

normal (52%); neither required suspension of

therapy [12–13]. Serum liver enzymes remained

unchanged during the study.

Discussion

Aging men with low levels of either testosterone or

17-b estradiol concentrations are more likely to be

osteoporotic [3,14–15]. Furthermore in young men

with a diagnosis of hypogonadism, the use of

testosterone improves bone formation markers and

trabecular bone density [16–17], and these effects are

also present in older men with low testosterone levels

[6,18–19].

In the present study a significant increase in

lumbar BMD after 12 months of testosterone therapy

in men with age-related decline of testosterone levels

was observed. The increment in the lumbar spine

Table I. Baseline characteristics of participants.

Control group (n¼23) Treated group (n¼25) P values

Age (yr) 63.1+ 7.7 63.2+ 8.5 NS

Body mass index (kg/m2) 27.2+ 2.04 27.4+ 3.01 NS

Serum testosterone (ng/dL) 310+ 37 301+ 32 NS

Serum estradiol (pg/mL) 20.9+ 11.3 19.5+ 9.9 NS

Lumbar density (g/cm2) 1.187+ 0.194 1.198+ 0.153 NS

T score 70.59+ 0.97 70.37+ 1.23 NS

Femoral density (g/cm2) 0.973+ 0.172 0.969+ 0.122 NS

T score 70.87+ 0.89 70.63+ 0.91 NS

Data are expressed as the mean +SD.

NS, not significant; P, values by unpaired t-test.

Table II. Hormonal levels before and after 12 months of testosterone therapy.

Control group Treated group

Before After Before After

Testosterone (ng/dL) 310+37 299+ 58 301+ 32 471+ 107*

17-b Estradiol (pg/mL) 20.9+11.3 20.1+ 12.0 19.5+ 9.9 26.4+ 9.3*

*p50.01, compared to change in placebo-treated group by unpaired t-test.
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BMD was similar to that previously reported [9]. In a

study by Amory et al., spine and hip BMD increased

significantly after intramuscular testosterone [9]. In

our study, femoral BMD was unchanged after 12

months of intramuscular testosterone treatment; by

contrast in the Amory study, the hip BMD increased

after 18 and 24 months of testosterone therapy [9].

The failure of hip BMD to increase during testoster-

one treatment in present study could be at least partly

related to the slower response of hip to changes in

testosterone [10]. Similarly, in postmenopausal

women, the bone density of the hip does not increase

as much in response to estrogen therapy as does that

of the spine [10,20]. In another recent study, 207

older men who were treated with testosterone did not

increase BMD after six months [21], although the

intervention period was relatively short for detecting

bone changes.

Two randomized clinical trials of transdermal

testosterone therapy in older men have been also

published [8, 10]. In the first study, testosterone

treatment prevented the loss of hip BMD observed

in the placebo group [8]. In the second study,

the increments in lumbar BMD were not

significantly different from placebo until a post-hoc

analysis demonstrated differences when pre-treat-

ment testosterone concentrations were below

200 ng/mL [10].

In part, the varying effects of testosterone therapy

on bone density can be explained by the type of

testosterone preparation, since it has been suggested

that testosterone concentrations achieved with in-

tramuscular preparation could be higher than those

achieved with transdermal administration, yielding a

greater effect on bone density [10,22].

Likewise, a recent meta-analysis has shown that

testosterone therapy, particularly intramuscular tes-

tosterone, increases lumbar bone density in elderly

men after a minimum of 12 to 36 months of

treatment, but the results on femoral BMD are

inconclusive [21–22]. This systematic review in-

cluded fewer trials of older men with age-related

decline in testosterone levels, and consequently

additional studies are necessary to support those

assumptions [21–22]. Therefore, the results of our

study are important because they confirm that

intramuscular testosterone therapy improves spine

BMD in older men with age-related decline in

testosterone concentrations.

In the present study, following therapy there was

an increment in both testosterone and estradiol level.

In addition, improvement in BMD scores was greater

when baseline levels of estradiol were at their lowest.

The effect of testosterone in BMD may be partially

mediated by its peripheral conversion to estradiol as

has been already suggested [23–25]. Thus, it is

possible that testosterone therapy has beneficial

effects on BMD through both androgenic and

estrogenic actions [25]. However, the lack of

statistical association of baseline testosterone levels

and the changes in BMD needs to be interpreted

cautiously, because the present study was not

designed to have adequate statistical power to assess

these parameters.

Moreover, it is worth noting that muscle mass is an

independent predictor of bone density and it is

Figure 1. Mean (+SD) lumbar and femoral bone mineral density (BMD) at baseline and after testosterone treatment. At the end of the

study, there was a difference statistically significant in lumbar BMD between both groups. *P50.05 compared whit baseline, by paired t test

analysis. **P5 0.05 between groups, by unpaired t test.
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possible that testosterone therapy also may contri-

bute to bone density via this mechanism [26]. It

should be also noted that the most of participants did

not have a diagnosis of osteoporosis, since the

primary aim in the present study was to assess

whether testosterone treatment increased bone den-

sity in men with age-related decline in testosterone

levels. In addition, the diagnosis of osteoporosis in

men is mainly based on the measurement of BMD,

but standard parameters for male osteoporosis are

still uncertain, due to lack of cut-off values for BMD

score and the absence of data on fracture risk for age-

stratified values of male BMD [3].

We must consider important issues in evaluating

testosterone treatment. First, there is no certain

diagnosis of testosterone deficiency in elderly men.

Most experts agree that diagnosis should be based on

a combination of symptoms and low testosterone

level [13,27]. In addition, the levels of testosterone

that should indicate testosterone treatment in older

men are unknown, but it has been suggested to

consider this treatment in elderly men with clinically

significant symptoms of androgen deficiency and

testosterone levels below the normal ranges observed

in young men [13,28]. Nonetheless, current scien-

tific evidence does not allow recommending testos-

terone treatment to promote bone health in older

men unless it is accompanied by clinical and

biochemical hypogonadism [13,29]; however, testos-

terone administration might be indicated to men who

have both low levels of testosterone and an additional

increase in the risk of osteoporosis.

In sum, this randomized clinical trial showed that

treatment with testosterone for 12 months was

associated with an increment in lumbar mineraliza-

tion in elderly men presenting diminished levels of

serum total testosterone. Further studies are needed

to establish the efficacy and safety of testosterone

therapy in males with low BMD and diminished

testosterone concentrations.
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