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Testosterone deficiency, also referred to as hypogonadism, is emerging as a potential
medical concern. A number of epidemiologic studies have shown an association between
low testosterone levels and a variety of metabolic, cardiovascular, and cognitive disorders.
Testosterone deficiency can develop for a variety of reasons, including genetic abnormalities
such as Klinefelter syndrome (which affects 1 in 500 male adults), idiopathic hypogonadotropic hypogonadism, uncorrected cryptorchidism, HIV infection, and age-related
decline in total and free testosterone levels. Androgen deprivation therapy (ADT) is
commonly used in the treatment of prostate cancer and also results in profound
hypogonadism.1 Testosterone replacement therapy is therefore being examined in various
medical conditions that result in hypogonadism. The ability of testosterone replacement
therapy to have a positive effect on the comorbidities linked to testosterone deficiency
is also being investigated.
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New research shows that patients with low testosterone are at a greater risk for diabetes
and coronary artery disease.2,3 Other studies have shown that men with low testosterone
are more likely to experience impaired cognitive function and a higher incidence of
Alzheimer’s disease compared with controls.4,5 Concerns about the development of
prostate problems in older men with use of testosterone therapy have resulted in the
development of selective androgen receptor modulators (SARMs). Preclinical data suggest
that SARMs, which are still under development, may have the ability to maintain the
positive androgenic effects of testosterone while reducing adverse events typically associated
with testosterone therapy.6
This activity summarizes the content presented at a CME-certified symposium, Current
Challenges and Future Opportunities in the Treatment of Testosterone Deficiency
in Men, which was held during ENDO 08, The Endocrine Society’s Annual Meeting, in
San Francisco, California, on June 16, 2008. The symposium included the following
presentations:
• Relationship of Testosterone to Metabolic Syndrome and Cardiovascular Risk—
Shehzad Basaria, MD
• Testosterone and Cognitive Function—Alvin M. Matsumoto, MD
• SARMs: Will Their Promise Be Realized?—Shalender Bhasin, MD
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This activity reviews the potential comorbidities associated with testosterone deficiency
and the therapeutic utility of SARMs as a future method for treating male testosterone
deficiency.
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Testosterone deficiency affects 4 million to 5 million
men over the age of 39 and is associated with
decreased energy, low libido, reduced muscle
strength, increased body fat, decreased bone
mineral density, and diminished cognitive function.
The current view is that these symptoms may be
attributable to the normal aging process, a paradigm
that leads to men being underdiagnosed and undertreated. Furthermore, recent study data suggest
that low androgen levels may be a risk factor for
diabetes in men; thus, testosterone deficiency
should be recognized as a greater health concern
in current practice. This newsletter aims to educate
physicians on the pathophysiology and symptomology
of male hypogonadism and to provide a clinically
relevant overview of appropriate patient screening
to ensure proper diagnosis and treatment. Also
discussed is the influence of or risk for other health
conditions such as diabetes, as well as therapeutic
strategies to optimize outcomes for patients.
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Testosterone Deficiency in Men
Relationship of Testosterone to Metabolic Syndrome and Cardiovascular Risk
Testosterone secretion is regulated through the hypothalamic-pituitarygonadal axis. Gonadotropin-releasing hormone is secreted by the
hypothalamus, which in turn stimulates the release of luteinizing hormone
(LH) and follicle-stimulating hormone (FSH) from the anterior pituitary
gland. The direct actions of LH and FSH in the testes result in the release
of testosterone. In a healthy man, the normal plasma testosterone
concentration is between 300 and 1,000 ng/dL.7 However, the absolute
testosterone concentration fluctuates according to a diurnal rhythm in
which testosterone levels are highest in the morning and lowest in the
late afternoon.7 A number of situations, including aging, the use of ADT
for the treatment of prostate cancer, or genetic abnormalities, can produce
abnormally low levels of testosterone. The consequences associated with
testosterone deficiency in men include increased fat mass, decreased
muscle mass and strength, sexual dysfunction, and osteoporosis. 7
More recent data, however, suggest that testosterone deficiency may
also be associated with the development of a variety of metabolic and
cardiovascular conditions.

impact of testosterone and sex hormone–binding globulin (SHBG) levels
on the development of metabolic syndrome.11 After controlling for
confounding factors, 11-year follow-up indicated that the risk for developing
metabolic syndrome was significantly greater for participants in the lowest
quartile for total testosterone (<15.6 nmol/L; odds ratio [OR]=2.3,
95% confidence interval [CI] 1.5–3.4), free testosterone (<253 pmol/L;
OR=1.7, 95% CI 1.2–2.5), and SHBG (<28.3 nmol/L; OR=2.8, 95% CI
1.9–4.1).11 In another study (N=58), the prevalence of metabolic syndrome
was compared in men with prostate cancer receiving ADT, men with
prostate cancer not receiving ADT, and healthy controls.9 The results
indicated that participants with prostate cancer who received ADT had a
higher prevalence of metabolic syndrome than either the non-ADT group
or the healthy controls (Figure 1A).9 It was also found that men receiving
ADT had a higher prevalence of the components of metabolic syndrome
than either of the other groups (Figure 1B-1F).9

Testosterone and Diabetes
A relationship between testosterone deficiency and diabetes has also
been reported. A cross-sectional study of the third National Health and
Nutrition Examination Survey population examined the impact of testosterone level on the development of diabetes in 1,413 adult males.12 It
was revealed that men in the lowest tertile of free testosterone level
(≤0.09 ng/mL) had the greatest risk for the development of incident
diabetes compared with men in the highest tertile (OR: 4.12, 95% CI
1.25–13.55).12 An important detail of this study was the finding that
men in the lowest tertile had testosterone levels in the low-normal
range, suggesting that variations of testosterone level within the normal

Testosterone and Metabolic Syndrome
Testosterone deficiency has been associated with increased abdominal
fat and circulating levels of lipids.7,8 Metabolic syndrome consists of
5 components, 2 of which are abdominal obesity and dyslipidemia.9
Furthermore, the presence of metabolic syndrome is a strong predictor
of developing diabetes.10 Recent clinical investigations have focused on
determining whether the presence of testosterone deficiency is a risk
factor for the development of metabolic syndrome and diabetes. A
population-based study of 702 men (average age, 51) examined the

Figure 1. Impact of ADT on the prevalence of metabolic syndrome and its components.9 A) metabolic syndrome; B) abdominal obesity;
C) fasting hyperglycemia; D) hypertryglceridemia; E) low HDL cholesterol; F) hypertension.
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were not receiving ADT and in healthy, matched controls.14 The results
indicated that men on ADT had significantly higher serum levels of
glucose, insulin, leptin, and homeostatic model assessment for insulin
resistance values compared with both control groups (Figure 2).14

range can influence the occurrence of diabetes (Table 1).12 These results
were confirmed in a prospective study using a cohort of men (N=1709)
from the Massachusetts Male Aging Study population who were followed
for a period of 7 to 10 years.3 After controlling for potential confounders,
men with a lower baseline free testosterone level (8.3 vs 10.0 ng/dL;
P=0.004) were at a 58% increased risk for the development of incident
diabetes compared with men who had a higher baseline testosterone
level.3

The Effect of Testosterone on Glucose Metabolism
Reductions in testosterone have been shown to have a clear detrimental
effect on metabolic functioning in men. The ability of testosterone
replacement to reverse the negative effects of reduced testosterone has
been examined. In a study of 23 obese men (average age, 50) who had
a mean baseline testosterone level of 450 ng/dL, the effects of 80 mg
of testosterone undecanoate twice per day was examined after 8 months
of treatment.15 Participants in this study showed a 20% increase in
glucose disposal (P<0.01), a significant decrease in fasting glucose
(P<0.05), and a decrease in visceral fat (P<0.05).15 An open-label
3-month study looking at the impact of testosterone undecanoate
(120 mg/day) in middle-aged men (45 to 65 years of age) with testosterone
deficiency, type 2 diabetes, and visceral obesity found that participants
in the treatment group experienced more profound reductions in body
weight, waist-hip ratio, and body fat than did participants in the control
group.16 Furthermore, it was found that participants receiving testosterone
undecanoate had significantly reduced blood glucose levels and mean
glycated hemoglobin compared with controls.16

Table 1. Testosterone levels as a function of diabetes status.12
Copyright © 2007 American Diabetes Association. From Diabetes Care®, Vol. 30, 2007;
234-238. Reprinted with permission from The American Diabetes Association.

Number

Overall
1413

No Diabetes
1312

Diabetes
101

511

515

412

Total T (ng/dL)
Free T (ng/dL)

10

10

7

Bioavailable T (ng/dL)

238

241

174

35.68

35.67

35.93

Estradiol (pg/mL)

Other research has examined the relationship between ADT and the
occurrence of risk factors for metabolic syndrome and diabetes. A singlearm, 6-month study of 22 men with prostate cancer examined the role
of ADT in negatively affecting multiple metabolic and cardiovascular
factors.13 At 1 month after the initiation of ADT, mean insulin levels
significantly increased from baseline (11.8 mU/L to 15.1 mU/L; P=0.021),
and continued to increase after 3 months of ADT (11.8 mU/L to 19.3 mU/L;
P=0.02).13 After 3 months of therapy, there were also found to be
significant increases in augmentation index (a measure of arterial stiffness;
P=0.003) and fat mass (P=0.008), along with a decrease in lean body
mass (P=0.016) compared with baseline values.13 Another study (N=53)
compared the metabolic effects of ≥12 months of ADT in men with
prostate cancer to values in eugonadal men with prostate cancer who

Testosterone and Cardiovascular Health
Along with diabetes, cardiovascular disease is a significant concern
among clinicians because of its associated morbidity and mortality. It is
well established that elevated lipid and cholesterol levels play a significant
role in the development of cardiovascular disease. A large body of
evidence suggests that testosterone deficiency may be influential in the
development of cardiovascular disease. A study of 178 nondiabetic men
from the San Antonio Heart Study found that elevated triglycerides and

Figure 2. The impact of ADT on A) insulin levels; B) glucose levels; C) leptin levels; D) homeostatic model assessment (HOMA) values.14
BMI=body mass index.
Basaria S, Muller DC, Carducci MA, et al. Hyperglycemia and insulin resistance in men with prostate carcinoma who receive androgen-deprivation therapy. Cancer. 2006;106:581-588.
Copyright © 2006 Wiley-Liss, Inc.
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cholesterol levels were more likely to be found in patients with lower
levels of total testosterone, even when controlling for confounding factors. 17
Other studies have examined the influence of testosterone on lipid levels
by examining the effects of testosterone replacement in hypogonadal
men. In a study of 27 hypogonadal men, intramuscular injection of 100 mg
of testosterone every 2 weeks resulted in a significant reduction in total
cholesterol compared with controls (P=0.04).18 Another study examined
the effects of weekly testosterone enanthate (100 mg, administered
intramuscularly [IM]) given for a total of 3 months in 13 men (between the
ages of 57 and 76) with low or borderline-low testosterone levels.19
Testosterone administration resulted in a decrease in total cholesterol
(P<0.05) and low density lipoprotein (P<0.05), as well as an increase
in lean body mass (P=0.01), relative to baseline levels.19

patients has been associated with a decrease in abdominal fat, total
serum cholesterol, and serum triglycerides.15,18,29 Additionally, testosterone
replacement resulted in a reduction in the inflammatory cytokines
tumor necrosis factor-α and interleukin-1β.18 The ability of testosterone
to reduce abdominal fat levels has been shown to result from a redistribution of circulating triglyceride stores in the body.30 Testosterone
induces a blockade of triglyceride uptake into visceral fat stores, while
resulting in an increase in triglyceride uptake in subcutaneous fat
stores.30 One of the consequences of testosterone replacement in men
with low testosterone is a reduction in insulin resistance, as well as an
increase in glucose disposal.15 The increase in glucose disappearance is
thought to result from the ability of testosterone to increase glycogen
synthase activity in skeletal muscle.31

The occurrence and extent of coronary artery disease has been shown
to negatively correlate with testosterone level.2,20 Low testosterone was
also shown to promote atherogenesis of the carotid artery as indicated
by intima-media thickness progression, an effect that was independent
of age, body mass index (BMI), hypertension, smoking, or diabetes
status.21 A similar relationship has been found regarding the development
of aortic atherosclerosis: patients with high-normal levels of testosterone
were found to be better protected from the future development (over a
period of 6.5 years) of aortic atherosclerosis than were those with low
levels of testosterone (P=0.02).22

Vascular health and function are also affected by testosterone. Preclinical
models of atherosclerosis have demonstrated that testosterone can
reduce the formation of arterial plaque.32-34 The coagulation process also
benefits from testosterone, as demonstrated by a decrease in levels of
plasma fibrinogen and plasminogen-activator inhibitor after the administration of supraphysiologic levels of testosterone in healthy men.35
Testosterone has a rapid and potent vasodilatory effect believed to occur
through the ability of the androgen receptor to directly modulate calcium
and possibly potassium channels.36

The administration of testosterone to patients with cardiovascular
conditions was shown to have positive effects. In patients with coronary
artery disease, the acute administration of exogenous testosterone was
shown to increase the time to 1-mm ST segment depression, increase
the total exercise time, and increase the recovery of ST depression in
patients with both normal and low testosterone levels.23,24 When testosterone was administered for a period of 8 to 12 weeks (oral testosterone
undecanoate; 80 mg b.i.d.), myocardial perfusion was improved in
patients with coronary heart disease.25 The time to 1-mm ST depression
increased after transdermal testosterone (5 mg/d) in patients with stable
angina, with patients in the lowest tertile of testosterone receiving the
most significant treatment benefit.26

Mortality Risk as a Function of Testosterone Level

The Mechanisms of Action of Testosterone on
Metabolic and Cardiovascular Function

Epidemiologic data have suggested that patients with low testosterone
are at an increased risk for metabolic and cardiovascular diseases. However,
the data are unclear as to whether the pathophysiology related to low
testosterone affects mortality. The European Prospective Investigation into
Cancer in Norfolk (EPIC-Norfolk) study followed 11,606 men (40 to 70
years of age) for a period of up to 10 years and found that men in the
lowest quartile of testosterone level (<12.5 nmol/L) had significantly
greater all-cause (P<0.001), cardiovascular disease–related (P<0.01), and
cancer-related mortality rates (P<0.01) than men in higher quartiles.37
A 30% reduction in mortality was found when comparing men in the
highest tertile (>19.6 nmol/L) with men in the lowest tertile.37 It was also
determined that for every 6 nmol/L increase in serum testosterone,
there was a 14% reduction in mortality risk.37

Epidemiologic data suggest that testosterone deficiency may have a
significant effect on the development of metabolic and cardiovascular
diseases. The ability of testosterone to have such a wide effect on overall
health is demonstrated by its influence on multiple bodily processes.
A large body of evidence has shown that both free fatty acids and
inflammatory cytokines can promote the development of insulin resistance,
both of which can be influenced by the actions of testosterone.27,28
Patients with low testosterone levels have been shown to have an
increase in intra-abdominal fat, and testosterone replacement in these

A number of other studies have confirmed the mortality data found in
the EPIC-Norfolk study. Mortality rate as a function of testosterone level
was retrospectively examined in 858 men over the age of 40 who
were followed for up to 8 years.38 Men with low testosterone (<250 ng/dL)
had an 88% increased risk of mortality compared with men who had
normal testosterone levels.38 A prospective, population-based study of
794 men between the ages of 50 and 91 followed for more than 10 years
found that men in the lowest tertile of total testosterone level (<241 ng/dL)
had a 40% increased risk of death compared with those with higher levels
5

of testosterone.39 In addition, it was found that low total testosterone
increased the risk of death from cardiovascular and respiratory disease,
compared with patients who had higher levels of testosterone.39 Another
prospective study examined the impact of reductions in bioavailable
testosterone (<70 ng/dL), total insulin-like growth factor 1 (<63.86 ng/mL),
and dehydroepiandrosterone sulfate (50 µg/dL) on mortality risk in
410 men who were at least 65 years old.40 Only when all three hormones
were reduced concurrently was there a significant increase in mortality
risk (hazard ratio [HR], 2.44; P<0.001).40

Summary
Testosterone deficiency has been known to occur in men as a function
of the aging process, genetic defects, or as a result of treatment for
prostate cancer. Until recently, very few studies examined the more
recently recognized consequences of testosterone deficiency in men.
Emerging data show that testosterone deficiency may be associated with
the development of metabolic syndrome, diabetes, atherosclerosis, and a
variety of arterial diseases. Furthermore, evidence has been presented to
show that men who have testosterone in the low, but still normal, range
may also be at an increased risk for metabolic and cardiovascular
complications. The end result of testosterone deficiency or even low-normal
testosterone levels has been suggested to be an increase in mortality
rate compared with people who have moderate-to-high normal levels of
testosterone.
However, these reports should be followed by double-blind, placebocontrolled trials. In the meantime, if a patient has cardiovascular risk
factors, treatment should consist of primary approved agents used to
manage such conditions (ie, antidiabetics, antihypertensives, statins,
etc.). The Endocrine Society Guidelines should be consulted for how and
when to use testosterone replacement therapy. Future studies need to
confirm and expand upon the current data that suggest a link between
testosterone deficiency and the development of cardiovascular and
metabolic diseases.

The effect of ADT on mortality rate in men with prostate cancer has also
been examined. An observational study of 73,196 male Medicare patients
with prostate cancer who were followed for up to 9 years revealed that
patients receiving ADT were at an increased risk for coronary heart
disease (HR, 1.16; P<0.001), myocardial infarction (HR, 1.11; P=0.03),
and sudden cardiac death (HR, 1.34; P=0.004) compared with patients
who did not receive this treatment.41 Another population-based study of
men with prostate cancer (N=22,816) found that the use of ADT resulted
in a 20% increase in cardiovascular morbidity compared with patients
who did not receive ADT.42 Lastly, a study of 1,372 men at least 65 years
old with prostate cancer found that ADT significantly reduced the time to
fatal myocardial infarction compared with patients who did not receive
ADT (P=0.017).43

Testosterone and Cognitive Function
Testosterone is known to modulate multiple processes in the human
body. Low levels of testosterone in men are associated with adverse
metabolic and cardiovascular health consequences. An emerging area of
research focuses on the impact of low testosterone on cognitive function
in men. Cognition refers to a series of complex brain functions, including
both visual and verbal memory. Other cognitive domains include spatial
ability (ability to discern the relationship between objects in space),
executive function (planning and organization of future behavior; mental
flexibility), attention and concentration, and language. A range of factors
that affect cognitive function need to be considered when examining
studies investigating cognitive performance. Baseline intelligence, level of
education, age, presence of comorbid illness, medications, environmental
influences, and social factors all have a significant impact upon cognitive
function and the results obtained on various cognitive tests, and they
may help to explain conflicting results reported in various studies.

normal testosterone levels.4 Low free testosterone has also been shown
to be a potential predictor for the future development of Alzheimer’s
disease in men.5 Moreover, in men with prostate cancer who are receiving
ADT, reduction in cognitive function is evident.46 In men 50 years of age
or older, the administration of testosterone supplementation produced
improvements in spatial and verbal memory compared with a control group
that was treated with placebo.47 These data suggest that testosterone
has a significant role in maintaining the cognitive abilities of men.

The Effects of Age on Memory
There are 2 types of memory, verbal and visual, that appear to be
regulated by testosterone, both of which can be measured by the
administration of distinct tests. Verbal memory is commonly measured
by either contextual or noncontextual methods. Noncontextual verbal
memory tests require the ability to recall a series of unrelated words
(eg, list of words), and scoring is based on how many words can be
remembered. In contrast, in a contextual verbal memory test (eg, paragraph
or story recall), the study participant is read a series of paragraphs, with
each paragraph relating to a different story.48 After the paragraphs are
read, the participant is instructed to recall the details of each story, and
scoring is based on how many details of the story the participant
remembers correctly.48 A study of 1,250 people between the ages of
16 and 89 examined the impact of age on contextual verbal memory.49

Visual and verbal memory, spatial ability, and executive function are the
cognitive domains that are associated with circulating testosterone levels
and androgen deficiency and the functions most commonly examined in
testosterone studies; furthermore, androgen receptors are found in parts
of the brain involved in mediating these cognitive functions.44,45 Studies
have indicated that older men with low free testosterone levels score
worse on multiple measures of cognition (specifically in visual and verbal
memory, spatial ability, and executive function) than older men with
6
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Figure 3. Age-related impairment in verbal memory by paragraph
recall.49

The Impact of Low Testosterone on Cognitive Function
A factor that may influence the development of cognitive decline in older
males is age-related decline in testosterone levels.52 Data from a cohort
of 901 men between the ages of 50 and 91 who were participating in
the Baltimore Longitudinal Study of Aging (BLSA) and were followed for
a mean of 10 years were examined to determine if there was a link
between low testosterone and cognitive function.4 It was found that
hypogonadal men (defined as free testosterone measurements below
the 2.5th percentile for men 40 years old or younger) had significant
impairments in verbal memory, visual memory, spatial ability, and executive
function compared with eugonadal men (defined as men with free
testosterone not in the low testosterone category).4 The annual rate of
decline for visual memory was found to be significantly greater in
hypogonadal men than in men in the eugonadal group (P<0.01).4

Price L, Said K, Haaland KY. Age-associated memory impairment of Logical Memory and
Visual Reproduction. J Clin Exp Neuropsychol. 2004;26:531-538. Reprinted by permission
of Taylor & Francis Ltd.
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Another analysis of data from male BLSA participants examined the
relationship between low testosterone and the future development of
Alzheimer’s disease.5 In comparison with men who had normal cognitive
function, men who developed Alzheimer’s disease were found to have significantly lower free testosterone index values (P<0.001), an effect that was
evident up to 10 years prior to the diagnosis of Alzheimer’s disease.5,53
Deficits in verbal memory and processing speed have also been demonstrated
in men with low testosterone as a result of ADT for prostate cancer.46
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The results indicated that contextual verbal memory begins to noticeably
decline after age 40 (Figure 3).49 In another clinical trial, 1,076 participants
(≥65 years of age) from the Framingham Study were followed for 22 years,
and it was discovered that scoring poorly on tests of contextual verbal
memory significantly increased the risk for the future development of
Alzheimer’s disease (Table 2).50 Finally, a 10-year study examining the
characteristics of 953 elderly patients with varying levels of functional
impairments (ie, using the telephone, shopping for groceries, preparing
meals, doing housework, taking medications) found that those who
scored poorly on measures of verbal memory and spatial ability and
executive function were more likely to have functional impairments.51

Another way of investigating the influence of testosterone on cognition is
to examine the impact of testosterone administration on measures of
cognitive functioning. Much of the interventional data on the relationship
between testosterone and cognition are conflicting. Several studies have
examined the effect of testosterone administration (either transdermal, IM,
or oral) in healthy men over 50 years of age with low-normal testosterone
levels on general or specific measures of cognition (ie, digit symbol, digit
span, trailmaking A, trailmaking B) and reported that testosterone did not
change cognitive abilities.54-57 The effect of testosterone administration
on cognition has also been examined in a double-blind, randomized study
of patients over age 70 with low testosterone and early cognitive decline
(mild cognitive impairment).58 The use of standard cognitive tests revealed
that the administration of testosterone (200 mg every 3 weeks, administered IM) did not improve the cognitive ability of patients compared with
those receiving placebo.58

Table 2. Impairment in verbal memory associated with increased
risk of Alzheimer’s disease. Values represent the increased risk of
developing Alzheimer’s disease for each standard deviation decrease
in verbal memory test score at baseline throughout the 22-year
follow-up period, and who were dementia-free for at least 5 and 10
years after baseline testing.50

Other studies using more sensitive and robust techniques have reported
that specific cognitive domains are positively affected by the administration of testosterone. It has been reported that in both healthy men
and those with Alzheimer’s disease or mild cognitive impairment over
the age of 50, the addition of testosterone (transdermal or IM) was able
to improve verbal memory (only as measured through paragraph recall
as opposed to word recall ), spatial memory, and spatial ability (measured
through a block construction task) (Figure 4A, B).47,59,60 It is possible that
the positive influence of testosterone on very specific measures of
cognition is due to the presence of androgen and estrogen receptors in
parts of the brain that are responsible for such cognitive functions.44,45,61

Elias MF, Beiser A, Wolf PA, et al. The preclinical phase of Alzheimer disease: a 22-year
prospective study of the Framingham Cohort. Arch Neurol. 2000;57:808-813.
Copyright © (2000), American Medical Association. All rights reserved.

Time Period

OR

95% CI

P value

Baseline to 22 yr

1.57

1.31, 1.87

<0.001

Dementia-free × 5 yr

1.53

1.28, 1.83

<0.001

Dementia-free × 10 yr

1.48

1.17, 1.88

<0.001
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Figure 4. Improved A) verbal memory assessed by paragraph recall
and B) spatial ability, assessed by the block design test, as a function
of testosterone treatment in older men with low-normal testosterone
levels.47

The characteristics of study participants require careful scrutiny. In many
cases, participants are not hypogonadal, but rather have low-normal
levels of testosterone. It is the low-normal testosterone group, however,
that physicians see most commonly in the clinic. It is uncertain whether
trial data from the low-normal testosterone population is transferable to
truly hypergonadal patients. In other cases, baseline cognitive impairment
was not present; this may limit the observed effects of testosterone
administration. There are also issues with the low sample sizes of studies
(small numbers of individuals studied) and whether the results can be
generalized to a larger population. In studies in which testosterone is
administered, there are the potential issues of using supraphysiologic
doses or, conversely, doses that do not appreciably increase serum
testosterone levels. In other cases, the total time in which testosterone
is administered is not long enough (3 to 6 weeks or months) to determine
if a true effect of treatment exists and is sustained. Furthermore, there
are data to suggest that general measures of cognitive ability may not be
sensitive enough to detect testosterone-induced changes in cognition.

Cherrier MM, Asthana S, Plymate S, et al. Testosterone supplementation improves spatial and
verbal memory in healthy older men. Neurology. 2001;57:80-88. Lippincott Williams & Wilkins.©
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Practice effects are also a concern in clinical trials in which a cognitive
test is administered multiple times throughout the course of a study.
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There is also the question of the role that estrogen plays in modulating
the cognitive effects of testosterone in males. It is well known that through
the process of aromatization, testosterone is converted into estradiol in
many tissues, including the brain. The ability of estrogen to affect male
cognitive function is not well defined. A randomized, double-blind, placebocontrolled study examined the cognitive impact of increased levels of
estradiol, associated with the administration of testosterone supplementation in 60 healthy male patients between the ages of 50 and 90.62
In this clinical trial, men were administered testosterone (100 mg of
testosterone enanthate/week administered IM), testosterone and the
aromatase inhibitor anastrazole (1 mg/day administered orally), or placebo,
and were then administered a series of cognitive tests.62 The blockade
of the conversion of testosterone to estradiol was found to prevent
testosterone-induced improvements in verbal memory.62 Furthermore, the
improvement in verbal memory shown in the testosterone-only group
persisted after a 6-week washout period.62 Aromatase inhibition in
men receiving testosterone, however, had no effects on testosteroneinduced improvements in visual memory.62 These results suggest that
aromatization of testosterone to estradiol plays an important role in
mediating the effect of testosterone on verbal but not visual memory.62

Summary
A consequence of normal aging in men includes a reduction in both
cognitive ability (visual and verbal memory, spatial ability, executive
functioning) and testosterone levels. Several studies have suggested a
relationship between low testosterone levels and a decline in cognitive
function. A low concentration of testosterone has been shown to increase
the risk of developing Alzheimer’s disease, and men with testosterone
deficiency have demonstrated a reduction in cognitive functioning. The
benefits of testosterone replacement on cognitive function are not well
defined. Some studies show that the use of testosterone in men with
low-normal testosterone and in those with baseline cognitive impairment
does not improve scores on general and some specific measures of
cognitive function. Other studies have concluded that only very specific
cognitive domains, such as verbal memory, spatial memory, and spatial
ability, are improved with testosterone, if sensitive tests are used. Future
studies need to examine the impact of testosterone on cognition in truly
hypogonadal men using study designs that properly address many of the
limitations of previous studies. Another consideration for future studies is
to determine whether the administration of testosterone replacement
therapy will have a positive effect on the cognitive deficits associated
with mild cognitive impairment and Alzheimer’s disease.

A number of potential limitations need to be considered when evaluating
studies investigating the impact of testosterone on cognitive function.
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SARMs: Will Their Promise Be Realized?
There is strong evidence that testosterone administration in men
increases skeletal muscle mass and maximal voluntary strength. The
use of androgens to improve health outcomes in men with functional
limitations is predicated upon the hypothesis that androgen-induced
increases in muscle mass result in an increase in muscle strength and
performance.63 Improved muscle function results in an improvement in
physical function, health perceptions, and health-related outcomes, while
decreasing physical dependence.63 However, concerns about potential
adverse effects, especially long-term effects on the prostate, have limited
the enthusiasm for using testosterone as a function-promoting therapy.63
In response to these safety concerns, new classes of androgen-like
agents are being developed to realize the anabolic effects of androgen
therapy while minimizing adverse events. SARMs and molecules that
modulate signaling downstream of the androgen receptors are examples
of potential future therapeutic alternatives to traditional androgen therapy
with testosterone.

free fat mass, a 1.1 kg increase in overall body mass, and a 0.7 kg
decrease in fat mass.65 In the same meta-analysis, it was found that in
men older than 45 years of age, testosterone therapy increased both
lean body mass and grip strength (Figure 5A, B).65 When supraphysiologic
doses of testosterone enanthate (600 mg/wk, administered IM) were
administered to healthy eugonadal men (N=43), it was found that free
fat mass increased compared with the placebo group, an effect that was
amplified by the addition of weight training.66 In a different double-blind,
placebo-controlled study of 108 men over the age of 65, testosterone
administration improved (P<0.01) the perception of physical function to
a greater extent than placebo.67
A double-blind, placebo-controlled study compared the effects of testosterone administration in older (ages 60-75) and younger (ages 19-35) men
(n=60 and n=61, respectively).68 All men examined had normal levels
of testosterone and were given a gonadotropin-releasing hormone receptor
agonist to suppress endogenous testosterone levels.68 Both groups of
men received graded doses of testosterone enanthate (25 mg to 600
mg/wk) for 20 weeks, and changes in free fat mass and strength were
measured.68 In both groups, there was a dose-dependent increase in
free fat mass and leg press muscle strength from baseline, as a function
of testosterone supplementation dose. Age was not found to significantly
affect the results.68 Other studies have shown that testosterone-induced
increases in muscle are associated with a dose-dependent increase in
the cross-sectional area of both type 1 and 2 muscle fiber, as well as a
significant increase in the number of satellite cells and myonuclei.69

The Impact of Androgen Therapy on Free Fat Mass
and Physical Function
Testosterone replacement therapy in men with testosterone deficiency
increases free fat mass and muscle strength. An open-label clinical trial
of 7 hypogonadal men between the ages of 19 and 47 found that
administration of testosterone enanthate (100 mg/wk, administered IM)
for 10 weeks resulted in a significant increase in free fat mass compared
with baseline levels (P=0.0004).64 A meta-analysis found that testosterone
therapy in hypogonadal men resulted, on average, in a 1.7 kg gain in

Figure 5. Meta-analysis of the change in A) lean body mass (LBM) and B) grip strength in response to testosterone administration in older men.65
Bhasin S, Calof OM, Storer TW, et al. Drug insight: testosterone and selective androgen receptor modulators as anabolic therapies for chronic illness and aging. Nat Clin Pract Endocrinol
Metab. 2006;2:146-159.
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Androgen replacement therapy is also associated with a number of
adverse events in older men. In a randomized, double-blind study of
60 healthy men between the ages of 60 and 75, the administration of
varying doses of testosterone enanthate (25 mg to 600 mg/wk) resulted
in a greater number of reported adverse events compared with a group
of younger men (ages 19 to 35) who also received testosterone.68 A total
of 147 adverse events and 12 serious adverse events were reported in
the group of older men, with hematocrit above 54%, leg edema with
shortness of breath, urinary retention, and prostate cancer being the most
common serious adverse events.68 In contrast, there were 55 adverse
events in the younger men and no reported serious adverse events. 68
A meta-analysis further examined the issue of safety relating to testosterone replacement therapy in men who were at least 45 years of age.70
Analysis of 19 studies indicated that testosterone replacement is associated
with a significantly greater risk of prostate events and hematocrit above
50% compared with matched controls.70 Elevation of hematocrit levels
was the most frequently occurring adverse event related to testosterone
replacement therapy.70

Rationale and Preclinical Data Supporting the Use of
Alternative Androgen Therapies
The ability of testosterone to increase free fat mass and overall muscle
strength is well established. The use of testosterone, however, is also
associated with a number of adverse events in older men. Although one
of the side effects of testosterone replacement therapy is the occurrence
of prostate problems, the risk of developing prostate cancer as a result
of testosterone replacement therapy is unknown. In an attempt to
reduce the adverse events associated with testosterone, SARMs and
agents that modulate signaling molecules related to androgen receptor
activation are currently being developed.
SARMs can be divided into either structural or functional classes. The
2 structural classes of SARMs are steroidal and nonsteroidal. Steroidal
SARMs are formed by modifying the chemical structure of the testosterone
molecule in order to change specific characteristics of testosterone
(Figure 6). The nonsteroidal SARMs can currently be divided into 4
structurally based categories (Figure 7).65

Figure 6. Structural and functional differences between the major types of steroidal SARMs.
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One of the early proof-of-concept preclinical studies examining the
efficacy of SARMs in castrated rats found that early-generation
nonsteroidal SARMs increased the size of the levator ani muscle, similar
to the effects of testosterone, but they increased prostate or seminal
vesicle weight to a lesser degree than testosterone.71 Other nonsteroidal
SARMs, such as LGD2226, have also shown anabolic activity on the
levator ani muscle as well as on bone mass and strength, while having
lesser effect on prostate size in a preclinical castrated rodent model.6
LGD2226 was also shown to maintain male reproductive behavior in the
same preclinical rodent model of testosterone deficiency.6

of the Wnt signaling pathway.73 Testosterone binds to the androgen
receptor and induces a conformational change in the androgen receptor.73
The androgen receptor then associates with β-catenin.73 The androgen
receptor/β-catenin complex then translocates into the nucleus, where it
binds to transcription factor-4 and results in the activation of a number
of Wnt target genes.73 It may therefore be possible to target molecules
throughout this signaling cascade, which may selectively mimic the
positive anabolic effects of testosterone.

Another approach to the achievement of tissue selectivity is to elucidate
the mechanisms of testosterone action and identify downstream molecules
associated with activation of the androgen receptor. It is through an
understanding of these mechanisms that agents can be developed that
target specific aspects of the androgen receptor signaling cascade.
Testosterone promotes the differentiation of mesenchymal multipotent
cells into a myogenic lineage and inhibits their differentiation into an
adipogenic lineage (Figure 8).72 In addition, there is some evidence that
testosterone promotes satellite cell replication.72 Testosterone inhibits
pre-adipocytes from differentiating into adipocytes.72 In mature muscle cells,
testosterone has been reported to stimulate muscle protein synthesis.72

The administration of testosterone in men increases free fat mass and
decreases fat mass. Testosterone administration, however, is associated
with significant adverse events, specifically in older men. Efforts are
currently under way to develop new compounds that have the anabolic
capability of testosterone but produce fewer adverse events. Firstgeneration SARMs in preclinical rodent models have demonstrated
androgen activity on muscle and limited tissue selectivity. Another
approach is to develop agents that target specific molecules involved in
the androgen receptor signaling cascade. First-generation SARMs are
currently in early clinical development in humans. Further preclinical
research is needed to identify which molecules in the androgen receptor
signaling cascade represent the best targets for selective androgenic
pharmacotherapy.

Summary

Initial in vitro data suggest that the ability of testosterone to support a
promyogenic phenotype derives from the androgen receptor’s activation

Figure 8. Potential sites of impact for the action of testosterone on fat or muscle cell lineages derived from mesenchymal stem cells.72
+, testosterone promotes activity at this site; –, testosterone inhibits activity at this site.
J Gerontol A Biol Sci Med Sci 58, M1103-M1110, 2003. Copyright © The Gerontological Society of America. Reproduced by permission of the publisher.
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18. Malkin CJ, Pugh PJ, Jones RD, et al. The effect of testosterone replacement on
endogenous inflammatory cytokines and lipid profiles in hypogonadal men.
J Clin Endocrinol Metab. 2004;89:3313-3318.
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Posttest Questions
Enduring Activity: Current Challenges and Future Opportunities in the Treatment of Testosterone Deficiency in Men
1. Which of the following is reported to be a consequence of low testosterone levels in men?
a) Decreased risk for developing atherosclerosis
b) Increased risk for developing diabetes
c) No change in the risk of developing metabolic syndrome
d) All of the above
e) None of the above
2. Low testosterone levels in men have not been shown to affect mortality rates.
a) True
b) False
3. There is evidence from both epidemiologic and interventional studies of older men suggesting that testosterone may regulate
a) Executive function
b) Verbal memory
c) Spatial ability
d) Visual memory
e) All of the above
f) None of the above
4. Reasons for conflicting results of controlled trials examining the effects of testosterone treatment on cognitive function in older
hypogonadal men include all of the following, except
a) Inability to achieve physiologic serum testosterone levels
b) Inadequate sample size
c) Inclusion of eugonadal men
d) Use of global cognitive function tests that were too sensitive to change
e) Use of supraphysiologic testosterone replacement
5. Which of the following outcomes is not associated with testosterone administration?
a) Diminished perception of physical function
b) Increased cross-sectional area of type 1 and 2 muscle fibers
c) Increase in free fat mass
d) Increased muscle strength
6. Which of the following adverse events occur more often in older men as a result of testosterone replacement?
a) Acne
b) Elevated hematocrit levels
c) Prostate events
d) a+c
e) b+c
7. Compared with testosterone replacement therapy, early-generation SARMs demonstrated which of the following in a preclinical
animal model?
a) Similar increases in levator ani muscle size
b) Less of an increase in prostate weight
c) Less of an increase in seminal vesicle weight
d) All of the above
e) None of the above
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