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  Preface 

 The purpose of this book is to provide professionals who study and treat men with 
androgen de fi ciency, the latest developments, evolving concepts, and strategies for 
the treatment of this ever-growing  fi eld. 

 Over the last decade, there has been double-digit growth in the industry that 
treats male hypogonadism with androgen replacement. Still, the majority of men 
who suffer with this condition are left untreated. More importantly, there is a pau-
city of long-term randomized controlled clinical trials in middle-aged and elderly 
men from which to base our treatment decisions. The Institute of Medicine (IOM) 
initiated such a plea in 2004 and only recently has the National Institute of Health 
(NIH) instituted a multicentered study. 

 Often, testosterone replacement is given a bad rap as a “sex” drug or as an 
unscienti fi c attempt to counter the aging process. Actually, testosterone is a ubiqui-
tous hormone that positively in fl uences cells, tissues, and organs throughout the 
body. Each chapter in this book is written by experts in their speci fi c  fi eld and 
addresses different aspects of androgen de fi ciency and replacement therapy. Short- 
and long-term bene fi ts, risks, and safety issues are all addressed. While much has 
been exposed from a current knowledge basis, one recognizes the enormous amount 
that still needs to be studied scienti fi cally and translated into clinical practice. 

 I wish to thank all of my colleagues and contributors who pleasantly and promptly 
rose to the challenge and provided their expert chapters, as well as the professional 
and positive attitude by Scott Thompson, my editorial assistant, Landon Trost and 
Michael D. Sova from Springer Science who provided support and tedious dedica-
tion to this successful endeavor.

New Orleans, LA, USA Wayne J.G. Hellstrom, MD, FACS 
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 Good health and normal sexual function in males require functioning testicles, a 
fact known since antiquity. It is only more recently that the source of that effect was 
attributed to testosterone  [  1  ] . Several centuries ago, Arnould Berthold castrated a 
rooster as part of an experiment, which resulted in loss of the physical signs of mas-
culinization. Berthold realized that something manufactured by the testes was 
responsible for maintenance of virilization; returning the testicles to the intra-
abdominal cavity of the rooster led to a restoration of its phenotype. Because 
Berthold had severed the neurovascular connection of the testis to the body, he cor-
rectly surmised that the testicles produced a secretion that must act through the 
circulatory system. It was Charles Brown-Sequard who con fi rmed the testes as the 
source of the secretion of this “hormone.” After he extracted  fl uid from the testis of 
dogs and injected himself with this  fl uid, he experienced improvements in strength, 
appetite, and mentation and published the results. The exact chemical messenger 
remained unidenti fi ed until 1935, when David et al. published the structure of the 
steroidal chemical and named the compound “Testosterone.” Shortly thereafter, 
Butenandt and Ruzicka published near simultaneous manuscripts describing the 
methods for testosterone synthesis, which resulted in them subsequently sharing the 
Nobel Prize. 

 Men with low or absent testosterone production suffer signi fi cant and recogniz-
able physical consequences. Classic male hypogonadism, a relatively rare condi-
tion, may be due to central (hypogonadotropic hypogonadism) or peripheral 
(hypergonadotropic hypogonadism) loss of testosterone production. German, Swiss, 
and Dutch chemists successfully synthesized synthetic testosterone in the 1930s, 
and an oral form of testosterone for replacement therapy became available in the 1940s. 
Testosterone replacement therapy (TRT), which maintains serum testosterone levels 
in the normal range, rapidly became the standard of care for hypogonadal men due to 
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the availability of synthetic testosterone. The initial indication for TRT was somewhat 
limited. It included men suffering from genetic abnormalities like Kleinfelter’s syn-
drome, true endocrinopathies with near castrate levels of testosterone, and the most 
severe form of hypogonadism. The results of TRT in these men were dramatic, and 
the most notable was the restoration of erectile function. As a consequence, the use 
of testosterone as therapy for erectile dysfunction became commonplace, primarily 
due to the absence of any other effective therapy at the time. This “off label” use of 
testosterone for the treatment of erectile dysfunction was marginally effective at 
best. Testosterone was  fi rst approved in 1972 by the Food and Drug Administration 
(FDA) as a treatment for the signs and symptoms of male hypogonadism. The use 
of TRT in men with prostate cancer has been contra-indicated since its original 
approval. The contraindication for the use of TRT in hypogonadal men with a his-
tory of prostate cancer remains controversial, despite the absence of evidence of 
signi fi cant risk. 

   Medicalization of Aging 

 All living organisms have a  fi nite life cycle, and all forms of life ultimately expire 
at the end of that cycle. Disease represents conditions of nature and environment 
that may shorten the life cycle of any individual. Good health allows the individual 
to live out the full lifespan of the species. Organized medicine represents efforts to 
identify and modify disease by scienti fi c means, and to reverse the effects of disease 
on the life cycle. Scientists, physicians, and other health care providers study the 
accumulated scienti fi c and experiential body of knowledge, and bring the results of 
these efforts to the bene fi t of the individual patient and the health of society. 

 Aging in men leads to decline in multiple physiologic and psychological param-
eters. The decline is progressive and is in part due to decreasing androgen produc-
tion. The reduction of serum levels of total, free, and bioavailable testosterone 
throughout aging has been well documented. The symptoms attendant to this drop in 
androgens, like depression, loss of energy, and sexual dysfunction, are so common 
that some would say that they are not symptoms at all but the normal consequence of 
age itself. The physical effects of aging broadly recognized include weight gain, loss 
of muscle mass, and skin changes. Menopause is a universal event for aging women; 
however, the treatment remains controversial. “Male menopause” or “andropause” 
are terms associated with a male syndrome similar to menopause, but suf fi ciently 
different. This causes some to question the wisdom of androgen replacement in men 
suffering a signi fi cant decrease in quality of life. Efforts to reverse the effects of 
aging are themselves timeless (e.g., the search for the “fountain of youth”). The role 
of the testes in rejuvenation was  fi rst appreciated by Eugen Steinbach who, together 
with urologist Robert Lichtenstern, developed a surgical procedure a century ago 
(vasectomy) that purportedly led to the improvement in the symptoms of aging  [  2  ] . 

 Initial testosterone preparations were administered by oral or parenteral routes; 
while effective in raising serum testosterone levels, adverse effects in some men 
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accompanied each. The development of transdermal testosterone delivery by skin 
patch, approved by the FDA in 1995, led to an increase in disease awareness and 
testosterone use. Concurrently, the population of patients and the indications for 
testosterone replacement were broadening. Since the introduction of transdermal 
testosterone gel in 2000, the market for TRT has increased dramatically, for men 
with age related decline of testosterone. It was also promoted as a reversal for the 
effects of aging in men. In 2002, this led the National Institute of Aging and the 
National Cancer Institute to request that the Institute of Medicine (IOM) develop 
“an independent assessment of clinical research on testosterone therapy and make 
recommendations for future direction for this  fi eld.” The resulting white paper was 
published in 2004 and suggested that small ef fi cacy trials be performed in seven 
clinical areas prior to undertaking a large and long-term study of safety in testoster-
one replacement in the aging male  [  3  ] . The IOM report recommended studies in 
older men with low testosterone (recommendation 1); with speci fi c requests for 
short-term randomized double-blind, placebo-controlled ef fi cacy trials (recommen-
dation 2). The IOM panel felt that long-term risks and bene fi ts should be determined 
by further clinical trial only if substantial evidence of clinically signi fi cant bene fi t 
was witnessed in the short-term studies (recommendation 3). 

 To gauge how successful the IOM recommendations have been to date, an OVID 
search was performed on the seven keywords (strength/frailty/disability, cognitive 
function, sexual function, and vitality/well-being/quality of life) and cross- 
referenced with the keyword “testosterone.” All publications published between 
2003 and 2011 sharing testosterone and one of the keywords from 2004 to 2012 
were identi fi ed, characterized (clinical trial, series, review, and other), and tabulated 
(Table  1.1 ). The list is not exclusive and a publication with more than one keyword 
identi fi ed may appear more than once. As with many clinical conditions, when 
con fi rmatory evidence of treatment ef fi cacy is lacking, the number of review arti-
cles often exceeds the number of clinical trial manuscripts. When   http://www.clini-
caltrials.gov     web site was searched for testosterone clinical trials, a total of 598 
clinical trials were listed. After elimination of trials of testosterone in women, pros-
tate cancer, nongeriatric related male trials, and pharmacokinetic trials, the remain-
ing trials were plotted based on the date the trial was  fi rst received (Fig.  1.1 ). An 
initial increase in recorded trials occurred in the  fi rst few years after the IOM publi-
cation, which has now receded somewhat.    

   Table 1.1    Ovid search of published manuscripts 2003–2012   
    Publications and clinical trials 2003–2011  Clinical trial  Series  Review  Other a  

 Testosterone and sexual dysfunction  15  38  46  69 
 Testosterone and frailty  9  4  27  2 
 Testosterone and well-being  5  6  35  16 
 Testosterone and cognitive dysfunction  0  0  3  0 
 Testosterone and disability  4  1  12  9 
 Testosterone and weakness  5  1  18  0 
 Testosterone and vitality  3  4  7  3 

   a Articles concerning testosterone and function of interest but not related to aging male  

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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   Sexual Dysfunction 

 Testosterone is closely tied with sexual function, so the majority of publications in 
the immediate period after the publication of the IOM report dealt with the intersec-
tion of testosterone and sexual function. Several manuscripts investigated the valid-
ity of new patient reported survey instruments in aging men to see if they were truly 
re fl ective of the association between aging and androgens. Others continued to 
investigate the “aging versus disease state” conundrum: whether sexual dysfunction 
is a result of abnormally low testosterone levels or just another physical aspect of 
aging. Finally, a large meta-analysis of 17 studies published between 1979 and 
2003/2004 outlined the positive and negative effects of TRT on sexual function. 

 In a study of two commonly used patient reported outcome (PRO) instruments, 
Basar et al. investigated the relationship between testosterone levels and symptoms 
using the Aging Male Symptoms (AMS) score and International Index of Erectile 
Function (IIEF)  [  4  ] . The AMS and IIEF questionnaires were administered to 348 
men (21–67 years; mean 49.6 years); serum sex hormone levels (total testosterone 
(TT), free testosterone (FT), estradiol (E2), and dehydroepiandrosterone-sulfate 
(DHEA-S)) were drawn. Serum DHEA-S and FT levels and age correlated 
signi fi cantly with the IIEF scores; although serum total testosterone, FT, and DHEA-S 
levels correlated signi fi cantly with the andrologic domain of AMS, the only correla-
tion of the total AMS score was with age. 

 The Androgen De fi ciency of Aging Men (ADAM) questionnaire, another popular 
PRO, was also evaluated for ef fi cacy in diagnosing hypogonadism. Blumel et al. 
administered the ADAM questionnaire and drew serum sex hormone pro fi les on 
96 men aged 40 years and older in a cross-sectional study in Chile  [  5  ] . Total tes-
tosterone, sex hormone binding globulin (SHBG), and albumin were measured, 

  Fig. 1.1    Number of testosterone clinical trials by year of  fi rst registration 2005–2011 (based on 
data from   http://www.ClinicalTrials.Gov    )       

 

http://www.ClinicalTrials.Gov
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and bioavailable testosterone was calculated. Standard scoring for the ADAM 
questionnaire was used to evaluate for androgen de fi ciency (if items 1 or 7 or any 
three other questions of the ADAM questionnaire were positive). A total of 78 men 
(81.3%) were identi fi ed as androgen de fi cient by the ADAM questionnaire; how-
ever, available testosterone con fi rmed the diagnosis in only 27 cases (28.1%). Low 
libido was a better predictor of hypogonadism by itself, rather than the ADAM 
questionnaire (63.3% sensitivity and 66.7% speci fi city).    For now we do not have a 
statistically valid, rigorous PRO for androgen de fi ciency in aging men, and the need 
remains, a topic discussed in a later chapter of this text. 

 While efforts to  fi nd a good PRO continue, others tried to determine whether there 
exists a threshold at which patients become symptomatic, or whether each symptom 
may have an individual serum testosterone threshold at which it emerges. In such an 
attempt, Lackner et al. evaluated 675 healthy men using the Aging Male Symptoms 
(AMS) scale, the Beck Depression Index (BDI) and the International Index of 
Erectile Function (IIEF), and attempted to correlates scores with AM serum testos-
terone levels  [  6  ] . The patients were divided into two groups: those with symptoms 
and those without. Patients suffering from lack of concentration, decreased libido, 
listlessness, and both somatic/psychological symptoms by AMS demonstrated tes-
tosterone levels that were different from those in men without these symptoms. 
However, this association was lost when multivariate analysis was applied; loss of 
libido, lack of vigor, and sexual dysfunction were associated with age rather than 
with testosterone. Thus, levels of serum testosterone at which speci fi c symptoms 
emerged could not be identi fi ed in this study. 

 Two manuscripts examined the relationship of testosterone levels with erection 
and ejaculation. Gades et al. evaluated the association between sex hormone serum 
levels, erectile function, and sexual drive in a population-based sample of men (the 
Olmsted County Study of Urinary Symptoms and Health Status)  [  7  ] . In a random 
sample of men residing in Olmsted County, MN, 414 men completed the Brief Male 
Sexual Function Inventory (BMSFI), underwent physical examination, and had 
serum hormone measurements performed. Of these men, 294 had a regular sexual 
partner and androgen measurements after 14 years of follow-up. At 14 years, total 
testosterone and erectile function (but not libido) demonstrated signi fi cant correla-
tion, despite adjustment for age. Bioavailable testosterone was signi fi cantly corre-
lated with both erectile function and libido. 

 Corona et al. evaluated the role of testosterone and hypogonadism in the control 
of the ejaculatory re fl ex, comparing subjects with premature ejaculation (PE) or 
delayed ejaculation (DE) to those without ejaculatory dysfunction  [  8  ] . Serum hor-
monal and biochemical parameters were studied in 2,437 men with sexual dysfunc-
tion. Premature ejaculation was reported by 714 (25.9%) and delayed ejaculation 
by 121 (4.4%). Testosterone levels signi fi cantly correlated with the type of ejacula-
tion. The youngest men (25–40 years) with PE had higher TT and FT levels; the 
oldest (55–70 years), with DE, had lower TT and FT levels. As would be expected 
from these results, hypogonadism was more common in men with DE (26%) and 
least common in men suffering PE (12%). Adjustment for age and libido did not 
change the results. 
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 Positive correlations between threshold testosterone levels and speci fi c sexual 
symptoms were found in a study of TRT reported by Seftel et al.  [  9  ] . Four hundred 
and six aging symptomatic hypogonadal men (mean age 58 years) were randomized 
to transdermal testosterone gel (50 and 100 mg/day), transdermal testosterone patch, 
or placebo. Patients were evaluated at 30 and 90 days after initiation of treatment for 
signi fi cant change in the frequency of intercourse, nighttime erections, and libido. 
At day 30, a signi fi cant increase was seen for all three primary outcome measures 
for those on 100 mg/day T gel compared to the others; the results at 90 days for 
sexual desire and nighttime erections vs. placebo were similar. The authors de fi ned 
a “threshold average daily serum T level for sexual response” which was the testos-
terone level at which (1) while the testosterone level might be within the normal 
range, the sexual response was no different from that of the group of subjects with 
the lowest serum T level (0–300 ng/dL); and (2) there was a signi fi cant change 
when treated with testosterone compared with that of the group of subjects with the 
lowest serum level.    This threshold f was 400 ng/dL for nighttime erections; at or 
below this serum level, the frequency of nighttime erections was no different than 
that for hypogonadal men. For frequency of sexual intercourse, the    “threshold aver-
age daily serum testosterone level was 500 ng/dL, and it was 600 ng/dL for sexual 
desire. While the authors felt these data demonstrated a clear relationship between 
restoring serum T concentrations and improvement in certain parameters of sexual 
function, they do state that the study was not designed to explicitly measure a 
threshold serum level. 

 Isidori et al. performed a systematic review and meta-analysis of placebo-con-
trolled studies published in the past 30 year period (1975–2004)  [  10  ] . MEDLINE, 
the Cochrane Library, EMBASE, and Current Contents were reviewed, of which 17 
randomized placebo-controlled trials were found to be eligible. The total number of 
evaluable patients over the 17 studies was 656, of which 284 were randomized to 
testosterone and 284 to placebo (P), and 88 were treated in crossover. The majority 
of the patients received parenteral testosterone, though a few men received transder-
mal or buccal testosterone. The average length of therapy across the studies was 3 
months (range 1–36 months). Results of the meta-analysis revealed that in hypogo-
nadal men with an initial testosterone level below 12 ng/dL, TRT led to an improve-
ment in multiple parameters: nocturnal erections, sexual thoughts and motivation, 
number of successful intercourses, scores for erectile function, and overall sexual 
satisfaction. Testosterone replacement had no effect on sexual function in eugo-
nadal men and was equivalent to placebo. The effects of T on erectile function, but 
not libido, were inversely related to the mean baseline T concentration. Results of 
this meta-analysis must be viewed critically as the majority of the studies were per-
formed during a period when sexual function, and in particular erectile function, 
was the most common outcome used to judge clinical response to testosterone 
replacement, and the physiology of erection and pathophysiology of erectile dys-
function were poorly understood. Conclusions from studies performed during this 
period are not necessarily valid given our understanding of androgens and erectile 
function today.  
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   Well-Being/Quality of Life/Cognitive Function 

 As men get older, they experience many conditions, often together, that eventually 
result in the inability to perform many activities of daily living. Some men may 
experience an increased propensity to fall and decreased independence. Elderly men 
also have increased incidence of anemia, higher rates of metabolic syndrome, 
decreased sexual function, and memory impairment. These conditions likely have 
multiple causes, but one likely contributing cause is a low serum testosterone con-
centration. When young hypogonadal men are treated with testosterone, they expe-
rience improvements in sexual function, muscle mass and strength, bone mineral 
density (BMD), and sense of well-being. In aging men, the bene fi ts of testosterone 
therapy are controversial, particularly those related to psychosocial improvement. 
A limited number of studies have examined these issues since the IOM report, the 
following are the most important. 

 The degree to which androgen de fi ciency leads to a decline in the quality of life 
in elderly is unknown. To examine this question, Finas et al. investigated 24 hypog-
onadal men aged 50 years or older (de fi ned as free testosterone <200 ng/dL) and 
compared them to 24 eugonadal age-matched controls. All of the men were under 
treatment for benign prostatic hyperplasia. The Short Form (SF)-12 Health Survey 
(physical health and mental health index) assessed health-related “Quality of Life.” 
The investigators modi fi ed the questionnaire to broaden it, importing “vitality” and 
“psychological well-being” scales from SF-36. The SF-12 physical health index 
was reduced in the hypogonadal group, but the mental health index was not. Patients 
with low FT demonstrated lower scores on vitality than eugonadal men, but no 
differences were detected in psychological well-being between hypogonadal and 
eugonadal men  [  11  ] . 

 T’Sjoen et al. used the AMS rating scale to assess the relationship of male aging 
symptoms and androgen levels in asymptomatic elderly men in generally good 
health  [  12  ] . After the AMS questionnaire was completed, serum sex steroids levels, 
sex hormone binding globulin, gonadotropins, and physiologic responses were 
measured in 161 ambulatory, elderly men, aged 74–89. Mild psychological and 
mild to moderate somato-vegetative symptoms were associated with diminished 
serum testosterone levels as assessed by AMS. However, none of the three AMS 
domain scale scores signi fi cantly correlated with testosterone, free testosterone or 
bioavailable testosterone. In healthy elderly men, the AMS was not useful in pre-
dicting androgen levels because no consistent relationship was demonstrated. 

 Androgens may play a role in maintenance of cognitive function in men. Patients 
suffering from derangements of cognitive function such as Alzheimer’s disease may 
bene fi t from TRT. Previously, Hogervorst et al. found lower levels of testosterone in 
men with Alzheimer’s disease compared with controls  [  13  ] .    To determine whether 
abnormal pituitary regulation of androgens was responsible for the testosterone 
de fi ciency, the investigators compared sex hormones (follicle stimulating hormone 
(FSH) and luteinizing hormone (LH), and sex hormone binding globulin (SHBG)) 
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and testosterone in 45 men with Alzheimer’s, 15 men with other types of dementia, 
and 133 elderly controls. There were no observed differences in LH, FSH, or SHBG 
levels between Alzheimer’s disease patients and controls. However, testosterone 
levels were signi fi cantly lower in the men with Alzheimer’s. 

 The association of depression and low testosterone in men is recognized; what is 
not as well known is whether there is a causal relationship between low testosterone 
and depression. In a large cross-sectional study, Almeida et al. sought to determine 
whether the association between serum testosterone concentration and mood in 
older men is independent of physical comorbidity  [  14  ] . The authors investigated 
3,987 men aged 71–89 years from a community-based setting. Patients were evalu-
ated using the Geriatric Depression Scale (GDS-15) to assess mood; physical health 
was assessed with Physical Component Summary score of the 36-Item Short Form 
Health Survey. Two hundred and three men (5.1%) had depression. These men had 
signi fi cantly lower total and free testosterone concentrations than nondepressed 
men. Depressed men also had higher obesity levels and more physical limitations. 
After adjusting for these factors and for age, the association between depression and 
low total and free testosterone concentrations did not change. 

 Giltay et al. examined the reversibility of hypogonadal induced depression sec-
ondary to testosterone de fi ciency in a randomized, placebo-controlled, double-
blind, phase III trial (ClinicalTrials.gov identi fi er: NCT00696748)  [  15  ] . In this trial, 
184 men with metabolic syndrome and low testosterone were randomized 2:1 to 
receive testosterone or placebo injections. Mood, well-being, and sexual function 
were assessed at three time periods (baseline, 18 and 30 weeks) using the Beck 
Depression Inventory (BDI-IA), Aging Males’ Symptoms (AMS) scale, and 
International Index of Erectile Function 5-item (IIEF-5) scale. Restoration to a eug-
onadal state led to signi fi cant improvements in all three parameters (BDI-IA, AMS, 
and IIEF); the greatest improvement occurred in men with a baseline total testoster-
one level <7.7 ng/dL.  

   Disability/Frailty/Vitality 

 The majority of studies published since the IOM report have dealt with the impact of 
androgen de fi ciency and replacement on frailty in the aging, and the disability and 
loss of vitality that accompany frailty. These reports are comprehensive and come 
from large populations worldwide. The outcomes are tangible and more easily mea-
sured (i.e., bone mineral density, muscle strength, etc.). There is also more certainty 
that therapeutic interventions are causal to the observed improvements (Table  1.2 ).  

 Schaap et al. reported on a cross-sectional population-based study, based on data 
from the Longitudinal Ageing Study Amsterdam (LASA). Sex hormones were 
measured, and physical performance, functional limitations, and muscle strength 
were assessed. Analysis of falls was performed prospectively for 3 years  [  16  ] . Men 
in the highest quartile of the estradiol/SHBG ratio had signi fi cantly higher physical 
performance scores than men in the lowest quartile. Serum levels of total testosterone 
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were positively associated with muscle strength. Calculated bioavailable testoster-
one levels were positively associated with physical performance and muscle 
strength. Low levels of sex hormones were associated with impaired mobility and 
low muscle strength in men. 

 In an observational study of 1,705 men in Australia, Travison et al. used longitu-
dinal measurements to assess sex hormones and their relationship to the prevalence 
and progression of frailty in older men  [  17  ] . Measurements were obtained at baseline 
(2005–2007) and at 2-year follow-up (2007–2009). Frailty syndrome was measured 
according to the Cardiovascular Health Study (CHS) and Study of Osteoporotic 
Fractures (SOF) indices. Signi fi cant age-adjusted associations were seen between 
serum androgens and estrogens and concurrent frailty. Subjects in the lowest T quin-
tile had 2.2-fold odds of exhibiting greater CHS frailty as compared with the highest 
T quintile ( P  < 0.001). A 2-year decrease of one standard deviation in T, calculated 
free T, or LH was associated with a 1.2- to 1.3-fold increase in the odds of progres-
sion (increase in severity) of frailty. Control for comorbid medical conditions did not 
affect the age-related changes. The author concluded that an Serum androgens and 
estrogens may contribute to the development or progression of frailty in men. 

 Cawthon et al. reported a large multicentered cross-sectional/longitudinal study 
of sex hormones and frailty based in the United States  [  18  ] . The Osteoporotic 
Fractures in Men (MrOS) study involved 1,469 men at least 65 year old; 1,245 men 
had frailty status reassessed after 4 years. Frailty was assessed by using a modi fi cation 
of the CHS, with patients exhibiting three or more symptoms (shrinking/sarcopenia, 
weakness, slowness, low activity level, and exhaustion). Bioavailable testosterone 
was the only serum sex hormone associated with frailty. Men in the lowest quarter 
of bioavailable testosterone had 1.39-fold increase in odds of greater frailty status 
compared to men in the highest quartile, and a 1.51-fold increase in odds of greater 
frailty status 4 years later. Comorbid conditions had little effect. A second US based 
study used a modi fi cation of the Cardiovascular Health System to assess sex hor-
mones and frailty in older men  [  19  ] . The Massachusetts Male Aging Study Examined 
646 men aged 50+ with frailty de fi ned as the presence of three or more of the fol-
lowing: weight loss, exhaustion, low physical activity, slowness, and weakness. TT, 
free T, and SHBG levels were investigated for association with frailty and with 

   Table 1.2    Therapeutic effects of testosterone replacement on physical measures of disability/
frailty/vitality      

 Number of patients  TRT method/duration  Assessment 

 Kenny et al.  [  22  ]   131  TD × 24 months  BMD(±), BC(+), SH(+), 
strength(−), physical 
performance(−) 

 Srinivas-Shankar 
et al.  [  23  ]  

 274  Transdermal × 6 months  MS(+), BC(+), AMS (somatic+, 
psychologic−, sexual+) 

 Wittert et al.  [  25  ]    76  Oral TU × 12 months  BC(+), MS(+), SH(+), AE(−) 
 Permpongkosol 

et al.  [  24  ]  
 161  Depo TU mean 90 

weeks 
 SH(+), BMI(−), WC(+), %BF(−), 

AMS(−) 

   BMD  bone mineral density;  BC  body composition;  SH  sex hormones;  MS  muscle strength;  AE  
adverse effects;  WC  waist circumference;  BF  body fat  
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degree of frailty. Total and free T were not associated with frailty in these aging men; 
however, SHBG did show a signi fi cant association with frailty. Grip strength and 
physical activity (but not exhaustion, slow walking, or weight loss) were associated 
with total T levels, whereas SHBG was related to weight loss, exhaustion, and phys-
ical activity. 

 Tajar et al.  [  20  ]  reported the results of the European Male Aging Study. Three 
thousand two hundred and nineteen men had frailty assessed as an index (FI) accord-
ing to the number (out of 43 possible) of health de fi cits (symptoms, signs, and 
functional impairments), and relationships between FI and hormone levels (as out-
comes). Results were explored using regression models. Mean FI was highest in the 
oldest group and higher levels of FI were signi fi cantly associated with lower levels of 
total T, free T, and DHEA-S and higher levels of gonadotropins and SHBG. In the 
“Health In Men” study of frailty and androgens, Hyde et al. examined 3,616 elderly 
men living in Australia  [  21  ] . Sex hormones (testosterone SHBG, LH, and calculated 
free testosterone) were measured. The authors used a “FRAIL scale”; patients were 
scored on  fi ve physical tasks: fatigue, dif fi culty climbing a  fl ight of stairs, dif fi culty 
walking more than 100 m, more than  fi ve illnesses present, or weight loss greater than 
5%. Men with three or more positive symptoms were deemed frail. Frailty was 
assessed at baseline; of the 3,616 men, 548 (15.2%) were judged frail (at least three 
de fi cits). At following reassessment in 2008–2009, frailty increased to 23.0% 
(364/1,586). Of the sex hormones evaluated, only free testosterone predicted frailty 
after statistical adjustment for age and other comorbid factors. 

 Four clinical trials were published in the period after the IOM report, which docu-
ment the bene fi cial effects of androgen replacement in frail men. Though much 
smaller in number, the aging patients demonstrated measurable improvements in 
objectively measurable physiologic parameters. Three different routes of administra-
tion were used to achieve normal serum testosterone levels (oral, parenteral, and 
transdermal). In a single center randomized study, Kenny et al. evaluated the effects 
of transdermal testosterone on bone and muscle in older men with low bioavailable 
testosterone levels  [  22  ] . This study was designed after publication of the IOM report 
and incorporated the IOM recommendations for small ef fi cacy studies: focus on health 
outcomes for which preliminary evidence of ef fi cacy and limited alternative therapies 
exist. One hundred and thirty-one aging men (mean age 77 years) with low testoster-
one, history of fracture, or osteoporosis ( T -score less than −2.0) were included in the 
study. Frailty was assessed based on Fried and colleagues’ parameters (frail = 3–5 
characteristics, intermediate frail = 1–2 characteristics, nonfrail ( n  = 0 characteristics). 
Patients received 5 mg/day of testosterone or placebo for 12–24 months. Additionally, 
all men received calcium (1,500 mg/day diet and supplement) and cholecalciferol 
(1,000 IU/day). Multiple outcome measures were assessed, including BMD (hip, lum-
bar spine, and mid-radius), body composition, sex hormones, calcium-regulating hor-
mones, bone turnover markers, strength, physical performance, and safety parameters. 
Ninety-nine men (75.6%) completed 12 months. Sixty-two (47.3%) completed end of 
therapy (mean 23 months). BMD on testosterone increased 1.4% at the femoral neck 
and 3.2% at the lumbar spine. There was an increase in lean mass and a decrease in fat 
mass in the testosterone group but no differences in strength or physical performance. 
There were no differences in safety parameters. 
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 Transdermal testosterone gel was also used by Srinivas-Shankar et al. to investi-
gate testosterone replacement on muscle strength, physical function, body composi-
tion, and quality of life in intermediate-frail and frail elderly men  [  23  ] . In a 
single-center study, 274 elderly men at least 65 years of age with hypogonadism 
(total T  £  12 nmol/L or free T at or below 250 pmol/L) were randomized to transder-
mal T (50 mg/day) or placebo gel for 6 months. Outcome measures included muscle 
strength, lean and fat mass, physical function, and self-reported quality of life. At 
the end of the study, muscle strength improved in the T group (vs. placebo at 6 
months), while lean body mass increased and fat mass decreased signi fi cantly. 
Somatic and sexual symptom scores decreased with T treatment. 

 In Thailand, Permpongkosol et al. conducted a retrospective review of 161 men 
with symptomatic late onset hypogonadism who had received treatment with paren-
teral testosterone undecanoate. The effects of the therapy on body composition, 
lipids, and psychosexual complaints were noted  [  24  ] . Late onset hypogonadism was 
de fi ned as pretreatment T < 300 ng/day. The mean duration of treatment was 90.6 
weeks. One hundred men had used parenteral TU for >12 months. Body mass index 
(BMI), waist circumference, percentage body fat, total cholesterol, high-density 
lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, triglyc-
erides, prostate-speci fi c antigen (PSA), and hematocrit were measured. Further, the 
AMS scale and the IIEF (IIEF-5 and 15) were scored. Testosterone replacement led 
to a signi fi cant decline in waist circumference and percentage body fat, but no 
change in BMI. The psychological, somato-vegetative, and sexual factor scores of 
subscales of AMS decreased. Erectile function domain, orgasmic function domain, 
sexual desire domain, intercourse satisfaction domain, and overall satisfaction 
domain improved. No clinically signi fi cant adverse effects occurred in these men. 
Oral testosterone supplementation was used in an attempt to prevent muscle loss in 
eugonadal frail men over a 12-month period  [  25  ] . Seventy-six men, aged 60 years 
or older, received testosterone undecanoate (80 mg twice daily) or placebo for 1 
year. Measurements of body composition, muscle strength, hormones, and safety 
parameters were obtained at 0, 6, and 12 months. Lean body mass increased and fat 
mass decreased in the testosterone treated group. There were no signi fi cant effects 
on muscle strength. Again, no clinically signi fi cant adverse effects were seen. 

 Over 10,000 aging men from four continents were included in the studies listed 
above (Table  1.3 ). All of the studies related increasing frailty status to decreasing 
androgens. However, there was disagreement between studies as to which androgen 

   Table 1.3    Observational trials of testosterone and measures of disability/frailty/and vitality   
 Number of patients  Age (years)  Outcome measure 

 LASA  [  16  ]   623  68–88  ED(−), MS(+), PP(+), FL(+) 
 CHAMP  [  17  ]   1,645  >69  Frailty Index (CHS(+), FOS(+)) 
 MrOS  [  18  ]   1,245  >65  Frailty status(−), T(−), BioT(+) 
 EMAS  [  20  ]   2,219  40–79  T(+) 
 MMAS  [  19  ]   646  50–83  SH, Frailty Index 
    HIM  [  21  ]   3,616  76–93  FRAIL Scale, SH 

   ED  erectile dysfunction;  MS  muscle strength;  PP  physical performance;  FL  falls;  SH  sex hormones  
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measurement was predictive of frailty. Each study attempts to objectively assess 
frailty status. Many use commonly accepted scales (Cardiovascular Health System, 
and Study of Osteoporotic Fractures), but modi fi cations were made locally making 
comparisons and measurements sometimes dif fi cult to interpret. Methodologies, 
though similar, do not utilize the IOM recommended trial design. The prospective 
treatment studies were composed of different testosterone preparations and duration 
and measured different outcomes. All of these factors reduce the ability to generalize 
the conclusions of individual studies.  

 One study, published in the period since the IOM report, has received signi fi cant 
notoriety. The Testosterone In Older Men With Mobility Limitations (TOM) trial 
was a single center, placebo-controlled, randomized clinical trial designed to com-
prehensively determine the effects of testosterone administration on muscle strength 
and physical function in older men with mobility limitations  [  26  ] . Community-
dwelling men, 65 years of age or older, with limitations in mobility and a total 
serum testosterone level of 100–350 ng/dL or a free serum testosterone level <50 pg/
mL, underwent randomization to placebo gel or testosterone gel for 6 months. 
Adverse events were categorized with the use of the Medical Dictionary for 
Regulatory Activities (MedRA). At midterm review, the data and safety monitoring 
board recommended that the trial be discontinued early. A signi fi cantly higher rate of 
adverse cardiovascular events was found in the testosterone group compared to the 
placebo group. A total of 209 men (mean age, 74 years) were enrolled at study ter-
mination. Of the 209 men, a total of 23 subjects in the testosterone group, as com-
pared to 5 in the placebo group, had cardiovascular-related adverse events. The 
relative risk of a cardiovascular-related adverse events remained constant through-
out the 6-month treatment period. The authors did admit in the manuscript that the 
small size of the trial and the unique population prevented broader inferences from 
being made about the safety of testosterone therapy (ClinicalTrials.gov number, 
NCT00240981). 

 The TOM trial raised concerns about the safety of testosterone therapy in aging 
men, but was justi fi ably criticized for several shortcomings. The initial dose of tes-
tosterone used in the study was greater than the recommended starting dose in the 
product label. Patients were also titrated to doses above the maximal approved dose. 
Several of the adverse effects experienced in the treatment group were known 
effects of testosterone replacement (peripheral edema) and clinically insigni fi cant in 
nature. Yet, appropriate concern was used when the Data Safety Monitoring com-
mittee made the decision to terminate the study early. De fi nitive demonstration of 
an acceptable risk/bene fi t ratio, as de fi ned in the IOM report, remains unful fi lled.  

   The Testosterone Trial in Older Men 

 Of fi cially known as “Randomized, Placebo-controlled, Double-blind Study of Five 
Coordinated Testosterone Treatment Trials in Older Men,” this multicentered, random-
ized, placebo-controlled, double-blind treatment ef fi cacy and safety study meets the 
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challenge for clinical trial design as recommended by the IOM 2004 report  [  27  ] . The 
testosterone “Trial” will determine if 1 year of active testosterone replacement will lead 
to improvement in  fi ve primary outcome measures: walking speed, sexual activity, 
vitality scale, verbal memory test, and correction of anemia (ClinicalTrials.gov 
Identi fi er: NCT00799617). The trial is sponsored and funded by the University of 
Pennsylvania with the National Institute for Aging, the National Institute of Neurological 
Disorders and Stroke, the Eunice Kennedy Shriver National Institute of Child Health 
and Human Development and the National Heart Lung & Blood Institutes serving as 
collaborators, with additional assistance from Abbott Corporation. Eight hundred men, 
aged 65 or older, with related androgen de fi ciency will enroll at 1 of the 12 participat-
ing medical centers beginning in November 2009 and ending in June 2015. The labora-
tory de fi nition of low testosterone in this study is a total morning (drawn between 7 and 
10 a.m.) serum concentration of <275 and <300 ng/dL at each of two screening visits. 
Within the “Testosterone in Men” trial, two sub-trials will be performed prospectively. 
Two additional trials have been incorporated into the T Trial. One, a cardiovascular 
trial, examines the effects of testosterone treatment on cardiovascular risk factors com-
pared to placebo. In the second, the bone trial attempts to document an increase in volu-
metric trabecular BMD of the lumbar spine. 

 The testosterone trial is the result of multiple investigators’ efforts to incorporate 
the IOM recommendations into a large safety and ef fi cacy trial. There are com-
monly agreed upon evaluative tools, PRO measures, primary and secondary physi-
cal outcomes, and adverse event reports. The large size of the trial requires support 
of both government and industry. We will await the results of the testosterone trial 
with great interest.      

  Disclaimer The opinions expressed by the author are his alone and do not re fl ect those of Eli Lilly 
& Company.  
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         Introduction 

 The laboratory diagnosis of testosterone de fi ciency is challenging. Serum testosterone 
levels are subject to temporal variation—diurnal, seasonal, and age-related. Illness 
and certain medications, such as opiates and glucocorticoids, can temporarily affect 
testosterone concentrations through central and peripheral effects. Total testoster-
one concentrations are affected by alterations in sex-hormone binding globulin 
(SHBG), which in turn can occur for a variety of reasons, including age, medica-
tions, and medical comorbidities. There are several different assays for measure-
ment of serum testosterone levels. Performance characteristics, linearity, 
reproducibility, low level limits of detection, and pre-analytical requirements vary 
among the assay platforms, leading to a wide variety of normal ranges reported by 
different laboratories. Lastly, testosterone circulates in the blood primarily bound 
speci fi cally to SHBG or non-speci fi cally to albumin or cortisol, with only 2–3% of 
total testosterone being free. Which of these derived testosterone measures most 
closely correlates with symptomatic androgen de fi ciency is a matter of debate. There 
is no currently available test that re fl ects tissue androgen activity. It appears that tissue 
responses differ across different organ systems, and change in parallel over time. 
Thus, androgen de fi ciency may become apparent at different ages within an individ-
ual or a population. With the multitude of factors affecting the laboratory evaluation 
and interpretation of testosterone levels, it is no surprise that a universally accepted 
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de fi nition of testosterone de fi ciency is lacking. Under the leadership of the Centers 
for Disease Control, there is now a national effort to address this problem  [  1  ] . 

 In this chapter, we discuss the currently used assays for testosterone measure-
ment, their utility and limitations, and the implications for clinical practice.  

   De fi ning Testosterone De fi ciency 

 There is no consensus among endocrinologists, urologists, and clinical pathologists 
as to what de fi nes a “low” testosterone level. Published norms for serum testoster-
one are mostly based on studies that were not speci fi cally designed to establish 
norms in men with normal sexual and reproductive function. Recently published 
guidelines from the Endocrine Society maintain that total testosterone levels below 
300 ng/dL are diagnostic of hypogonadism, and higher levels are normal  [  2  ] . 
Meanwhile, a consensus statement from the ISA, 1  ISSAM, 2  EAU, 3  EAA, 4  and ASA 5  
recommends that total testosterone levels above 350 ng/dL do not require treatment, 
while levels below 230 ng/dL do  [  3  ] . For levels between 230 and 350 ng/dL, the 
recommendation is to repeat the total testosterone with SHBG for calculation of 
free testosterone (free T), or direct measurement of free T by equilibrium dialysis 
(Level 2a evidence, Grade A recommendation)  [  3  ] . Similarly, we have previously 
recommended that men with total testosterone <200 ng/dL be treated as hypogo-
nadal, those with total testosterone >400 ng/dL be considered normal, and those 
with total testosterone 200–400 ng/dL be treated based on clinical presentation  [  4  ] . 

 Some authors have advocated for the use of free or bioavailable testosterone 
(free T, bioavailable T) to aid in biochemical diagnosis of hypogonadism, especially 
when results of the total testosterone assay are equivocal or fail to re fl ect the clinical 
presentation. Though there are no generally accepted lower limits of normal free 
testosterone for the diagnosis of hypogonadism, according to expert opinion, a 
free testosterone level below 65 pg/mL can provide supportive evidence for treat-
ment (Level 3 evidence, Grade C recommendation)  [  3  ] . Corresponding values for 
bioavailable testosterone depend on the method used, and are not generally avail-
able  [  5  ] . 

 Given the high degree of variability among different assays, and a wide range 
of testosterone levels in a variety of patients of different ages and ethnicities, it is 
no surprise that attempts to establish a uniform threshold that accurately distin-
guishes hypogonadal and eugonadal men have been unsuccessful, and such a 
threshold, therefore, remains quite arbitrary. Considering all this, it must be 

   1   ISA: International Society of Andrology.  
   2   ISSAM: International Society for Study of the Aging Male.  
   3   EAU: European Association of Urology.  
   4   EAA: European Association of Andrology.  
   5   ASA: American Society of Andrology.  
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emphasized that in addition to laboratory values, the diagnosis of testosterone 
de fi ciency must take into account the presence of clinical signs and symptoms sug-
gestive of hypogonadism.  

   Prevalence of Testosterone De fi ciency 

 In a multiethnic, population-based observational study of 1,475 men aged 30–79 
years, Araujo et al. observed the prevalence of symptomatic androgen de fi ciency to be 
5.6% (95% CI, 3.6–8.6%). The prevalence was lower in men less than 70 years old 
(3.1–7.0%), but increased substantially with age (18.4%)  [  6  ] . Longitudinal popula-
tion-based studies of aging men have also demonstrated that both total and free serum 
testosterone decline with age, with a concomitant increase in SHBG levels  [  7–  10  ] . 
It is estimated that by the year 2030, approximately 6.5 million American men aged 
30–80 years of age may be diagnosed with androgen de fi ciency  [  6  ] . The importance 
of accurate and reliable laboratory testing in establishing the diagnosis of androgen 
de fi ciency is evident, with obvious implications for clinical management.  

   Variability in Testosterone Concentrations 

 Serum testosterone in men shows a wide range of variation, owing to episodic 
secretion, diurnal variation, week-to-week variation, and even seasonal changes 
 [  11  ] . The amplitude and acrophase of the diurnal variations in free and bioavailable 
testosterone levels are similar to that of total testosterone  [  12,   13  ] . One report has 
described a circadian pattern of SHBG levels as well, with peaks occurring in the 
early afternoon  [  13  ] . The  fi nding has not been corroborated by other studies. 

 Serum testosterone levels peak in the early morning, followed by a progressive 
decline over the course of the day, until they    reaching their nadir in the evening 
hours. Nadir values are approximately 15% lower than morning values, and may vary 
by as much as 50%  [  14  ] . Therefore, sampling time is an important consideration when 
measuring serum testosterone, and samples should be always obtained in the morning, 
between 0700 and 1100 hours  [  15  ] . This diurnal pattern is blunted in older men 
 [  12,   16  ] . It has been argued that morning testosterone measurements are not necessary 
in older men due to blunting of the circadian rhythm. However, a substantial fraction 
of older men, aged 65–80 years, who have low serum testosterone in the afternoon, 
will have normal testosterone concentrations in the morning  [  17  ] . 

 Brambilla et al. have showed that great intra-individual variation in testosterone 
levels exists when samples are collected from the same individual at the same time 
of the day over several days  [  17  ] . Approximately 15% of healthy men may have a 
testosterone level below the normal range in a 24-h period. Furthermore, among 
men with an initial testosterone concentration in the mildly hypogonadal range, 
approximately 30% will have a normal testosterone on repeat measurement  [  17  ] . 
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Day-to-day variations in testosterone concentrations may be large enough to render a 
single testosterone measurement inadequate to accurately characterize an individual’s 
levels. At least two separate measurements of testosterone are needed to con fi dently 
diagnose hypogonadism. 

 It is known that testosterone measurements are prone to pre-analytical conditions 
and processing methods  [  18  ] . These include various technical factors, such as types 
of collection tubes used to obtain samples, sample handling, and processing. For 
example, storage of serum or plasma in collection tubes following centrifugation 
can lead to a decrease in measured testosterone. Storage in EDTA can adversely 
affect SHBG measurement, thus affecting the measurement of free hormones  [  18  ] . 
Pre-analytical factors can affect the variability in diurnal levels of testosterone as 
well. Samples obtained in the morning are typically transported and processed the 
same day, but samples drawn in the afternoon may be stored for processing on the 
following day, which may introduce analytical errors. 

 Circulating testosterone levels are in fl uenced by a variety of conditions, includ-
ing medications, acute illness, sexual activity, and SHBG concentrations. All must 
be taken into consideration when ordering or interpreting any testosterone assay 
 [  18,   19  ] . The suppression of testosterone is particularly profound in men on metha-
done maintenance therapy because of its long duration of action. Acute illness can 
also signi fi cantly lower serum testosterone, albeit temporarily. The Endocrine 
Society guidelines recommend that the diagnosis of androgen de fi ciency should not 
be made during an acute illness  [  2  ] .  

   Testosterone: Total, Free, and Bioavailable 

 Testosterone circulates in the body unbound or bound to either SHBG, albumin, 
or Corticosteriod-binding globulin(CG)  [  20  ]  (Fig.  2.1 ). SHBG-bound testosterone 
represents approximately 44% of the total T, is tightly bound, and therefore consid-
ered unavailable to cells. Albumin-bound testosterone represents approximately 
50% of the total concentration. It is weakly bound and dissociates easily and rap-
idly. Testosterone bound to CBG represents 4% of the total T. Like albumin, it is 
weakly bound and dissociates rapidly. Free testosterone represents only about 2–3% 
of the total testosterone  [  21  ] . The term “bioavailable” testosterone refers to the sum 
of the CBG-bound, albumin-bound, and free components, and represents the tes-
tosterone fraction that is available to cells.  

 SHBG can vary considerably in men, greatly affecting total testosterone levels. 
Because SHBG-bound testosterone is not bioavailable, relying solely on total 
testosterone as an indicator of the adequacy of circulating androgens available for 
physiologic effect may lead to failure of diagnosing hypogonadism. Common medi-
cal conditions that increase SHBG include aging, hyperthyroidism, and hepatic cir-
rhosis. Those that decrease SHBG include obesity, diabetes mellitus, and 
glucocorticoid use. These are summarized in Table  2.1 . Variability in SHBG levels 
makes the consideration of free and bioavailable testosterone important, in order to 
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better appreciate the physiologically active circulating testosterone concentration. 
For example, the increase in SHBG with age means that older men may demon-
strate a normal total testosterone level, even if they are hypogonadal, with low lev-
els of free or bioavailable testosterone. Conversely, obesity decreases SHBG and 
total testosterone, even when the bioavailable fraction may be normal  [  4  ] .  

 It should be noted that independent of SHBG levels, many of the features of the 
metabolic syndrome, such as hypertension, dyslipidemia, insulin resistance, and 
obesity, are commonly present in hypogonadal men  [  22,   23  ] . Hypogonadotropic 
hypogonadism occurs frequently in men with type II diabetes mellitus  [  24  ] . Expert 
opinion encourages the measurement of testosterone in men with metabolic 
syndrome and symptoms of testosterone de fi ciency, but the utility of androgen 
replacement therapy in these men continues to be an active area of discussion and 
research  [  3  ] .  

  Fig. 2.1    Fractions of circulating total testosterone       

 Factors that increase SHBG  Factors that decrease SHBG 

 Aging  Obesity 
 Cirrhosis  Nephrotic syndrome 
 Hepatitis  Acromegaly 
 Hyperthyroidism  Hypothyroidism 
 Anticonvulsants  Glucocorticoids 
 Estrogens  Progestins 
 HIV disease  Androgenic steroids 

 Diabetes mellitus 

   Table 2.1    Factors affecting 
SHBG levels   
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   Laboratory Measurement of Testosterone 

 Testosterone assays and their interpretation pose several challenges. Testosterone 
concentrations in plasma vary more than three orders of magnitude depending on 
age, gender, and the presence of disease, and an adequate assay must be able to main-
tain sensitivity and speci fi city over this large range of concentrations. Other steroids 
in the circulation that are of similar structure and concentration as testosterone can 
lead to dif fi culties with assay interpretation and falsify results. Age, ethnicity, and 
gender-adjusted normal ranges, using a standardized assay, are lacking. Furthermore, 
there is no universally recognized testosterone-calibration standard  [  5  ] . 

 The majority of circulating testosterone is bound to carrier proteins, which also 
has implications for accurate measurement of testosterone concentration. Early 
testosterone assays required testosterone to be extracted or displaced from SHBG 
and albumin by dissolution into organic solvents, separated by chromatography, and 
then measured (Fig.  2.2 ). This method offered several advantages, including the 
separation of interfering proteins and cross-reacting steroids to increase speci fi city, 
and the use of large serum aliquots to increase sensitivity. Unfortunately, this method 
was also time-intensive and expensive, and typically limited to research laborato-
ries. With increased demand for economical and rapid alternatives, these early 
assays were replaced by radioimmunoassays (RIAs), which are presently the longest-
used tests for the measurement of serum testosterone. Most of the current “normal 
ranges” are based on RIA results.  

 Over the last decade, the laboratory investigation of total testosterone measure-
ment has evolved from RIA testing after serum extraction, to direct automated 
enzyme-linked immunoassay (ELI) testing available in most laboratories, to mass 
spectroscopy methods in reference laboratories. Each approach has its advantages 
and disadvantages. Correlation between these various methodologies can be poor, 
and national standardization is necessary in this area for portability and comparability 
of results obtained from the same patient. 

   Radioimmunoassay 

 RIAs are based on competitive binding of testosterone to a testosterone-speci fi c 
antibody. The patient’s serum is mixed with a set amount of radioactively labeled 
testosterone tracer and a  fi xed amount of antibody against testosterone. The amount 
of tracer displaced by the patient’s testosterone is evaluated by measuring the radio-
activity of the sample, and the patient’s testosterone concentration is calculated. 
This method is illustrated in Fig.  2.3 .  

 Traditional RIAs involve a testosterone extraction step, which increases their 
sensitivity and accuracy. These assays exhibit a variability of less than 10% in an 
experienced laboratory, with a lower limit of detection less than 10 pg  [  25  ] . 
Unfortunately, they require a technically experienced staff, are time-intensive, and 
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generate large amounts of radioactive waste. Commercially available RIA kits are an 
easier alternative. However, they use a set amount of tracer and antibody, with the 
result that their ability to measure very high or very low levels of testosterone is some-
what poor. The detection of low levels of testosterone can be improved by increasing 
the amount of antibody while reducing the amount of tracer  [  4  ] . This concept is illus-
trated in Fig.  2.4 , which shows an immunoassay calibration curve. The testosterone 
concentration of a sample is accurately calculated over the dynamic range, repre-
sented by the linear portion of the curve. The sensitivity and speci fi city of the assay 

  Fig. 2.2    Testosterone extraction and displacement       

  Fig. 2.3    Radioimmunoassay for measurement of serum testosterone       
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is decreased at low testosterone concentrations, where the curve is no longer linear. 
Changes in the amount of antibody and/or tracer in the assay alter the binding capac-
ity and shifts the curve, thereby affecting the dynamic range (Fig.  2.4 ).  

 The RIA requires a speci fi c antibody with minimal cross-reactivity. Testosterone, 
like most steroids, is a poor antigen. Therefore, the design of a testosterone-speci fi c 
antibody is, therefore, dif fi cult. For commercially available kits, each manufacturer 
usually uses a different antibody. This may in turn cause a different binding af fi nity 
to testosterone, as well as different cross-reactivity. These differences can certainly 
contribute to the variable results seen with different commercial kits.  

   Enzyme-Linked Immunoassay 

 Like RIAs, EIAs are also based on the principle of competitive binding to an anti-
body. Instead of being radioactively labeled, the tracers used in EIA are  fl uorescent 
or chemiluminescent, which eliminates the possibility of radioactive waste. EIAs 
are easy to automate, and are widely used in non-reference hospital and commercial 
laboratories. 

  Fig. 2.4    Calibration curves for testosterone assays       
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 EIAs are subject to most of the same shortcomings of RIAs, namely, limited util-
ity at very low or very high testosterone concentrations, and the need for a 
testosterone-speci fi c antibody, which can vary by manufacturer. While these auto-
mated assays are suf fi cient for most clinical purposes in men, results can vary by as 
much as 33% among different assay methods. Even values in normal men can fall 
out of the manufacturer’s reference range  [  14  ] . Additionally, EIAs do not routinely 
include a testosterone extraction step. Therefore, they do not necessarily measure 
true total testosterone. 

 Some manufacturers of commercial RIA and EIA use danazol for testosterone 
displacement as an alternative to testosterone extraction using organic solvents. 
In theory, this additional step is designed to improve the sensitivity and accuracy 
of the assays. However, the amount of danazol present in the kits is  fi xed and lim-
ited, and usually insuf fi cient in displacing testosterone from samples with elevated 
amounts of SHBG.  

   Liquid Chromatography-Tandem Mass Spectroscopy 

 Direct methods of measuring testosterone have gained popularity over the last 
decade, due to the inconsistencies experienced with indirect immunoassays. 
Reference laboratories are increasingly using liquid chromatography-tandem mass 
spectroscopy (LC-MS), which combines automation and high-throughput with high 
precision, reproducibility, and wide linearity of assay. Steroid hormones are 
extracted from the serum sample by the use of organic solvents and separated by 
liquid chromatography, and testosterone levels are then determined by peak area 
integration of testosterone-containing fractions of the column eluate (Fig.  2.5 ). 
LC-MS has a lower limit of detection of 15 ng/dL, with an intra-assay coef fi cient of 
variation of <10%  [  14  ] . The speci fi city of this assay is enhanced by a distinct mass 

  Fig. 2.5    Liquid chromatography-mass spectroscopy for measurement of serum testosterone       
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spectroscopy  fi ngerprint for all known steroids, from which testosterone can be 
speci fi cally selected. LC-MS is recognized as the most reliable method of measur-
ing total testosterone in women, children, and hypogonadal men  [  26,   27  ] , and has 
been accepted as the new gold standard assay for testosterone measurement.    

   Laboratory Measurement of Testosterone Fractions 

 Assays for various testosterone fractions have also been developed, and are 
summarized in Table  2.2 . Some laboratories have directly measured bioavailable 
testosterone by selective ammonium sulfate precipitation of SHBG. Others have 
measured free testosterone by equilibrium dialysis, and advocated for this being the 
most accurate assessment of physiologically active circulating hormone fraction. 
The calculation of free testosterone, bioavailable testosterone, and the free andro-
gen index (FAI = testosterone/SHBG) is described as an indirect means of assessing 
testosterone concentration.  

 According to the “free hormone hypothesis,” only free testosterone is available 
to the end organs and biologically active at the tissue level  [  28  ] . However, recent 
studies have suggested that even SHBG-bound testosterone can be internalized into 
cells via endocytosis, questioning the validity of the free hormone hypothesis. 
Because of these conceptual uncertainties, while some authors continue to argue in 
favor of using free testosterone assays or calculations, expert opinion at this time 
favors the use of total testosterone levels for the diagnosis of androgen de fi ciency. 

   Measurement of Free Testosterone 

 Unfortunately, there is no cost-effective, simple, widely available, reliable, or 
accurate method of directly measuring free testosterone. The serum concentra-
tion of free testosterone is usually 50–100 times lower than the concentration of total 

   Table 2.2    Assays for the measurement of testosterone, free testosterone, and 
bioavailable testosterone   

 Total testosterone  Radioimmunoassay (RIA) 
 Enzyme-linked immunoassay (EIA) 
 Liquid chromatography-mass spectroscopy (LC-MS) 

 Free testosterone  Equilibrium dialysis 
 Ultracentrifugation 
 Radioimmunoassay (RIA) 
 Calculated free testosterone 

 Bioavailable testosterone  Ammonium sulfate precipitation of SHBG 
 Calculated bioavailable T 
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testosterone; therefore, lower limits of detection are important to consider for any 
assay measuring free T. The free hormone fraction also needs to be separated from 
bound testosterone in order to be measured. 

 Equilibrium dialysis is the gold standard assay for the measurement of free 
testosterone. The patient’s serum is placed in a dialysis chamber with two compart-
ments. One compartment contains 3 H-T (tracer-labeled testosterone) added to the 
serum, while the other contains a buffer solution. The compartments are separated 
by a semipermeable membrane with a low molecular weight cut-off. Dialysis is 
performed until testosterone concentrations within the two compartments reach an 
equilibrium value. Free and bound 3 H-T are then separated and measured. This 
value is multiplied by the total testosterone concentration. Although highly pre-
cise, equilibrium dialysis methods are expensive and complex, with potential errors 
due to temperature, sample dilution, and tracer impurities  [  14  ] . For example, a 2% 
contamination, with a tracer that does not bind to proteins can cause a doubling of 
the free testosterone concentration  [  5  ] . The value and accuracy of total testosterone 
has a bearing on the free testosterone concentration obtained with equilibrium 
dialysis. 

 One alternative    to equilibrium dialysis for the direct measurement of free T is 
ultracentrifugation, a process where free T is separated from bound testosterone 
using ultrafast centrifuges, and then directly measured  [  29  ] . The direct measure-
ment of free testosterone by RIA has also been described, but does not provide an 
accurate assessment when there are alterations in SHBG  [  30,   31  ] . The use of this 
technique is not recommended  [  32  ] .  

   Calculation of Free Testosterone 

 Free testosterone can be calculated based on the concentration of SHBG, albumin, 
and total testosterone. Several different calculations for free T have been described 
in the literature  [  33  ] . These equations require the use of equilibrium dissociation 
constants for the binding of SHBG and albumin to testosterone, which are usually 
de fi ned as 1 × 10 9  and 3 × 10 4  L/M, respectively. These numbers are not universally 
agreed upon, which can lead to discrepant results when the equations are compared 
 [  33  ] . The albumin concentration in serum is assumed to be 4.3 g/dL for the purposes 
of this calculation; changes in the albumin level within normal physiologic range 
have been shown to have little impact on the calculated free testosterone  [  30  ] . 
However, because the calculated value of free T depends on measured SHBG and 
total testosterone levels, measurement error and variable reference ranges for these 
two analytes directly impact the results. With the exception of certain metabolic 
conditions such as obesity, hyperthyroidism, and low cortisol, calculated free T cor-
relates very well with free T obtained by equilibrium dialysis  [  30  ] . In contrast, stud-
ies comparing calculated values with those obtained by ultra fi ltration do not always 
show high degree of correlation  [  34  ] .  
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   Free Androgen Index 

 The FAI represents the ratio of total testosterone and SHBG: testosterone/SHBG. 
The ratio is easy to calculate, and valid in serum samples from women. There is a 
reasonable correlation between FAI and FT, but it is not consistently maintained at 
low testosterone levels  [  35  ] . FAI is less useful in men because the majority of SHBG 
in men is bound to testosterone. Like the calculated free testosterone, the FAI is also 
dependent on accurate values for testosterone and SHBG.  

   Measurement of Bioavailable Testosterone 

 Bioavailable testosterone can be determined by ammonium sulfate precipitation of 
SHBG. 3 H-T (tracer-labeled testosterone) is mixed with the serum sample and SHBG-
bound 3 H-T is then selectively precipitated by adding 50% ammonium sulfate. The 3 
H-T that remains in the supernatant (not precipitated) is multiplied by the total testos-
terone concentration in order to determine the concentration of bioavailable testoster-
one. The assay is labor-intensive and does not lend itself easily to automation. 
It involves a series of steps, requires special reagents, and has not been standardized 
between labs. Despite these shortcomings, bioavailable T has been reported to correlate 
with free T levels obtained by equilibrium dialysis relatively well  [  30,   36  ] .  

   Calculation of Bioavailable Testosterone 

 There is a highly positive correlation between the levels of calculated free T and 
bioavailable T in plasma. The two fractions are also functionally correlated; in 
cross-sectional studies of healthy older men, both free T and bioavailable T predict 
muscle mass strength and bone density  [  14  ] . 

 Bioavailable T can be calculated from SHBG and total testosterone. It has been 
recommended by one expert panel as being superior, both in ease of execution and 
accuracy of results, to the ammonium-sulfate precipitation method for measurement 
of bioavailable T  [  37  ] . Several different equations for the calculation of bioavailable 
T have been proposed, but comparison of these algorithms suggests that the 
Sodergard or Vermeulen equations most accurately re fl ect measured bioavailable 
T levels  [  20  ] . 

 Calculated values of bioavailable T are dependent on the determinations of 
SHBG and total testosterone, and therefore, subject to the same bias as calculated 
values of free T. The two measures are directly linked to each other  [  30  ] . An online 
calculator, available on the website for the International Society for the Study of the 
Aging Male (  http://www.issam.ch/freetesto.htm    ), can be used for the calculation of 
both free and bioavailable testosterone.  

http://www.issam.ch/freetesto.htm
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   Salivary Testosterone 

 There is a positive correlation between total testosterone in serum and saliva  [  38  ] . 
Salivary samples are easily collected and are useful research tools for settings in 
which blood sampling is impractical or impossible. Salivary testosterone measure-
ments, however, are not standardized. Adult male reference ranges are not available 
in most hospital or reference laboratories  [  32  ] . This method of testing is not cur-
rently recommended for clinical use.   

   Internal and External Validity of Testosterone Assays 

 An accurate diagnosis of androgen de fi ciency requires hormone assays that have 
good internal and external validity. Internal validity implies that the assay has a high 
level of precision with low bias. External validity refers to calibration of the assay 
against the accepted gold standard with appropriate reference ranges  [  39  ] . Historically, 
testosterone assays, like other reproductive hormone assays, were established in 
research laboratories that maintained internal and external quality controls for the 
assays. The increasing use of these assays in routine clinical practice has increased 
the demand for them, leading to a switch from research laboratories to large-throughput 
laboratories that employ commercial, multiplex, automated platform assays. 

 The methodological simpli fi cations required to make the transition to automa-
tion and high-throughput have led to a loss in sensitivity and speci fi city for testos-
terone assays. Widely differing reference ranges have been reported, both among 
the various automated assays, as well as compared to research laboratory methods. 
Reference ranges for many automated assays span low-end clinical detection limits 
of 170–200 ng/dL to upper-end limits of 700–800 ng/dL. This is signi fi cantly lower 
than the 300–1,000 ng/dL reference range published over the past 30 years based on 
RIAs with or without chromatography  [  32  ] . 

 There is no uniform agreement between commonly used commercial assay plat-
forms and traditional testosterone assays based extraction and chromatography. 
Wang et al. compared serum testosterone measurements from eugonadal and hypog-
onadal adult men using LC-MS vs. manual RIAs and four commonly used com-
mercially available RIA kits  [  32  ] . Using LC-MS as the gold standard, they found 
that while some of the manual and automated assays could be used to assess testos-
terone in eugonadal men, the majority were unacceptable for measurement of low 
testosterone levels (i.e., hypogonadal men), due to lack of precision and accuracy. 
Similar  fi ndings have been reported by Taieb et al., who found that immunoassay 
results varied by up to  fi vefold at testosterone concentrations below 230 ng/dL, and 
that immunoassays generally overestimated testosterone concentrations  [  40  ] . 
Validation studies of most testosterone assays are performed using a standard sample 
with a testosterone concentration of 400 ng/dL. The sensitivity and speci fi city of 
most assays is not measured at low testosterone levels, where the linearity of the 
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assay is decreased (Fig.  2.4 ). At low testosterone levels, as seen in women, children, 
and early male puberty, blood testosterone levels are comparable to those seen in 
castrate men. The low reliability and poor sensitivity of commercial testosterone 
assays in these settings has led to measurements being considered equivalent to 
random number generation  [  41  ] . 

 Wang et al. recommended that laboratories employing automated assays should 
establish their own reference ranges, based on normal healthy men of different ages, 
rather than using manufacturer-supplied ranges  [  32  ] . Reference ranges for commer-
cial testosterone assays are often based on small, convenient population samples, 
not necessarily controlled for medical comorbidities or other factors that may affect 
sex hormone levels  [  42  ] . Not surprisingly, reference ranges vary signi fi cantly between 
different commercial assays. Historically, the range of testosterone in healthy young 
men using assays that utilized extraction and chromatography has approximated 225–
1,000 ng/dL. In contrast, some commercial laboratories have reported the lower limit 
of the normal range to be as low as 84 ng/dL and as high as 1,727 ng/dL, values that 
defy credibility and validity  [  42  ] . An acceptable reference range for testosterone 
assays should, instead, be based on a population of healthy men with veri fi ed normal 
sexual and reproductive function. However, to our knowledge, no large studies of a 
random sample of men from a healthy, population-based cohort exist. 

 Laboratories should also undertake external quality control programs, such as 
that provided by the College of American Pathologists, allowing laboratories to 
compare results with others using the same kit or reagents. In one such quality con-
trol study, the average value for serum testosterone was 297 ng/dL, with a range of 
160–508 ng/dL, and coef fi cients of variation ranging from 5.1 to 22.7%  [  32  ] . Results 
clearly spanned the hypogonadal to eugonadal range. This magnitude of variability 
is unacceptable and of no value in clinical medicine. As previously mentioned, pre-
analytical processing also in fl uences the reliability of testosterone assays. 
Recognition of technical and biological pre-analytical issues can limit the potential 
for introduction of errors, and decrease inter-assay variability. 

 The laboratory diagnosis of testosterone de fi ciency may, therefore, be con-
founded by limitations of both internal and external validation. An understanding of 
the assays employed by one’s speci fi c laboratory, as well as an appreciation for 
population-speci fi c reference ranges, is key for accurate clinical diagnosis.  

   Summary 

 Reproducible and cost-effective testosterone assays that re fl ect accurate serum 
concentrations are important in order to correctly diagnose hypogonadism. Over 
the past 30 years, testosterone assays have progressively become more economical, 
rapid, and automated. However, scienti fi c data suggests that most testosterone mea-
surements in typical clinical laboratories may have a margin of error less than or 
equal to 30% from the “true” serum testosterone concentrations measured, using 
gold standard methods such as liquid chromatography-mass spectroscopy  [  4  ] . 



292 The Laboratory Diagnosis of Testosterone De fi ciency

Needless to say, the accuracy of measurement is especially important in hypogonadal 
men, where a 30% variation in testosterone concentrations may effectively miss a 
diagnosis of testosterone de fi ciency. The poor reliability of testosterone measure-
ment is secondary to a combination of factors, including technical limitations of 
currently available assays, intra-individual variation, and the wide range of testos-
terone levels in human samples that assays are required to measure. 

 There is no universally accepted threshold of testosterone concentration that 
distinguishes eugonadal from hypogonadal men, but a testosterone concentration 
below 300 ng/dL is suggestive of testosterone de fi ciency in the appropriate clinical 
setting. The laboratory evaluation of testosterone de fi ciency should begin with the 
measurement of total testosterone, and may include free or bioavailable testosterone 
if the total testosterone is close to the lower limit of the normal range or discordant 
with the clinical presentation, or when altered levels of SHBG are suspected. LC-MS 
is considered the current gold standard testosterone assay. Determination of free 
testosterone should be done with equilibrium dialysis, or calculated after accurate 
determination of SHBG. Assessment of bioavailable testosterone is an alternative to 
the assessment of free testosterone, and can either be calculated or determined by 
ammonium-sulfate precipitation of SHBG. Both equilibrium dialysis and ammo-
nium-sulfate precipitation are labor-intensive assays requiring skilled personnel, 
and are best performed in reference laboratories only. 

 Currently, efforts to create standardization of testosterone assays are underway. 
Accurate reference ranges for testosterone measurement by liquid chromatography-
tandem mass spectroscopy are being developed. These norms need to be established 
in normal healthy patients of varying ages, with normal sexual and reproductive 
function. Calibration of the methodology and population-based reference ranges for 
free testosterone by equilibrium dialysis are also needed. Increased accuracy in the 
measurement of testosterone and SHBG will lead to improvement in calculations of 
free- and bioavailable testosterone. 

 In summary, it is in everyone’s best interest to advance the technological and 
clinical aspects of biochemical diagnosis of hypogonadism, in order to provide 
reliable, cost-effective, and portable tools to aid clinicians in the diagnosis and 
treatment of this common condition.      
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         Introduction 

 The clinical diagnosis of androgen de fi ciency can often be a challenge for physicians. 
Its presentation can vary and be as diverse as the effects that testosterone has on 
different body systems (see Table  3.1 ). The severity of the signs and symptoms 
between body organs is often discordant, with the magnitude of signs and symp-
toms often not matching measured testosterone levels. Although the true diagnosis 
of androgen de fi ciency requires con fi rmatory laboratory testing of serum testoster-
one levels  [  1  ] , clinicians must often use their best clinical judgment about when to 
order laboratory tests, since there is insuf fi cient evidence to justify screening for 
androgen de fi ciency in the general population  [  2  ] . The currently accepted solution 
is to consider subjective symptoms, along with observed signs, and allow those 
metrics to guide the judicious use of diagnostic testing  [  2  ] . Patients need to be ques-
tioned about recognized causes of testicular failure; such as trauma, testicular can-
cer, chemotherapy, radiation exposure, and orchitis. In addition to a complete history 
and physical examination, clinicians may use one of the validated questionnaires to 
help identify men in need of further endocrinologic evaluation. The Aging Males 
Symptoms (AMS) scale  [  3  ] , the androgen de fi ciency in aging males (ADAM) sur-
vey  [  4  ] , the Androtest interview  [  5  ] , and the International Index of Erectile Function 
(IIEF)  [  6  ]  are used as helpful adjuncts to the history and physical examination in the 
clinical diagnosis of androgen de fi ciency. The use of these instruments is reviewed 
in greater detail in Chap.   4    .   
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   Presentation by Age 

 The clinical picture of male hypogonadism varies markedly between patients who 
have yet to undergo puberty and those subjects that have already reached sexual 
maturity. It behooves the clinician to be astute regarding certain signs and symp-
toms that occur at each stage of life. In the pubescent male, the most noticeable 
signs of reduced testosterone are a lack of age-appropriate virilization and a pau-
city of secondary sexual characteristics, such as deepening of the voice and tempo-
ral hair recession  [  7  ] . These patients can display sustained height increase (albeit 
without a pubertal growth spurt) because of a failure of the epiphyses to close, and 
exhibit eunuchoid body proportions, where arm span is greater than overall height 
by >2 cm  [  8  ] . 

 Hypogonadism in the pubescent male can indicate of a genetic disorder. In these 
cases, the classic signs and symptoms of these rare disorders can alert the clinician 
to the presence of a coincident hypogonadal state. In Kallmann syndrome, low 
serum levels of testosterone result from reduced or absent gonadotropin releasing 
hormone (GnRH), and juvenile boys may present with anosmia, delayed sexual 
development, and midline facial/cranial defects  [  9  ] . Although Klinefelter syndrome 
is the most common genetic cause of hypogonadism, patients typically exhibit a 
clinically normal phenotype until puberty. At which point, serum LH and FSH 
levels dramatically increase, inhibin B decreases, and testosterone levels fall, 

   Table 3.1    Summary of symptoms and signs of androgen de fi ciency   

 Group A: Symptoms and signs suggestive of androgen de fi ciency in men 
 Incomplete sexual development, aspermia, eunuchoid body habitus • 
 Reduced sexual desire (libido) and activity • 
 Decreased spontaneous erections • 
 Breast discomfort, gynecomastia • 
 Loss of body (auxiliary and pubic) hair, reduced shaving • 
 Very small or shrinking testis (especially <5 cm • 3 ) 
 Inability to father children, reduced or absent sperm in ejaculate • 
 Height loss, soft-trauma fracture, low bone mineral density, osteomalacia • 
 Reduced muscle mass and strength • 
 Hot  fl ashes, sweats • 

 Group B: Symptoms and signs associated with androgen de fi ciency that are less speci fi c than 
those listed in group A 
 Decreased energy, motivation, initiative, aggressiveness, self con fi dence • 
 Feeling sad or down, depressed mood, dysthymia • 
 Impaired concentration and memory • 
 Prolonged sleep disturbance, increased sleepiness • 
 Mild anemia (normochromic, normocytic, into the female range) • 
 Increased body fat, body mass index • 
 Diminished physical or work performance • 

  Based on data from Bhasin et al.  [  2  ]   
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leading to hypogonadal manifestations  [  10  ] . Pre-pubertal Klinefelter boys have 
preserved normal seminiferous tubule architecture with characteristically reduced 
germ cell counts. In contrast, in Klinefelter patients who have undergone puberty, 
their seminiferous tubules undergo extensive hyalinization and  fi brosis with testicu-
lar atrophy  [  10  ] . Bilateral congenital anorchia is another potential genetically linked 
etiology of testosterone de fi ciency that is easily identi fi ed by congenital absence of 
the testes  [  11  ] . 

 Patients who have reached sexual maturity exhibit a different constellation of 
symptoms, mainly centering on a loss of secondary sexual characteristics. Loss of 
body hair with a reduced frequency of shaving, decreased muscle mass, physical 
strength, and atrophic testicles are typical examples  [  2  ] . According to the Endocrine 
Society, other speci fi c symptoms of testosterone de fi ciency include reduced sexual 
desire and frequency of sexual activity, decreased spontaneous and nocturnal erec-
tions, hot  fl ashes, and breast tenderness or gynecomastia  [  2  ] . 

 Often, the symptoms of testosterone de fi ciency are dif fi cult to distinguish from 
the physiologic changes that we witness with normal aging. Therefore, testosterone 
de fi ciency in the aging male is often not recognized  [  12  ] . There are also differences 
in the presentation of testosterone de fi ciency in middle-aged men from the geriatric 
population. Many signs and symptoms of testosterone de fi ciency are expressed het-
erogeneously with respect to age in the post-pubertal population  [  13  ] . In a series of 
1,647 males who were assayed for signs and symptoms of testosterone de fi ciency, 
the youngest quartile showed an inverse correlation between testosterone and 
hypoactive sexual desire, while the oldest quartile demonstrated inverse correla-
tions between testosterone and both severe erectile dysfunction and somatized 
anxiety  [  13  ] .  

   Signs and Symptoms of Androgen De fi ciency by System 

   Sexual Dysfunction 

 The hallmark of androgen de fi ciency to the general population is diminished sexual 
function (see Fig.  3.1 ). Reduced libido is often observed in men with undersized or 
soft testicles and erectile dysfunction (ED)  [  7,   14  ] . Other sexual dysfunctions asso-
ciated with androgen de fi ciency include decreased erectile rigidity, dif fi culty achiev-
ing orgasm, diminished ejaculatory volume, reduced genital sensation, and 
diminished intensity of orgasm  [  14  ] .  

 Hypogonadal men with low libido and ED have been observed to have long-term 
improvement in their sexual desire with exogenous testosterone supplementation. 
However, their resolution of ED is short lived, when measured using validated ques-
tionnaires  [  15,   16  ] . Nevertheless, it is important to recognize a correlation between 
ED and testosterone de fi ciency, and that a new onset of ED can be a harbinger of 
future vascular morbidity and mortality  [  17  ] .  
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   Cognition and Mood Changes 

 Chronic fatigue and lack of energy are the most common mood abnormalities asso-
ciated with testosterone de fi ciency  [  18  ] . Depression, irritability, and reduced moti-
vation are common entities witnessed in the hypogonadal state  [  2,   19  ] . Sleep 
disturbance and decreased work capacity are nonspeci fi c symptoms that are often 
associated with reduced testosterone  [  2  ] . Other cognitive effects seen in men with 
subnormal testosterone levels include memory impairment and worsening visu-
ospatial performance  [  20  ] .  

   Metabolic Syndrome 

 The metabolic syndrome (MetS) is a group of coincident disease processes that 
increases an individuals’ risk of cardiovascular events although multiple defi nition 
and content have been proposed. According to the International Diabetes Federation, 
the major entities that comprise the MetS are hypertension, insulin resistance, 
abnormal body fat distribution, and dyslipidemia  [  21  ] . Studies have clearly noted an 

  Fig. 3.1    Summary of signs of testosterone de fi ciency by system       
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association between testosterone de fi ciency and the MetS  [  22,   23  ] , an association 
that persists in non-obese males  [  24  ] . Cardiovascular complications associated with 
MetS and low testosterone include large vessel atherosclerosis  [  25  ]  and angina pec-
toris  [  26  ] . Since testosterone therapy has been shown to be more effective than 
exercise and diet alone in treating MetS among patients with subnormal testoster-
one  [  27  ] , it is vital to determine if the MetS patient is a candidate for testosterone 
replacement therapy  [  18  ] .  

   Body Composition 

 There is an annual 1.5–2% reduction of testosterone production during the normal 
aging process in adult men  [  28  ] . Likewise, there is decrease in muscle mass and an 
associated increase in adipose tissue, which alters overall body shape and composi-
tion  [  28  ] . Studies of men with hypogonadism reveal decreases in lean body mass 
and increases in overall body fat mass paralleling falling androgen levels  [  29  ]  
(Fig.  3.1 ). 

 In addition to its effects on overall body composition, testosterone has an effect 
on regional body distributions of various tissues. Analysis of a cohort of men, aged 
50–89, from the California community of Rancho-Bernardo documented that total 
testosterone levels were inversely correlated with central adiposity  [  30  ] . Testosterone 
replacement therapy in hypogonadal men increased lean body mass and decreased 
the total amount of adipose tissue while simultaneously altering its distribution  [  31  ] .  

   Skeletal Changes 

 Testosterone de fi ciency contributes to reduced bone mineral density and the devel-
opment of osteoporosis by interrupting the normal inhibition of osteoclastic bone 
resorption and decreasing the estrogen-dependent stimulation of osteoblasts, by 
way of the inability of testosterone to be aromatized into estrogen  [  32  ] . Low serum 
testosterone levels correlate with frailty because of decreased bone mineral density 
in elderly males  [  33  ] .   

   Conclusion 

 The most important objective during the clinical assessment of the man with potential 
testosterone de fi ciency is to guide the clinician when to order con fi rmatory diagnos-
tic testing. The Endocrine Society guidelines recommend measuring morning serum 
testosterone levels in men exhibiting any of the symptoms listed in group A of 
Table  3.1   [  2  ] . The proper use of a detailed history and physical exam is the ideal 
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approach to identify the man who is suffering from hypogonadism. Nevertheless, 
it is important for the clinician to detect the appropriate nuances and develop 
standards to decide when to screen for testosterone de fi ciency.      
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         Introduction 

 Testosterone de fi ciency syndrome (TDS) is a combination of clinical symptoms and 
a low serum testosterone level. Testosterone de fi ciency may cause signi fi cant mor-
bidity, a decrease in health-related quality of life (HRQoL), or both. Signs of testos-
terone de fi ciency can be categorized into sexual side effects, constitutional, 
cognitive, and physiologic. Classically, urologists think of “sexual” implications 
such as low libido, gynecomastia, sexual dysfunction, and impaired fertility. 
However, examples of the constitutional effects include loss of muscle mass, 
increased abdominal fat deposition, poor work-out recovery, fatigue, hot  fl ashes, 
and loss of body hair. More subtle changes often not perceived by the patient or 
physician includes mood instability, reduced ability to concentrate, and memory 
de fi cits. Increasingly, the implications of testosterone de fi ciency on cardiovascular 
and bone health are being recognized. Treatment is directed at symptomatic improve-
ment and health maintenance. Many testosterone replacements normalize serum 
levels of testosterone; however, symptomatic improvement is less consistent. 

 Symptoms experienced in patients with TDS are not unique to this disorder. 
Many of the symptoms are multi-factorial and can be associated with other common 
medical conditions. Other symptoms, such as low libido and fertility impairment, 
are more speci fi c to testosterone de fi ciency, but not exclusive to this disease. 
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Screening HRQoL questionnaires have been developed to assist the physician in 
determining which patient needs further evaluation for testosterone de fi ciency, and to 
assess symptomatic improvement after treatment has been initiated. In this chapter, 
we review these screening devices and describe the test characteristics of each.  

   Health-Related Quality of Life Measures 

 Prior to a review of the speci fi c questionnaires used to measure hypogonadal symptoms, 
it is important to understand the basis for developing these questionnaires. HRQoL 
questionnaires encompass an individual’s perception of his own health and func-
tional status. HRQoL researchers term these health domains. A disease process 
affecting multiple systems such as diabetes will diminish overall functioning and 
impact general HRQoL. Speci fi c domains vary between questionnaires, but often 
include physical, emotional, and social domains. However, more subtle disease pro-
cesses such as prostate cancer diagnosis and treatment will not change general qual-
ity of life but do negatively impact disease-speci fi c HRQoL such as continence. 
This led to the development of disease-speci fi c instruments directed at speci fi c 
function, such as questions regarding urinary, gastrointestinal, and sexual function. 
The development process for an instrument includes vigorous testing of psychomet-
ric properties focusing on validity and reliability  [  1  ] . Validation ensures the instru-
ment truly measures the health aspect one is intending to capture. In addition, 
convergent validity refers to how closely the new measure correlates with known 
measures for the same health process. The questionnaire must be reliable and con-
sistent in measuring the intended variables for both the domain and the individual 
patient. Internal consistency refers to the concept that the items making up each 
domain all measure the different aspects of that same concept. Test retest reliability 
means that the same patient (if no changes in health condition occur) should score 
the same on the instrument if administered several times. Finally, the questionnaire 
should be responsive. Responsiveness refers to the idea that the instrument needs 
to change as the health condition changes. For example, an instrument measuring 
depression should document improvement after initiating an antidepressant. For 
the best application of HRQoL measures, a baseline value should be documented 
with subsequent longitudinal follow-up. When available, it is recommended that 
a neutral third party collect the information. A glossary of terms is provided in 
Table  4.1 .   

   General Health-Related Quality of Life Measures 

 The most commonly utilized nonspeci fi c, multidimensional measure is the RAND 
Medical Outcomes Short Form-36 (SF-36). This questionnaire is made up of several 
domains including: global health perception, mental health, energy and vitality, pain, 
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social function, physical function, physical role and mental role  [  2  ] . This is one 
example of a nonspeci fi c questionnaire that has been utilized to assess the impact of 
TDS and its treatment. These generic questionnaires typically do not perform as well 
as testosterone de fi ciency speci fi c measures  [  3  ] . Occasionally, authors try to utilize a 
single global question to measure overall quality of life. A speci fi c example of this 
type of measure is the Quality of Life uniscale (QL uniscale)   , also known as the 
Spitzer uniscale QL  [  4  ] . One-item instruments are rarely useful as they are not accu-
rate enough to capture the gradual changes most patient experience over time. Other 
questionnaires have multiple domains to assess quality of life. The most frequently 
used general instruments are summarized in Table  4.2 . Alternative general HRQoL 
multidimensional questionnaires include the Rand Medical Outcomes Short form -12 
(SF-12 v1 and SF-12 v2), Sickness Impact Pro fi le, Endicott Quality of Life 

   Table 4.1    De fi nitions of terms   

  Reliability : a description of how well repeated measurements of the same parameter, with the same 
instrument, agree with one another 

  Inter-rater reliability : a description of how well measurements of the same parameter, with the 
same instrument, by different evaluators, agree with one another 

  Internal Consistency : a description of how well individual components of an instrument measure 
the same parameter 

  Responsiveness : a description of how well an instrument detects change in a parameter 
  Validity : a description of how well an instrument measures the parameter it is intended to measure 
  Face validity : a description of how intuitive an instrument’s validity appears 
  Convergent validity : a description of how well an instrument’s measurements agree with the 

measurements of other instruments designed to measure the same parameter 
  Construct validity : a description of how well an instrument’s measurements correlate with 

parameters known to be associated with the parameter in question 
  Discriminant validity : a description of how well an instrument’s measurements deviate from 

parameters known not to be associated with the parameter in question 

   Table 4.2    General HRQoL measures used to assess testosterone de fi ciency   
 Author, year  Title  Domains measured 

 Ware, 1992  SF-36  Constitutional, cognitive 
 Ware, 1996  SF-12  Constitutional, cognitive, physiologic 
 Dupuy, 1984  Psychological general well-being index  Constitutional, cognitive, physiologic 
 Bergner, 1981  Sickness Impact Pro fi le  Constitutional, cognitive 
 Edicott, 1981  Endicott Quality of Life Enjoyment 

and Satisfaction Scale 
 Sexual, constitutional, cognitive, 

physiologic 
 Schmidt, 2004  Visual analogue mood Scale  Constitutional, cognitive 
 Haren, 2005  Likert Scale plus visual analogue Scale  Constitutional, cognitive 
 Fugl-Meyer, 1997  Life Satisfaction Scale  Sexual, cognitive 
 Herr, 2000  QL uniscale  Global assessment of quality of health 
 Park, 2003  Pusan National University Hospital 

quality of life scoring system 
 Sexual, constitutional, cognitive, 

physiologic 
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Enjoyment and Satisfaction Scale, Psychological general well-being index, Pusan 
National University Hospital Quality of life scoring Scale, Life Satisfaction 
Scale, Visual analogue mood Scale, and the Likert Scale plus visual analogue Scale. 
While these may capture the constitutional or cognitive effects of hypogonadism, 
only three of these Scales include a sexual function domain: Pusan National University 
Hospital Quality of life scoring system, Life Satisfaction Scale, and Endicott Quality 
of Life Enjoyment and Satisfaction Scale. However, none of these scales contain 
both the energy/vitality and sexual function domains.  

 Langham et al. assessed the use of nonspeci fi c tools for following response to 
treatment of hypogonadism  [  3  ] . Of the 14 intervention studies, seven showed a 
positive impact of treatment in a speci fi c domain over time or between groups. Five 
studies showed no change and two studies revealed a negative impact of treatment. 
The generic tools performed poorly when evaluated for clinical face validity. They 
only performed better than speci fi c tools in regards to incorporating a global rating 
separate from other domains. 

 General HRQoL questionnaires are useful to compare across populations or 
between different disease states. They can also augment the utility of disease-speci fi c 
measures to make the  fi ndings applicable across a wider patient population.  

   Testosterone De fi ciency Speci fi c Questionnaires 

 Disease-speci fi c questionnaires for TDS are available and improve on validity, 
relevance, and responsiveness compared to general HRQoL instruments. The instru-
ments and the domains they address are found in Table  4.3 . Unfortunately, even 
these speci fi c questionnaires are imperfect to screen for testosterone de fi ciency. 
In one review of several speci fi c questionnaires, there was evidence of greater ability 
to detect a change after treatment compared to the general HRQoL instruments  [  3  ] . 
Additionally, it was felt that all of these questionnaires were clinically relevant to 
assess for symptoms related to hypogonadism.  

   Table 4.3    Testosterone de fi ciency speci fi c questionnaires   
 Author, year  Title  Domains measured 

 Heinemann, 1999  Aging Males’ Symptoms Scale  Sexual, constitutional, 
cognitive, physiologic 

 Morley, 2000  Androgen De fi ciency in Aging Males  Sexual, constitutional, cognitive 
 Smith, 2000  Massachusetts Male Aging Study  Sexual, constitutional, 

cognitive, physiologic 
 Wiltink, 2009  Hypogonadism-Related Symptom Scale  Sexual, constitutional, cognitive 
 Corona, 2009  Androtest  Sexual, constitutional, cognitive 
 McMillan, 2003  Age-Related Hormone De fi ciency-

Dependent Quality of Life Questionnaire 
 Sexual, constitutional, cognitive 
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   Aging Males’ Symptoms Scale 

 The most extensively studied speci fi c questionnaire is the Aging Males’ Symptom 
(AMS) Scale. This Scale is a 17 item questionnaire used to assess patient com-
plaints in three domains: psychological ( fi ve items), somatovegetative (seven items), 
and sexual ( fi ve items). A Likert Scale is used for each question with 1 indicating no 
complaint and 5 noting severe bother. A total score is calculated with ranges avail-
able to characterize overall symptoms and likelihood of androgen de fi ciency. The 
total score is graded as: 17–26 points representing “no/little symptoms,” 27–36 
points representing “mild symptoms,” 37–49 points representing “moderate symp-
toms,” and 50–85 points representing “severe symptoms.” 

 The AMS Scale was originally developed in 1999, in Germany  [  5  ] . It was cre-
ated to address the idea that men may experience events analogous to female meno-
pause. Over 200 variables were assessed using factorial analysis to identify 
complaints and domains speci fi cally related to aging. The goals of the symptom 
Scale development were to assess symptoms of aging (independent from disease-
related symptoms) in groups of men under different conditions, to evaluate the 
severity of symptoms over time, and to measure changes pre- and post-androgen 
replacement. Initial testing was performed on men over 40 years of age. At its incep-
tion, the AMS Scale was not intended to be a screening tool for androgen de fi ciency, 
although it was intended to measure treatment effect. Normal standardized scores 
have only been published for German and Japanese patients. The Scale has been 
used internationally and translated into many other languages including English, 
Dutch, French, Spanish, Portuguese, Italian, Swedish, Korean, and Indonesian. 

 The AMS Scale has good reliability; with a Cronbach’s Alpha measure of internal 
consistency between 0.7 and 0.9 across countries, time periods, and domain sub-
scores  [  6  ] . This was determined from a meta-analysis of studies performed in 
Germany, the United Kingdom, Spain, Portugal, Italy, France, Sweden, Thailand, 
and Korea. Small patient numbers assessed in some countries limits the reliability 
determination. Validity was assessed as well, revealing the ability to discriminate 
between degrees of hypogonadism  [  6  ] . 

 Several studies have used the AMS to evaluate symptom response to androgen 
replacement. The AMS scores for patients mirror those results determined by phy-
sician evaluation of treatment ef fi cacy  [  7  ] . In a study of nearly 900 men, the aver-
age total score before treatment was 45.3 ± 13.2 compared to 29.9 ± 9.1 after 
treatment, for men above 50 years of age. Similar results were seen for men less 
than 50 years of age. Prior to therapy, only 5.7% of patients reported “no/little 
symptom” scores, but this increased to 41.8% after treatment with injectable tes-
tosterone enanthate. Unfortunately, the only randomized, double-blind, placebo 
controlled study to assess testosterone replacement therapy in men with laboratory 
proven androgen de fi ciency revealed no relationship between the AMS score and 
free testosterone level  [  8  ] . This study also did not  fi nd any statistically signi fi cant 
difference between placebo and treatment group AMS scores after 6 months of 
testosterone replacement. 
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 Additional studies evaluating the relationship between total AMS score and 
serum testosterone levels document variable results. Several abstracts and articles 
have shown a positive correlation between total or free testosterone and the total 
AMS score  [  9,   10  ] . While AMS score alone was shown to be predictive of testoster-
one levels, the addition of body mass index (BMI) and age further improved predic-
tive ability. In contrast, others studies were unable to reveal the same  fi nding and 
suggest testosterone is not related to total AMS score  [  11–  13  ] . 

 A number of factors exist which potentially explain these con fl icting results. 
The method of hormone level determination and patient demographics may in fl uence 
study results  [  14  ] . The AMS Scale has also been related to lower household income 
and major depressive disorder  [  15  ] . Although the Scale is criticized for being too 
long and requiring too much time to complete  [  16  ] , it has shown the ability to be 
used over the phone or in person making it useful for research studies. Currently, the 
AMS Scale should be viewed as an ancillary tool to track symptom severity and 
change in symptoms over time in patients. It has limited utility in screening patients 
for androgen de fi ciency, but this weakness is mitigated when patient AMS score is 
combined with BMI and age (Appendix 1   ).  

   Androgen De fi ciency in Aging Males 

 The Saint Louis University Androgen De fi ciency in Aging Males (ADAM) ques-
tionnaire is composed of ten “yes or no” questions regarding patient symptoms 
related to sexual function, mood, and energy level. A positive score answers “yes” 
to questions 1 or 7; otherwise a “yes” answer is needed on any three other questions 
 [  14  ] . The Scale was initially developed by identifying ten symptoms common to 
patients with low bioavailable testosterone. The ADAM questionnaire has been 
translated and validated in Chinese and Arabic. Several other nonvalidated transla-
tions are also available. 

 Initial results of the ADAM questionnaire reported an 88% sensitivity and 60% 
speci fi city  [  17  ] . Later studies have supported the 80–90% sensitivity but reported 
lower speci fi city of 19–36%  [  18–  22  ] . One study found age and diabetes mellitus to 
be correlated with a positive ADAM questionnaire independent of a low bioavail-
able testosterone level  [  18  ] . The internal reliability is adequate with a Cronbach’s 
alpha of 0.71–0.74  [  19,   20  ] . 

 Similarly to the AMS, correlating the ADAM questionnaire with testosterone 
levels is problematic. Results are con fl icting with several publications documenting 
the ADAM questionnaire to be a sensitive indicator of low bioavailable testosterone 
 [  18–  22  ] . The two studies have noted no correlation between serum bioavailable 
testosterone and a positive ADAM questionnaire  [  23,   24  ] . The  fi rst question (“Do 
you have a decrease in libido?”) has been shown to be more speci fi c than other 
individual questions or the total score. One study supported the idea that men with 
a free testosterone level less than 70 ng/dL will have at least one symptom from 
each domain (sexual, energy, mood)  [  22  ] . 
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 There have been several modi fi cations of the ADAM questionnaire. The most 
frequent modi fi cation is to calculate a cumulative score based on the total number 
of “yes” responses, with each “yes” response representing one point. This has shown 
mixed results with one positive and one negative study  [  22,   23  ] . A short version of 
the questionnaire consisting of six items has been shown to increase speci fi city in a 
Chinese patient population  [  20  ] . A more recent variation of the ADAM question-
naire applies a Likert Scale of 1–5 for each question  [  25  ] . Unlike the AMS, a score 
of 1 indicates severe symptoms, and a score of 5 indicates minimal to no trouble 
with each item. Therefore, a score of 10 represents the most symptomatic, while a 
score of 50 is least symptomatic. This quantitative version of the ADAM question-
naire was tested in a population of 57 men scheduled to undergo radical prostatec-
tomy. It was found to correlate positively with both serum testosterone values and 
the sexual health inventory for men questionnaire. 

 Overall, the ADAM questionnaire has been shown to have high sensitivity, but low 
speci fi city for diagnosing androgen de fi ciency. It is useful to rule out a patient with a 
negative questionnaire, but does not reliably rule in a patient with a positive result. 
Therefore, it should not be used as a surrogate for a serum bioavailable testosterone 
in a patient that a physician is suspicious for androgen de fi ciency (Appendix 2).  

   Massachusetts Male Aging Study/Smith Questionnaire 

 The Massachusetts Male Aging Study (MMAS) is an eight-item questionnaire inter-
rogating the presence of risk factors for hypogonadism. This instrument grew out of 
a community-based observational study randomly sampling men aged 40–70  [  26  ] . 
Blood samples, physiological measures, socio-demographic variables, psychologi-
cal indexes, and information on health status, medications, smoking, and lifestyle 
were collected. Risk factors evaluated were smoking, asthma, headaches, sleep, dia-
betes, age, and desire to be in charge of others. Each item response is weighted 
according to its strength of association with low testosterone providing a score 
between 0 and 15. A score of greater than  fi ve is suggestive of a possible testoster-
one de fi ciency, and half of men with scores above 10 will be hypogonadal. An ini-
tial evaluation based on these thresholds revealed a sensitivity of 71% and speci fi city 
of 53%  [  27  ] . This questionnaire was designed to be intuitive enough that patients 
could complete the questionnaire, interpret the results at home, and decide on their 
own if further testing was needed (Appendix 3). 

 The authors of the MMAS anticipated that smoking would be associated with 
testosterone de fi ciency. As the questionnaire was constructed, smoking status turned 
out to be one of the eight most signi fi cant predictors of testosterone de fi ciency. 
Other investigators have shown an opposite effect; smoking was not related to 
androgen levels  [  28  ] . In fact, the history of con fl icting results seen among those 
who have explored the relationship between smoking and testosterone de fi ciency 
may help account for the mixed results observed in attempts to use the MMAS as a 
screening tool.  
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   Hypogonadism Related Symptoms Scale 

 The Hypogonadism-Related Symptoms (HRS) Scale was developed in 2009 in an 
effort to  fi nd a screening tool with improved speci fi city over other available scales  [  29  ] . 
Multi-factorial analysis of items from multiple, previously validated general HRQoL 
questionnaires were evaluated for correlation with testosterone levels. This evalua-
tion found 19 items, covering  fi ve domains, which were related to serum testoster-
one levels. These domains included reduced physical activity, dissatisfaction with 
sexual function, a negative self-concept of physical  fi tness, reduced sexual desire, 
and hot  fl ashes. In developing this Scale, 263 men were asked to complete an 
ADAM and AMS questionnaire as well for construct validity. This revealed a weak 
correlation between total testosterone and the ADAM questionnaire, and no correla-
tion between AMS and total testosterone. Free testosterone did not correlate with 
either AMS or ADAM questionnaires. The HRS Scale total score correlated weakly 
with free testosterone and moderately well with total testosterone levels. The inter-
nal reliability was excellent with a Cronbach alpha of 0.87. 

 Creating a Scale based on re fi ning items already known to be associated with 
testosterone level is a reasonable approach. One would expect this instrument should 
perform better in screening and assessment of symptom response to hormone 
replacement therapy. However, as this is such a recently developed instrument, few 
authors have used it in the clinical arena. Further studies are necessary to establish 
the validity of the HRS.  

   Androtest 

 The Androtest was designed to be a structured interview with speci fi c guidelines for 
quantifying patient responses  [  30  ] . The questions selected are typical sexual health 
evaluation queries. Twelve questions are scored with a total score range from 0 to 
32. Questions are weighted and ranged from 0 to 3 for each question. These ques-
tions cover several domains including sexual and ejaculation function and medical 
conditions associated with hypogonadism. The Androtest was explicitly designed to 
screen men presenting with speci fi c sexual dysfunction complaints. A score of 
greater than eight has a sensitivity of 68% and speci fi city of 65% for detection of a 
total testosterone less than 300 ng/dL  [  30  ] . 

 The Androtest has been used to assess the prevalence of hypogonadism-associated 
symptoms in patients on statin therapy and in patients presenting for sexual dys-
function  [  31,   32  ] . Statin use was correlated with lower serum testosterone levels 
and higher Androtest scores; however, no direct comparison of Androtest score 
was made with serum testosterone level. No study could be found using Androtest 
pre- and post-androgen replacement to evaluate for response to testosterone 
treatment. 

 One bene fi t of the Androtest is also a limitation. A structured interview allows 
the physician to explain questions the patient may not understand, but may lead to 
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inadvertent bias. The purported speci fi city of the Androtest of 68% does suggest 
greater speci fi city for detecting low testosterone symptoms than any of the afore-
mentioned instruments. However, few publications exist utilizing this instrument 
and it has not been validated or studied outside the Italian language.  

   Age-Related Hormone De fi ciency-Dependent Quality 
of Life Questionnaire 

 The Age-Related Hormone De fi ciency-Dependent Quality of Life (A-RHDQoL) 
questionnaire is a 21 item measure of a subject’s perceived impact of testosterone 
decline  [  33  ] . Unique to this questionnaire is the ability for patients to rate the impor-
tance of each aspect on their life. The questions also address what changes a patient 
would expect if they did not have a hormone de fi ciency. The domains covered 
include family life, social life, work life, sex life, physical capabilities, appearance, 
stamina, sleep, pain, con fi dence, motivation, fertility, concentration, and ability to 
perform household tasks. Each domain question is scored from −3 to 3 and each 
item is also assigned an importance score of zero to three. The domain score is mul-
tiplied by the importance score for a weighted score per question. The bipolarity of 
the Scale allows patients to report positive impacts of age-related hormone decline. 
All questions completed (not marked NA) are totalled and divided by the total num-
ber of completed items creating an Average Weighted Impact score. For complete-
ness, the  fi nal item in this questionnaire is an open-ended free comments section 
that asks patients to list any other ways hormone de fi ciency impacts their HRQoL. 

 The A-RHDQoL has high reliability with a Cronbach’s alpha of 0.935  [  33  ] . 
Question one, measuring present quality of life, is signi fi cantly correlated with total 
testosterone levels. There were no other signi fi cant correlations between quality of 
life scores and hormone levels. In initial testing, 14% of patients reported dif fi culty 
answering the questions due to a lack of knowledge of the effects of declining hor-
mone levels on various aspects of life. No validation has been performed on this 
questionnaire.   

   Direct Comparisons 

 Several studies have evaluated the agreement between instruments. Nearly all of 
these have included the AMS Scale, the ADAM questionnaire and the MMAS. In 
2004, 145 German males completed the AMS, ADAM, and MMAS questionnaires 
over the telephone  [  34  ] . The sequence of the questionnaires was varied and inter-
views were completed by a marketing institute. In this patient population, the AMS 
Scale predicted “no/little complaints” in 82%, corresponding to an ADAM negative 
questionnaire in 43% and an MMAS score of “hypogonadism unlikely” in 46%. 
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Negative results with ADAM were almost exclusively found in men with AMS 
“no/little symptoms” (97%). Using the AMS score to predict the ADAM score 
resulted in a positive predictive value of 92% and negative predictive value of 50%. 
The sensitivity was calculated to be 29% but speci fi city was 97%. The AMS Scale’s 
ability to predict the MMAS outcome was found to be 65% and 49% respectively 
for positive and negative predictive value. Sensitivity was again low at 22% and 
speci fi city was 87%. The ability of the MMAS outcome to predict the ADAM 
 fi ndings were similar to those shown by the AMS Scale. The authors of this study 
concluded that no instrument demonstrated diagnostic superiority. 

 A similar study used the same three questionnaires, but compared these with 
bioavailable testosterone levels as the “gold standard.”  [  35  ]  One hundred and forty-
eight men aged 23–80 years completed the questionnaires. The ADAM sensitivity 
was 97% and speci fi city was 30% for identifying low bioavailable testosterone levels. 
The MMAS performed better on speci fi city (59%) but lower in sensitivity (60%). 
The AMS Scale was found to have 83% sensitivity and 39% speci fi city. The authors 
concluded the ADAM and AMS questionnaires are superior to the MMAS as screen-
ing measures for hypogonadism. See Table  4.4  for a comparison of each instrument 
with bioavailable testosterone.  

 Two more recent publications evaluated AMS and ADAM questionnaires in 
determining response to testosterone replacement therapy  [  8,   36  ] . One study was a 
6-month randomized, double-blind placebo controlled trial of 237 men receiving 
testosterone undecanoate or placebo. The authors found no signi fi cant association 
between total testosterone and questionnaire outcomes. After testosterone supple-
mentation, there were no effects on the questionnaire outcomes when compared 
with placebo. Both questionnaires were associated with age however. Older indi-
viduals had worse scores on each of the instruments. The second study included 56 
patients who underwent 6 months of testosterone replacement therapy, and com-
pleted the AMS and ADAM Scales before and after treatment. Prior to therapy, 
there was no signi fi cant correlation observed between free testosterone level and 
ADAM questionnaire or total AMS score. There was also no correlation noted to 
individual parameter scores on the AMS Scale. Following testosterone replacement, 
signi fi cant improvement was seen in free testosterone levels, AMS total and psy-
chological parameter scores and the ADAM questionnaire outcome. Taken together, 
these studies suggest poor screening ability for both the AMS and ADAM question-
naires. The questionnaires may be useful in treatment follow-up but this needs to be 
further established prior to their use to track patient outcomes.  

      Table 4.4    Sensitivity and speci fi city of disease-speci fi c instruments with the gold standard   
 ADAM  MMAS  AMS 

 Sensitivity  Speci fi city  Sensitivity  Speci fi city  Sensitivity  Speci fi city 

 Low testosterone 
 Bioavailable 

testosterone 
<70 ng/dL (%) 

 97  30  60  59  83  39 
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   Recommendations 

 The most recent guidelines from a consensus group representing the International 
Society of Andrology, International Society for the Study of Aging Male, European 
Association of Urology, European Academy of Andrology, and the American 
Society of Andrology recommend the diagnosis of hypogonadism require the pres-
ence of symptoms and signs suggestive of testosterone de fi ciency corroborated with 
a low serum testosterone level  [  37  ] .  Questionnaires are not recommended for the 
diagnosis of TDS due to low speci fi city .  

   Conclusion 

 TDS symptoms are varied and nonspeci fi c to the hypogonadal state, necessitating a 
physician’s clinical suspicion for the presence of low serum testosterone. This chapter 
reviewed the most commonly utilized questionnaires currently available to assist in 
screening and monitoring therapy. Unfortunately, many limitations of these ques-
tionnaires exist, and the scales are not speci fi c enough to reliably rule in or exclude, 
TDS. Common comorbidities such as aging or depression show signi fi cant symp-
tom overlap with androgen de fi ciency. Current recommendations do not support the 
use of available questionnaires as the sole instrument for screening or diagnosis. 
Understanding the inherent limitations allows the clinician to use the AMS, ADAM, 
MMAS, Androtest, HRS, or A-HRDQoL as an adjunct measure in diagnosing and 
treating the androgen de fi cient male.      
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         Introduction 

 Since the 1970s, epidemiological evidence has clearly documented that, regardless 
of how life expectancy is measured, women live longer than men. The average life 
expectancy for women worldwide is 68 years, while for men it is 64 years  [  1  ] . 
Explanations for women’s advantageous mortality pro fi le can be classi fi ed broadly 
into three categories: behavioral, sociocultural, and biological. 

 In developed countries, men live more risky and unhealthy lifestyles, which 
contribute to increased male mortality. Adult women under the age of 65 visit the 
doctor more frequently than men, with the widest gender gap between ages 18 and 
44, and attributed to medical care associated with reproduction  [  1  ] . Men consume 
alcohol more frequently and in higher amounts than women  [  2,   3  ] , and are more 
than twice as likely to die from alcoholic liver disease and cirrhosis  [  4  ] . Men are 
also two to four times more likely to die prematurely from unintentional injury, 
homicide, and suicide  [  4  ] . Men also out-smoke women, although this difference is 
nonexistent at the youngest ages, which reveals that smoking rates are equal in the 
youngest age cohorts  [  5,   6  ] . The rising rate of smoking among men, relative to 
women, accounted for 75% of the increase in gender mortality between 1910 and 
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1962  [  1,   7  ] . Current estimates suggest that tobacco abuse accounts for 25% of the 
overall sex mortality difference, and is much higher when cancer and respiratory 
disease mortality are considered separately. These lifestyle behaviors result in wors-
ening health and increased likelihood of hospital admission and ultimately death. 

 Sociocultural factors play another essential role in explaining gender differences 
in mortality. Differences exist in what is expected of men and women and how one 
is taught to behave. For example, many cultures encourage or condone a man’s 
heavy drinking, but discourage it in women. In many cultures, women are not 
encouraged to work outside the home, while men are expected to be part of the labor 
force. Because women work less in a physical sense than men, they escape the toils 
of labor, and their health deteriorates less rapidly  [  1  ] . 

 From a biological standpoint, women are offered some protection against mor-
tality. Speci fi cally, male sex hormones may help explain male behavioral patterns 
related to overall health. In particular, evidence published over the last few decades 
has pointed out that T may account, in part, for the life expectancy in males, due to 
an increased incidence of cardiovascular disease (CVD), creating the myth that T 
supplementation is dangerous, though recent evidence reveals low T rather high T 
is associated with a higher male morbidity and mortality  [  7–  9  ] .  

   Epidemiological Association Between Testosterone 
and Cardiovascular Risk Factors 

   Obesity 

 A decline in both sex-hormone-binding-globulin (SHBG)-bound and -unbound 
testosterone is associated with obesity  [  7,   9–  12  ]  (see also Fig.  5.1 ). An important 
observation is that luteinizing hormone (LH) levels do not signi fi cantly rise in obese 
subjects to compensate for obesity-induced testosterone decline (see Fig.  5.1 ), sug-
gesting the existence of functional hypogonadotropic hypogonadism. Accordingly, 
previous studies performed in morbidly obese men indicated that LH levels and 
pulse amplitude were attenuated as compared to normal weight controls  [  13,   14  ] . In 
an experimental rabbit model of high fat diet (HFD)-induced metabolic syndrome 
(MetS), HFD induced overt hypogonadotropic hypogonadism, associated with 
reduced gonadotropin releasing hormone (GnRH) immunopositivity in the arcuate 
nucleus of the hypothalamus.   

   Type 2 Diabetes Mellitus 

 Cross-sectional studies have demonstrated an association between low T and type 2 
diabetes mellitus (T2DM) since the early 1980s  [  7,   15–  17  ] . Recently, Anderson 
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et al.  [  18  ] , in a large series of 6,457 male patients aged 18–80 years with diabetes, 
demonstrated that 4.4% of them were frankly hypogonadal with a serum total tes-
tosterone of less than 8.0 nmol/L (~230 ng/dL). For borderline hypogonadism 
(serum total testosterone 8–11.99 nmol/L (~230–345 ng/dL)) the proportion of 
T2DM in men rose to 32.1%. In line with these data, two independent meta-analy-
ses  [  19,   20  ]  indicated that total T was signi fi cantly lower in men with T2DM. As a 
corollary, longitudinal data have demonstrated that low T predicts incident diabetes 
 [  20  ] . Inversely T2DM, obesity, and MetS predict forthcoming hypogonadism  [  19  ] . 
Although the direction and the dimension of the association between low T and 
T2DM have to be further investigated, current recommendations of most important 
academic societies  [  21,   22  ]  consider T2DM as a risk factor for male hypogonadism. 
The speci fi c mechanisms involved in the pathogenesis of T2DM-associated hypog-
onadism are complex and have not been fully elucidated. In line with the data 
observed in obesity, Dhindsa et al.  [  23  ]  reported that in T2DM, androgen de fi ciency 
is commonly associated with an impaired gonadotropin response, leading to hypog-
onadotropic hypogonadism.  

  Fig. 5.1    ( a – d ) Total, calculated free, calculated bioavailable testosterone (T), and LH (log. trans-
formed) levels as a function of obesity classes. Data are expressed as mean (95% con fi dence 
interval).  BMI  body mass index. Insets indicate the age and chronic disease score index adjusted 
data. Data were obtained in a consecutive series of 1,715 subjects attending our Unit seeking medi-
cal care for sexual dysfunction between 2000 and 2011       
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   Hypertension 

 Epidemiological evidence regarding the association between T levels and hypertension 
is con fl icting. Androgens have been attributed to the development and severity of 
hypertension in some genetic and nongenetic rat models  [  24,   25  ] . In rats that are 
hypertensive but not obese, androgens increase their blood pressure  [  26,   27  ] . 
However, contrasting  fi ndings have been reported in epidemiological trials. In par-
ticular, some studies have shown reduced androgen levels in subjects with essential 
hypertension, as compared to normotensive subjects  [  28,   29  ]  while other investiga-
tors could not replicate this result  [  30  ] . In subjects with sexual dysfunction and 
MetS studies did not demonstrate any signi fi cant contribution of the hypertensive 
condition to male hypogonadism  [  31  ] . Conversely, there was an inverse relationship 
between SHBG-bound and unbound testosterone levels and pulse pressure, a sur-
rogate marker of arterial stiffness  [  32  ] . Similar results were previously reported by 
Fogari et al.  [  33  ]  in a consecutive series of 356 nondiabetic, nonsmoking, non-obese 
men aged 60–80 years and untreated for hypertension. These results suggest that in 
elderly men with systolic hypertension the reduced plasma levels of T may contrib-
ute to increased arterial stiffness. The mechanisms underlying these T effects remain 
unclear. Recent studies suggest that insulin resistance may be the common pathoge-
netic link between low T and arterial stiffness (see below  [  7  ] ).  

   Dyslipidemia 

 Evidence has demonstrated inconsistent associations between reduced T levels and 
abnormal lipid profi les. Initial studies demonstrated increased total cholesterol, low 
density lipoprotein (LDL), and triglyceride (TG) levels among hypogonadal patients 
with improvements noted following supplementationW  [  34, 35  ] . With long-term 
androgen deprivation (12 months) among patients with prostate cancer, increases in 
total LDL, high density lipoprotein (HDL), and TG have been noted, while shorter 
term studies have demonstrated confl icting results with LDL and increases in HDL 
and total cholesterol  [  36–38  ] . Further studies have demonstrated no differences in 
HDL, LDL, total cholesterol, or TG levels  [  39–41  ] .  

   Metabolic Syndrome 

 A large body of evidence suggests that male hypogonadism is frequently associated 
with MetS  [  9,   12,   31,   42  ] . Meta-analyses of available epidemiological reports 
revealed that MetS is signi fi cantly associated with an overall lower total T  [  42,   43  ] , 
the difference being more evident in studies conducted in subjects with ED 
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(−3.51[−4.48; −2.53]) than in those without ED (−2.60[−3.15; −2.06])  [  42  ] . In sub-
jects consulting our outpatient clinic for sexual dysfunction the proportion of subjects 
identi fi ed as having hypogonadism and MetS ranges from about 13% to more than 
46%, according to various biochemical thresholds of T de fi ciency (TD) (see Fig.  5.2 ). 
Interestingly, whatever the de fi nition of MetS or TDs (total T lower than 8, 10.4, or 
12 nmol/L) is used the relative fraction of hypogonadal subjects identi fi ed by MetS 
does not change. Recent data from the European Male Aging Study (EMAS), a pop-
ulation-based survey of more than 3,400 men enrolled across eight European centers, 
demonstrated that among many symptoms, sexual issues (ED, reduced libido, and 
decreased spontaneous erections) were the most speci fi c for TDs  [  44  ] . By applying 
these EMAS-derived criteria (simultaneous presence of three sexual symptoms and 
T < 11 nmol/L), there was a signi fi cant association with MetS (see Fig.  5.3 ).   

   Pathogenesis of MetS-Related Hypogonadism 

 The vicious cycle between MetS and hypogonadism is summarized in Fig.  5.4 . 
The androgen receptor is highly expressed in visceral fat and negatively regulates 
the differentiation of preadipocytes into mature adipocytes  [  45  ] . In addition, andro-
gens decrease fat mass by regulating the differentiation of mesenchymal stem cells 
to adipocytes  [  46  ] . In humans, T acutely inhibits oleic acid uptake in omental and 

  Fig. 5.2    Prevalence of hypogonadism according to different total testosterone thresholds in 
patients with (W) and without (W/O) different metabolic syndrome (MetS) de fi nitions. Data are 
derived from a consecutive series of 2,481 patients attending our unit for sexual dysfunction 
between 2000 and 2011. NCEP-ATPIII National Cholesterol Education Program-Third Adult 
Treatment Panel, IDF International Diabetes Federation, AHA/NHLBI American Heart Association/
National Heart, Lung and Blood Institute       
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retroperitoneal tissues acting through lipoprotein lipase, but not subcutaneous, 
adipose tissue  [  47  ] . A mixed (primary and secondary) Hypogonadal state develops, 
with the adverse consequence of obesity. Which molecules are responsible for 
inhibiting the compensatory increase of GnRH/LH in obesity-induced T decline is 
still unknown, but reasonable candidates are estrogens, insulin, leptin, TNF a , or 
other adipokines  [  7,   9,   10,   12,   48  ] .  

  Fig. 5.3    Prevalence of hypogonadism (according to EMAS hypogonadism de fi nition) in patients 
with (w) and without (w/o) MetS. Data are derived from a consecutive series of 2,481 patients 
attending our unit for sexual dysfunction between 2000 and 2011.  NCEP-ATPIII  National 
Cholesterol Education Program-Third Adult Treatment Panel;  IDF  International Diabetes 
Federation;  AHA/NHLBI  American Heart Association/National Heart, Lung and Blood Institute       

  Fig. 5.4    Proposed interactions between increased visceral fat and hypogonadism.  TNF a   tumor 
necrosis factor  a ;  T  testosterone (adapted from Buvat J, Maggi M, Gooren L, et al. Endocrine 
Aspects of Male Sexual Dysfunctions. Journal of Sexual Medicine 2010;7(4):1627-1656, with 
permission from John Wiley & Sons, Inc.)       
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 Hypogonadism can be observed in animal models of insulin-de fi cient diabetes 
suggesting a possible role of insulin in regulating hypothalamus GnRH synthesis 
and release  [  49–  51  ] . Accordingly, patients with T2DM and MetS, who are insulin 
resistant, showed a higher prevalence of hypogonadotropic hypogonadism  [  9,   23, 
  52,   53  ] . In addition, the increased conversion of T to estradiol by fat observed in 
obese men can reduce LH secretion, inducing a negative feedback on both the hypo-
thalamus and pituitary. Accordingly, Loves et al.  [  54  ]  previously reported that a 
weekly low dose of the aromatase inhibitor, letrozole, restored testosterone levels 
and increased LH levels in severely obese hypogonadal men. 

 Other evidence suggests that the testis could be less sensitive to gonadotropin 
stimulation in MetS. Pitteloud et al.  [  55,   56  ]  demonstrated that human chorionic 
gonadotropin (hCG)-stimulated T levels were positively correlated with insulin 
sensitivity. Insulin itself is capable of stimulating T production while simultane-
ously, inhibiting SHBG concentration  [  57  ] . Hence, insulin resistance associated 
with obesity may contribute to the low T levels seen in obese men, due to a direct 
effect on the testis  [  55–  57  ] . In addition, leptin exerts suppressive effects on tes-
ticular steroidogenesis and may contribute to further disruption of the pulse ampli-
tude of GnRH  [  58,   59  ] . Finally, obesity is also associated with increased circulating 
TNF a  levels, as a consequence of in fl ammatory cascade activation. Morales et al. 
 [  60  ]  demonstrated that intratesticular TNF a  delivery is associated with a blunted T 
response to hCG stimulation. TNF a  can also inhibit LH release acting at both the 
pituitary and hypothalamic levels  [  61  ] .    

   Epidemiological Association Between Testosterone 
and Cardiovascular Morbidity and Mortality 

 Despite the strong association between low T and well-known CV risk factors such 
as obesity, T2DM, and MetS, the relationship between CVD and serum T levels in 
men remains somewhat contradictory  [  7,   62  ] . Several studies have reported an asso-
ciation between androgen deprivation therapy for advanced prostate cancer and 
forthcoming CV diseases  [  63–  66  ] , suggesting a direct pathogenetic role of low 
serum testosterone. However, other reports did not con fi rm this association  [  67–  70  ] . 
In addition, in a large series ( n  = 1,687) of subjects seeking medical care for sexual 
dysfunction, evaluated for up to 10 years, there was no association between incident 
major adverse cardiovascular diseases (MACE   ) and baseline T levels  [  71  ] . In the 
same study, however, low T, even in the overt hypogonadal range (below 8 nmol/L), 
was associated with an increased risk of MACE mortality  [  71  ] . In line with this 
data, low T has been associated with an increased mortality in patients affected by 
speci fi c diseases, such as hypopituitarism  [  72  ] , Klinefelter’s syndrome  [  73  ] , mental 
retardation  [  74  ] , and in speci fi c populations, such as veterans  [  75  ] , and Japanese 
men with at least one CV factor  [  76  ] . Studies performed in community-dwelling 
males, however, have provided con fl icting results  [  77–  94  ]  (see also Table  5.1 ). 
A recent meta-analysis of the available population-based studies has shown that low 
endogenous T levels are associated with increased risk of all-cause and CVD death, 
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but no association was observed between reduced T and incidence of CVD  [  62  ] . 
In addition, the same authors emphasized that there was a considerable between-
study heterogeneity, which was related to study and subject characteristics, suggests 
that effects were driven by differences between cohorts (e.g., in underlying health sta-
tus). Accordingly, meta-analysis of the available cross-sectional studies demonstrate 
that subjects with CVD have, on average, lower T levels than healthy controls  [  47  ] . 
Furthermore, several associated morbidities, such as diabetes, obesity, and hyper-
tension, were associated with increased T differences between cases and controls, 
con fi rming numerous clinical observations. Taken together, these results suggest that 
low T may be considered as a marker of poor general health status, negatively affect-
ing prognosis, rather than as a speci fi c CV risk factor  [  47  ] .  

 The main issue regarding the association between male hypogonadism and CVD 
is that it is not apparent which is the cause and which is the consequence. In fact, in 
prostate cancer patients, the increased prevalence of obesity, T2DM, MetS, and 
CVD, induced by androgen ablation, suggests that suppressed T might be the cause; 
however, the suppressing effect on T level of various chronic diseases (including 
MetS and T2DM) suggests the opposite. In line with the latter hypothesis we 
recently found that body mass index (BMI) played a crucial role in the strati fi cation 
of hypogonadism-associated CV risk. In a retrospective analysis of a large series of 
subjects with sexual dysfunction, we showed that SHBG-bound and unbound T levels 
are inversely related to CV risk  [  95  ] . Interestingly, when obese subjects were compared 
to the rest of the sample, the association between T and CV risk was con fi rmed only in 
overweight and normal weight subjects. Similarly, we observed a positive association 
between forthcoming MACE and reduced T levels in normal weight and overweight 
subjects, which was lost when obese (BMI > 30 kg/m 2 ) patients were considered  [  96  ] . 
Hence, while low T could contribute to the pathogenesis of CV diseases, the oppo-
site is also conceivable. It can be speculated that obesity-associated hypogonadism is 
an adaptive mechanism. In fact, we cannot exclude the possibility that low T, as 
observed in obesity or other chronic diseases, has a protective role by turning off 
T-dependent functions (such as reproduction and physical vigor), that are not desirable 
when the organism is ill. Similar adaptive mechanisms have been previously described 
for other hormonal axes. A typical pattern of altered thyroid hormone metabolism, 
characterized by low three-iodotironin    (T3) circulating levels (low T3 syndrome), has 
been reported in patients with different chronic illnesses, including CVD  [  97  ] . 
According to this view, a recent randomized controlled trial (RCT) concerning the 
effect of high-dose transdermal T (100 mg of a 1% gel) on more than 200 hypogonadal 
(total T below 12 nmol/L) frail elderly men reported a high rate of T-associated CV 
adverse events, which induced a premature termination of the study  [  98  ] .  

   Biological Effects of Androgens on the Cardiovascular System 

 The mechanisms underlying the epidemiological associations of low T with CVD 
are complex and not fully understood. Both clinical and animal model evidence 
shows that T exerts a favorable effect upon cytokine production, vascular reactivity, 
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in fl ammation, adhesion molecule expression, as well as on serum lipid concentration 
and haemostatic factors  [  7  ] . Atherosclerosis is a multifaceted, progressive disease 
affecting mainly large- and medium-sized arteries involving many components of 
the endocrine, vascular, metabolic, and immune systems. The complexity of the 
pathogenesis of atherosclerosis, and the wide range of biological actions of andro-
gens, suggest the possibility of multiple mechanisms linking the two conditions. 

 In hypogonadal men with coronary artery diseases, T replacement therapy (TRT) 
has been reported to suppress atherogenic IL-1 b , TNF- a  and to increase the anti-
atherogenic cytokine IL-10  [  99  ] . Testosterone, at male physiological circulating 
concentrations (high nanomolar range), exerts a direct vasodilatory effect on numer-
ous vascular beds, including the coronary arteries  [  100,   101  ] . The effects of T on the 
coronary arteries are thought to be mediated by the opening of large-conductance, 
calcium-activated, potassium channels  [  100,   101  ] . Endothelial progenitor cells play 
a central role in repairing and maintaining the vascular bed and other angiogenic 
events. T is likely to be involved in endothelial repair, since low T is associated with 
fewer endothelial progenitor cells in young hypogonadal men  [  102  ] , whereas TRT 
was able to normalize their count  [  103  ] . Testosterone at physiological concentra-
tions also has a bene fi cial in fl uence on the haemostatic system through enhance-
ment of anticoagulant activity  [  104  ] .  

   Effects of Testosterone Replacement Therapy on CV Risk 
Factors and CVD 

 In regard to the effect of TRT on  metabolic parameters,  Isidori et al.  [  105  ] , in a 
meta-analysis of RCTs, reported that TRT in middle-aged men reduced fat mass and 
total cholesterol. Similarly, Whitsel et al.  [  106  ] , in a meta-analysis of the effects of 
intramuscular TRT in hypogonadal men, showed a small dose-dependent decrease 
in total cholesterol and low-density lipoprotein and HDL-cholesterol. Few RCTs 
have evaluated the impact of TRT in patients with MetS and T2DM. Meta-analysis 
of available evidence revealed that in patients with MetS, TRT was associated with 
a signi fi cant reduction in fasting plasma glucose, Homeostasis Model Assessment 
index, triglycerides and waist circumference, and an increase of HDL-cholesterol 
 [  42  ] . Similar results were observed when T2DM was considered. Speci fi cally, TRT 
was associated with a signi fi cant reduction of fasting plasma glucose, HbA1c, fat 
mass, and triglycerides  [  16  ] . 

 Concerning the role of TRT on CV events, a recent RCT study using high-dose 
transdermal T (100 mg of a 1% gel) on more than 200 hypogonadal (total T below 
12 nmol/L) frail, elderly men showed a high rate of T-associated CV adverse events 
 [  98  ] . These data raised concern to warrant termination of this study. These same 
authors recognized that the data about the safety of TRT is limited by several factors, 
including that CV events were not a planned primary or secondary outcome mea-
sures and that the actual number of the adverse events was relatively small (23 vs. 
5 respectively for treatment and placebo arms  [  98  ] ). In contrast to this study, three 
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other meta-analyses found no signi fi cant difference between T and placebo groups 
for all CV events, nor for each type of event, except for an increase in hematocrit 
over 50%, which was signi fi cantly more common in the T group  [  107–  109  ] . Meta-
analysis of speci fi c data from studies involving subjects with CVD demonstrated 
that TRT was effective in men with chronic stable angina, as subjects had higher 
angina-free exercise tolerance than placebo-treated controls. The bene fi cial effects 
of chronic TRT on CV risk need to be further elucidated through large-scale, long-
term, placebo-controlled studies  [  45  ] . Accordingly, it should be recognized that the 
statistical power of available meta-analyses is far from adequate, due to limited 
number of studies, small sample sizes, and short duration of observations.  

   Conclusions 

 Despite epidemiological evidence indicating an inverse relationship between 
circulating T and well-known CV risk factors (obesity, T2DM, and MetS), the rela-
tionship between CVD and serum T levels remains somewhat contradictory. It is 
conceivable that low T, as observed in men with chronic disease, may represent an 
adaptive mechanism.      
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   Background 

 Prostate cancer is the most common non-skin cancer in American males and the 
second most common cause of cancer-related death in men. With the advent of 
prostate-speci fi c antigen (PSA) screening in the late 1980s, an initial decrease in the 
incidence of the disease was observed. However, recent evidence suggests that there 
is now a trend towards increasing incidence, while death from prostate cancer 
continues to decline  [  1  ] . 

 The prostate is an androgen-responsive gland that surrounds the urethra just below 
the bladder. At a cellular level, the prostate is composed of epithelial and stromal 
elements. Both of these cells types express the androgen receptor (AR) and are the 
primary functional units of the prostate. Among other various proteins and enzymes 
that are involved in cell cycle regulation and cell survival, the epithelial cells secrete 
PSA and prostate-speci fi c phosphatase, which constitute the major enzymatic por-
tion of seminal  fl uid  [  2  ] . A very complex relationship exists between stromal and 
epithelial cells, and they communicate through hormonal, paracrine, and autocrine 
activity. Under the in fl uence of androgen stimulation, they regulate cell growth 
and glandular development  [  3,   4  ] . The tightly controlled interaction between the 
prostate cell types maintains homeostasis, such that only 0.2% of normal prostatic 
epithelial cells proliferate and undergo apoptosis per day  [  5  ] . In fact, because of this 
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tight balance between proliferation and cell death in the normal prostate tissue, 
the volume of the gland is maintained, even in the setting of additional androgenic 
stimulation such as with testosterone replacement  [  6  ] .  

   Synthesis and Metabolism of Androgens 

 Androgens are male sex hormones that control the embryological development of 
the prostate, growth and function of male reproductive organs, and development of 
male secondary characteristics. Conversely, the absence of androgens, by castra-
tion, for example, causes diffuse atrophy primarily of the luminal epithelial cells, 
but not the stromal cells, resulting in involution of the prostate gland  [  6  ] . 

 Testosterone and 5-alpha   -dihydrotestosterone (DHT) are the two most essential 
androgens in men. Testosterone is the major androgen in circulation, whereas DHT 
is the predominate androgen within prostate tissue  [  2,   7  ] . Testosterone synthesis is 
tightly controlled by the hypothalamic–pituitary–gonadal axis (Fig.  6.1 ). The hypo-
thalamus releases luteinizing hormone-releasing hormone (LHRH). In response to 
LHRH, the anterior pituitary releases luteinizing hormone (LH). The LH is trans-
ported to the testes where it acts directly on the Leydig cells and stimulates testos-
terone synthesis. Through negative feedback inhibition, testosterone acts on the 
hypothalamus and pituitary glands to decrease secretion of LHRH and LH  [  4  ] .  

 The Leydig cells of the testes produce and release about 90% of the circulating 
testosterone  [  8,   9  ] . The remaining 5–10% comes from the adrenal cortex under 
stimulation by adrenocorticotropic hormone from the pituitary gland. Under normal 
physiologic conditions, androgens produced by the adrenal gland do not signi fi cantly 
in fl uence prostate growth. Once in circulation, testosterone is primarily protein-
bound, either loosely to albumin or strongly to sex hormone binding globulin 
(SHBG). The concentration of SHBG determines the bioavailability of circulating 
free testosterone to tissues. It binds to testosterone in the blood, thereby reducing 
the extent to which testosterone is free to cross cell membranes and enter target 
cells. Unbound, or free testosterone comprises only about 2% of the total serum 
testosterone and is the most biologically active form of testosterone  [  7,   10  ] . 

 Free testosterone is lipophilic and can easily diffuse across cell membranes into 
its target cells within the prostate. Upon entry into prostate tissues, it can bind directly 
to the AR and in fl uence prostate cell differentiation. Alternatively, it can be rapidly 
and irreversibly converted by the enzyme 5-alpha-reductase to DHT. DHT is a much 
more potent androgen in promoting prostate growth, because it is produced at low 
circulating levels of testosterone  [  11,   12  ] . Thus, a major role of 5-alpha-reductase 
may be to ensure normal prostate function even at low testosterone levels  [  14  ] . 

 There are two known types of the enzyme 5-alpha-reductase. Type 1 primarily 
exists in the skin, liver, and, to a lesser degree, in prostate. Type 2 predominates in 
the prostate stroma and epithelium and is important for sexual and prostate develop-
ment early in life and to prostate hyperplasia in adulthood  [  4  ] . Individuals with a 
genetic mutation causing de fi ciency in 5-alpha-reductase have high concentrations 
of circulating testosterone and decreased DHT. They may express ambiguous 
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genitalia at birth and virilization at puberty. However, their prostate remains small 
and they do not develop BPH or prostate cancer later in life  [  4  ] . This  fi nding under-
scores the signi fi cance of DHT and 5-alpha-reductase in prostate development and 
prostate disease. 

 In addition, multiple studies have demonstrated that development and pro-
gression of prostate cancer is linked to increased prostatic expression of 5-alpha-
reductase. Speci fi cally, prostate cancer development is associated with a relative 
imbalance in the expression of type 1 vs. type 2 5-alpha-reductase compared to 
benign tissue  [  13  ] . This imbalance may prove to be relevant when evaluating the 

  Fig. 6.1    Simpli fi ed endocrinology of the prostate. Luteinizing hormone-releasing hormone (LHRH) 
from the hypothalamus stimulates the anterior pituitary to secrete luteinizing hormone (LH), which 
stimulates the Leydig cells of the testicles to produce and release testosterone. Through negative 
feedback inhibition, testosterone acts on the hypothalamus and pituitary gland to decrease secretion 
of LHRH and LH. Adrenocorticotropic hormone (ACTH) from the pituitary stimulates the adrenal 
gland to release dehydroepiandrosterone (DHEA) and other less important androgens       
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different 5-alpha-reductase inhibitors and their effect on the prevention and treatment 
of prostate disease. 

 Finasteride and dutasteride are inhibitors of 5-alpha-reductase and have been 
shown to decrease levels of DHT in the plasma and in the prostate. Compared to 
 fi nasteride, which only inhibits type 2, dutasteride inhibits both isoforms of 5-alpha-
reductase. Treatment with these medications induces a decrease in prostate volume, 
PSA, and has been proven to reduce the symptoms associated with benign prostatic 
hypertrophy  [  14–  16  ] . 

 The application of 5-alpha-reductase inhibitors toward the treatment and preven-
tion of prostate cancer has also been studied. Thompson et al. conducted the Prostate 
Cancer Prevention Trial and demonstrated that  fi nasteride reduced the risk of pros-
tate cancer by 25% compared with placebo, albeit with a slightly higher risk of 
detecting high grade (Gleason 7–10) disease of 6.4% vs. 5.1%  [  17  ] . There are other 
recent trials that have further demonstrated that 5-alpha-reductase inhibitors reduce 
the risk of prostate cancer in patients who are at high risk for the disease  [  18  ] . 
Clearly, 5-alpha-reductase and its role in metabolism of androgens is an important 
player in the pathogenesis of prostate cancer. 

 In addition to binding with higher af fi nity to the prostatic AR, DHT is present in 
higher concentration within prostate cell cytoplasm, comprising about 90% of the 
total androgen concentration within the cell. Binding of DHT to the intracytoplas-
mic AR induces an active translocation of the steroid ligand–receptor complex into 
the nucleus where it binds to DNA and activates androgen response elements  [  14  ] . 
This incites the production of hundreds of growth factors, cytokines and other hor-
mones that are responsible for balancing cell turnover, in fl uencing epithelial cell 
differentiation and production of prostatic secretions such as PSA and prostate-
speci fi c phosphatase  [  2  ] . 

 In healthy prostates, androgens and AR regulate prostatic maintenance and sur-
vival, whereas in prostate cancer they function as inducers of uncontrolled cell 
growth. During the initial phases of the disease, malignant prostate cancer cells are 
usually androgen dependent. Therefore, they are subject to treatment with androgen 
deprivation to castrate levels, which will effectively inhibit the growth of these 
tumors. Eventually, the cancer will recur in a castration-resistant form and will no 
longer respond to additional hormonal manipulation  [  4  ] . Even though the cancer no 
longer responds to treatment, the AR is still of vital importance to the growth and 
survival of the cancer cells. However, castrate-resistant prostate cancer is beyond 
the scope of this chapter.  

   Historical Perspective 

 There are many available effective treatment options for patients with locally 
con fi ned prostate cancer including surgical and radiation modalities. The bene fi cial 
effects of androgen deprivation on men with prostate cancer were  fi rst realized over 
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70 years ago, and today, it remains a mainstay of treatment for advanced prostate 
cancer patients  [  19  ] . 

 In 1941, Huggins and Hodges established a strong link between prostate cancer 
and testosterone. Twenty- fi ve years later, they won a Nobel Prize for their ground-
breaking work in prostate cancer treatment. They observed increased levels of acid 
phosphatase in two patients with metastatic prostate cancer who received exogenous 
testosterone, although one of the patients was already castrated. They also described 
disease regression in patients with metastatic prostate cancer after the administra-
tion of high doses of estrogens or surgical castration. They correlated this with a 
decrease in acid phosphatase level. Despite the multiple methodological  fl aws in the 
study, most notably the small cohort size, they arrived at the conclusion that high 
levels of serum testosterone were associated with enhanced prostate cancer growth 
 [  20  ] . With these observations, they provided the  fi rst scienti fi c basis for advanced 
prostate cancer treatment.  

   Androgens and Development of Prostate Cancer 

 Subsequent studies, during the pre-PSA era, supported the correlation between 
testosterone and prostate cancer progression. Prout et al. reported their results of 
an observational study of patients with recurrent prostate cancer after castration. 
The patients were administered exogenous testosterone, and this resulted in disease 
progression or death  [  21  ] . Similarly, Fowler et al. also reported on the adverse 
effects of testosterone administration to patients with metastatic prostate cancer. 
However, the majority of patients in this study were already androgen deprived 
upon receiving testosterone administration  [  22  ] . 

 These early observations gave rise to the concept that high testosterone results in 
growth of prostate cancer and administration of exogenous testosterone to men with 
prostate cancer is harmful. Further research went beyond the correlation and sought 
to prove causation. For example, Pollard et al. supported this concept by inducing 
prostate cancer in rat models by exposing them to exogenous testosterone  [  23  ] . 
While there may be compelling evidence in animal and laboratory models, quality 
evidence in humans is lacking  [  24  ] . 

 Although androgens are important for maintaining the prostate gland, and despite 
the effectiveness of androgen deprivation therapy against metastatic prostate cancer, 
the hypothesis of  high  circulating testosterone levels adversely affecting prostate 
cancer has been challenged in recent literature. Some studies have found a positive 
correlation between prostate cancer and testosterone levels;  [  25,   26  ]  however, the 
vast majority has found no direct relationship between high levels of testosterone 
and the pathogenesis of prostate cancer  [  27,   28  ] . 

 Roddam et al. has demonstrated the lack of evidence based support for this con-
cept after reviewing 18 prospective studies which evaluated the association between 
testosterone level and prostate cancer risk. Clinical data from 3,886 men with prostate 
cancer and 6,438 control subjects were analyzed. They found that serum testosterone 
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was not signi fi cantly higher in patients with prostate cancer. Conversely, the incidence 
of prostate cancer was not signi fi cantly increased in patients with high testosterone 
levels compared to those with low testosterone. Although the validity of some of 
the individual studies is in question due to methodological issues, this meta-analysis 
concluded that there was no statistical difference in pre-diagnostic serum androgen 
concentration between patients who developed prostate cancer and control groups. 
Therefore, high androgen concentration is not associated with the risk of prostate 
cancer  [  28  ] . 

 Contrary to the above reports, a recently published prospective observational 
study by Pierorazio et al. evaluated 781 men with hormone measurements over 
several decades. They observed the likelihood of high risk prostate cancer in men 
over age 65 was double for each unit rise in the free testosterone index. The authors 
concluded that higher levels of serum free testosterone are associated with an 
increased risk of aggressive prostate cancer in older men. This study differed from 
others in the literature because it considered the effect of long term exposure to 
circulating androgens and its importance in the development of prostate cancer  [  29  ] . 

 The opposite spectrum of the association has also been evaluated. One would 
expect that if high androgen levels increased the risk of prostate cancer, then it 
would follow that low androgen levels would decrease the risk. Surprisingly, however, 
multiple studies have not shown this to be true. There are numerous examples in 
the literature that have demonstrated low androgen levels not only do not decrease 
the risk, but may actually be associated with an increased risk of prostate cancer, 
worse 5-year biochemical relapse-free survival, increased positive surgical margins, 
worse pathological stage, increased percentage positive biopsy cores, and higher 
Gleason score  [  29–  32  ] . 

 In an early study alluding to this concept, Morgentaler et al. observed an increased 
rate of prostate cancer in hypogonadal men (mean age 58 years) with a normal pros-
tate exam and a PSA < 4 ng/mL. In follow-up investigations, including a larger sam-
ple (345 men) of patients with hypogonadism and PSA < 4 ng/mL, the same authors 
found a correlation between the severity of testosterone de fi ciency and an increased 
risk for a positive prostate biopsy. There was more than double the risk of positive 
biopsy in patients with testosterone levels in the lowest tertile compared to those in 
the highest tertile  [  33  ] . 

 In addition to the described correlations between low testosterone level and 
cancer risk, there is also evidence for the associations with worse pathological 
determinants of prostate cancer  [  34–  36  ] . Zhang et al. measured serum total and free 
testosterone levels in 164 patients with high or moderate grade prostate cancer. The 
levels in patients with high grade prostate cancer were signi fi cantly lower than in 
patients with moderate grade cancer  [  37  ] . Another study, by Massengill et al., retro-
spectively analyzed the records from a large group of patients who had undergone 
radical prostatectomy for prostate cancer. They found that preoperative testosterone 
was signi fi cantly lower in patients with non-organ con fi ned disease compared to 
those with organ con fi ned disease. They concluded that pretreatment total testoster-
one level was a predictor of extraprostatic disease in patients with localized prostate 
cancer  [  38  ] . 
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 It has been postulated that aggressive prostate cancer can exist and may grow 
with a low intraprostatic DHT concentration such as that induced by 5-alpha-
reductase medication  [  39  ] . As previously discussed, treatment with 5-alpha-
reductase inhibitors reduces the intraprostatic concentration of DHT. The results 
of the Prostate Cancer Prevention Trial established a link between androgen 
metabolism and prostate cancer. Inhibition of 5-alpha-reductase and, by direct 
correlation, reduction in intraprostatic DHT levels, are associated with decreased 
incidence of low grade prostate cancer and slightly higher incidence of high grade 
cancer  [  17  ] . Bologna et al. assessed the effects of  fi nasteride, cyproterone, and 
hydroxy fl utamide on prostate cancer tissue culture and reported that cancer cells 
stimulated by testosterone and DHT show growth only at low concentrations of 
androgens. If higher concentrations were used, prostate cancer cell growth was 
inhibited  [  40  ] . 

 Nishiyama et al. reported that patients with a Gleason score of 7–10 prostate 
cancer had lower concentrations of intraprostatic DHT compared to Gleason 6 can-
cers. However, there was no difference in serum androgens between the patient 
groups. They concluded that low DHT in cases of aggressive prostate cancer is 
probably suf fi cient to activate AR expression and propagate tumor growth  [  41  ] .  

   Saturation Theory 

 Prostate cancer regression at castration levels of testosterone is undeniable. Cancer 
growth and progression after administration of testosterone to patients with prostate 
cancer and castration levels of testosterone is also an observable fact. However, it 
has never been reliably demonstrated that an increase in testosterone levels, above 
a near castrate level, causes any signi fi cant incremental growth in prostate cancer. 
To explain these observations, investigators have introduced the “saturation model,” 
which proposes that there is a certain serum androgen concentration where all of the 
available AR’s are bound to androgen  [  41  ] . The receptors become saturated with 
ligand and any additional androgen above this saturation point is unable to further 
stimulate prostate cancer growth. This saturation point occurs at low concentrations 
of androgen, slightly above the castrate range. This interaction between androgen 
and the AR is similar to other biological systems in which receptors become satu-
rated by their ligands. There are two phases in the saturation model. At or below 
near castrate levels of testosterone, prostate cancer cells are the most sensitive to 
androgens such that androgen is the rate limiting factor in the AR activation path-
way. Above this level, prostate cells exhibit little if any growth changes and become 
indifferent to higher levels of androgens  [  41  ] . 

 A study by Marks et al. gives strong support for the saturation effect on the AR. 
Forty-four patients with hypogonadism were randomized to testosterone replace-
ment or placebo for 6 months. While there was an appropriate increase in serum 
testosterone levels in the study group patients, no change was observed in prostatic 
tissue testosterone or DHT levels. In addition, there was no change in tissue 
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biomarkers, gene expression, prostate histology, or incidence of cancer between the 
groups. PSA levels increased slightly in both groups, although it was higher at base-
line in the group receiving testosterone  [  42  ] .  

   Suppresion Theory 

 As described previously, a number of studies have established an association 
between high-risk prostate cancer and low serum testosterone levels. While there is 
a correlation, there is not enough evidence to conclude if one is cause or conse-
quence of the other. In an attempt to explain this association, a suppression theory 
has been proposed. Based on measurements of preoperative and postoperative tes-
tosterone levels in men undergoing radical prostatectomy, Miller et al. hypothesized 
that prostate cancer cells may secrete a substance that interferes with the normal 
secretion of testosterone by the testis. Investigators also measured estradiol, free 
testosterone, DHT, FSH, and LH. There was an increase in the postoperative levels 
of all these hormones except for DHT, which was decreased relative to the preop-
erative levels. Given these  fi ndings, the authors suggested that there may be a factor, 
such as inhibin or DHT, secreted by prostate cancer cells causing suppression at the 
hypothalamic–pituitary axis, ultimately resulting in a decrease in testosterone pro-
duction  [  43  ] . 

 Recently, several studies have been published that lend support for the suppres-
sion theory  [  37,   44  ] . Yamamoto et al. measured testosterone levels before and after 
surgery in a cohort of 272 patients undergoing radical prostatectomy. Comparative 
postoperative levels were available in 222 patients. Forty-nine patients had a serum 
testosterone level lower than 300 ng/dL prior to surgery, with a median increase of 
146 ng/dL postoperatively. This increase in testosterone level was signi fi cantly 
higher compared to the group with normal preoperative serum testosterone (median 
postoperative increase of 104 ng/dL)  [  44  ] . 

 Similar changes in testosterone levels have not been demonstrated after surgery 
for benign prostate conditions, such as simple prostatectomy or transurethral resec-
tion of the prostate (TURP)  [  43–  45  ] . Madersbacher et al. compared serum hormone 
levels in patients with prostate cancer who underwent radical prostatectomy and 
patients with symptomatic BPH who either underwent a TURP or were treated med-
ically. Baseline LH and FSH levels were signi fi cantly decreased in prostate cancer 
patients compared to controls. Although baseline testosterone levels were also 
decreased, this did not reach statistical signi fi cance compared to the other two 
groups. After either treatment for BPH, no change in LH, FSH, or testosterone was 
noted at 6 and 12 months. However, after radical prostatectomy, a signi fi cant 
increase in FSH, LH, and testosterone levels was observed. Furthermore, patients 
with high-grade prostate tumors had a signi fi cantly lower baseline testosterone and 
a greater incremental increase in testosterone levels after radical prostatectomy, 
compared to patients with low-grade tumors. In contrast, the levels for patients with 
low-grade prostate cancer did not show signi fi cant changes post-operatively  [  45  ] . 
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These data suggest that there may indeed be a factor secreted by prostate cancer 
cells that acts via an endocrine pathway to exert a negative feedback inhibition at the 
hypothalamic–pituitary axis.  

   Testosterone Replacement and Prostate Cancer 

 Testosterone replacement therapy in hypogonadal men has been documented to 
improve symptoms of fatigue, libido, and sexual performance issues  [  46,   47  ] . 
However, because of the inconsistencies in the literature regarding the role of andro-
gens in prostate cancer, there has been a long-standing uncertainty about the safety 
of testosterone replacement therapy and its potential effects on the growth and 
development of prostate cancer. The traditional belief in the causative role of testos-
terone in prostate cancer initiation has made testosterone replacement therapy in 
men with prostate cancer a contraindication. Interestingly, hypogonadal men who 
are treated with testosterone replacement show no increased risk of prostate cancer 
compared to the general population  [  48  ] . In fact, testosterone may have a protective 
role in hypogonadal men. In 11 studies comparing testosterone to placebo, prostate 
cancer was diagnosed with a similar incidence in both groups; however, patients in 
the placebo group were found to have a higher incidence of prostate cancer detected 
within 6 months  [  48  ] . 

 There have been a few small studies within the past decade that have evaluated 
outcomes in men who received testosterone replacement after de fi nitive treatment 
of localized prostate cancer. The results were favorable and alluded to the safety of 
testosterone therapy in this setting  [  24  ] . Morgentaler et al. recently published a 
study on the effects of testosterone replacement therapy in men with untreated pros-
tate cancer. This group evaluated 13 patients with hypogonadism and low-risk local-
ized prostate cancer. All patients had elected active surveillance as primary management 
of their prostate cancer. Patients received testosterone therapy for a median of 2.5 
years and the expected increase in serum testosterone levels was observed. After eval-
uating follow-up prostate biopsies, PSA, and serum testosterone levels, they did not 
 fi nd any de fi nitive change in PSA or prostate volume and no patients had prostate 
cancer progression or metastatic disease during the follow-up period. Although this 
was a small, short-term, retrospective study, it was the  fi rst to demonstrate the poten-
tial safety of testosterone replacement in such patients  [  24  ] . The results are salient, but 
require further validation with larger prospective clinical trials.  

   Conclusion 

 For more than half a century, the research surrounding the relationship between 
androgens and prostate cancer has stemmed from the theory that testosterone admin-
istration causes prostate cancer growth. There exists a relationship between the two, 
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but continued developments in the nature and complexity of this relationship have 
put to rest our traditional beliefs. 

 The association still remains ill de fi ned and clinical implications are dif fi cult 
to decipher. While there is mounting evidence regarding serum androgen levels, 
data on the relationship between tissue androgens and prostate cancer are limited. 
The results in contemporary literature have led to two new theories to explain this 
relationship: the saturation and suppression models. These concepts have far reach-
ing implications for prostate carcinogenesis, treatment of prostate cancer, and for 
men suffering from concurrent hypogonadism. The role of androgens in the devel-
opment and progression of prostate cancer is an ongoing controversy and these 
initial  fi ndings require further validation. Future research must consider longitudi-
nal exposure to androgen, tissue concentrations of androgens, and their relationship 
to prostate cancer.      
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         Introduction 

 Puberty is an acceleration in the development of physical, psychological, and emotional 
factors, mainly identi fi ed by the physical changes that accompany advancement in 
chronologic age. When children do not undergo normal progression to puberty, 
both physical and psychological challenges result in social rejection and decrease 
in the quality of life. For this reason, androgen replacement therapy needs to be 
initiated with a goal of normal pubertal development and growth, improvement in 
psychosocial function, and an overall feeling of acceptance. The use of androgen 
replacement in adolescent males promotes linear growth, sexual secondary charac-
teristics, and psychosocial development in boys who are behind their peers in 
development  [  1  ] . The two most common conditions where androgen replacement 
may be used is (1) constitutional delay of growth and puberty (CDGP) or transient 
hypogonadotropic hypogonadism and (2) permanent hypogonadism due to either 
primary or secondary hypogonadism. In this chapter, we will further discuss the 
physiology of puberty in males, the indications for treatment with androgen 
replacement therapy, how to administer testosterone, and treatment goals and 
anticipated effects.  
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   Physiology of Puberty 

 Male puberty is under the control of the hypothalamic-pituitary-gonadal axis which is 
responsible for an accelerated increase in gonadotropins and sex steroid production 
(Fig.  7.1 ). This axis matures very early in the fetal period. During gestation, there is 
an increase in gonadotropin releasing hormone (GnRH) which reaches a peak at 
34–38 weeks  [  2  ] . Luteinizing hormone (LH) and follicle-stimulating hormone 

  Fig. 7.1    Hypothalamus-pituitary-gonadal axis. (Reprinted from Zavos, P. (2009). Male Infertility. 
Retrieved from   http://www.homefertility.com/mi.html    . With permission from Prof. Dr. Panayiotis 
Zavos.)       
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(FSH) secretion increase during the  fi rst month of life due to the removal of maternal 
estrogens, creating a testosterone surge. However, by age 6 months, GnRH and LH, 
FSH and subsequently, testosterone levels are low. These gonadotropins remain low 
during the prepubertal stage of development. At the beginning of puberty, nocturnal 
LH levels increase, which increases plasma testosterone during the morning hours. 
As this cycle continues, Ledyig cells and Sertoli cells proliferate, germ cells increase 
in number, and 95% of testosterone is produced in the testes  [  3  ] . The remaining 5% 
of sex hormones are made in the adrenal glands. While the entire chain of events 
leading to puberty has not been completely elucidated, investigators theorize that 
there is central inhibition of the HPG axis. Once the central inhibition is removed 
GnRH is released, LH increases, stimulating a second testosterone surge and normal 
pubertal development occurs  [  4  ] .  

 The onset of normal puberty varies between children, but changes typically asso-
ciated with normal development can be seen between the ages of 9–13.5 years. The 
mean age in western countries is 11.5 years  [  5  ] . Recent studies have suggested that 
puberty is occurring earlier in girls and that similarly there may be earlier genital 
growth in boys  [  6,   7  ] . However, these studies have been criticized for their method-
ology, causing concerns about the conclusions of these studies. Other investigators 
have found no evidence for earlier pubertal development  [  8,   9  ] , leaving this question 
virtually unanswered. 

 Tanner staging de fi nes  fi ve stages of genital and pubic hair development 
(Fig.  7.2 ). Signs of puberty in the male child include increases in testicular volume 
and penile girth and length. Testicular volume increases from 1–2 to 3–8 mL and 
 fi nally to 20–30 mL in adulthood. As testicular volume increases, testosterone levels 
rise. When testicular volume reaches 4 mL, plasma testosterone increases from less 
than 0.1 ng/mL to over 6–7 mg of testosterone being secreted each day  [  10  ] . 
Increases in testosterone, stimulates penile growth. Penile size is usually measured 
in the  fl accid stretched state. While penile size varies, the average length in early 
development measures 6.7 cm, which increases to 12.4 + 2.7 cm in the adult white 
male  [  11  ] . Other important aspects of puberty include growth of muscle mass, 
decrease in body fat and increase in bone mineral content, and skeletal muscle matu-
ration  [  12  ] .   

   Delayed Puberty 

 When expected milestones in pubertal development are not met, this raises con-
cerns for pubertal delay. Typically, the  fi rst step after excluding obvious in fi rmities 
is a full endocrinology evaluation. While most parents and children often seek out 
medical attention earlier, delayed puberty is diagnosed when a male child does not 
undergo full pubertal development by age of 16 or 17  [  13  ] . 

 One of the most common reasons for delay in normal pubertal development is 
termed CDGP or transient delayed puberty. Often, families report a known “late 
bloomer” in the family tree. Parents seek treatment due to delayed growth and delay 
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in the tempo of puberty coupled with delayed psychosocial development as it relates 
to the child’s peers  [  14  ] . While physical and psychosocial development does not 
necessarily represent chronologic age, these boys are appropriately developed for 
their bone age. This means that bone age is delayed behind chronological age and 
the developmental milestones are reached only at a normal bone age. The social 
implications of delayed puberty for these boys are daunting. The Oakland Growth 
study followed 16 early and 16 late-maturing males from age of 11 through adult-
hood. This study found that peers considered delayed males less attractive, more 
talkative, and less mature. The affected male child describes feelings of inadequacy 
and rejection through adolescence and into adulthood  [  15  ] . A second large study 
conducted by the National Health Examinations Survey found that teachers usually 
rated the males affected with delayed puberty as less intelligent. These children had 
lower intellectual test scores and had lower parental expectations of academic 
achievement  [  16  ] . In addition to the psychosocial issues, there are also physical 

  Fig. 7.2    Male tanner stage. (Reprinted from Tanner Scale.   http://en.wikipedia.org/wiki/
File:Tanner_scale-male.svg    . Last Accessed April 24th, 2012.)       
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impediments to delayed puberty. Studies have shown that without treatment, these 
children do not reach predicted adult height and bone mineral density may be dimin-
ished  [  17,   18  ] . Androgen therapy in children with CDGP can have bene fi cial effects 
on bone mass, body composition, and important psychological aspects. Testosterone 
is used short-term until the HPG axis catches up and allows for normal spontaneous 
pubertal development. 

 Primary or secondary hypogonadism can also cause delayed puberty. This is a 
permanent form of hypogonadism and requires lifelong androgen replacement ther-
apy. The absence of hormones may be due to hypogonadotropic hypogonadism. 
In hypogonadotropic hypogonadism, there is insuf fi cient pulsatile GnRH secretion 
and subsequently a LH/FSH de fi ciency. The etiology of hypogonadotropic hypogo-
nadism can include tumors, in fl ammatory processes, trauma, genetic conditions, and 
developmental defects. Children that present with neurologic signs, anosmia (associ-
ated with Kallmann syndrome), headaches, or visual disturbances should be evaluated 
more thoroughly searching for a central nervous system lesion and have a full hor-
monal pro fi le. Other causes include anorexia nervosa, malnutrition, and very competi-
tive athletic training. Investigators theorize that in these conditions, an increase in 
cortisol releasing factor increases beta-endorphins and inhibits GnRH. Increased 
stress inhibits the HPG axis, resulting in delayed puberty in these males  [  19  ] . It can be 
dif fi cult at times to differentiate between CDGP and permanent hypogonadotropic 
hypogonadism. However, most experts do not support special testing if the only 
complaint is delay in pubertal development. If needed, these entities can usually be 
distinguished once androgen therapy is initiated  [  1  ] . Children with permanent 
hypogonadism have a hypothalamic/pituitary gonadotropin de fi ciency and while 
GnRH can be administered, the use for pulsatile administration is somewhat imprac-
tical. Testosterone supplementation is a simple solution, and these males will require 
lifelong androgen therapy, since the normal HPG axis is nonfunctional. 

 Another rare cause of permanent hypogonadism is impaired secretion of gonadal 
steroids leading to decreased negative feedback of the hypothalamus. In this case, 
there is low plasma testosterone in the presence of high plasma LH and FSH levels. 
A common genetic abnormality associated with hypergonadotropic hypogonadism is 
Klinefelter syndrome, in which case a 47,XXY karyotype or a mosaic 46,XY/47,XXY 
is most common  [  20  ] . In infancy and childhood, the symptoms associated with 
Klinefelter syndrome are often nonspeci fi c and the diagnosis can be missed. During 
adolescence, puberty often starts normally, corresponding to the patient’s peer group, 
with genital enlargement and pubic hair growth. However, while the testes start to 
grow, they typically skip growing at 6 mL, leaving a discordance between the degree 
of sexual development and the size of the testes which often leads to the diagnosis 
 [  21  ] . In adulthood, small testes and a bivariate testosterone⁄LH evaluation outside the 
normal reference range is a tell-tale sign of Klinefelter syndrome. As the Klinefelter 
patient moves through adolescence and into adulthood, frequent plasma testosterone 
and LH monitoring is necessary. In some cases, testosterone replacement is consid-
ered when the LH is >2.5 SD above the mean value of 2–14 U/L or when the plasma 
testosterone is less than 84–480 ng/dL  [  22  ] . In many cases, testosterone replacement 
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may be unnecessary, unless an infertility evaluation is initiated. Figure  7.3  lists many 
of the causes of delayed puberty in the male adolescent.   

   Androgen Replacement 

 The primary goals of androgen replacement therapy in the adolescent male is to 
promote the linear growth, secondary sexual characteristics, accrual of adequate 
bone mineral content, and acquisition of normal muscle mass  [  1,   21  ] . Secondary 
goals include normal psychosocial function. In order to obtain these goals, the phy-
sician needs to recognize the tenets of testosterone replacement;  fi rst of which is to 
replace testosterone only in those males who are hypogonadal and to insure that the 
testosterone level is brought to a normal physiologic state. These goals should be 
obtained regardless of the etiology of hypogonadism. Testosterone replacement must 
be safe and effective with minimal side effects. While many forms of testosterone 
replacement have been clinically used in the adult population and are ef fi cacious, 
these regimens cannot be applied to the adolescent, since a full adult dose of testoster-
one is not required to initiate or maintain puberty in this age group.  

  Fig. 7.3    Causes of delayed puberty in males. (Based on data from Bertelloni et al.  [  26  ] , Kaplowitz, 
P.B., Delayed puberty. Pediatr Rev, 2010. 31(5): p. 189–95, Leichtnam, M.L., et al., Testosterone 
hormone replacement therapy: state-of-the-art and emerging technologies. Pharm Res, 2006. 
23(6): p. 1117–32.)       
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   Treatment 

 Testosterone was  fi rst synthesized in the 1930s. The original oral form of T under-
went rapid liver metabolism and therefore, was not useful in long-term manage-
ment of hypogonadism. Other forms were subsequently introduced, but due to 
hepatotoxicity, were deemed dangerous for human use. The most successful forms 
of therapy have been the esters (short and long acting). These compounds can be 
injected and are lipophilic and very durable. More recently, the addition of trans-
dermal forms of testosterone and pellets have made administration of testosterone 
more convenient for the affected patient. Figure  7.4  gives a brief description of the 
different forms of testosterone in clinical practice. Note that not all forms of T are 
available in the US. Several studies have evaluated different testosterone formula-
tions in male adolescents  [  23–  26  ] . Testosterone enanthate is the gold standard, as 
it increases muscle mass, accelerates linear bone growth, and induces the appear-
ance of secondary sexual characteristics. This allows for accomplishing the goals 
of androgen therapy in adolescents  [  27–  29  ] . Prior to the initiation of androgen 
replacement therapy, the child presenting with delayed puberty should undergo a 
complete history and physical examination. Any additional abnormalities need to 
be addressed  fi rst. A complete bone age evaluation including bone density scans of 
lumbar spine and femoral heads is obtained. When the timing for the therapy is 
appropriate, testosterone enanthate or cypionate is initiated at a starting dose of 

  Fig. 7.4    Preparations of testosterone. (Based on data from Bhasin et al.  [  23  ] , Bertelloni et al.  [  26  ] , 
Leichtnam, M.L., et al., Testosterone hormone replacement therapy: state-of-the-art and emerging 
technologies. Pharm Res, 2006. 23(6): p. 1117–32.)       
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50–100 mg IM every 4 weeks for 3 months. At the 3-month mark, most patients 
will notice increases in appetite, body weight, and height. There may also be an 
increase in testicular size. An early morning testosterone sample is obtained 3 
weeks after injection to measure endogenous levels. If no physical changes are 
noted, the dose can be increased by 25–50 mg IM every 4 weeks for another 3 
months. Once the testicular volume reaches approximately 10 mL, exogenous tes-
tosterone can be discontinued and the HPG axis takes over and allows puberty to 
continue. If there is no increase in testicular size or no response after a 1 to 2 years 
of treatment, permanent hypogonadism is diagnosed.  

 For adolescents with permanent hypogonadism, treatment is continued for life. A 
gradual increase in the frequency of testosterone injections is indicated in order to 
mimic adult testosterone levels. The testosterone is gradually increased to 200 mg 
every 2–3 weeks. When adult levels are reached, it may be convenient to switch to 
transdermal or pellet preparations of testosterone. 

 Monitoring of androgen replacement therapy in adolescents requires regular fol-
low up visits with the physician to evaluate growth, pubertal changes, and for bone 
age assessment. These visits should include laboratory testing of testosterone, most 
often timed just before the next treatment injection to adequately evaluate endoge-
nous testosterone levels. A complete blood count, including hematocrit, needs to be 
ruled out for polycythemia (>54%), which is a contraindication to continuing ther-
apy unless appropriately addressed. 

 The side effects of testosterone replacement include disproportionately advanc-
ing skeletal maturation, a rapid change in libido, priapism, polycythemia, acne, 
gynecomastia, and obstructive sleep apnea. Patients and parents need to be ade-
quately informed about these potential consequences. While rare, these changes 
could be detrimental to the patient and should be monitored with each physician 
visit  [  30  ] . When normal testosterone levels are attained, side effects are usually 
minimal. Transdermal and pellet preparations are dif fi cult to obtain and maintain a 
steady state of plasma testosterone in the adolescent and should not be used for 
initiation of therapy. Once the adolescent has reached his full adult height and pro-
gressed through puberty, he can be switched to other more convenient forms of 
testosterone if he has permanent hypogonadism.  

   Conclusion 

 It is imperative to keep the goals of androgen replacement therapy in the adolescent 
in focus. For the majority of boys with delayed puberty, this is a stepping-stone 
from prepubertal hypogonadism to normal adolescence. Androgen replacement 
therapy has been shown to have signi fi cant physical and psychological bene fi ts that 
help with social acceptance by peers and feeling of well-being for these adolescents 
who are maturing into adulthood. The same holds true for males with permanent 
hypogonadism, with the exception that lifelong androgen replacement therapy is 
required. In the adolescent, treatment typically begins around age 12–13 years and 
is optimally done with the injectable testosterone esters that make management of 
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plasma testosterone levels easier to monitor and adjust. While side effects are rare, 
close monitoring is important during testosterone therapy to avoid supraphysiologic 
levels. Families, patients, and physicians all play important roles in the use of andro-
gen therapy in the adolescent male with delayed puberty.      
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         Introduction    

 Androgen de fi ciency may manifest at various periods in a man’s life. Its etiology is 
varied. It is particularly challenging to manage this situation in a man who desires 
future fertility. Many of the therapeutic options for androgen replacement require 
exogenous administration of testosterone, which can suppress spermatogenesis. 
In young patients who may desire fertility in the near future or who are actively try-
ing to conceive, the gamut of options for androgen replacement must be considered 
carefully. 

   Mechanism 

 Hormonal control of spermatogenesis is based on the interaction between the hypo-
thalamus, pituitary, and testicles. High levels of testosterone, up to 20–50 times 
serum levels, are needed locally in the testicle to sustain spermatogenesis, indicat-
ing that this process is under paracrine control  [  1–  3  ] . The exact mechanism of hor-
monal control is outlined elsewhere. Brie fl y, in response to gonadotropin-releasing 
hormone (GnRH), the hypothalamus stimulates the anterior pituitary to release 
luteinizing hormone (LH) and follicle-stimulating hormone (FSH)  [  4  ] . 

 Leydig cells, located in the interstitial spaces of the testis, respond to LH and 
release androgens (19-carbon steroids)  [  5  ] . These include testosterone, androstene-
dione, and dehydroepiandrosterone  [  6  ] . FSH acts on Sertoli cells, also located in the 
testis, to produce androgen-binding protein (ABP), which is critical for concentrating 
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testosterone at high levels necessary to maintain spermatogenesis  [  7  ] . ABP concen-
trates testosterone in the immediate proximity of the developing germ cells. 

 Pulsatile secretion of GnRH from the hypothalamus is fundamental to the func-
tionality of this pathway  [  8  ] . Failure of this axis to work in an episodic fashion 
results in hypogonadism.  

   Etiologies of Androgen De fi ciency 

 The differential diagnosis of hypogonadotropic hypogonadism (HH) is extensive and 
can be classi fi ed as either congenital or acquired. There are forms of idiopathic HH 
such as Kallmann syndrome, adult onset IHH, fertile eunuch syndrome, and congeni-
tal adrenal hypoplasia  [  9  ] . There are also genetic defects involving the gonadotropic 
subunits that render them ineffective as well as an array of other pituitary distur-
bances  [  10  ] . Additionally, there are a few disorders present with obesity, such as 
Prader–Willi syndrome and Laurence–Moon–Bordet–Biedl syndrome  [  11,   12  ] . 

 There are acquired forms of HH as well, ranging from tumors of the hypothalamus 
and pituitary along with other systemic disorders such as histiocytosis X and sarcoi-
dosis  [  13  ] . Previous surgery, head trauma, and radiation can induce acquired HH. 

 The more common form of hypogonadism seen in young male patients is primary 
testicular failure. There is a range of etiologies here as well, ranging from idiopathic 
testicular failure, trauma, and undescended testes  [  14  ] . Certain conditions can also 
induce testicular failure such as extreme exercise, exogenous anabolic steroid use, 
glucocorticoid therapy, chronic diseases, and narcotics  [  15–  17  ] .   

   The Challenge to Clinicians 

 The dif fi culty in treating the hypogonadal man is that exogenous steroids negatively 
feedback    and suppress the hypothalamic–pituitary axis. While administration of 
androgens solves the systemic effects of low testosterone, high local testosterone 
concentrations cannot be maintained. This important consideration must be 
addressed when treating a man with hypogonadism who wishes to have children.  

   Effects of Androgen De fi ciency 

 While it’s recognized that serum testosterone levels decline with aging, it’s unclear 
what exactly the clinical symptoms of “andropause” are and whether there is a need 
to treat symptoms. It remains unsolved whether men derive a signi fi cant bene fi t 
from androgen replacement treatment  [  18  ] . 
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 There are numerous symptoms observed with a low androgen state, both in 
young men, and in the aging male. These include low libido, decrease in stamina 
and/or strength, reduced muscle mass and increased fat, osteopenia, and gyneco-
mastia  [  18  ] . 

 Little direct evidence has associated low serum testosterone levels with an 
increased risk of atherosclerosis and the metabolic syndrome. Other studies have 
documented anti-ischemic actions of androgen therapy as a potential bene fi t  [  19  ] . 

 Erectile function has not been conclusively linked to normal androgen levels. 
While a normal testosterone level is thought to be necessary for libido and sexual 
thoughts and dreams, it remains unproven if sexual function can be fully optimized 
with androgen supplementation alone  [  20  ] . Young men may sense that testosterone 
therapy is central to their ability to achieve and maintain potency. This belief, 
whether true or not, creates the challenge for healthcare providers in treating such 
patients. While the goal is to maintain an acceptable androgen pro fi le in young men, 
the therapeutic approach must be altered so that spermatogenesis is maintained.  

   Therapeutic Options 

 Spermatogenesis cannot be induced in men with primary hypogonadism  [  21  ] , 
de fi ned as testicular or seminiferous tubule failure  [  21  ] . Sperm production can be 
stimulated in men with secondary hypogonadism, de fi ned as functional failure of 
the hypothalamus or pituitary. In such patients, it is important to stop any exogenous 
androgen use and begin one of the alternate therapies described below. For men 
taking exogenous steroids for bodybuilding, the diagnosis can be made by a good 
history and hormone pro fi le. The pro fi le usually shows normal serum androgens 
with markedly suppressed levels of LH and FSH, due to negative feedback  [  22  ] . 
This select population of men with iatrogenic testicular failure is often salvaged by 
ceasing the exogenous steroid use and allowing enough time for the testicle and 
hypothalamic–pituitary axis to recover. In most cases it does and spermatogenesis 
resumes. 

 In the following section, a rational approach for androgen replacement in men 
with secondary hypogonadism who desire fertility is presented. The major treatment 
options discussed are the following:

    1.    Human chorionic gonadotropin (hCG) therapy initially with hMG added after a 
delay

   (a)    Consideration of recombinant LH  
   (b)    Consideration of recombinant FSH (r-hFSH)      

    2.    Pulsatile GnRH  
    3.    Clomiphene citrate     

 The following description of hormone treatment to induce fertility in secondary 
hypogonadism is not the only treatment regimen     [  23  ] , however, it provides a 
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 reasonable algorithm for consideration and is based upon recommendation by 
Drs. Snyder, Matsumoto, and Martin. 

   Gonadotropin Therapy 

 In cases of secondary hypogonadism, the etiology needs to be de fi ned, speci fi cally 
if it is at the level of the hypothalamus or pituitary gland. Men with pituitary disease 
can be successfully treated with gonadotropin administration alone, while hypotha-
lamic disease is treated with either gonadotropins or GnRH. 

 Secondary hypogonadism is de fi ned as a lack of secretions of the gonadotropins 
LH and FSH. In theory, administration of these hormones alone should reverse the 
disorder. LH alone can produce neutral testosterone levels, but often not enough to 
induce spermatogenesis  [  24  ] . Within this population, a better prognosis is noted in 
men who have developed hypogonadism after puberty, have incomplete or partial 
hypogonadism, or have descended testis by the  fi rst year of life. 

 hCG is similar in biologic activity to LH. It functions by stimulating the Leydig 
cells to make and secrete testosterone. In actuality, LH is given by its proxy, hCG, 
since it has a longer half-life than recombinant human LH, making it easier to 
administer to patients. 

 hCG therapy is given  fi rst, prior to intitating FSH treatment. The initial hCG 
treatment will give an initial boosting of intratesticular testosterone, up to 100 times 
higher than peripheral levels. hCG alone may be enough to induce spermatogenesis, 
whereas FSH alone is merely supportive, and does not have a lead action. 
Furthermore, hCG is less expensive than exogenous FSH. Therefore, the recom-
mended regimen involves  fi rst stopping any exogenous testosterone therapy, start-
ing with hCG, then after a delay, starting FSH therapy. 

   Regimen of hCG Therapy  [  23  ]  

    Patients self-administer hCG intramuscularly into the thigh at a starting dose of  –
2,000 units, three times per week.  
  Serum testosterone is checked every month to make sure the range of testoster- –
one is between 400 and 900 ng/DL. The  fi nal dose can vary from 500 to 
10,000 units per injection.  
  Semen analyses are checked periodically as soon as the testosterone level is felt  –
to be replete. A return of spermatogenesis may take 3–6 months in some cases.  
  Addition of the FSH, by its substitute hMG, is administered once testosterone has  –
normalized for at least 3 months of the semen analysis is half of normal values 
for that individual. This may arbitrarily be set at 20 million motile sperm/cc.     
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   Regimen of Human Menopausal Gonadotropin  [  23  ]  

 This administration contains both FSH and LH, and is commonly used to substitute 
for FSH in attempt to induce spermatogenesis. FSH is believed to in fl uence Sertoli 
cells to produce nutrients and provide a supportive environment for sperm produc-
tion within the testis.

   A  fi rst dose of 75 units is given three times per week.   –
  Although maximal benefi cial effects in spermatogenesis may be seen at  –
anywhere from 3–24 months, frequent semen analyses are performed to detect 
progress.  
  hMG dose can be doubled to 150 units, if the sperm count does not reach normal  –
levels by 6 months.  
  As soon as pregnancy occurs, this hMG regimen can be stopped, mainly because  –
of its high cost.     

   Recombinant FSH 

 Since hMG contains some LH, the recombinant form of FSH was developed for use 
in women for ovulation induction, simply to avoid that small amount of LH in the 
preparation. In men seeking fertility, the ef fi cacy of hMG and recombinant FSH is 
similar. The cost is approximately twice that of the hMG, therefore it is not indi-
cated as a  fi rst-line therapy in men to be used in conjunction with hCG.   

   Pulsatile GnRH  [  23  ]  

 Another alternative is dosing in a pulsatile fashion in men with hypothalamic dis-
ease. A pump and syringe are used to deliver GnRH in a theoretically physiologic 
manner, so a pulse is given approximately every 2 h. The man wears this pump until 
the couple achieves pregnancy, with the dose being delivered via subcutaneous 
needle. The dose is started as 25 ng/kg of patient body weight, but in some men, the 
dose is increased to 600 ng/kg of body weight. The response time is slower for this 
therapy, and ranges from 1 to 3 years. This is very effective in producing normal 
serum testosterone levels with hypogonadal patients with hypothalamic failure. 
Availability in the United States is limited with this therapy; it is expensive, and 
ef fi cacy is similar to that of the hCG/hMG therapy discussed above.  

   Clomiphene Citrate 

 Clomiphene citrate, or Clomid, acts as a weak estrogen receptor antagonist that 
stimulates gonadotropin secretion. Numerous studies have tested this agent’s 
ef fi cacy in men attempting to increase their sperm density who have oligospermia 
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in the setting of low or low/normal testosterone levels. Results have not been 
de fi nitive in this speci fi c population of infertile men  [  25  ] . To date, clomiphene has 
shown no bene fi t in treating men with secondary hypogonadism due to pituitary 
dysfunction  [  26,   27  ] . Furthermore, men with testicular failure have also not achieved 
increased fertility with the use of clomiphene. Of note, clomiphene will temporarily 
increase serum testosterone levels, but has thus far proven ineffective in the treat-
ment of infertility in men with idiopathic infertility or primary testicular failure 
 [  28,   29  ] . A dose commonly used is 50 mg by mouth every other day with frequent 
evaluation of semen analysis and serum testosterone levels.  

   Assisted Reproductive Techniques 

 Some men may achieve normal serum testosterone levels and even acceptable 
sperm densities, yet this fails to yield a pregnancy. In this scenario, the risks and 
costs associated with hormone replacement must be weighed against the use of an 
assisted reproductive technique. If there is suitable sperm, either in the ejaculate or 
harvested by testicular sperm extraction, they can be used in conjunction with 
in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI). Success rates 
for these techniques vary, but reported biochemical pregnancy rates are approxi-
mately 30 % per cycle  [  30  ] . Donor insemination or adoption is also an option to be 
considered if there exist severe impairments in the spermatogenic pathway that 
androgen substitution fails to solve.       
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         Introduction    

 In recent years, in the era of antiretroviral therapy (ARV), the overall growth of the 
HIV epidemic has begun to plateau with a dramatic reduction in HIV-associated 
mortality  [  1,   2  ]  and a reduction in the annual number of new HIV infections  [  3  ] . As life 
expectancy for those living with HIV and access to ARV increases, the total number of 
individuals living globally with HIV remains high and was estimated to be around 33 
million by the end of 2009  [  3  ] . As treatments for HIV increase life expectancy, compli-
cations related to both HIV infection and ARV are becoming increasingly prevalent 
and are gaining importance for those living with HIV infection. 

 Since early in the epidemic, hypogonadism has been frequently described in HIV 
positive men. In this chapter, we discuss the available literature in males concerning 
the prevalence of hypogonadism in HIV disease, the likely etiologies and associa-
tions, and discuss the complications and treatment considerations in this group.  
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   Methods 

 A review was undertaken using a PubMED search using the umbrella terms  HIV  or 
 AIDS  and  testosterone  or  androgens , from 1985 onwards. Signi fi cant papers found 
in references in the primary search were also included. A review was initially under-
taken of the clinical aspects of naturally occurring androgens in HIV disease andro-
gen therapy was then considered and presented.  

   Prevalence of Hypogonadism in HIV Positive Males 

   Pre-Highly Active AntiretroViral Therapy 

 Early on in the HIV epidemic, in the pre-highly active anti retro-viral therapy 
(HAART) era, high rates of hypogonadism were reported. A paper from Dobs et al. 
in 1988 reported that 20/40 (50%) males with AIDS were hypogonadal as assessed 
by total testosterone levels, of which 75% had hypogonadotropic hypogonadism. 
Early correlation with lymphocyte depletion and weight loss was noted  [  4  ] . 

 In 1991, Raf fi  et al. observed lower rates of hypogonadism within a cohort of men 
living with HIV  [  5  ] . Ten out of 67 (15%) men had a total testosterone (TT) level 
<300 ng/mL. Amongst those with an AIDS diagnosis, prevalence of hypogonadism 
was signi fi cantly higher with 8 out of 28 (29%) individuals biochemically hypogo-
nadal. There was signi fi cantly more hypogonadism noted in patients with increasing 
immunocompromise and with an AIDS diagnosis compared to asymptomatic patients 
and those with other early stage HIV disease. Low testosterone levels were again 
mainly seen in association with normal or low pituitary hormone levels. Testosterone 
responses to gonadotropin releasing hormone were investigated and were found to 
be normal, suggestive of a functional de fi cit in the hypothalamic–pituitary axis, as 
opposed to primary gonadal failure. Normal thyroid stimulating hormone (TSH) 
and adrenocorticotropic hormone (ACTH) levels were observed  [  5  ] .  

   SHBG 

 Early studies of testosterone levels in HIV positive populations used total testosterone 
levels as a measurement. In 1995, Laudat et al. measured androgen levels along 
with sex hormone binding globulin (SHBG) levels in 58 asymptomatic HIV positive 
men (cases) and compared to 11 HIV negative men as controls  [  6  ] . SHBG levels 
were found to be signi fi cantly higher as compared to controls, even in early asymp-
tomatic HIV infection. Non-SHBG bound testosterone was measured and found 
to be lower in HIV cases compared to controls. CD4 expressing T lymphocyte 
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cell counts are used as a proxy of immune function in HIV positive individuals, and 
a strong reverse correlation with cortisol/DHEA ratios was noted. The authors 
suggested that this could re fl ect alterations in adrenal steroid secretion, with a shift 
from androgen to glucocorticoid production as HIV disease progresses. 

 The  fi nding of high levels of SHBG was borne out of several subsequent studies. 
It has been observed that the high concentration of SHBG in this population may 
frequently result in an increase in total testosterone (TT) values, alongside a reduc-
tion in free or bioavailable testosterone. In a recent study, by Moreno-Perez et al., 
levels of SHBG were compared between 36 HIV positive men aged 40 years or 
less and a reference population of 127 healthy eugonadal men aged 18–30 years  [  7  ] . 
The median SHBG concentration was signi fi cantly higher in the HIV-infected 
patients (39 nmol/L) compared to the healthy control group (27 nmol/L). In the 
same study, SHBG, albumin, TT, and free testosterone (FT) were measured. 
Bioavailable testosterone was calculated using the equation described by Vermeulen 
et al.  [  8  ] . Ninety HIV positive men were included in this arm of the study, compris-
ing 84% who were on ARV treatment and 72% with a suppressed HIV viral load. 
Using the calculated bioavailable testosterone level as a measure, hypogonadism 
was observed in just 13% of the population studied. TT and FT were found to have 
a sensitivity of just 25% and 33%, respectively, in predicting hypogonadism in this 
population (Table  9.1 ).  

 The results of these studies collectively suggest that measurement and calcula-
tion of bioavailable testosterone in HIV positive persons is a more accurate way of 
detecting biochemical hypogonadism, particularly in those with borderline low free 
or total testosterone levels. 

 In recent years, since the introduction of effective treatment for HIV in the form 
of HAART, studies have sought associations between ARV treatment and hypogo-
nadism in HIV positive males.  

   HAART Era 

 The effect of ARV therapy on testosterone levels is unclear. Studies looking at the 
effect of ARV on androgen levels have shown con fl icting results. 

   Table 9.1    Usefulness of TT, FT (RIA) in the diagnosis of hypogonadism in HIV-infected male   
 Sensitivity (%)  Speci fi city (%)  NPV (%)  PPV (%)  R(+)  R(−)  Diag. OR 

 TT  25.0  100  89.6  100  In fi nite  0.75  In fi nite 
 FT (RIA)  33.3  96.2  90.4  57.1  8.76  0.69  12.7 

  Calculated free testosterone (CFT) <0.22 nmol/L (6.36 ng/dL) used as the reference for diagnosis 
of hypogonadism 
  NPV  negative predictive value;  PPV  positive predictive value;  R(+)  positive likelihood ratio;  R(−)  
negative likelihood ratio;  Diag. OR  diagnostic likelihood ratio;  TT  diagnosis of hypogonadism as 
total testosterone <10.4 nmol/L (3 ng/mL);  FT (RIA)  diagnosis of hypogonadism as measured free 
testosterone <0.031 nmol/L (9 pg/mL)  
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 A study performed in 2007, Crum-Cian fl one et al. aimed to establish the preva-
lence and risk factors for hypogonadism amongst a modern cohort of HIV-infected 
men  [  9  ] . Three hundred HIV positive men were enrolled in this study, 60% of which 
were on ARV with generally good immune function (mean CD4 cell count of 
522 cells/mm 3 ). All had mean age of 39 and included a mixture of ethnicities. 
Seventeen percent (50/296) of the men were hypogonadal (as de fi ned by a morning 
total testosterone level <300 ng/dL), and a further 16% had a borderline testosterone 
level (300–400 ng/dL)  [  9  ] . In multivariate analysis, increasing age and a higher 
body mass index (BMI) were positively associated with hypogonadism, while 
smoking was negatively associated (OR 0.44,  p  = 0.02). A subset of participants 
with low testosterone had luteinizing hormone (LH) and FSH measured, all of 
which were found to be low, suggesting secondary hypogonadism. There was no 
association observed between hypogonadism and current, past, or cumulative use of 
HIV medications. 

 Wunder et al. demonstrated a high prevalence of low free testosterone levels 
amongst an untreated HIV positive cohort and studied the effect of ARV therapy on 
androgen levels over time  [  10  ] . Data were derived from stored serum samples from 
the Swiss HIV Cohort Study (SHCS), which is an ongoing multicenter research 
project. Ninety-seven participants had serum levels of LH, FSH, and FT measured 
at baseline, and again, after 2 years of successful HAART. At baseline, 68 patients 
(70%) had subnormal FT levels based on an age-adjusted normal range. Of these, 
LH levels were low in 44%, normal in 47%, and high in 9%, indicating a mainly 
secondary hypogonadism in this group. There was a trend for association between 
lower CD4+ T-cell counts and hypogonadism, but no other associations were found 
for age, BMI, sexuality, duration of HIV disease, or plasma HIV viral load. No 
signi fi cant changes in free testosterone, LH, or FSH were observed after 2 years of 
successful ARV therapy. Overall, >60% remained hypogonadal at this point. 
Twenty-four percent of those who were originally hypogonadal returned to normal 
levels, and 32% of those originally within normal levels became hypogonadal after 
2 years of therapy. All participants on the ARV regime were on the nucleoside 
reverse transcriptase inhibitors (NRTI) zidovudine and lamivudine. Sixty-three percent 
were also on a boosted protease inhibitor (bPI) as the third agent, and the remaining 
37% were on a non-nucleoside reverse transcriptase inhibitor (NNRTI).    The authors 
acknowledged that the use of stored serum samples was a limiting factor in the 
interpretation of these  fi ndings, as the samples were not consistently morning levels; 
therefore, this may have led to higher rates of reported hypogonadism. 

 Effective treatment with ARV has been shown to increase lean body mass (LBM), 
particularly in individuals with low CD4 counts at initiation of treatment  [  11  ] . In a 
study looking at the effect of some older ARVs on LBM and testosterone levels, 
Dube et al. noted increases in free testosterone after initiation of ARV, along with an 
increase in fat-free mass  [  12  ] . The rise appeared to be more marked with certain 
types and classes of ARV, with greater increases at 64 weeks among zidovudine–
lamivudine recipients than among stavudine–didanosine recipients, and among 
efavirenz (an NNRTI) recipients than among nel fi navir (a bPI) recipients  [  12  ] . It is 
worth noting that in recent years, usage of stavudine, nel fi navir, and to a lesser 
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degree didanosine has declined in parts of the world with access to newer ARV 
agents, due to the high levels of toxicities observed, including lipodystrophy. 

 In the Massachusetts Male Aging Study, rates of hypogonadism amongst HIV 
negative men were reported as between 6 and 12% amongst 40–69-year-old 
American males  [  13  ] . Reported prevalence of hypogonadism in HIV positive men 
varies widely, and rates reported depend on the type of testosterone measurement 
used; however, it seems clear that prevalence of hypogonadism is higher in HIV 
positive compared to HIV negative males. 

 While studies show there are high levels of biochemical hypogonadism in clinical 
practice, a diagnosis of testosterone de fi ciency is usually made in conjunction with 
consistent clinical symptoms and signs  [  14  ] . Testosterone de fi ciency can cause 
nonspeci fi c symptoms such as fatigue, depressed mood, weakness, and sexual 
dysfunction, all of which are also frequently associated with many chronic illnesses, 
HIV virus, ARV therapy, and opportunistic infections. Careful history, examination, 
and appropriate investigation are essential when trying to ascertain whether bio-
chemical hypogonadism is clinically relevant in an individual.  

   HIV Wasting and Testosterone 

 The US Centers for Disease Control and Prevention (CDC) classi fi cation system for 
HIV disease staging and classi fi cation de fi nes HIV wasting syndrome as involun-
tary weight loss >10% of baseline body weight, in association with either chronic 
diarrhea or chronic weakness and documented fever for  ³ 1 month. Wasting is fur-
ther identifi ed as an indicator for the AIDS condition  [  15  ] . In the developed world, 
wasting amongst HIV positive persons taking ARV is now less common and fre-
quently reverses quickly with appropriate HIV viral control and nutritional supple-
mentation. However, even in the era of HAART, HIV-associated weight loss remains 
prevalent. A large retrospective observational study of a contemporary managed 
care population in the United States observed that even amongst a modern cohort of 
HIV, almost one in ten had evidence of HIV-associated weight loss  [  16  ] . 

 In a study presented in 2000, by Desyatnik et al., the association between clinical 
wasting and hypogonadism was investigated  [  17  ] . A retrospective review of 88 male 
patients with HIV infection who had been on HAART for at least 6 months was 
performed. Hypogonadism was de fi ned as serum-free testosterone <15 pg/mL and 
was observed in 20% of participants. Wasting was de fi ned as weight loss >5% of 
ideal body weight and was observed in 42% of the subjects. The investigators 
observed that testosterone de fi ciency in these males did not correlate with wasting. 

 The same year a paper was published by Rietschel et al. looking speci fi cally at 
androgen levels in a group of HIV positive men with wasting  [  18  ] . Seventy percent 
of participants were receiving ARV therapy. The authors found that in this popula-
tion with wasting, 21% of patients receiving HAART had hypogonadism compared 
with 15% of those not on HAART. The prevalence of hypogonadism was not related 
to any particular class of ARV. Comparison was also made with a control group of 
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HIV positive men without wasting, and total and free testosterone levels were not 
signi fi cantly different for subjects with wasting and subjects without wasting. 

 In the context of the developing world, wasting syndromes are commonly 
encountered and may have multiple etiologies including lack of appropriate ARV, 
concomitant infections, such as parasitic infection and tuberculosis, and lack of 
nutritional intake and food security. In this instance, the appropriate remedy of the 
any exacerbating underlying cause of wasting would be indicated in the  fi rst place 
before consideration of testosterone replacement.  

   Testosterone, Cytokines, and Wasting 

 The contributions of catabolic cytokines to HIV-associated wasting and weight loss, 
in a group of HIV positive men, were investigated by Roubenoff et al.  [  19  ] . The 
authors studied a group of 172 men, 43% of which were on HAART. They found 
that both TNF- a  and IL-1 b  production by peripheral blood mononuclear cells pre-
dicted loss of LBM, and that serum-free testosterone was inversely associated with 
TNF- a  production. However, serum-free testosterone alone was not an independent 
predictor of either LBM or resting energy expenditure after adjustment for cytokine 
production. The authors suggested that the inverse relationship between testoster-
one and cytokine production might be due to testosterone acting as a modulator of the 
effect of TNF-alpha and IL-1beta and not as a direct determinant of body composition 
or metabolic rate.   

   Prevalence of Hypogonadism in Any Chronic Disease 

 Hypogonadism has been observed in the presence of many common acute and 
chronic illnesses in men such as chronic liver and renal disease, cancer, and sepsis. 
In the case of depressed testosterone in HIV disease, the symptoms and signs 
observed are often nonspeci fi c and may be attributed to the underlying disease or 
treatment. Low levels of testosterone may cause loss of LBM, bone mass density, 
and produce symptoms such as depressed mood, loss of energy, and sexual dysfunc-
tion. The mechanisms explaining hypogonadism and various systemic diseases are 
incompletely understood, but these conditions are likely caused by a combination of 
stress, nonspeci fi c weight loss, in fl ammation, and medication  [  20  ] . 

   Metabolic Syndrome 

 The metabolic syndrome (MS) is a term used to describe the clustering of risk 
factors for cardiovascular disease, including abnormal lipids, hypertension, insulin 
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resistance, and intra-abdominal obesity. In HIV positive cohorts, diagnosed prevalence 
has been shown to vary according to the diagnostic criteria used  [  21  ]  and has been 
reported in between 7 and 45% of individuals  [  22  ] . 

 The reasons why high rates of metabolic syndrome are seen in HIV positive indi-
viduals are not fully elucidated, but are thought to be related to both treatment and 
disease factors, and several mechanisms have been suggested. HIV protease inhibi-
tor mediated blockade of glucose transport and NRTI mediated mitochondrial 
 toxicity have been well characterized. Additional cellular effects, including the 
induction of endoplasmic reticulum and oxidative stress, altered adipocytokine 
secretion. Lipotoxicity has been implicated in the development of metabolic 
 syndrome in this cohort  [  23  ] . In HIV negative cohorts, metabolic syndrome is 
associated with low levels of testosterone  [  24,   25  ] . 

 A recent study by Monroe et al. compared HIV-uninfected men with HIV-
infected men and found that had they had lower FT, higher SHBG, and more insulin 
resistance and DM  [  26  ] . Lower FT and lower SHBG were associated with insulin 
resistance regardless of HIV serostatus. The authors suggested that sex hormones 
play a role in the pathogenesis of glucose abnormalities among HIV-infected men.  

   Lipodystrophy 

 Lipodystrophy syndrome has been reported in as many as 41% of people with HIV 
and comprises changes in body fat distribution including both fat loss (lipoatrophy) 
and fat accumulation (lipohypertrophy)  [  27  ] . Mitochondrial toxicity and dysfunc-
tion have been implicated as a cause for the adverse metabolic toxicities of ARV 
treatments, including lipodystrophy and insulin resistance.    Toxicity caused by the 
ARV is drug class speci fi c and in the case of NRTI have been attributed to the drugs, 
causing an inhibitory effect on DNA polymerase gamma enzyme  [  28  ] . 

 Sex hormones including testosterone may play a role in altered fat distribution 
and insulin sensitivity of male patients with HIV lipodystrophy.  

   Gynecomastia and Hypogonadism 

    A study by Biglia et al. found that 40 out of 2,275 (1.8%) men with HIV have gyne-
comastia. Mean free testosterone index (ratio of total  testosterone  divided by SHBG) 
was signi fi cantly lower in those patients with gynecomastia compared to a control 
group without gynecomastia. The authors conclude that gynecomastia in this group is 
associated with hypogonadism. Duration of exposure to ARV was not associated with 
gynecomastia  [  29  ] . The  fi nding of lower free testosterone index and bioavailable 
testosterone levels in patients with gynecomastia has been observed in subsequent 
studies and the effect of certain ARV treatments. In particular, the NNRTI, efavirenz, 
has also been associated with gynecomastia in HIV positive men  [  30,   31  ] .  
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   Abnormal Testosterone Metabolism and Raised Estradiol 

 There is evidence that men on ARV develop low sexual desire that can be associated 
with raised estradiol levels. It has been suggested that abnormal metabolism seen in 
HIV positive men results in increased aromatization of testosterone to estradiol 
 [  32  ] . It has been postulated that increased conversion of testosterone to estradiol 
may result from increased central adipose tissue seen in lipodystrophy/metabolic 
syndrome. It is one possible explanation why metabolic syndrome/lipodystrophy 
syndrome and low testosterone frequently coexist in HIV positive men.  

   Sexual Function and HIV 

 High rates of sexual dysfunction have been well described amongst men with HIV. 
In particular, erectile dysfunction (ED) is prevalent, and has been reported to be 
present in between 9 and 74% of HIV positive men  [  33  ] . Guaraldi et al. studied 133 
HIV positive men and found a prevalence rate of erectile dysfunction in 55 and 65% 
of men aged less than or more than 50 years old, respectively. Comparison of total 
and free testosterone was made in those with and those without ED, and no signi fi cant 
differences were observed. 

 In the large study by Crum-Cian fl one, ED was reported in 175/285 (61%)  [  9  ] . 
In this study, rates of hypogonadism were not signi fi cantly different between those 
with and those without ED. Increasing age and depression were associated with ED 
and high CD4 cell count was observed to be protective. There was also no associa-
tion between either ED or hypogonadism and the current, past, or cumulative use of 
HIV medications. Similarly, in a cross-sectional study by Lallemand et al., 111 out 
of 156 (71%) HIV positive men on ARV reported sexual dysfunction. There was 
also no association between sexual dysfunction and types of ARV used  [  34  ] . 

 The study by Moreno-Perez et al. revealed that 100% (12/12) of patients with 
hypogonadism, as measured by calculated free testosterone (CFT), had ED, but 
only a quarter of all patients with ED were hypogonadal  [  7  ] . 

 Using CFT or bioavailable testosterone levels to diagnose hypogonadism is an 
accurate way of identifying ED related to or worsened by low testosterone levels. 
However, the cause of ED is often multifactorial; thus, the use of biochemical 
hypogonadism to investigate ED is a valuable part of the diagnostic armory avail-
able when investigating HIV positive patients with ED.  

   Age 

 Hypogonadism is associated with increasing age. Total testosterone decreases year-
on-year in HIV negative populations as they move through their fourth and  fi fth 
decades of life  [  13,   35  ] . Within developed countries, we are now caring for an aging 
cohort of HIV positive individuals, and it is predicted that as prognosis continues to 



1119 HIV and Testosterone in Men

improve for individuals living with HIV, there will be increasing numbers of older 
people living with HIV  [  36,   37  ] . We may reasonably expect that the numbers of 
HIV positive men with late onset hypogonadism increase in the future. In 2005, 
Klein et al. set out to examine the prevalence and association of hypogonadism in 
males at risk of or living with HIV aged over 50 years old  [  38  ] . In a sample of over 
500 men, aged >49 years, of which 275 were HIV positive, the authors noted that 
hypogonadism was prevalent. The HIV positive group was associated with high 
HIV viral load, but not with CD4 count or disease stage. Raised total testosterone 
was associated with HIV positivity, but free androgen index (FAI) was not associ-
ated with HIV status. Both low, free androgen index and low androgen levels were 
correlated with clinical  fi ndings suggestive of hypogonadism. 

 There is a growing body of literature describing a process of accelerated aging in 
HIV-infected individuals. Chronic immune activation and in fl ammation are 
observed, along with thymic dysfunction and gut microbial translocation. All act 
together to drive early senescence in HIV infection  [  39  ] . Among the HIV positive 
women, early loss of ovarian function and early menopause have been described in 
some study populations  [  40–  42  ]  as well as an unexpectedly high numbers of HIV 
positive women reaching menopause very early  [  40,   43  ] . It may be that men living 
with HIV infection are more prone to a syndrome of late onset androgen de fi ciency 
or an “early andropause,” heralded by dysregulation of the hypothalamic–pituitary 
axis as part of a process of accelerated physiological aging  [  44  ] .  

   Bone Mineral Density and Testosterone 

 High rates of osteopenia and osteoporosis have been reported in HIV-infected 
cohorts. Prevalence rates range between 22–71% and 3–33%, respectively  [  45  ] . 
Loss of bone mineral density (BMD), in the context of HIV, is likely to be multifac-
torial, and contributing factors include ARV treatments (particularly implicated is 
the widely used NRTI, tenofovir), vitamin D de fi ciency, alcohol and drug use, 
smoking, low BMI, and HIV infection. Hypogonadism may be an additive risk fac-
tor for low BMD and should be managed appropriately, because part of the osteo-
porosis management includes measures to improve calcium and vitamin D nutrition, 
increase weight-bearing exercise, and speci fi c pharmacologic therapy, including, in 
some cases, testosterone replacement  [  46  ] .  

   Recreational Drug Use 

 Intravenous drug use is a risk factor for HIV acquisition, and recreational drug use 
is not uncommon among HIV-infected cohorts. Marijuana, opiates, anabolic ste-
roids, and alcohol can all inhibit gonadal function  [  47  ] . A study on androgen levels, 
by Wisniewski, showed that free T concentrations were lower in men who used 
cocaine and/or opiates, irrespective of HIV status  [  48  ] .   
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   Treatment of Hypogonadism and Wasting Syndrome 
in HIV Positive Men 

    There are various treatments available for hypogonadism and wasting syndrome in 
HIV positive men. The literature is wide ranging on the multitude of therapy options 
and bene fi ts seen in HIV men. Treatment of hypogonadism and wasting syndrome 
in HIV positive men has been shown to help with LBM, weight loss, depression, 
fatigue, libido, and BMD. 

 Therapy ranges from testosterone replacement to synthetic analogues such as 
anabolic steroids as well as growth hormone, dronabinol, megestrol acetate, and 
insulin-like growth factor I. In this section, treatment for hypogonadism and wasting 
syndrome in HIV positive men will be reviewed. The review will include various 
types of treatments, methods of delivery, bene fi ts, and side effects.  

   Body Composition and Muscle Wasting 

 Body composition may undergo drastic changes in HIV positive patients with losses 
in LBM, muscle mass, and associated wasting syndrome. The latter is de fi ned by the 
CDC as the involuntary loss of more than 10% of baseline body weight in the previous 
12 months  [  49,   50  ] . Body cell mass (a component of LBM)  [  50  ]  represents meta-
bolically active tissue, and men with HIV wasting may show losses in body cell 
mass and LBM prior to overall changes in body weight and fat mass  [  51–  53  ] . These 
measured changes are a better indicator of wasting syndrome and malnutrition in 
men with HIV. Losses of LBM and muscle mass have been shown to correlate with 
androgen levels in hypogonadal men with HIV, and research has focused on differ-
ent treatment options to counteract this loss  [  54  ] . 

 Androgen replacement therapy in this population has been extensively studied 
and includes different forms of synthetic testosterone, in addition to metabolic 
steroids. The literature has focused on men with HIV with and without wasting, 
HIV positive eugonadal men and hypogonadal men. In addition to androgen replace-
ment, other treatment options that have been studied in relation to body composition 
include megestrol acetate, dronabinol, insulin-like growth factor I, and growth 
hormone. Resistance training and exercise have also been studied along with 
testosterone replacement as well as whether there are additive effects when used 
in combination.  

   Types of Therapy 

   Megestrol Acetate 

 Megestrol acetate has been shown to bene fi t men with wasting syndrome. Men 
randomized to a 12-week randomized controlled study taking either placebo, 100, 
400, or 800 mg of megestrol acetate were shown to have signi fi cant increases in 
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total weight at 800 mg of megestrol acetate compared to placebo, with overall trends 
toward increasing weight in a dose-dependent fashion  [  55  ] . The total weight gain 
average in the 800 mg group was 3.54 kg. This was compared to a weight loss of 
0.725 kg in the placebo group ( p  < 0.001), and average LBM gain of 1.14 kg in the 
800 mg group was compared to 0.772 kg weight loss in the placebo group ( p  < 0.001). 
A similar study, which compared dosing of 800 mg of megestrol acetate to placebo, 
found signi fi cant total weight gain in the therapy group compared to placebo; how-
ever, this was due to gains in fat content as opposed to LBM, which was not 
signi fi cant between the groups  [  56  ] . A recent study compared megestrol acetate 
therapy to oxandrolone therapy and found similar weight gains between the groups 
(2.8 kg and 2.5 kg, respectively,  p  = 0.80) and LBM (39% and 56% of weight, 
respectively,  p  = 0.38). Adverse events between the groups were not signi fi cant 
( p  = 0.74)  [  57  ] .  

   Dronabinol 

 Dronabinol is an orally active cannabinoid with complex central nervous system 
effects that increased the appetite of patients with HIV wasting. In a study of 139 
patients, randomized to dronabinol or placebo, weight remained stable in the dron-
abinol group compared to an average weight loss in the placebo group of 0.4 kg. 
However, increased appetite above baseline and decreased nausea were observed 
compared to placebo  [  58  ] . In an open-label study designed to assess safety and 
pharmacokinetics of dronabinol and megestrol acetate, alone or in combination in 
HIV wasting syndrome, dronabinol was found to have no effect on weight (mean 
weight change −2.0 kg) compared to megestrol acetate alone (6.5 kg)  [  59  ] . 

 A more recent retrospective review of 117 patients treated with dronabinol over 
the course of 3 months to 1 year showed that mean weight gain in patients taking the 
medicine for 1 year was 3.7 lb. Loss of appetite was also improved as well as nausea 
 [  60  ] . Perhaps, more long-term prospective studies can assess the effect of dronabi-
nol on weight gain and changes in body composition such as LBM.  

   Growth Hormone 

 Growth hormone (GH) has been shown to change body composition in HIV positive 
men. LBM and total weight are increased, although the gains are not often sustained 
 [  61  ] . GH has been approved by the FDA to treat wasting associated with HIV virus, 
but the cost can be prohibitive  [  50  ] . One hundred and seventy-eight men random-
ized to receive either growth hormone (0.1 mg/kg) or placebo showed signi fi cant 
gains in LBM (3.0 kg,  p  = 0.001), total weight (1.6 kg,  p  = 0.001), and treadmill 
work output in the treatment group over the course of 12 weeks. Additionally, body 
fat differences were observed between the groups with a signi fi cant decrease in the 
treated patients (−1.7 kg,  p  < 0.001)  [  62  ] . Side effect differences between the two 
groups were signi fi cant and included swelling or puf fi ness and arthralgias in the 
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treatment arm. Additionally, greater increases in blood glucose and HbA1c were 
observed in the GH group. 

 Further studies, including usage of lower doses of growth hormone (30–40  m g/kg), 
have found similar observations with increased LBM, decreased fat mass, and 
decreased trunk and appendicular fat mass  [  63,   64  ] . Signi fi cant side effects were 
seen, as in previous studies, including acute increases in fasting glucose levels  [  62  ] . 
An open-label study, which administered growth hormone at a dose of 6 mg/day for 
24 weeks followed by a 12 week washout period and then 4 mg dosing every other 
day for 24 weeks, found signi fi cant decreases in visceral adipose tissue, although 
the effect was not great for the lower dose (visceral adipose tissue decreased an 
average of 42% at 12 weeks during the high dose treatment vs. 15% in those who 
continued another 12 weeks at the lower dose). Forty-three percent ( n  = 13) of 
participants experienced side effects during the trial, and 11 patients in the high 
dose phase and 3 in the low dose either temporarily or permanently discontinued 
treatment  [  65  ] . 

 Side effects of growth hormone were also highlighted in a comparison study of 
patients randomized to receive either nandrolone decanoate (150 mg IM biweekly), 
a metabolic steroid, or placebo in a double-blind study, which was compared to an 
open-label group of patients receiving growth hormone (6 mg daily). Nandrolone 
and growth hormone were associated with greater increases in LBM compared to 
placebo (1.6 and 2.5 kg, not signi fi cant) as well as greater gains in fat-free mass. 
Growth hormone also showed greater decreases in whole body fat mass, as seen in 
previous studies; however, a greater percentage of patients (47.6%) experienced 
adverse drug events compared to the nandrolone (4.7%) and placebo (4.8%) groups. 
Most frequently reported events included edema, arthralgia, and carpal tunnel syn-
drome  [  66  ] . 

 In perhaps the largest study to date, including 757 subjects, a randomized double-
blind placebo-controlled trial compared patients who received a maximum of 6 mg 
of growth hormone daily (DD) or as alternate day (AD) dosing. Body weight was 
shown to increase by 2.9 kg and 2.2 kg, respectively. The median increase in LBM 
after 12 weeks was 3.3 kg in the AD group and 5.2 kg in the DD group (for both 
groups:  p  < 0.0001 vs. placebo). Greater decreases were also seen in total fat mass 
and truncal fat mass compared to placebo, with greater decreases in the daily dosing 
compared to the alternate dosing regimen  [  67  ] . 

 In a meta-analysis of randomized placebo-controlled studies, growth hormone 
was found to improve LBM by approximately 3 kg compared with placebo, and was 
associated with improvements in physical endurance. However, as previously 
reported, adverse events were more common including arthralgias, edema, myal-
gias, and increases in blood glucose  [  68  ] .  

   Insulin-Like Growth Factor I 

 Insulin-like growth factor I is not effective alone in the treatment of wasting asso-
ciated with HIV, and is associated with detrimental metabolic effects including 
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hypoglycemia  [  69,   70  ] . In combination with growth hormone, decreases in fat-
free mass and body fat have been noted, although no signi fi cant changes in LBM 
were observed  [  71  ] . Another study documented early increases in weight that 
were not observed at later time points, as well as transient increases in fat-free 
mass without an overall signi fi cant anabolic effect  [  72  ] . LBM was observed to 
increase with combination therapy in another study which randomized patients to 
four groups: growth hormone or insulin-like growth hormone I alone, in combina-
tion and placebo. The combination treatment group showed the greatest gain in 
LBM, 3.2 kg ( p  < 0.001); this was the only group that showed changes sustained 
at 12 weeks  [  69  ] .  

   Testosterone 

 Hypogonadism is prevalent in HIV positive men, as high as 50% in some studies, 
including 25% with primary gonadal failure (although with the advent of HAART, 
the percentages may be lower)  [  4,   54  ] . Additionally, there is a correlation between 
exercise capacity and testosterone levels that highlight the important anabolic 
effects of testosterone, and support a potential role in wasting  [  54  ] . Although not 
meeting the technical center for hypogonadism patients experience an acute drop in 
testosterone levels, when in the normal range may experience symptoms  [  73  ] . 
Testosterone replacement therapy in HIV positive men has been well studied, 
although many of them have small patient populations and are not uniform in out-
come measures. Eugonadal and hypogonadal men as well as men with and without 
wasting syndrome have been studied for testosterone replacement. 

 Testosterone has been shown to in fl uence body composition and change LBM, 
which is the metabolically active component of body composition. The use of 
 testosterone in wasting syndrome may be equally ef fi cacious as in men in whom 
wasting has not occurred, with the added benefi t of anabolic effects. Different types 
of testosterone have been studied including intramuscular formulations, transder-
mal/transscrotal patches, and testosterone gel. 

   Intramuscular Testosterone 

 Although testosterone administration has been shown to have no bene fi t on weight 
in one study  [  74  ] , the majority of studies have shown increases in weight and overall 
changes in body composition. In a double-blind placebo-controlled trial of 51 HIV 
positive men with evidence of wasting and hypogonadism, patients were randomly 
assigned to receive testosterone enanthate 300 mg, every 3 weeks or placebo. Gains 
in fat-free mass were seen in the placebo vs. treatment group at 6 months (−0.6 and 
2.0 kg,  p  = 0.36), as well as LBM (   0 and 1.9 kg,  p  = 0.041) and muscle mass (−0.8 
and 2.4 kg,  p  = 0.005). Testosterone was tolerated well by patients, and signi fi cant 
bene fi ts were also seen in perceived improved quality of life, improved appearance, 
and feeling better  [  75  ] . 
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 The above patient population was then followed during an open-label treatment 
trial where the placebo group crossed over to receive testosterone  [  76  ] . Only after 
crossover did the placebo group show gains in LBM (−0.6 kg at 0–6 months com-
pared to 1.9 kg at 6–12 months;  p  = 0.03). Subjects who initially received testoster-
one and continued in the study continued to gain LBM with greater gains at 1 year 
compared to subjects who initially received placebo and then crossed over (0–6 
months 1.6 kg gained compared to 3.7 kg at 6–12 months;  p  < 0.05). 

 In another study, which looked at testosterone replacement in HIV men with and 
without hypogonadism (testosterone levels at the lower end of normal), primary end 
points included low libido, mood, energy, and weight  [  77  ] . Men were required to 
have low sexual desire as inclusion criterion for entry into the study. An open-label 
design was used with testosterone cypionate 200 mg initially and 400 mg biweekly 
for 8 weeks of open therapy, followed by an additional 4 weeks of treatment for the 
responders.    They then underwent randomization to a placebo-controlled, double-
blind treatment arm. Average weight gain was 3.5 lb ( p  < 0.001); however, body 
composition studies were not performed. Signi fi cant improvements were also 
seen with mood and sexual desire/libido. Of the men in the treatment arm ran-
domized to placebo, only 13% of those in the placebo group maintained their 
response as compared to 78% in the treatment group. Importantly, men who had 
low (but within the reference range) levels of testosterone were just as likely to 
respond as hypogonadal men. 

 A similar study of men with and without hypogonadism, with inclusion criteria 
requiring sexual dysfunction (weight loss was not a requirement), was performed in 
70 men in a double-blind randomized placebo-controlled trial. Men were assigned 
to a placebo treatment arm or injections of testosterone cypionate 200 mg initially 
and 400 mg biweekly. At 12 weeks, the men were assigned to open-label mainte-
nance. Along with improved mood, energy, and libido at the 12-week mark, average 
weight gain was 2.6 kg ( p  < 0.01) in the treatment group with gains in muscle mass 
of 1.6 kg ( p  < 0.001). The increase was greater for men with initial wasting at pre-
sentation (2.2 kg,  p  < 0.001)  [  73  ] . 

 High doses of testosterone enanthate (300 mg/week) were utilized in a random-
ized, double-blind, placebo-controlled trial of HIV positive men with weight loss. 
Signi fi cant increases in fat-free mass were seen in the testosterone group compared 
to the placebo group (2.8 kg,  p  < 0.0001). Interestingly, serum testosterone levels 
correlated with the increase. Total body weight also increased within the treatment 
arm (1.8 kg,  p  = 0.003), although it was not signi fi cantly different compared to 
placebo  [  78  ] . 

 Two studies compared men in a 2 × 2 factorial design, combining resistance train-
ing with or without testosterone treatment and placebo with or without testosterone 
treatment to determine if there were additive bene fi ts to changes in body composition 
 [  79,   80  ] . The  fi rst study included hypogonadal men with weight loss. Body weight 
was noted to increase signi fi cantly in the testosterone group (testosterone enanthate, 
100 mg/week) (2.6 kg,  p  < 0.001) and in the exercise group alone (2.2 kg,  p  = 0.02), 
however, not in the placebo group or combined testosterone group. 
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 Maximum strength in various exercises including leg press, leg curls, bench 
press, and latissimus pulls was found to increase in the testosterone-exercise group, 
but not in the placebo group. LBM increased by 2.3 kg ( p  = 0.004) and 2.6 kg 
( p  < 0.001), respectively, in the testosterone alone or testosterone-exercise group but 
not in the placebo group. Testosterone and exercise combined did not produce 
greater results than either one alone  [  79  ] . 

 In a similar trial utilizing testosterone enanthate 200 mg/week in eugonadal 
men with evidence of wasting  [  80  ] , men treated with testosterone and testosterone-
resistance training were found to have greater increases in LBM compared to pla-
cebo or placebo-resistance training alone (4.2 kg, 4.6 kg, 0 kg and 2.3 kg, 
respectively). Signi fi cant increases in LBM ( p  = 0.05) and muscle area ( p  < 0.05) 
were observed in the resistance training group alone, gains similar to those seen in 
low dose testosterone replacement. Similar increases in weight, decreases in fat 
mass and arm and leg muscle area were observed across groups. 

 In a meta-analysis of testosterone therapy (given in different forms, i.e., intra-
muscular, transdermal) in HIV wasting syndrome, eight trials met inclusion criteria 
for a total of 417 patients. A difference in LBM was seen in the testosterone group 
compared to the placebo group (1.22 kg, CI 0.23–2.22); however, the difference was 
greater in trials which utilized intramuscular testosterone (3.34 kg). Total body 
weight increased by 1.04 kg compared to the placebo group. When women were 
excluded from the trials, the overall increase in LBM, fat-free mass, or body cell 
mass was 1.99 kg ( p  = 0.03). Excluding women from the analysis, total body weight 
increased by 1.54 kg ( p  = 0.05)  [  81  ] . 

 Overall, these studies show that intramuscular injection of testosterone is 
effective in changing body composition in hypogonadal and eugonadal men with 
wasting. Although total weight gain is an important element in treating men with 
HIV-associated wasting, changes in body composition are perhaps more important 
because it may represent increases in metabolically active tissue as opposed to gains 
in fat mass. Additionally, the effects on body composition are sustained in men on 
testosterone replacement therapy who continue long-term treatment. Shortcomings 
in many of these trials are lack of standardization and outcome measures making 
meta-analysis dif fi cult, especially when evaluating changes in quality of life 
parameters and mood, objective changes in exercise/training, and sexual desire 
and libido  [  81  ] . 

 Testosterone undecanoate (TU) is the  fi rst long-acting injectable testosterone 
formulation that has shown to maintain stable testosterone levels in hypogonadal 
men with an excellent safety pro fi le  [  82  ] . This testosterone is available in Europe, 
but has not been approved for use in the United States at the time of this writing. A 
review of the database at the national library of medicine does not show any publi-
cations on the effects of long-acting intramuscular testosterone formulations (i.e., 
testosterone undecanoate—TU) on HIV-related hypogonadism.  
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   Transscrotal Testosterone 

 Only one study to date has looked at the effects of a transscrotal delivery system of 
testosterone in HIV men with wasting and hypogonadism. One hundred and thirty-
three men were randomized in a double-blind placebo-controlled trial to receive a 
15 mg transscrotal testosterone patch (designed to release 6 mg of testosterone 
daily) or placebo patches. Although increases in morning serum testosterone and 
free testosterone were noted in the treatment arm, no changes in body cell mass or 
total weight were seen between the groups. The authors speculate that the delivery 
system did not sustain peak levels of testosterone or maintain levels of testosterone 
throughout the day. There were also no changes in quality of life  [  83  ] .  

   Transdermal Testosterone 

 Transdermal testosterone has been studied in women with minimal effect  [  84  ] . In a 
study of Androderm (a nongenital transdermal system), in men with HIV and testoster-
one levels less than 400 ng/dL (men were not required to have evidence of wasting), 
men were assigned to receive two patches for a total of 5.0 mg/patch over 24 h or pla-
cebo. Although serum total and free testosterone levels increased in the treatment arm, 
there were no signi fi cant differences in LBM or fat-free mass between the groups; 
however, within the treatment arm increases in LBM and fat-free mass were signi fi cant 
(1.34 kg,  p  = 0.02 and 1.36 kg,  p  = 0.02, respectively). The testosterone group did 
show signi fi cant decreases in fat mass compared to the placebo group ( p  = 0.04) and 
there were no changes between the arms in overall quality of life  [  85  ] .  

   Testosterone Gel 

 Two studies have evaluated testosterone gel in men with HIV with one study 
comparing the gel formulation to intramuscular testosterone injections. Bhasin et al. 
 [  86  ]  looked speci fi cally at HIV hypogonadal men with abdominal obesity. Men 
were randomized to receive 10 g testosterone gel daily (AndroGel) or placebo for 
24 weeks. Although visceral fat did not show a signi fi cant difference between the 
groups, total and subcutaneous fat mass decreased in testosterone treated men com-
pared to placebo ( p  =0.04 and  p  < 0.001, respectively). Additional signi fi cant 
decreases were seen in whole body, trunk, and appendicular fat mass ( p  < 0.001). 
Greater increases were also seen in LBM (1.3 kg treatment group vs. −0.3 kg placebo 
group,  p  = 0.02). 

 One argument for testosterone gel is ease of use, and there is some evidence that 
there are less  fl uctuations in daily serum testosterone levels with gel administration 
as compared to injectable formulations. In a trial of 30 patients in an open-label 
study, men were given IM testosterone cypionate 100–200 mg every 1–2 weeks, with 
dose titrations to achieve eugonadal levels. Men were then switched after 8 weeks to 
AndroGel 5 g daily with dose titrations depending on clinical response. Total treat-
ment time was 16 weeks. Overall therapeutic levels of testosterone were greater in 
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the gel group, with less  fl uctuation between the peak and trough levels as compared 
to IM testosterone. However, no signi fi cant changes in LBM were observed  [  87  ] .   

   Anabolic Steroids 

   Oxandrolone 

 Testosterone analogues, speci fi cally oxandrolone and nandrolone, have been studied 
extensively in HIV men with wasting. There is evidence that anabolic steroids have 
greater anabolic effects than testosterone and promote greater increases in muscle 
and LBM  [  51  ] . The most important adverse event of steroids with high anabolic 
potential is liver toxicity, and many studies report increases in serum liver function 
tests. 

 In a study of 63 HIV positive men with evidence of wasting, subjects were ran-
domly assigned to 15 mg of oxandrolone/day, 5 mg of oxandrolone/day, or placebo 
 [  88  ] . Baseline testosterone values were not reported. The authors found the 15 mg/
day group had signi fi cant increases in weight (1.5 lb) compared to the 5 mg/day 
group (maintained their weight) and the placebo group (continued to lose weight). 
Body composition data were not reported. The authors concluded that further studies 
were needed to assess higher dosing of oxandrolone. 

 In an ongoing large study of 572 patients, open-label treatment of 20 mg of oxan-
drolone daily was given to men with HIV-associated weight loss. Body composition 
studies were determined at 1, 2, 4, 8, and 12 months. Only 26 patients were evalu-
able at 12 months. Mean increases in body weight ranged from 1.9 kg at 1 month to 
5.2 kg at 12 months. There were also signi fi cant increases in body cell mass and 
overall the treatment was well tolerated  [  89  ] . 

 In a randomized double-blind placebo-controlled trial, 262 eugonadal HIV men 
with associated wasting were randomized to placebo, 20, 40, or 80 mg of oxan-
drolone daily. Men were followed for 12 weeks, and then offered the option of 
continuing in an open-label study of oxandrolone 20 mg daily for 12 weeks. One 
hundred and ninety- fi ve men completed the randomized trial, and 193 men com-
pleted the open-label trial. At 12 weeks, the only signi fi cant gain in body weight 
was seen in the 40 mg group (2.8 kg,  p  = 0.004) compared to placebo. The only 
signi fi cant gain in body cell mass was seen in the 40 and 80 mg group compared to 
placebo (1.5 kg,  p  = 0.0049 and 1.8 kg  p  = 0.0002, respectively). Laboratory abnor-
malities in ALT/AST were seen in a dose-dependent fashion with grade III and IV 
liver toxicities seen. Three patients in the 40 mg group and four in the 80 mg group 
were discontinued from the study for this reason  [  90  ] .  

   Nandrolone 

 The metabolic steroid nandrolone has shown promise in men with HIV wasting. 
In a study of HIV positive men with evidence of wasting and failure to gain weight 
despite nutritional intervention ( n  = 24 out of 220), nandrolone decanoate 
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(100mg/mL) was administered every 2 weeks with body composition assessments 
performed. After 16 weeks, men in this study showed signi fi cant gains in total 
weight (0.14 kg/week,  p  < 0.05) and LBM (3 kg,  p  < 0.005). Additionally, changes 
in quality of life parameters were signi fi cantly changed. No major adverse events 
were noted  [  91  ] . 

 Progressive resistance training has shown to bene fi t body composition in men 
on testosterone therapy. To determine if it would also have additive effects for men 
on nandrolone, a group of 20 HIV positive eugonadal men with no evidence of 
wasting were randomly assigned to receive nadrolone at 200 mg for week 1, 400 mg 
week 2 and then 600 mg for weeks 3–12. Increases in total body weight, body cell 
mass, muscle size, and strength were seen within each group for the nandrolone 
alone subjects and for the combined nandrolone and resistance-training subjects. 
The magnitude of increase between the groups was signi fi cant for LBM (3.9 kg vs. 
5.2 kg,  p  = 0.03). 

 Muscle strength change (based on repetitive exercises) was 10.3–31% in the 
nandrolone alone group and 14.4–53.0% in the nadrolone-resistance training 
subjects  [  92  ] . Overall, similar to studies which utilize resistance training with tes-
tosterone therapy, exercise may have additive bene fi ts on body composition in HIV 
males. No major adverse events were reported, and liver function tests remained on 
average at the upper limits of normal.  

   Oxymetholone 

 Oxymetholone is a steroid that has high anabolic potency compared to its andro-
genic effects (8.75:1). In a phase III double-blind, randomized, placebo-controlled 
study of 89 patients, including men and women, patients were assigned to 
oxymetholone 50 mg BID, TID, or placebo  [  93  ] . The study was conducted for 16 
weeks, at which time patients went on to open-label treatment with oxymetholone 
50 mg BID for weeks 16–32. Patients had to have 5% or greater weight loss over 
the preceding 6 months or loss of 10% below ideal body weight in the preceding 
12 months. Body composition, side effects, and quality of life measurements were 
some of the end-points. Total body weight gain was observed in the BID and TID 
oxymetholone groups (3.0 and 3.5 kg,  p  < 0.05 for both compared to placebo). 
LBM was increased signi fi cantly in both groups; however, the BID group gained 
2.9 kg compared to the 1.8 kg seen in the TID group. The authors postulate that the 
BID group had greater gains due to higher numbers of treatment interruptions in 
the TID group. 

 Body cellular mass was also signi fi cantly increased in the BID and TID groups 
compared to placebo (3.8 kg and 2.1 kg,  p  < 0.0001 and  p  < 0.005, respectively), 
again with greater gains in the BID group probably due to treatment disruptions. 
Quality of life parameters included appetite and food intake, improved well-being, 
and decreased weakness and fatigue. All parameters were signi fi cantly improved in 
the treatment groups (no signi fi cant changes in the placebo group were observed). 
Patients who completed the open-label study of oxymetholone 50 mg a day were 
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observed to gain weight if initially in the placebo group and maintained their weight 
when initially in the treatment group. 

 Side effects during the randomized double-blind phase included grade III and IV 
liver toxicities (AST or ALT greater than 5× baseline), which was dose dependent. 
Liver-related side effects caused treatment disruptions in 16% in the TID group and 
3% in the BID group. Other side effects included GI complaints, changes in libido, 
muscle cramps, acne, and clitoris enlargement in females. Grade III and IV liver 
toxicity was also observed in the open-label phase in 39% of patients. 

 Anabolic steroids show promise in treating both hypogonadal and eugonadal 
men who show evidence of HIV-associated wasting. Whether treatment with these 
medications is more effective than testosterone replacement remains to be seen. 
Associated side effects, such as liver toxicity, which is a well-known complication 
of anabolic steroids, may preclude them as standard treatment in this already immu-
nocompromised population. More long-term studies are needed to fully elucidate 
long-term effects of anabolic steroids in this study population.    

   Depression 

 Depression among those with HIV is prevalent and is multifactorial in origin  [  94  ] . 
The relationship between depression and testosterone levels in hypogonadal men 
has been studied to further investigate targeted therapy. Major quality of life param-
eters that have been measured include mood, sexual dysfunction, libido, fatigue, 
weakness, appetite, food intake, irritability, ability to cope, and performance to 
name a few. Many of the above studies report quality of life parameters as part of 
the overall bene fi t of androgen replacement therapy; however, not all studies have 
found positive effects  [  74,   88  ] . 

 One of the major dif fi culties in studying quality of life parameters includes stan-
dardization across studies. Many indices are used to evaluate quality of life param-
eters including depression in these subjects. As a result, meta-analysis of these 
studies is impossible  [  80  ] . Additionally, many of these studies do not use quality of 
life parameters as part of the inclusion criteria or have not selected patients 
speci fi cally with depression. 

 The relationship between testosterone levels and depression was evaluated in a 
randomized placebo-controlled study  [  95  ] . Initially depression scores were com-
pared between eugonadal and hypogonadal men. The Beck Depression Inventory 
was used as the index to evaluate depression among subjects. The authors found that 
testosterone levels were signi fi cantly ( p  = 0.01) and inversely associated with the 
Beck score, with a Beck score >18 (moderately to markedly increased depression) 
as the cutoff. Subjects were then randomized in a placebo-controlled trial to testos-
terone enanthate 300 mg IM every 3 weeks as previously described  [  75  ] . The Beck 
score decreased signi fi cantly in the treatment arm (−5.8,  p  < 0.001) but did not in the 
placebo-treated patients. The change in Beck score was also highly related to weight 
changes among the subjects in the treatment arm. 
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 Another study compared  fl uoxetine and testosterone in HIV men with major 
depression, subthreshold major depression or dysthymia  [  96  ] . Men were random-
ized to receive either 400 mg IM testosterone cypionate biweekly,  fl uoxetine 60 mg/
day or double placebo. Among the subjects, mood response rates were not statisti-
cally signi fi cant between the groups. However, improvements in fatigue among the 
testosterone group were signi fi cant (39, 56, and 42% among those who completed 
the study,  p  < 0.05). The authors conclude that testosterone should not be a  fi rst-line 
treatment in HIV men with associated depression.  

   Bone Density 

 Osteopenia in HIV positive subjects is due to both the disease itself and the treat-
ment with antiretroviral medications  [  97  ] . The role of testosterone and BMD is well 
established. Some endocrinologists advocate testosterone treatment in men with 
evidence of osteopenia  [  98  ] . The role in HIV is less well studied, especially among 
hypogonadal men, although increases in BMD have been shown in HIV negative 
hypogonadal men  [  99  ] . 

 One study looked at testosterone replacement in eugonadal HIV positive men 
with wasting syndrome  [  100  ] . Men were assigned to either testosterone enanthate 
200 mg/week or placebo and to progressive resistance training or none in a 2 × 2 
factorial study design. The authors found HIV men had lower baseline lumbar spine 
and hip BMD. Testosterone replacement signi fi cantly increased BMD over 3 months; 
however, resistance training had no effect. No increases in BMD were seen in the hip 
or femoral neck region. More studies are needed to analyze the effect of testosterone 
in HIV positive men, especially in those with concomitant hypogonadism.   

   Summary Points 

    Androgen de fi ciency is more common in HIV-infected males than in the general • 
population.  
  Prevalence of hypogonadism varies widely and depends on the type of measurement • 
of testosterone used.  
  Hypogonadism is predominantly secondary to hypothalamic–pituitary axis dys-• 
function associated with low LH and FSH levels, and not due to primary testicu-
lar failure.  
  In the era of HAART, rates of hypogonadism may be decreasing compared to • 
early in the HIV epidemic, but men with HIV infection remain at risk due to 
complications of HIV infection, comorbidities and toxicities associated with 
HAART, and the aging process.  
  Causes of low serum testosterone levels are complex and have been attributed • 
to factors including chronic illness, HIV virus, medications used to treat HIV, 
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opportunistic infections, comorbidities and coinfections, and normal age-
related declines.  
  Low levels of testosterone have been variably associated with low CD4 cell • 
counts, high HIV viral loads, advancing age, increasing length of time diagnosed 
with HIV, disease progression, loss of LBM, metabolic syndrome, wasting, 
lipodystrophy, and recreational drug use.  
  Symptoms and signs of androgen de fi ciency in HIV positive males are similar to • 
those seen in HIV negative males and overlap with symptoms commonly seen in 
HIV infection, regardless of androgen status. Symptoms include sexual dysfunc-
tion, fatigue, weakness, depression, and accelerated loss of BMD.         
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 Over the past half decade, the testosterone replacement therapy (TRT) market has 
grown rapidly. Exogenous testosterone in various forms is now the second fastest 
growing medication prescribed in the USA. From 2005 to 2009, spending on testos-
terone jumped    by 115.5%, and the number of prescriptions  fi lled increased by 
64.5%. While only two testosterone gel therapies had been available for the previ-
ous 10 years, 2011 saw three new gels enter the TRT market (Fig.  10.1 ).  

 There are many reasons for the rapid growth of the TRT market. We have an 
aging population, with the number of men 65 and older in the USA increasing two 
to three times faster than the number of men younger than 65. Furthermore, recent 
data demonstrate an increased association between poor general health, possible 
mortality, and low serum testosterone levels. There is now less concern for the 
development of prostate cancer after TRT, making it a more attractive treatment 
option. Finally, new drugs are entering the TRT market with increased promotion, 
marketing, and direct-to-consumer advertising and are driving market growth. 

   Brief History of Testosterone Supplementation    

 The bene fi cial effects of “testosterone” have been suspected for thousands of years. 
In 2000  bc , the ancient Indian manuscripts described the ingestion of testicular tis-
sue for the treatment of male impotence. The ancient Egyptians also described the 
medicinal powers of the testis. In 1889, Charles Brown-Sequard injected himself 
with an extract of crushed canine and guinea pig testes, and reported improvements 
in his urinary stream, intellect, and erectile function. In 1920, Serge Vornoff 
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completed the  fi rst testicular tissue transplant from chimpanzee to human  [  1  ] . 
In 1941, Butenandt and Ruzicka  fi rst described the synthesis of testosterone. In the 
1940s, the  fi rst subdermal testosterone implants were introduced, and 10 years later 
the  fi rst testosterone esters followed. These esters are the basis of the intramuscular 
injections that we still use today. In the 1970s, testosterone undeconoate (TU; 
Andriol Testocaps ® , Organon) became available outside the USA. Currently, TU is 
in Phase III trials in the USA. In 1994, the  fi rst transdermal testosterone was intro-
duced as a patch, known as Testoderm (Alza Corporation), and in 2008, the FDA 
 fi rst approved subdermal testosterone implants.  

   Rationale for Testosterone Replacement 

 Androgen de fi ciency is a serious problem in the older male population, thought to 
affect approximately 1 in 200 men  [  2  ] . Mulligan et al. demonstrated that roughly 
39% of men over the age of 45 had an androgen de fi ciency, using a threshold testos-
terone level <300 ng/dL  [  3  ] . However, not all of these men were symptomatic. 
In fact, Araujo et al. found that the prevalence of  symptomatic  androgen de fi ciency 
was approximately 4% in men under the age of 50 and 8% in men over the age of 
50  [  4  ] . The European Male Aging Study noted that only 2% of men between the 
ages of 40 and 79 had symptomatic androgen de fi ciency. Thus, clinicians must exercise 
caution in selecting patients who should receive treatment. 

 We recognize that beginning at approximately 20–30 years of age, males experi-
ence a decline in total testosterone and free testosterone levels of 0.4% and 1.3% per 
year, respectively  [  5  ] . The common symptoms observed with this decline in serum 

  Fig. 10.1    TRT market overview       
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androgens have not been fully de fi ned, as have the symptoms of declining estrogen 
levels in women. Signs and symptoms of hypogonadism include changes in bone 
mineral density  [  6,   7  ] , muscle strength  [  8,   9  ] , cognition  [  10  ] , body composition 
 [  11  ] , and sexual function  [  12  ] .  

   Testosterone Production and Secretion 

 In order to understand how different testosterone therapies function, one must 
understand the hypothalamic–pituitary–gonadal axis. The production of testoster-
one is regulated by luteinizing hormone (LH) from the anterior pituitary. In turn, LH 
secretion is regulated by gonadotropin-releasing hormone (GnRH), which is 
secreted from the hypothalamus. GnRH is secreted in a pulsatile fashion and is 
signi fi cantly elevated at the time a boy enters puberty. This elevation in GnRH, and 
subsequent increase in LH, results in a surge in testosterone and the subsequent 
development of secondary male sexual characteristics and spermatogenesis. 

 Testosterone is synthesized by the Leydig cells within the testicles. The testes are 
not able to store testosterone adequately on their own or convert testosterone into its 
more potent form, dihydrotestosterone (DHT). This is because the testes lack the 
enzyme, 5-alpha-reductase, which converts testosterone into DHT, its much more 
potent form. In order to compensate for this, the testes have high levels of androgen 
binding protein, which is produced by the Sertoli cells and helps to maintain high 
intratesticular levels of testosterone  [  13  ] . 

 Testosterone levels vary on the basis of a diurnal rhythm, with the highest levels 
of circulating testosterone occurring in the early morning hours. Studies have dem-
onstrated that the diurnal rhythm of total testosterone that is observed in young men 
is markedly reduced or absent in older, yet otherwise healthy, men suggesting that 
these altered diurnal patterns may be a consequence of normal aging  [  14  ] . 

 Approximately 2% of circulating testosterone within the blood is unbound and 
freely enters cells to exert a metabolic effect  [  15,   16  ] . The amount of bioavailable 
testosterone is the sum of the free testosterone and the albumin-bound testosterone 
 [  15  ] . The distinction between bioavailable testosterone and total testosterone (bio-
available plus SHBG bound) may be important when levels of testosterone are being 
measured in the hypogonadal male. SHBG is synthesized in the liver, and its levels 
can be increased by hyperthyroidism and cirrhosis, and decreased by hypothyroid-
ism, acromegaly, and obesity  [  15,   16  ] . SHBG levels also increase as men age, and 
these increases can lead to variability in testosterone levels and their impact on bio-
logical functions  [  15,   16  ] .  

   Raising Endogenous Testosterone 

 Use of exogenous testosterone should be discouraged in hypogonadal patients 
who desire to protect their future fertility potential. A more appropriate approach 
in such patients is to intrinsically increase their endogenous testosterone. There are 
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several ways to accomplish this; however, all of the options, except for HCG 
injections, are considered off label. 

 One option is to initiate use of clomid, 50 mg every other day or 25 mg every day 
for 3–6 months. Clomiphene citrate is a selective estrogen receptor modulator. 
A trans isomer of clomiphene citrate is currently in clinical trials in the USA for the 
treatment of secondary male hypogonadism. Because clomiphene citrate is an estro-
gen receptor blocker and raises serum FSH and LH levels, it is less effective in rais-
ing serum testosterone levels when a patient’s LH and FSH levels are already 
elevated, as in patients with primary testis failure. 

 Another method of increasing endogenous testosterone is the use of Arimidex 
(AstraZeneca). Arimidex is an aromatase inhibitor that blocks the conversion of 
testosterone to estradiol. This action is especially useful in obese patients who tend 
to have increased amounts of aromatization occurring in their fatty tissues. In adults, 
there is concern that long-standing suppression of estradiol may increase the risk of 
osteoporosis and osteopenia, and lead to joint pain. However, this has not been the 
case in adolescent young men. 

 BHCG injections are an alternate method, used to increase endogenous serum 
testosterone levels. HCG is an LH analog that stimulates Leydig cell production of 
testosterone. Intramuscular injections vary from two to three times per week and 
from 1,500 to 3,000 units and sometimes higher. While HCG injections may be 
bene fi cial in raising serum testosterone levels and preserving fertility, HCG injec-
tions can be expensive and are not covered by insurance. The invasive nature of this 
medication can deter many patients.  

   Methods of Exogenous Androgen Replacement 

 The primary goal of TRT is to restore normal physiologic concentrations of testos-
terone. The choice method for TRT depends on availability, safety, cost, tolerability, 
ef fi cacy, and patient and physician preference. A summary of the currently available 
testosterone delivery formulations is listed in Table  10.1 .  

   Intramuscular Injections 

 Injectable testosterone  fi rst became available in the USA in the 1950s. Intramuscular 
administration of exogenous testosterone offers a cost-effective and ef fi cacious 
method of androgen replacement. Peak serum concentrations are achieved within 
72 h, and injections are administered every 7–21 days, depending on symptom 
control, type of steroid, and androgen response in individual patients. Testosterone 
cypionate and testosterone enanthate must be injected every 2–4 weeks and testoster-
one propionate two to three times per week. Among the drawbacks of intramuscular 
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injections is the lack of circadian release of testosterone, causing transient supra-
physiologic levels in the  fi rst 2–3 days after an injection, followed by a steady 
decline to subphysiologic levels just before the next injection. The sudden decline 
of testosterone towards the end of 2–3 week interval is also known as the “testoster-
one crash,” and is associated with a sudden and severe recurrence of hypogonadal 
symptoms. Currently available preparations include testosterone enanthate, cypi-
onate, propionate, and undecanoate (not available in the USA). 

 The injectable testosterones have esteri fi cation of testosterone at the 17B-hydroxy 
position which makes the compound more hydrophobic, and allows for action of a 
longer duration. The addition of oil as a carrier of the testosterone molecule also 
increases the half-life. Complications speci fi c to injectable testosterones include 
hematomas, ecchymosis, and pain at the injection site  [  17,   18  ] . 

 Due to peaks and troughs following testosterone injection, mood swings can 
occur  [  17  ] . Furthermore, patients receiving injectable testosterone are more suscep-
tible to erythrocytosis. One study found a rise in hematocrit in 24% of patients after 
injections of testosterone cypionate without any adverse effects  [  19  ] . Older patients 
are much more likely to develop erythrocytosis, and caution and close follow-up 
should be taken in this population.  

   Long-Acting Testosterone Injections 

 Nebido ®  (Schering AG), a long-acting injectable form of TU, was approved in 
Europe in 2004. It still is pending FDA approval in the USA. Nebido is an intramus-
cular testosterone that is injected every 10–12 weeks (after a 6-week loading dosage 
following the  fi rst injection). The common dosage used in Europe is 1,000 mg of 
testosterone; the dose now being evaluated for the United States is 750 mg. The 
testosterone is administered intramuscularly in 4 cc of castor oil, which enhances its 
ability to release slowly  [  20  ] .  

   Table 10.1    TRT options and treatment dosages   

 Testosterone enanthate or cypionate IM  100 mg q week 
 200 mg q2 weeks 
 60 mg 2×/week 

 Testosterone patch  2–4 g (1–2 patches) qhs 
 Testosterone liquid  60–120 mg qd 
 Testosterone gel  5–10 g qd 
 Bioadhesive buccal testosterone  30 mg q12h 
 Testosterone pellets  75 g × 10 q4–6 m      
 Testosterone undecanoate  Not available USA 

  Based on data from Bhasin S, Cunningham GR, Hayes FJ, et al. “Testosterone 
Therapy in Adult Men with Androgen De fi ciency Syndromes: An Endocrine Society 
Clinical Practice Guideline” J Clin Endocrinol Metab 2006;91:1995–2010  
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   Transdermal Testosterone 

 Currently, most TRT users in the USA are receiving some form of transdermal gel 
therapy. In 2006, roughly 70% of TRT prescriptions were for transdermal gels; 17% 
were using testosterone injections; 10% were using testosterone patches; and 3% 
were using some other form of testosterone supplementation, such as oral formula-
tions. Options for transdermal androgen replacement include adhesive skin patches 
or gel applications.  

   Testosterone Patches 

 Patches were  fi rst introduced in 1994 as scrotal patches (Testoderm) but were dis-
continued because of scrotal irritation. Scrotal patches were also associated with 
increased levels of DHT because of the scrotum’s high levels of 5-alpha-reductase. 
Soon after non-scrotal testosterone patches (Androderm and Andropatch) were 
introduced as 2.5 and 5 mg patch doses. Patches could be combined for a maximum 
dose of 10 mg. Patches are typically applied at night to the back, abdomen, thighs, 
or upper arms. The 5-mg patch delivers approximately 5 mg/day of testosterone, 
which is the average amount of testosterone produced by a man in a day. While gels 
can achieve a physiologic steady state with daily application, patches recreate the 
physiologic circadian release of androgens. 

 Drawbacks of skin patches include their visibility and more frequent skin reac-
tions. In fact, up to 37% of men can develop some type of skin irritation after apply-
ing testosterone patches. Some reports suggest pretreating under the patch, with 1% 
triamcinolone acetonide, can decrease the risk of dermatitis without compromising 
testosterone absorption  [  21  ] . Other adverse reactions include skin induration, vesi-
cle formation, allergic contact dermatitis, headaches, and depression.  

   Testosterone Gels/Liquids 

 Testosterone gels were  fi rst introduced into the American market in 2000. Daily 
testosterone gel preparations (applied daily) represent an effective method of hor-
monal replacement with a respectable safety pro fi le, and they have quickly become 
the  fi rst-line therapy for the majority of men receiving testosterone replacement. 
Currently, there are six different gels available in the USA. These include AndroGel 
(1%), AndroGel (1.62%), Testim, Axiron, Foresta, and Andractim. Only Axiron is 
considered a liquid. Each of these gels and liquids has different characteristics, and 
they are applied in various body locations. 

 Androgel is available in two different concentrations: the original 1% and the 
newly introduced 1.62%. There are some differences between them (Table  10.2 ). 
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For example, the starting dose of Androgel 1% is 50 mg of testosterone and for 
Androgel 1.62% is 40.5 mg of testosterone. The maximum doses of testosterone in 
Androgel 1 and 1.62% are 100 mg and 81 mg, respectively. A patient can swim or 
shower 6 h after applying Androgel 1% and 2 h after using Androgel 1.62%. Finally, 
unlike Androgel 1%, Androgel 1.62% is contraindicated for application to the abdo-
men. Adverse effects speci fi c for Androgel include acne (1–8%), headaches (4%), 
emotional lability (3%), nervousness, and gynecomastia.  

 Testim is a 1% gel in which each tube contains 50 mg of testosterone. The start-
ing dose is 1 tube, but some patients are titrated to two tubes, or 100 mg of testos-
terone daily. Testim is applied to the shoulders and upper arms. In several studies, 
Testim has been shown to have very good skin penetration and serum testosterone 
levels  [  22,   23  ] . This result is due primarily to the emollient, pentadecalactone, which 
is often found in many aftershaves and colognes. Patients can swim or shower 2 h 
after applying Testim. 

 Fortesta is a 2% gel, introduced into the TRT market after being used throughout 
Europe. This gel is applied to the inner thighs starting with a dose of 40 mg. Each 
pump is 10 mg, and a total of two pumps are placed on each inner thigh. The dose 
can be titrated to 70 mg, and patients can swim or shower after 2 h. The major side 
effect of Fortesta is skin reaction in 16% of patients. 

 Axiron 2% has also been introduced recently into the TRT market. It is consid-
ered a liquid, and not a gel. This liquid is placed under the axilla, at a starting dose 
of 60 mg which can be titrated to 120 mg. Each pump contains 30 mg of testoster-
one. The patient applies his deodorant before the liquid. Adverse effects of Axiron 
include application site erythema and irritation in 7–8%, headaches (6%), erythro-
cytosis (7%), diarrhea (4%), and vomiting (4%). 

 The major bene fi ts of the gels are that they can be stopped at any time and doses 
can be easily titrated to meet a patient’s needs. Patients who do not respond to one 
form of gel therapy may try another gel or liquid, as this may improve serum testos-
terone levels. Patients receiving gel or liquid therapy may experience higher levels 
of DHT, because the dermis contains 5-alpha-reductase, which is responsible for 
converting testosterone into DHT. Currently, all testosterone liquids and gels in the 
USA contain an FDA black box warning for the risk of transference to women or 
children. Thus, the gel or liquid needs to be washed off before there is any skin-to-skin 
contact between the testosterone application site and another person.  

   Table 10.2    Comparison of androgen 1% and androgen 1.62%   
 Androgel 1%  Androgel 1.62% 

 Application site  Shoulders, upper arms, abdomen  Shoulders, upper arms 
 Starting pumps  4  2 
 Starting dose  50 mg  40.5 mg 
 Maximum dose  100 mg  81 mg 
 Time to swim or shower  6 h  2 h 
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   Buccal Formulations 

 Striant is currently the only buccal formulation of testosterone available in the USA. 
It is applied twice daily to the buccal mucosa above the upper incisor teeth. Each 
tablet contains 30 mg of testosterone, and tablets must be reapplied every 12 h. The 
application site needs to be rotated to minimize local gum irritation, which occurs 
in >10% of patients. Striant avoids  fi rst-pass hepatic metabolism, by its direct 
absorption through the buccal mucosa and then into the circulation. This delivery 
system allows for a rapid absorption of testosterone, which reaches a peak level in 
30 min  [  24  ] . The main side effects from Striant are gum irritation including edema, 
gingivitis, blistering, and in fl ammation. Altered taste has also been described by 
some patients.  

   Oral Testosterone Preparations 

 Orally administered testosterone is almost completely inactivated by  fi rst-pass 
metabolism by the liver. This can result in signi fi cant hepatotoxicity and lipid pro fi le 
abnormalities. Newer alkylated testosterone agents, such as with oral TU, have been 
developed to avoid hepatotoxicity. TU must be taken with a fatty meal because it is 
absorbed into the lymphatic system and travels through the circulation and avoids 
the liver. The average dose is 120–240 mg/day and it peaks in the circulation at 
2–6 h after dosing  [  25  ] .  

   Subcutaneous Testosterone Pellets 

 Subcutaneous pellets have been available for decades but were approved only recently 
(2008) by the FDA Testopel testosterone pellets (Testopel ® , Slate Pharmaceuticals) 
are currently the only long-acting testosterone supplementation available in the USA. 
The pellets are placed in the fat layer under the skin of the buttock or abdomen in a 
simple of fi ce procedure. The pellets typically dissolve over 3–6 months and need to 
be replaced. The potential bene fi ts for Testopel is there is no risk for transference, 
improved patient compliance, and convenience for not having to apply the agent daily. 
Potential risks of Testopel include bleeding, bruising, infection, expulsion of the 
pellets, and pain. A study by Cavender et al. found that 1.3% of Testopel insertions 
precipitated an adverse event, such as pruritus, erythema, infection, or foreign body 
reaction  [  26  ] . The infection rate in this series was 0.3%. In a recent multi-institutional 
study, Testopel provided sustained levels of testosterone for at least 3 months and up 
to 6 months in men with some form of testosterone de fi ciency  [  27  ] . Implantation of 
more than eight pellets achieves optimal results with respect to peak mean testoster-
one level and duration of effect. Testosterone pellets are generally well tolerated.   
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   Adverse Side Effects of Testosterone Replacement Therapy 

 Absolute contraindications to TRT include untreated or residual prostate or breast 
cancer. Serious adverse side effects secondary to exogenous testosterone adminis-
tration are relatively uncommon in a medically supervised program. Adverse effects 
appear to be particularly important in elderly patients and they are often dependent 
on the method of testosterone supplementation. Reported adverse effects include:

   Polycythemia  • 
  Prostate enlargement or exacerbation of benign prostatic hypertrophy (BPH)  • 
  Gynecomastia     • 
  Hepatotoxicity  • 
  Lipid pro fi le abnormalities  • 
  Impaired sperm production and infertility  • 
  Fluid retention  • 
  Sleep apnea  • 
  Acne or oily skin  • 
  Hair loss from the scalp    • 

 Often these adverse effects can be minimized or negated altogether by dose 
adjustment, switching to an alternative form of therapy, or discontinuation of androgen 
supplementation.  

   Summary 

 TRT is growing exponentially in the USA and newer treatment modalities are rap-
idly entering the market. While most patients are currently using gel therapy, other 
treatments such as subcutaneous testosterone pellets and testosterone undeconoate 
are beginning to gain interest among patients. Exogenous testosterone should not be 
used in men who desire to initiate a pregnancy and methods of raising endogenous 
testosterone levels should be considered.      
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         Introduction 

 Male hypogonadism is an increasingly recognized clinical entity among the elderly 
population  [  1  ] . It can present with a variety of clinical manifestations and signi fi cantly 
affects health-related quality of life  [  2  ] . Since hypogonadism may result in multiple 
effects, including sexual dysfunction  [  3–  6  ] , decreased bone mineral density (BMD) 
 [  7  ] , anemia  [  8  ] , diminished strength due to muscle atrophy  [  9  ] , increased cardio-
vascular risk  [  10  ] , worsening cognitive function  [  11,   12  ] , and development of 
depression  [  13  ] , recent guidelines recommend hormone replacement when indi-
cated  [  14  ] . 

 Most hypogonadal men are treated with exogenous testosterone (T), which 
restores androgens to normal levels  [  15  ] . Oral, intramuscular, gel or subcutaneous 
forms of T replacement are currently the preferred treatment method for male 
hypogonadism  [  16,   17  ] . However, T replacement can have side effects  [  18,   19  ] . 
Exogenous T treatment suppresses follicle stimulating hormone (FSH) and luteiniz-
ing hormone (LH) release from the pituitary gland through a negative feedback 
mechanism. This may fail to restore sexual function, induce testicular atrophy and 
cause infertility  [  20,   21  ] . Moreover, excess T can be converted to estradiol and 
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cause gynecomastia  [  22  ] . T replacement therapy is contraindicated in patients with 
prostate or breast cancer and may cause elevated PSA or hematocrit watson lower urin-
ing symptoms secondary to benign hyperplasia (BPH) aggravate untreated congestive 
heart failure or sleep apnea  [  14  ] , especially if supraphysiological T levels are 
achieved.  Residual T on the skin may be transferred to a spouse or child by contact 
contamination when transdermal gels are used, even 8 h after application, which 
may cause virilization  [  23,   24  ] . 

 Since T replacement therapies may not be suitable for every case of hypogonad-
ism, in part due to the aforementioned reasons, other treatment options may be 
offered  [  25  ] . For instance, if a young man with hypogonadotropic hypogonadism 
wishes to preserve his fertility, clomiphene citrate (CC), human chorionic gonado-
tropin (hCG), human menopausal gonadotropin, or recombinant FSH therapies can 
be prescribed  [  16  ] . In a recent study conducted by the American Urological 
Association, approximately 400 urologists were questioned on their empirical med-
ical therapy of choice for idiopathic male infertility  [  26  ] . Although most of the 
participants noted that they prefered CC, hCG, and anastrozole treatments, 25% of 
these urologists stated that they would treat such an infertile man with T replace-
ment, despite its contraceptive effect  [  21,   27  ] . 

 This study clearly demonstrates a need for a better understanding of alternative 
therapies for T replacement. These various therapies are reviewed in this chapter.  

   Clomiphene Citrate 

 CC is a selective estrogen (E) receptor modulator and has traditionally been used for 
the treatment of ovulatory disorders in women. It is a weak E receptor antagonist, 
which blocks the negative feedback mechanism of circulating estradiol on the hypo-
thalamic level, which in turn releases more GnRH  [  28  ] . Increased GnRH levels 
increase FSH and LH release, which stimulates T production and spermatogenesis 
by the testes  [  29  ] . 

 In spite of the promising role of CC in treating hypogonadism, there are limited 
data regarding its ef fi cacy. In one study, Katz et al. demonstrated the long-term 
(19 months) safety and ef fi cacy of CC therapy in 89 young hypogonadal men 
(age 22–37), concluding that this treatment can be an alternative to T replacement 
therapy in men wishing to preserve their fertility  [  30  ] . Tenover et al.  [  29  ]  compared 
the increase in T levels with 100 mg daily CC treatment in  fi ve healthy young men 
(<34 years old) and  fi ve healthy older men (>65 years old) and demonstrated a more 
robust response in the younger group. 

 In another study, Guay et al.  [  20  ]  evaluated the hormone levels and sexual function 
in 17 men with erectile dysfunction (ED) who had secondary hypogonadism. This 
small double-blind, placebo-controlled, crossover study consisted of treatment with 
CC and a placebo for 2 months each. The authors demonstrated that LH, FSH, total 
and free T levels signi fi cantly increased; however, sexual function, as monitored 
by questionnaires and nocturnal penile tumescence and rigidity testing, did not 
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improve except for some limited parameters in younger and healthier men. These 
results con fi rmed that there can be a functional secondary hypogonadism, but 
correction of the hormonal status does not necessarily reverse the associated ED 
back to normal. This suggests that a closer scrutiny of claims of cause and effect 
relationships between hypogonadism and ED is needed  [  20  ] . 

 The same author evaluated 178 men with secondary hypogonadism and ED who 
were treated with CC for 4 months. Sexual function improved in 75%, but was 
corrective in only 39%, in spite of an increase in both LH and free T levels in all 
patients. The authors explained that treatment responses decreased signi fi cantly 
with older age and the presence of concomitant medical conditions such as diabetes, 
hypertension, coronary artery disease, and multiple medication use  [  31  ] . Daily low 
dose (25 mg) CC treatment was effective in 36 hypogonadal men, as the T/E ratio 
increases and improves the clinical symptoms of hypogonadism  [  22,   32  ] . Moreover, 
CC treatment is proven to be more effective in increasing T levels, despite its lower 
cost compared to T gels ($83 vs. $265–270/month)  [  33  ] . 

 There are con fl icting reports regarding the ef fi cacy of CC in patients with pituitary 
disorders. CC was not effective in nine patients who were followed for nonfunc-
tional pituitary adenomas. Only one of those patients had an increase in T levels and 
improvement in ED status  [  34  ] . This might be due to the fact that pituitary ade-
nomas destroy the pituitary tissue, making these tissues unresponsive to CC stimu-
lation. On the other hand, 12 weeks of CC treatment was found to be effective in 14 
hyperprolactinemia patients. Of those patients, ten had increased T levels along 
with an increase in FSH, LH, and E. Moreover, statistically signi fi cant increase in 
sperm motility was detected in six patients who had asthenospermia prior to starting 
therapy  [  35  ] . 

 Due to its minimal side effects, oral application, and lack of adverse effect on 
spermatogenesis, CC has a promising role in the treatment of hypogonadism, espe-
cially among young men who want to preserve their fertility. The low cost of this 
treatment and its ability to not cause testicular atrophy can be another advantage of 
this over alternative T replacement therapies.  

   Enclomiphene Citrate 

 Enclomiphene Citrate (Androxal™) is a trans-stereoisomer of CC and increases T 
production in the testes  [  36  ] . Because of the antagonistic effects of enclomiphene, 
the drug has the potential to increase serum T levels in men with secondary hypogo-
nadism by restoring physiological endogenous testosterone secretion, while main-
taining testicular volume and, potentially, spermatogenesis. In the FDA Phase II 
clinical trials conducted to date, enclomiphene demonstrated signi fi cant ef fi cacy in 
the physiological restoration of testosterone levels in males with secondary hypogo-
nadism. The compound also exhibited an unanticipated favorable effect on fasting 
plasma glucose. This result has been accompanied by rapidly accumulating evi-
dence from other researchers for a bidirectional relationship between low serum 
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testosterone and obesity/metabolic syndrome in men. Short-term clinical safety data 
for enclomiphene have been satisfactory and equivalent to safety data for T gels and 
placebo. Enclomiphene demonstrates bene fi ts in the management of secondary 
hypogonadism associated with obesity, metabolic syndrome and possibly infertil-
ity. This agent will need to undergo Phase III, placebo-controlled, randomized 
clinical trials to document any effects in these noted conditions  [  37  ] .  

   Anastrozole 

 Anastrozole is a nonsteroidal aromatase inhibitor. Its half life is longer than 24 h 
which enables daily dosage  [  38  ] . In a group of men with idiopathic hypogonadotro-
pic hypogonadism and premature ejaculation, a 2 week anastrozole treatment 
restored the T, LH, and E levels, without any change on premature ejaculation  [  39  ] . 
It blocks the aromatization of T to estradiol. Since there are as many estradiol recep-
tors in the hypothalamus and pituitary as there are T receptors, the body senses a 
de fi ciency and stimulates LH and FSH to correct the situation, raising the T level. 

 In a randomized, double-blind, placebo-controlled trial, a 1-year anastrozole 1 mg 
daily treatment increased free and total T levels in 88 older hypogonadal men (>60 
years). Estradiol levels were decreased; however, no changes were observed either in 
body composition or strength  [  40  ] . In another study, anastrozole was combined with 
T in epileptic hypogonadal men. This combination therapy was found to be more 
effective in restoring the sexual function compared to T combined with placebo 
(72.2% vs. 47.4%)  [  41  ] . The frequency of epileptical seizures also signi fi cantly 
reduced in both groups. 

 The ef fi cacy of anastrozole treatment seems to decrease with advancing age. In a 
double-blind study, 37 elderly men (aged 62–74 years) with serum T levels lower 
than 350 ng/dL were randomized to receive anastrozole 1 mg daily, twice weekly or 
daily placebo treatment  [  42  ] . At the end of 12 weeks of treatment, T levels signi fi cantly 
increased along with a decrease in E levels. However, no change was observed in 
sexual function (assessed with International Index of Erectile Function) or quality of 
life (assessed with MOS Short-Form Health Survey) in those patients. This treatment 
did not affect the serum levels of fasting lipid pro fi le or insulin sensitivity, suggesting 
that it does not have an adverse effect on the cardiovascular system  [  43  ] . 

 These authors also assessed the impact of anastrozole on bone metabolism by mea-
suring serum and urine biochemical markers of bone turnover, serum osteoprotegerin, 
and total body BMD at baseline and week number 12  [  44  ] . These researchers did not 
observe any increases in biochemical markers for bone resorption, bone formation, 
serum osteoprotegerin, or total body BMD. They concluded that anastrozole did not 
have an adverse effect on bone metabolism in a short treatment period. 

 However, a separate double-blind, randomized, placebo-controlled study also 
evaluated the long-term (1 year) effects of 1 mg anastrozole daily on BMD in 
older men (>60 years) with borderline or low testosterone levels and hypogonadal 
symptoms  [  45  ] . Although bone turnover markers were not signi fi cantly changed 
with anastrozole therapy, the authors reported a decrease in BMD in treated patients 
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compared to placebo, which was noted within 6 months. They concluded that aro-
matase inhibition does not improve skeletal health in aging men with low or low 
normal T levels and may have deleterious effects on BMD. It might be advisable, 
therefore, to limit the use of this drug to 6 months or less. 

 Although anastrozole treatment increases T levels in hypogonadal men, further 
studies are required to assess its impact on safety and sexual function. Combining 
anastrozole with T can increase the effect of T replacement and may be helpful in 
treating hypogonadal men.  

   Human Chorionic Gonadotropin 

 LH and beta-hCG have similar molecular structures and both bind on the same 
receptor in Leydig cells  [  16  ] . In a recent study, which included 100 men with 
hypogonadotropic hypogonadism, treatment with hCG for 3–6 months restored 
serum T concentrations in 81 of them  [  46  ] . However, further randomized, controlled 
trials are needed to elucidate the role of beta-hCG in the treatment of hypogonad-
ism. There is always the concern that the T stimulation will have a negative feed-
back effect on the pituitary hormones, LH and FSH, which theoretically can reduce 
spermatogenesis, although anecdotal evidence suggests that this effect is minimal or 
nonexistent. More formal studies are needed to clarify this effect. It is also to be 
noted that hCG is only approved for ovulation induction, and the treatment of cer-
tain hypothalamic–pituitary conditions such as Kallman’s syndrome in the USA.  

   Conclusion 

 The most commonly employed treatment for male hypogonadism is exogenous T 
administration. However, exogenous T affects the natural mechanisms of the hypo-
thalamo–pituitary–gonadal axis which can impair spermatogenesis and cause tes-
ticular atrophy. Although these side effects are usually reversible, they are of 
particular concern for younger patients and older men who are still wishing to pro-
create. Alternative treatment options may be considered in such cases. Further stud-
ies are required to determine their actual role in treating hypogonadal men.      
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