Chapter 45. The Aging Male - Paul J. Turek, MD
INTRODUCTION
Is it not strange that desire should so many years outlive performance?
    W. Shakespeare
The average age of individuals in the United States is projected to rise significantly over the next 25 years, the largest increase occurring in individuals >65 years old. According to census data, the proportion of Americans >65 years or older will rise 80% from 35 million today to 62 million in 2025. As a consequence, medicine will experience a dramatic increase in age-related health problems, including cancer, cerebrovascular and ischemic heart disease, and hormone deficiency. Among these, the health risks associated with age-related hormonal decline has been addressed mainly in women. However, there is now firm evidence to suggest that hormonal changes in the aging male may be associated with significant health problems. This chapter will review the alterations in testis biology that occur with age and the effects that these changes may have on semen quality, fertility, birth defects in offspring, and on the overall health of older men.

CHANGES IN TESTIS BIOLOGY WITH AGE
The Endocrine Testis
A. Leydig Cells
The clinical observation that the aging male experiences a gradual decline in testosterone production has led to histologic investigation of Leydig cell populations in human testes. Located in the interstitial space between seminiferous tubules, Leydig cells are responsible for the production of 95% of adult male testosterone. In an early quantitative study of testes retrieved at autopsy after sudden death in men aged 18-87, Kaler and Neaves (1978) noted that total Leydig cell volume declines significantly with age and that this change is driven mainly by a fall in the absolute number of Leydig cells. From such studies, it is estimated that a pair of young testes (20-year old) is endowed with 700 million Leydig cells and undergoes an attrition of about 80 million cells per decade of life. Other autopsy studies have also shown that serum luteinizing hormone (LH) levels are significantly higher in older men compared to younger men, providing physiologic corroboration of the Leydig cell studies.

B. Testosterone
There is a progressive decline in androgen production associated with aging in men. This phenomenon has been variously termed male menopause, male climacteric, andropause, or more appropriately, partial androgen deficiency in the aging male (PADAM). Serum testosterone levels in men fall progressively from the third decade to the end of life, mainly due to a decline in testicular Leydig cell mass. This decline may be associated with changes in the circadian rhythm and hypothalamic-pituitary homeostatic control of LH secretion, which regulates testosterone production. Thus, mechanisms exist both at the testicular and hypothalamic-pituitary levels that may result in decreased testosterone with age.

Another feature of testosterone physiology that complicates matters is the fact that it exists in several different forms in plasma, with each form having different bioactivity (Figure 45-1). Free or unbound testosterone is fully bioavailable, but protein-bound testosterone is only partly bioavailable. Among protein bound forms, albumin-bound testosterone is more freely bioavailable than sex hormone-binding globulin (SHBG)-bound testosterone, which is considered an inactive form of testosterone (Figure 45-2). Aging is associated with an increase in SHBG that, by binding to and inactivating testosterone, further lowers the levels of bioavailable androgens, as illustrated in Figure 45-3. These changes in testosterone bioactivity are pronounced with age, such that 50% of men over age 60 have below normal levels of non-SHBG-bound testosterone. The age-related onset, rate and degree of change in testosterone production are all variable, such that no single factor can predict the course of age-related hypoandrogenism. However, a general rule of thumb is that mean testosterone levels decrease approximately 1% annually after the age of 50. Indeed, the concentration of bioavailable testosterone in men decreases by as much as 50% between the ages of 25 and 75 years.

Interestingly, the age-related decline in testosterone is observed both in the general population and in individuals. Serum estradiol levels fall less dramatically than serum testosterone levels, and dihydrotestosterone levels (a primary metabolite of testosterone and potent androgen) show even less decline with time. Thus, the complex physiology of testosterone balance in both young and older individuals often clouds the interpretation of age-related hypoandrogenism as will be discussed later.

	

	Figure 45-1. Relative amounts of various forms of testosterone in the blood. Albumin-bound testosterone is considered "bioavailable" and has physiologic activity but the SHBG-bound testosterone is chemically unavailable. Note: SHBG, sex hormone-binding globulin.0 
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	Figure 45-2. Diagram outlining the various forms of testosterone in the blood. Total testosterone includes all forms of the hormone, both free and bound. The affinity of sex hormone-binding globulin (SHBG) for testosterone is much higher (thick arrow) than that of albumin. Available forms of testosterone that exert physiologic activity include free and albumin-bound fractions. Note: T, testosterone.0 
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	Figure 45-3. Changes in sex hormone-binding globulin (SHBG) with age. Although total testosterone levels may be similar in younger and older men, there is less "available" testosterone due to an increase in SHBG with age. Note: T, testosterone.0 
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The Exocrine Testis
A. Sertoli Cells
Anatomical studies of Sertoli cell populations reveal that the young adult male testis is endowed with about 500 million Sertoli cells. Similar to Leydig cell numbers, an age-related decline in Sertoli cell numbers is thought to occur in the human testis. Features of the relationship between Sertoli cells and germ cells with age are given in Table 45-1.

	Table 45-1. Comparison of Sertoli Cells and Germ Cells in Younger and Older Men.

	 
	Age Range

	Testis Parameter
	20-48 yrs
	50-85 yrs

	Average testis weight
	19 g
	16 g

	No. Sertoli cells/testis
	503 million
	312 million

	No. round spermatids
	55 million/g testis
	41 million/g testis

	No. spermatids/Sertoli cell
	4.0
	4.3


SPERMATOGENESIS
Production
The changes that occur in the seminiferous tubules with age include a decrease in total volume of the testis occupied by seminiferous tubules and a decrease in actual tubule length. Calculations of mature sperm production in testis tissue homogenates also suggests that daily sperm production decreases significantly with age, as outlined in Table 45-2. The age-related decrease in sperm production in older testes appears to stem from a decrease in primary spermatocytes or a decrease in spermatogonial proliferation rather than cellular degeneration. Correspondingly, follicle-stimulating hormone (FSH) levels increase significantly with age, with mean values 3-fold higher in older than younger men.

	Table 45-2. Age-Related Changes in Seminiferous Tubules and Sperm Production.

	 
	Age Range

	Testis Parameter
	20-48 yrs
	50-90 yrs

	Paired testis weight
	41 g
	31 g

	Seminiferous tubule volume
	24 mL/person
	18 mL/person

	Daily sperm production
	250 million
	121 million

	Data from Johnson et al, 1986.


Semen Quality
Although an age-related decrease in semen quality might be expected from calculated changes in testis biology with age, this has not been obvious to demonstrate clinically. Cross-sectional studies have observed both decreased and unchanged ejaculated sperm concentrations in older versus younger men. However, most studies show that sperm motility is consistently lower in older compared to younger men, with a decrease of approximately 0.7% motility per year after the third decade.

Fertility
The effect of paternal age on fertility is controversial. Studies that address this issue are confounded by the variables of the aging female partner and decreased coital frequency that occurs with age. Advancing paternal age has been implicated in increasing conception times in couples with secondary infertility and also in populations of fertile couples.

Genetics
A. Sperm Chromosomal Anomalies
The chromosomal status of sperm was first investigated because of the concern that advanced paternal age was associated with increased cases of trisomy, especially trisomy 21 or Down syndrome. Early sperm cytogenetic studies in fertile men stratified by age showed a 10% overall incidence of sperm chromosomal abnormalities, but no relationship between paternal age and the frequency of numerical abnormalities (aneuploidy) in sperm chromosomes. However, recent studies using more sensitive fluorescence in situ hybridization (FISH) technology have shown more subtle paternal-age effects on sperm aneuploidy. Interestingly, paternal age appears to increase the fraction of sperm with sex chromosomal aneuploidies. Even more pronounced is the highly significant positive, linear relationship demonstrated between paternal age and the frequency of structural anomalies in sperm (r=0.63, Figure 45-4).

An explanation for these age-related genetic changes may be that the continued cell divisions that characterize spermatogenesis place the germ cells at risk for chromosomal injury, especially given the extended exposure to clastogens that occur with age. However, it is important to realize that there is no evidence that these associations lead to an increased frequency of offspring with de novo structural chromosomal anomalies as assessed by studies of live newborns or prenatally diagnosed fetuses, with the exception of inherited reciprocal translocations.

B. Sperm Genetic Mutations
Single gene defects in sperm result from errors in the DNA replication process. To date, it has been difficult to assess the presence or absence of such defects in sperm. However, the effect of advanced paternal age on new cases of conditions associated with single gene deletions has been extensively studied. These disorders are listed in Table 45-3 and discussed in next section. One mechanism for the development of new single gene mutations with advanced paternal age implicates the characteristic and continuous process of spermatogonial cell division in spermatogenesis. By puberty, 30 cell divisions of spermatogonia have occurred, resulting in a large pool of undifferentiated cells. After puberty, 23 divisions per year occur; in a 35-year old man, these cells will have undergone 540 divisions. The simple fact that the spermatogonial stem cells of older men have undergone numerous cell divisions may make it them more likely to contain errors in DNA transcription, the source of single gene defects.

	Table 45-3. Selected Genetic Disorders Associated with Advanced Paternal Age.

	Achondroplasias
	Aniridia

	Apert syndrome
	Bilateral retinoblastoma

	Crouzon syndrome
	Fibrodysplasia ossificans

	Hemophilia A
	Lesch-Nyhan syndrome

	Marfan syndrome
	Neurofibromatosis

	Oculodentodigital syndrome
	Polycystic kidney disease

	Polyposis coli
	Progeria

	Treacher-Collins syndrome
	Tuberous sclerosis

	Waardenburg syndrome
	 


C. Paternal Age and Birth Defects and Disease in Offspring
Although the incidence of chromosomal disorders in children does not appear to exhibit a paternal age-related increase, there is no question of the association between advanced paternal age and an increase likelihood of autosomal dominant diseases in offspring. A list of implicated disorders in given in Table 45-3. They are termed "sentinel phenotypes," as they are disorders of significant frequency and low fitness, and occur sporadically due to highly penetrant mutations. Several investigators have established formal risk estimates for the contribution of advanced paternal age to autosomal dominant mutations. In men 29 years old, the risk of a mutation occurring in offspring is 0.22 per 1000 births. At paternal ages 40-44, this risk peaks at 4.5 per 1000 births and the shape of the risk curve is similar to that observed for aneuploid conceptions with female age. Interestingly, this genetic mechanism has also been postulated to explain the strong correlation of paternal age and schizophrenia among offspring in several countries around the world.

Studies of birth defects (anatomic and genetic) have also been assessed with respect to paternal age. One study estimated that fathers over the age of 40 years had a 20% greater incidence of having a baby born with a serious birth defect, raising the possibility that anatomic birth defects such as ventricular septal defects, atrial septal defects, and situs inversus may increase with paternal age, Overall, these risks form the basis for general guidelines that sperm donors be less than 50 years old.

	

	Figure 45-4. Incidence of sperm chromosomal structural anomalies by paternal age (data from Martin and Rademaker, 1987).0 
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THE DIAGNOSIS OF ANDROGEN DEFICIENCY
The Role of Testosterone
Testosterone has anabolic effects on a number of target organs (Figure 45-5). In the brain, it influences libido, male aggression, mood, and some aspects of cognition. Androgens have been shown to enhance verbal memory and visual-spatial skills and memory in older men. It has also been shown to improve fatigue and depression in hypogonadal men. Testosterone is responsible for an increase in muscle strength and growth. In the kidney and bone marrow, testosterone stimulates production of erythropoietin and stem cells, and in bone, testosterone causes accelerated linear growth and closure of epiphyses. Testosterone is responsible for growth and maturation of male sexual organs, specifically penile growth and erections, spermatogenesis, and prostatic growth and function. It helps the liver to produce serum proteins and influences the male external appearance, for example, body hair growth, temporal balding, and other secondary characteristics. Thus, normal testosterone balance is critical for normal male growth, maturation, and reproductive function (Table 45-4).

	Table 45-4. Testosterone Effects in the Normal Male.


	Target Organ
	Effects

	Male sex organs
	Growth, development, maintenance of secondary sex characteristics, sperm production erections, and prostatic function

	Behavior
	Improved libido, mood, memory, and energy

	Bone
	Linear growth, closure of the epiphyses, increases bone mineral density

	Fat tissue
	Body and visceral fat reduction

	Muscle
	Anabolic; increases muscle mass and possibly strength

	Liver
	Stimulates production of serum proteins

	Kidney
	Stimulates erythropoietin production

	Heart
	Coronary vasodilation

	Blood
	Suppression of clotting factors (II, V, VII), low HDL-cholesterol

	Bone marrow
	Stimulates stem cell production

	Hair
	Influences body hair growth, especially facial hair


The potential benefits of testosterone replacement therapy in PADAM include an increase in bone mineral density and reduction in fractures. The magnitude of these responses in men is roughly equivalent to that seen in postmenopausal women receiving estrogen replacement. This is an important consideration given that hip fractures are 2-3 times as lethal in older men than in women of equivalent age, with 40% of older male fracture patients dying within 1 year. Testosterone therapy also results in increases in lean body mass, possibly strength and can decrease fat mass and potentially improve insulin sensitivity. By stimulating erythropoietin production, testosterone replacement increases the red blood cell production (hematocrit) in aging men. Its effect on lipid profiles appears favorable and epidemiological data indicate that, in general, hypogonadal men have a greater incidence of myocardial infarction than eugonadal men. However, there is no data that demonstrates that testosterone replacement for PADAM reduces the risk of cardiovascular events. A positive effect of testosterone on cardiovascular risk is suggested by the lowering of body and visceral fat, and by the relatively favorable effects of androgens on clotting factors and coronary vasodilation. In contrast, androgens are also known to lower high-density lipoprotein (HDL)-cholesterol without altering low-density lipoproteins (LDL) or total cholesterol, which would suggest that androgen supplementation might in fact increase cardiovascular risk. Based on current evidence, the use of androgen replacement for the purpose of reducing cardiovascular risk is unjustifiable.

Sexual function also improves with testosterone replacement. Although a complex symptom to assess, most studies agree that sexual drive is improved by testosterone. Penile erections can be improved with testosterone supplements in hypogonadal men, but remember that isolated hypoandrogenism is a rare (6%) cause of erectile dysfunction in older men. Erectile dysfunction in older men is usually the net effect of decreased libido and impaired penile vascular smooth muscle dilation. The latter is best treated more specifically, such as with phosphodiesterase inhibitors.

	

	Figure 45-5. Anabolic effects of testosterone on normal male physiology.0 
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Patient History and Examination
The PADAM syndrome is characterized by a variety of physical and intellectual alterations, most of which are not specific for hypogonadism. This complicates the diagnosis of androgen deficiency in many cases. Most clinicians agree that symptoms or physical findings need to accompany the laboratory demonstration of low testosterone to further consider treatment for PADAM. Symptoms associated with androgen deficiency include decreased sexual desire and erectile dysfunction, changes in mood associated with fatigue, depression and anger, and decreases in memory and spatial orientation ability. On physical examination, there may be a decrease in lean body mass with associated reduced muscle volume and strength, and increases in visceral fat (abdominal girth). Decreased or thinning facial and chest hair and skin alterations such as increases in facial wrinkling and pale-appearing skin suggestive of anemia may also be noted. On genital examination, testicular atrophy with either reduced testis volume or soft consistency may exist. Finally, decreased bone mineral density with osteopenia or osteoporosis may also suggest hypogonadism.

Not all of these clinical manifestations need to be present simultaneously to diagnose the syndrome. In fact, many of these symptoms are multifactorial and could be attributed simply to the natural and unavoidable consequence of aging. For example, frailty with aging is a major socioeconomic and health-care problem as it reduces independent living. Frailty may be due to many causes, some of which include loss of muscle strength, bone fractures, decreased mood, and impaired cognition, symptoms typical of testosterone deficiency. To complicate matters further, some studies suggest that testosterone levels may be completely unrelated to the symptoms classically ascribed to androgen deficiency. The association of such symptoms with documentation of testosterone deficiency certainly implicates PADAM as a possible underlying etiology. By these criteria, it is estimated that only 10% of men with true hypogonadism are currently being diagnosed.

Laboratory
A. Total and Free Testosterone
There is considerable debate as to what laboratory test should be ordered to diagnose androgen deficiency in aging men. In general, a total serum testosterone be ordered first and if 200 ng/dL, the diagnosis is confirmed; if >350 ng/dL androgen deficiency is ruled out; and if between 200 and 349 ng/dL, a bioactive testosterone, free testosterone by dialysis, or a total serum testosterone, SHBG, and albumin be measured together and used to calculate a free or bioavailable testosterone level (www.issam.ch/freetesto.htm). In other words, it is helpful to quantify all of the non-SHBG-bound testosterone. Currently, free testosterone levels assessed by other methods are not recommended or reflective of true free testosterone concentrations. If the measured or calculated active or bioavailable testosterone levels are normal in this situation, then androgen deficiency is unlikely. A working management algorithm for the laboratory diagnosis of androgen deficiency is outlined in Figure 45-6. Presently, the assessment of levels of testosterone metabolites such as dihydrotestosterone (DHT), estradiol, and dihydroandrosteindione (DHEA) are not helpful in making the diagnosis of androgen deficiency.

B. Adjunctive Tests
Although not indicated in all situations, an assessment of red blood cell mass with a hemoglobin or hematocrit may be helpful to confirm hypogonadal anemia. Although plain-films x-rays have been used in the past to assess bone mineral density, the DEXA scan is currently the most accurate method. This is an enhanced form of x-ray technology, termed dual-energy x-ray absorptiometry (DXA or DEXA) that is a quick and painless procedure for measuring bone loss. The DEXA machine sends low-dose x-rays with 2 distinct energy peaks through the body. One peak is absorbed mainly by soft tissue and the other by bone. Soft tissue absorption is subtracted from the total absorption, resulting in calculated levels of bone absorption that are converted into bone density equivalents. The amount of radiation used is extremely smallless than 1/10 the dose of a standard chest x-ray. Measurement of the lower spine and hips are most often done. Portable devices are also available that measure the wrist, fingers, or heel. These are sometimes used for screening, including some that use ultrasound waves rather than x-rays. The test is scored in two ways: (1) the T score is the amount of bone present compared with a young adult of the same gender with normal bone mass. A score above -1 is considered normal. A score between -1 and -2.5 is classified as osteopenia, the first stage of bone loss. A score below -2.5 is defined as osteoporosis and can be used to estimate the risk of developing a fracture; (2) the Z score reflects the amount of bone present compared with others of similar age, size, and gender. Bone density assessments can also be performed periodically during testosterone replacement to assess the bone response to treatment.

	

	Figure 45-6. Algorithm for the laboratory diagnosis of androgen deficiency in the male. Note: T, testosterone; LH, luteinizing hormone; FSH, follicle-stimulating hormone; TRUS Bx, transrectal ultrasound and prostate biopsy; MRI, magnetic resonance imaging: CT, CAT scan.0 

[image: image12.png]—

Low
¥

Symptoms or Risk for Hypogonadism

Lot

‘Sorum Testosterone.

Repeat T, Measure/Calcul

jate Froo T

I

‘Abnomal

LH, FSH High-Normal

LH_ FSH, Low -Normal

brtacin Nomal Procin igh
3 ¥
O, oA Pty WRIGT
i 1 13
Ronormal | Rormat et endociniogt
b b T
e [T Tratdsease







TREATMENT OF ANDROGEN DEFICIENCY
Formulations
Ideal testosterone replacement therapy maintains physiologic serum concentrations of the hormone and its active metabolites without inducing significant side effects. Several types of hormone replacement are currently available, including oral, injectables, transdermal, and buccal mucosal systems as outlined in Table 45-5. The most popular formulations are the transdermal gels, injectables, and then transdermal patches, in that order. These 3 types of replacement therapies account for over 95% of prescribed testosterone medication. The formula-specific risks of each type of treatment are also given in Table 45-6. General risks of testosterone replacement are described below.

	Table 45-5. Types of Testosterone Replacement Therapy.


	Available Preparation
	Formula
	Dose
	Specific Risk

	Oral
	Methyltestosterone Fluoxymesterone
	10-50 mg/day
	Multiple daily doses. High first pass inactivation, with risk of hepatotoxicity

	Parenteral
	Testosterone cypionate Testosterone enanthate
	200-250 mg IM every 2-3 weeks
	Deep intramuscular injection. Gives supraphysiologic peaks and low trough hormone levels; mood fluctuations

	Transdermal patch
	Testoderm (scrotal) Testoderm TTS Androderm
	4-6 mg/day

5 mg/day
	Scrotal patch: requires daily shaving, variable absorption Non-scrotal patch: high incidence of skin welts at placement site

	Transdermal gel
	AndroGel Testim
	2.5-5 mg/day

5 mg/day
	Transference of hormone to partner or children. Odor

	Transbuccal
	Striant
	30 mg buccal tablet
	Twice daily dosing. Gum or mouth irritation. Taste perversion


Risks
Fluid and Electrolyte Disturbances. Water retention is known to occur with androgen therapy. In aging men, it can lead to hypertension, peripheral edema, or exacerbation of congestive heart failure. Moreover, retention of sodium, chloride, potassium, calcium, and inorganic phosphates can occur. Weight and blood pressure monitoring are important for at-risk patients.

Hematologic Reactions. Polycythemia is a predictable consequence of testosterone therapy due to its stimulatory effect on erythropoietin. Indeed, polycythemia was the most commonly observed side effect in a meta-analysis of placebo-controlled clinical trials of testosterone replacement, occurring 4 times as often in treated patients (odds ratio 3.69). Hematocrit levels above 50 have been associated with an increased risk of stroke in several studies. Monitoring of hematocrit levels is important for patients on testosterone replacement. In addition, treatment-related suppression of clotting factors II, V, and VII, and bleeding in patients on concomitant anticoagulant therapy can occur.

Hepatotoxicity. Liver toxicity has been reported with oral administration of methyl testosterone and fluoxymesterone, however, it is only rarely observed with parenteral, transdermal and transbuccal formulations.

Spermatogenesis and Infertility. Exogenous testosterone of any type generally leads to spermatogenic arrest through negative feedback inhibition of both pituitary LH and FSH secretion. Azoospermia occurs in >90% of patients within 10 weeks. With cessation, sperm levels rebound usually within 18 months, but some patients may remain azoospermic. Patients receiving hormone replacement therapy should be informed that fertility will be impaired on this treatment.

Altered Cholesterol Balance. Testosterone replacement generally does not affect total cholesterol or LDL, but can lower HDL levels. However, the extent to which cholesterol balance is altered varies widely among individuals and among studies. It is reasonable to follow lipid levels during treatment.

Exacerbation of Sleep Apnea. Testosterone therapy can worsen preexisting sleep apnea. Although not a cause of sleep apnea, testosterone can exacerbate the problem in patients predisposed to the condition (ie, elderly men, obese men, and patients with chronic obstructive pulmonary disease). All potential patients should be questioned for sleep-related breathing disorders before androgen-replacement is considered.

Gynecomastia or Breast Tenderness. Painful breast enlargement due to elevated levels of estrogen (a metabolite of testosterone) frequently develops, and may occasionally persist, in patients on testosterone therapy. Estrogen receptor blockers can be used to treat this side effect.

Effects on the Prostate Gland. One of the most concerning risks of androgen replacement is the potential to exacerbate preexisting (detected or undetected) prostate cancer. The concern arises partly because of the known sensitivity of prostate cancer to androgen deprivation, an established treatment for this cancer for 50 years. Given this, it is important to realize that there is no obvious association between testosterone replacement and the development of prostate cancer. Several testosterone replacement studies in aging men have monitored the effect on prostate-specific antigen (PSA) levels, prostate size, volume, and prostatic symptoms. Although only a few studies noted a significant change in PSA levels or an increase in the rate of diagnosis of prostate cancer with therapy, all were of relatively short duration, which limits their ability to detect real changes. Reflecting the overall clinical concern for prostate cancer in testosterone-treated patients, a recent meta-analysis of 19 placebo-controlled clinical trials revealed that rates of prostate cancer, PSA >4 ng/mL and prostate biopsies were numerically higher in the testosterone group than in the placebo group. Importantly, however, these differences were not individually statistically significant. Additionally, there is evidence to suggest that hypogonadal men (ie, those who might need testosterone therapy) are more likely to harbor prostate cancer than eugonadal men. What is required to properly answer questions about risk with testosterone therapy are long-term studies with large numbers of patient. Until these studies are completed, there is still significant controversy regarding the relationship between testosterone replacement and prostate cancer.

A second prostate-related concern is whether testosterone replacement worsens symptoms of bladder outlet obstruction in patients with underlying benign prostatic hypertrophy. For this reason, voiding symptoms should be monitored in treated patients.

Contraindications and Precautions
For the reasons mentioned above, testosterone therapy is contraindicated in men with known or suspected carcinoma of the prostate and breast because it is unclear how the hormone will affect the growth of these tumors. Furthermore, it may also be inappropriate in men with bladder outlet obstruction related to severe benign prostatic hypertrophy and severe sleep apnea.

Just as importantly, there is insufficient evidence to justify the use of testosterone supplementation (not replacement) in men of any age with low-normal, but not truly "androgen-deficient" testosterone levels. In this scenario, the risk profile associated with treatment may outweigh the benefits. This recommendation is supported by a consensus statement made by The Institute of Medicine in 2003 after a multidisciplinary panel reviewed the published literature on the topic. They concluded that there was insufficient evidence to justify the use of testosterone therapy for widespread, generalized use for preventing age-related disease or to enhance strength or mood in otherwise healthy older men (www.nia.nih.gov/NewsAndEvents/PressReleases/FrequentlyAskedQuestionsAboutTestosteroneandtheOMReport.htm).

Monitoring Treatment
Testosterone replacement for PADAM is normally given for life. Monitoring of the patient during treatment is also a lifetime commitment on the part of the clinician. As outlined in Table 45-6, prior to starting therapy, a digital rectal examination and serum PSA determination are mandatory. Within a month or two after treatment is started, symptoms and testosterone levels should be assessed. As testosterone levels can fluctuate, particularly after intramuscular administration, clinical indicators may be a better guide for adjusting the dose of testosterone. During the first year of therapy, patients should be followed quarterly to assess clinical and biochemical response, with serial digital rectal examinations and PSA levels if they are >40 years old. After the first year, patients who remain stable may subsequently be followed annually. Annual evaluations should include testosterone, hemoglobin, liver function tests, lipid profile, and PSA measurements. Bone density and psychological evaluations should be performed depending on the initial indications for androgen supplementation.

	Table 45-6. Patient Monitoring before and during Testosterone Treatment.

	Time Period
	Indicated Assessment

	Baseline (Pretreatment)
	Hgb, HCT, and PSA level

	 
	Digital rectal exam

	 
	Ascertain voiding symptoms

	 
	Consider DEXA scan for bone mineral density

	1-2 months of treatment
	Assess treatment efficacy: testosterone level and symptom relief. Consider adjusting dose for either variable

	3-6 month intervals during 1st year
	Assess symptomatic response to treatment, voiding symptoms and sleep apnea.

	 
	Perform physical exam with DRE and obtain testosterone, LFTs, lipid profile, PSA, and Hgb levels

	Annually after 1st year
	Assess symptomatic response to treatment, voiding symptoms, and sleep apnea

	 
	Perform physical exam with DRE and obtain testosterone, LFTs, lipid profile, PSA, and Hgb levels


FUTURE TREATMENTS FOR ANDROGEN DEFICIENCY
Dihydrotestosterone
The natural androgen DHT is a metabolite of testosterone, resulting from the action of 5-alpha reductase on testosterone (see Chapter 44). It is a selective androgen because, unlike testosterone, it cannot be converted to estrogens. DHT is also a very potent androgen, as it binds to androgen receptors more avidly than testosterone. Based on data from men with DHT deficiency, it is apparent that DHT has an effect on several target tissues, including external genitalia, prostate, and skin. DHT-deficient men have normal muscle mass and are not osteoporotic. In normal men, DHT supplements suppress pituitary FSH and LH secretion, likely causing infertility. In hypogonadal men, DHT has strong androgenic effects as predicted, but, paradoxically, is relatively prostate sparing. This may be due to the fact that estrogens may work synergistically with androgens to cause prostatic growth with age and DHT, as a selective androgen, may result in lower estrogen levels during treatment. Because of its potency and potential, significant research is being conducted with DHT supplements for androgen replacement.

Dehydroepiandrosterone
DHEA is available in over-the-counter formulations in the United States. DHEA is a steroid hormone made by the adrenal gland and exhibits a progressive decline in serum levels beginning the third decade of life and beyond. As a consequence of this decline, studies have attempted to correlate levels of DHEA and DHEA sulfate with a myriad of health conditions. Clinical trials that have investigated the DHEA for multiple conditions have shown largely inconsistent findings. Placebo-controlled studies suggest that doses of 30-50 mg of oral DHEA may produce physiologic androgen levels. Clinical trials suggest that 50 mg of oral DHEA, but not 30 mg, can increase serum androgen levels to within the physiologic range for young adults with primary and secondary adrenal insufficiency, and improve sexual function, mood and self-esteem, and decrease fatigue/exhaustion. Whereas DHEA replacement therapy may be effective in patients with adrenal insufficiency, its efficacy in aging males is not well established.

Growth Hormone
It is well established that there are decreases in growth hormone and insulin-like growth factor-I with age in both men and women. In addition, treatment of young GH-deficient adults with growth hormone improves body composition, muscle strength, physical function, and bone density, and reduces blood cholesterol and cardiovascular disease risk. Some of these improvements occur in health domains that are similar to those affected by androgen deficiency. However, growth hormone treatment is often accompanied by carpal tunnel syndrome, peripheral edema, joint pain and swelling, gynecomastia, glucose intolerance, and possibly increased cancer risk. In aged individuals, growth hormone treatment augments lean body mass and reduces body fat. However, clinically significant functional benefits, prolongation of youth, and life extension have not been demonstrated. Until more research better defines these risk/benefit relationships, treatment of elderly individuals with growth hormone is recommended only as part of controlled research studies.
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