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Abstract
Testosterone supplementation can help reduce many of the symptoms associated with androgen deficiency in the aging male
by its effects on various parts of the body. Bone mineral density can decrease in the hypogonadal man and this may contribute
to the increased fracture rate in the elderly. Testosterone therapy can improve bone mineral density and bone architecture by
increasing bone formation and decreasing bone resorption – the possible benefits on fracture rate are unknown. Testosterone
also improves body composition by reducing body fat mass and increasing lean body mass, and by increasing epidermal
thickness, but its effects on muscle strength are still debated. In patients with diabetes and androgen deficiency, testosterone
supplementation appears to reduce blood glucose and this could have important implications for cardiovascular risk
reduction in patients with diabetes or the metabolic syndrome. The wide-ranging benefits of testosterone therapy in young
and old men are clear and it appears that the route of administration (intramuscular, oral, or transdermal) does not alter this
fact, but future work could illustrate even more profound effects of testosterone (e.g., in reducing cardiovascular risk) that
could result in its recommended use in a wider range of patients.
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Introduction

According to the World Health Organization (WHO),

the population over 60 years of age in developing

countries will double to 700 million by 2020 and this

will account for the majority of the 1000 million

people aged over 60 years by 2020 [1]. Problems

associated with aging are therefore worldwide and not

just associated with the developed world.

For this growing population, life expectancy is

continuing to increase (for example, an 80 year-old

man can now expect to live for a further 7.5 years) [1]

and it is important for the individual that these years

are spent with a reasonable quality of life and a

reasonable level of physical activity. Any loss of

physical activity or age-related illness (such as

fractures) also has a major impact on the overall

healthcare burden. One of the most important factors

in maintaining physical activity and general health in

the aging male is testosterone. In men, the reduction

in testosterone with age is a major contributor to age-

related conditions and the organs affected include

the brain, muscle, liver, skin, bone, cardiovascular

system, adrenal gland, prostate gland, penis and

testicles. Low testosterone has been shown to have a

major impact on physical activity such as playing

sports (Figure 1) and also decreases strength and

endurance in 90 to 100% of men with levels below

10 nmol/l (3.0 ng/ml) [2].

In aging hypogonadal men, testosterone supple-

mentation is therefore justified and can have

wide-ranging benefits on a number of body systems.

In this review paper we discuss the many effects of

testosterone in the body.

Testosterone therapy and the bones

Men who are hypogonadal due to pituitary or

testicular disease have lower bone mineral density

(BMD) than eugonadal men [3,4]. There are several

studies that demonstrate the beneficial effects of

testosterone on BMD – bone formation markers

increase and bone resorption markers decrease. For

example, in 123 hypogonadal men aged 19–68 years

given 1% testosterone gel (7.5 or 10 g/day) for

42 months, increases in serum bone markers for

bone formation were measured [5]. Serum parathyr-

oid hormone (PTH) increased after 6 months of

treatment (p¼ 0.0001), continued to increase up

to 12 months (p¼ 0.0002) and then stabilized for

the remainder of the study period. Serum skeletal

alkaline phosphatase (SALP), serum osteocalcin and

serum procollagen showed a similar pattern of
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increases or gradually increased over the first

36 months of the study [5]. These changes corre-

sponded to a significant increase in BMD of the hip

(p¼ 0.0004) and the spine (3.1% after 18 months

and 3.8% after 30 months; p¼ 0.0001 compared

with baseline). Furthermore, increased BMD was

similar regardless of the dose of testosterone gel used

and regardless of the age of the patients [5].

In addition to these quantitative changes in bone,

other studies have demonstrated that testosterone

supplementation can result in qualitative changes

such as improvements in trabecular architecture.

This was assessed in 10 hypogonadal men using

micro magnetic resonance imaging (mMRI) to mea-

sure changes in the distal tibia during 2 years of

treatment with 1% testosterone gel (5 g/day) [6].

As well as BMD increases of 7.4% (p5 0.001) and

3.8% (p¼ 0.008) in the spine and hip, respectively,

trabecular thickness was increased by 1.5%

(p5 0.001) and the bone volume fraction increased

by 5.0% (p5 0.001). In addition, the surface-to-

curve ratio was used as a measure of the integrity of

the trabecular network and this increased by 11.2%

(p¼ 0.004) and erosion (measured by the topological

erosion index) was reduced by 7.5% (p¼ 0.004) [6].

These findings suggest that testosterone replacement

in hypogonadal men not only slows bone resorption

but also reverses the deterioration of trabecular

architecture caused by the testosterone deficiency.

Various formulations of testosterone have these

beneficial effects on bone when administered to hypo-

gonadal men. For example, Testim 1% testosterone

gel has been shown to improve BMD of the lumbar

spine, as measured by DEXA, by 2.6% (p5 0.001)

within the first year of treatment (Figure 2) [7].

This increase after 12 months was greater than the

1.3% increase in BMD after 6 months, indicating an

ongoing repletion of BMD with continued Testim 1%

gel (Testim 50 mg gel) treatment.

Testosterone therapy and body composition

Testosterone supplementation improves the body

composition by reducing body fat mass while

increasing lean body mass in the form of muscle.

However, there is some debate as to whether improve-

ments in muscle mass lead to improved muscle

strength. This increase in lean mass is probably due to

Figure 1. Percentage of aging men with deterioration in their ability to play sports and the relationship to total serum testosterone levels [2].

Figure 2. Bone mineral density of the lumbar spine after long-term therapy with Testim 1% testosterone gel (Testim 50 mg gel) [7].
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muscle fibre hypertrophy, which has been shown to

increase when testosterone is administered to healthy

men [8]. However, testosterone also stimulates

mitosis in myoblasts, stimulates ribosomal activity,

stimulates RNA polymerase synthesis and increases

synthesis of contractile and non-contractile muscle

proteins and all these effects will contribute to its

effects on muscle mass.

In the study mentioned in the previous section,

administration of 1% testosterone gel (5, 7.5 or 10 g/

day) increased lean body mass by approximately 3 kg

(p¼ 0.0001) and decreased fat mass by approxi-

mately 1.5 kg (p¼ 0.0001) after 36 months, but this

did not equate to improved muscle strength – arm

and leg strength increased slightly but not signifi-

cantly after 36 months [5]. Similarly, in 108 men

over the age of 65 years treated for 36 months with a

testosterone patch that delivered 6 mg/day, fat mass

decreased by 3 kg (p¼ 0.001 versus placebo) while

lean mass increased by 1.9 kg (p5 0.001) [9].

However, leg strength, although increased, did

not differ significantly from men who were given

placebo.

Several other studies of testosterone replacement

in hypogonadal men [10–13] and healthy elderly men

[14] have demonstrated increases in muscle strength.

One possible explanation for differences between

studies is that the different methods used to deter-

mine muscle strength have different sensitivities. In

addition, in one study showing no increase in muscle

strength, the lean mass increase was primarily in the

trunk but muscle strength was assessed in the legs,

and therefore the results are in fact entirely consistent

with the body mass changes measured [9]. Future

work may clarify the effect of testosterone on muscle

strength and determine whether different formula-

tions have different effects or whether we simply need

more standardized and sensitive methods for mea-

suring muscle strength.

As with the effects on bone, the effects of testo-

sterone on body composition are consistently

observed with a variety of formulations. A 1% testo-

sterone gel formulation reduced fat mass by 2.1% and

increased lean body mass by 2.2 kg after 12 months’

treatment [15], and these values are very consistent

with the results from intramuscular, patch and other

gel formulations in the studies described above.

Indeed, a recent comparison between 1% testosterone

gel 50 mg/day or 100 mg/day and a permeation

enhanced testosterone patch (delivery of 5 mg/day)

suggested that the higher dose of the gel may induce

greater improvements in body composition [16]. The

trial recruited 208 aging men with low testosterone

and randomized them to one of the three treatments

for 90 days. Lean body mass was significantly

increased in all three treatment groups but only

testosterone gel 100 mg/day significantly decreased

the percentage body fat (Figure 3) [16].

Testosterone therapy – effects on metabolic

disorders

In addition to the ‘structural’ changes to body com-

position, the level of testosterone in the body is also

closely associated with metabolic disorders or an

adverse metabolic profile. In 60 men aged 39–69 years

(45% with normal glucose tolerance, 20% with

impaired glucose tolerance and 35% with type 2

diabetes), there was a 3-fold higher prevalence of

the metabolic syndrome in hypogonadal men than in

eugonadal men [17]. Furthermore, testosterone levels

were correlated with insulin sensitivity (r¼ 0.4;

p5 0.005) and with genetic and functional markers

of mitochondrial function, suggesting that testoster-

one modulates insulin sensitivity in men [17].

Similarly, low testosterone levels are associated

with overt type 2 diabetes. In one cross-sectional

study of 746 men (116 were diabetic), more men

with diabetes (46%) had low levels of free serum

testosterone (50.043 nmol/l) than men without

diabetes (24%). Likewise, 23% of non-diabetic men

and 34% of diabetic men had low total serum

testosterone (513.87 nmol/l) [18]. The association

is strongest with free testosterone, while total serum

testosterone is more closely associated with obesity

and central adiposity. Other studies have suggested

that the association between diabetes and testoster-

one levels is a clear predictive relationship – low

Figure 3. Changes in lean body mass and percentage fat after 90 days’ treatment with testosterone gel or a testosterone patch [16].
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testosterone levels predicting the development of

type 2 diabetes [19–24]. From the Massachusetts

Male Aging Study the risk was calculated and the

value reached was as follows: for each decrease of

1 SD in free testosterone there was a 1.58-fold

increased risk of developing type 2 diabetes after a

median of 8.9 years [21].

This wealth of data showing a link between

reduced testosterone and type 2 diabetes has led to

a recent study investigating the effects of testoster-

one supplementation in men with type 2 diabetes

(and many other studies are ongoing) [25].

Forty-eight men aged between 45 and 65 years

(mean age 57 years) with type 2 diabetes, visceral

obesity and partial androgen deficiency were

recruited into this study and received either oral

testosterone (120 mg/day) or no androgen replace-

ment therapy for 3 months. Testosterone signifi-

cantly reduced weight (by 2.66%) and reduced

BMI (by 3.2%) compared with no treatment.

A whole host of other measures such as waist-hip

ratio and a variety of symptoms such as insomnia,

fatigue and libido all improved more in patients

receiving testosterone but significantly, in terms of

diabetes, testosterone reduced blood glucose –

HbA1c levels were reduced by 17.3% (Figure 4)

[25]. Fasting blood glucose, postprandial blood

glucose and mean daily blood glucose were all

reduced significantly with testosterone supplemen-

tation compared with no treatment. In other words,

testosterone treatment improved many aspects of

the metabolic syndrome and may therefore have a

favourable effect on cardiovascular risk. However,

the mechanisms by which testosterone reduces

blood glucose in diabetes are not clear – the

effects may be a result of testosterone’s effects on

visceral fat or insulin sensitivity.

Given the importance of insulin resistance, type

2 diabetes and the metabolic syndrome as risk

factors for cardiovascular disease, these data suggest

that monitoring testosterone, and if necessary sup-

plementing testosterone levels in diabetics or pre-

diabetics, could be an important aspect in the

management of cardiovascular risk in aging men.

However, possible atherogenic effects and increased

risk of coronary artery disease by supraphysiological

peaks of serum testosterone levels after therapy have

to be considered.

Other effects of testosterone deficiency

The effects of age-related changes in testosterone

levels on the skin include: a reduction in skin

elasticity resulting in fragility; a reduction in epi-

dermal thickness resulting in atrophy; reduced rete

ridges, keratincoyte size and metabolic activity of

keratinocytes; increased elastic degeneration; reduc-

tion in collagen content leading to wrinkling; a

decreased rate of sebum excretion causing dryness; a

reduced epidermal barrier causing irritation; and

reduced sweat glands, number of melanocytes and

number of hair follicles. Although there is some

evidence that testosterone supplementation increases

epidermal thickness in hypogonadal men, more data

are needed on the effects of testosterone on skin

immunology and atopic eczema [26].

There are therefore many other aspects of body

composition and mood that are affected by low

testosterone and these may benefit from testosterone

supplementation. However, more research is needed

to investigate these other aspects [27]. Perhaps the

most important aspects are fractures and cardiovas-

cular mortality, which are both increased in aging

men with hypogonadism. The effects of testosterone

replacement on these aspects are not known and have

not been extensively studied. The side effects or

contraindications of testosterone therapy including

those concerning the prostate gland (prostate cancer,

obstructive benign prostate hyperplasia) have to be

considered.

Figure 4. Reduction in blood glucose (HbA1c) after 3 months of treatment with oral testosterone or after no treatment in men with type 2

diabetes [25].
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Summary

There is no doubt that testosterone therapy for hypo-

gonadal men has many positive effects on many body

functions and many aspects of body composition.

Administering testosterone restores serum testoster-

one levels to normal for most men and this results in

increased bone formation and decreased bone

resorption, which in turn reverses the deterioration

of trabecular architecture. Body composition is

improved with a decrease in fat mass and a corres-

ponding increase in lean mass, and this may result in

improved muscle strength and increased physical

activity. The many effects of testosterone deficiency

on the skin should be improved with testosterone

replacement, and although there is not a vast amount

of evidence on this, epidermal thickness is increased

with testosterone administration. Testosterone sup-

plementation also improves several features of the

metabolic syndrome such as blood glucose levels in

patients with type 2 diabetes and mild hypogonad-

ism, but the longer-term effects of this in reducing

cardiovascular risk are as yet unknown. Other

patients with chronic diseases such as renal failure

and organ transplant recipients may also have

general improvements in health when given testo-

sterone replacement therapy. The benefits of testo-

sterone are not restricted to older men or those

with severe hypogonadism but can be demonstrated

in a wide range of young and old hypogonadal men,

and these benefits are achieved when testosterone is

delivered by intramuscular injection, orally or trans-

dermally via patches or gels.
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