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ABSTRACT 

As men get older, there is a decline in functioning of many biological systems; the endocrine systems 
share such changes in hormone levels. Ageing in men is accompanied by progressive, but individually 
variable decline in serum testosterone production in healthy men especially in men over 60 years of age. 
Androgens determine the differentiation of male internal and external genitalia as well as the development 
and maintain ace of male secondary sex characteristics and male reproductive function. They have im-
portant metabolic effects on protein, carbohydrate and fat metabolism and contribute to the determination 
of muscle mass and strength and also affect behavior and cognition. In ageing men, the serum androgen 
levels are affected due to several factors such as , circadian rhythmicity, heredity, body mass, diet, stress, 
life style, smoking, alcohol, and exercise. The decreased levels androgen may lead to senile osteroporo-
sis, hypogonadism, decreased libido and brain functions. The incidence of cognitive disorders such as 
dementia and Alzheimer’s disease is also high in testosterone deficient adults. The relationship between 
endogenous plasma testosterone levels, visual-spatial orientation, depression and brain function plays a 
vital role while treating aged males with cognitive disorders associated with decline in testosterone levels. 
The present paper highlights various aspects of ageing associated decline in androgen levels, cognitive 
function and usefulness and risk of androgen replacement therapy in aged males. 
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Human evolution was characterized by a social 

structure in which mainly females gathered plants for 

sustenance, which were supplemented by hunting, much 

of it done by males [‎1]. This resulted in the selection for 

superior spatial skills associated with hunting in males, 

such as navigation and throwing accuracy [‎2,‎3], and 

selection for skills associated with gathering, such as 

object and location memory, in females [‎4]. 

Spatial research has yielded two patterns of sex dif-

ferences: first, males outperform females in selected 

psychometric spatial tests [‎5] and second, males attend 

to cardinal and distance attributes and females attend to 

landmarks when reading a map or navigating [‎6, ‎7]. 

The influence of sex and age depends on the emer-

gence of sex differences corresponds with puberty [‎8], 

whereas others maintain that differences exist earlier in 

development [‎9]. Based on a meta-analysis, sex differ-

ences in mental rotation tasks (i.e. tasks requiring one to 

mentally rotate objects in space) are found in young 

children whereas sex differences in spatial perception 

tasks (i.e., tasks requiring one to mentally maintain 

tial relationships while ignoring misleading cues) gener-

ally emerge by the age of 13 years [‎10]. Sex differences 

in location memory tasks are not found in children 

younger than 6 years, although differences have been 

reported in 10-year-olds and adolescents [‎11-‎13]. 

Men generally use more distances and cardinal di-

rections, and women use more landmarks and relative 

directions [‎14-‎18]. There is some evidence that sex dif-

ferences emerge soon after 9 years of age, with boys 

demonstrating a greater sense of orientation, and girls 

attending to more landmarks [‎16, ‎18-‎19]. Congruently, 

adolescent boys were found to use more directions when 

walking through a maze, whereas girls used more land-

marks [‎20]. Females are better able to recall object loca-

tions, particularly under incidental learning situations, 

suggesting that females may be predisposed to implicit-

ly encode object locations [‎4‎4]. This female advantage 

has been replicated in children as young as 10 years, as 

well as across various types of stimuli, including those 

without verbal labels [‎21], supporting Eals and Silver-

man‘s‎ [‎22] contention that location information is en-

coded non-verbally. In contrast, adult males have been 

found to be better at navigating in a novel environment 
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which lacked discernible landmarks, which was also 

found to be related to mental rotation performance on a 

psychometric task suggesting that a similar process un-

derlies both tasks [‎2, ‎23]. 

Sex differences in object memory were found early 

in development, in children as young as 9 years. This is 

consistent with findings of a female advantage in pre-

pubertal children [‎12, ‎22]. Location memory yielded a 

female advantage in the older children, but not in 

younger children, confirming the prediction that [‎4] 

female advantage emerges in adolescence, from 14years 

of age and onwards. At 12-13 years of age most girls 

enter puberty, characterized by increases in estrogen 

levels, a factor considered to significantly affect specific 

cognitive functioning [‎24]. The increase androgen levels 

accompanying puberty in males may enhance their per-

formances in the male-biased tasks [‎22]. 

Sex-specific patterns of relationships between the 

spatial processes and route-learning strategies were also 

found. A particularly enlightening finding was the pro-

pensity for landmarks by females emerging later in de-

velopment, at the age of 12, relative to the first emer-

gence of sex differences in the three spatial processes. 

During adolescence, location memory, the spatial 

process deemed to be female-specific, was a significant 

factor for both preference variables, indicating that 

those with better location memory demonstrated greater 

landmark and relative direction preferences. The activa-

tional hormonal explanation would predict that spatial 

sex differences become exacerbated during puberty 

[‎25]. Results of spatial research have suggested that 

activational hormonal effects differentially affect the 

various spatial processes, with mental rotation being 

particularly sensitive to hormonal levels [‎23]. 

Aging in men is accompanied by a progressive, but 

individually variable decline of serum testosterone pro-

duction, more than 20% of healthy men over 60 yr of 

age presenting with serum levels below the range for 

young men. Since antiquity, the importance of the testes 

for maintenance of virility, physical force, and male 

behavior has been recognized. Two hundred years be-

fore Christ, the Assyrians employed castration as a pu-

nishment for sexual offenses, whereas from antiquity 

eunuchs were employed by Orientals to take charge of 

their women. In the 8th century, the Chinese advocated 

the use of extracts of testicles for treatment of impo-

tence [‎26]. Brown-Sequard [‎27-‎28] attributed the age-

associated decline in physical and sexual performance 

to a decline in testicular function and claimed that he 

had experienced personally the evident beneficial ef-

fects on virility and well-being of the injection of 

tery)‎extracts‎of‎guinea‎pig‎and‎dog‎testes‘‎effects. 

Androgens are substances that determine the diffe-

rentiation of male internal and external genitalia as well 

as the development and maintenance of male secondary 

sex characteristics and male reproductive function. Be-

sides, they have important metabolic effects on protein, 

carbohydrate, and fat metabolism. Furthermore, andro-

gens affect behavior and cognition. It is thus not surpris-

ing that age-associated phenomena such as a decline in 

virility and sexual activity, a decrease in muscle mass 

and strength, or an increased tendency to develop athe-

rosclerosis and impairment of glucose metabolism have 

been related to an observed decline in testicular function 

in aging men. 

Sex Steroids in the Systemic Circulation 

Testosterone, dihydrotestosterone (DHT), androste-

nedione, dehydroepiandrosterone (DHEA), and its sul-

fate (DHEAS) are the major androgens in the systemic 

circulation. Testosterone is secreted almost exclusively 

by the testes, whereas only about 20% of circulating 

DHT originates from direct testicular secretion, the re-

mainder being derived from reduction of testosterone in 

peripheral tissues [‎29]. Fifteen percent of plasma an-

drostenedione originates from peripheral conversion of 

DHEA and testosterone, whereas 85% is secreted direct-

ly in approximately equal parts by the testes and the 

adrenals [‎30-‎31]; DHEA and DHEAS originate almost 

exclusively from the adrenals. Biologically, the most 

important plasma androgen is testosterone. It is largely 

bound to plasma proteins, only 1–2% being free, 40–

50% being loosely bound to albumin, and 50–60% 

ing specifically and strongly bound to the SHBG [‎32-

‎33]. Unbound testosterone diffuses passively through 

the cell membranes into the target cell, where it binds to 

the specific androgen receptor (AR) [‎34]. The serum 

free testosterone (FT) and the albumin-bound testoste-

rone represent the fractions readily available for biolog-

ical action. 

Androgenic actions of testosterone are mediated via 

binding to the AR, either directly or after 5 reduction 

to DHT, whereas part of the physiological actions of 

testosterone results from its aromatization to estradiol, 

which binds to estrogen receptors (ERs). The AR does 

not bind substantially androstenedione, DHEA, or 

DHEAS, and it is assumed that the androgenic effects of 

these steroids are attributable to their transformation to 

testosterone in the tissues. Recently, an endothelial 

plasma membrane DHEA binding site has been de-

scribed, which still requires, however, functional proof 

of receptor activity [‎35]. There is also evidence for 

DHEA interaction with the -aminobutyric acid receptor 

[‎36]. Testosterone can also exert rapid, nongenomic 

effects, in part via binding to a G protein-coupled mem-

brane receptor for the SHBG-testosterone complex that 

initiates a cAMP mediated, transcription-independent 

signaling pathway affecting calcium channels [‎37-‎38]. 

Recently, Braun and Thomas [‎39] reported the presence 

of a high-affinity membrane AR in the Atlantic croaker. 

Influence of Aging on Blood Concentrations Tes-
tosterone 

In healthy adult males, morning levels of serum tes-

tosterone vary between around 315 and 1000 ng/dl (11 

and 35 nmol/liter) [‎78], the blood production rate [mean 

concentration multiplied by metabolic clearance rate 

(MCR)] ranging from 4 to 10 mg/d (14 to 35 mol/d) 

[‎40]. Plasma levels show circadian variations with am-

plitude of approximately 35%, highest levels in the 

morning and lowest levels in the late afternoon [‎41]. 

Although there are also ultradian variations in testicular 
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secretion of testosterone as a consequence of episodic 

stimulation by pulsatile pituitary secretion of LH, dis-

crete testosterone secretory episodes are usually not 

clearly identified in peripheral blood [‎42]. 

As early as 1958, Hollander and Hollander [‎43] re-

ported a decrease of spermatic vein testosterone concen-

tration in elderly men and, soon afterward, Kent and 

Acone [‎44] reported an age-associated decline in blood 

production rate, which was subsequently confirmed by 

several other authors [‎46-‎47]. However, this does not 

necessarily translate into lower plasma levels because 

the MCR also decreases with aging in men. Neverthe-

less, in the early seventies several authors reported an 

age-associated decline of serum testosterone levels from 

the fourth or fifth decade of life on. Although this has 

long been controversial, this decline has now been con-

firmed both by a large series of cross-sectional studies 

[‎48‎48] and by several longitudinal studies [‎49-‎52]. In 

fact, the age-associated decrease appears more impor-

tant in the longitudinal than in cross sectional studies, 

which might be explained by a bias toward healthier 

subjects in the former, whereas community-dwelling 

elderly are more likely to show deterioration than an 

improvement of their health status during follow-up 

[‎52]. 

There is an age-associated increase of SHBG levels 

by about 1.2% per year [‎52], so that the decrease of FT 

and bioT serum levels is larger than that of total serum 

testosterone [‎53-‎56].  

Mechanisms of the age-associated decline in 

blood androgen levels. There are three different aspects 

to the changes in serum testosterone levels in aging 

men: first, there are primary testicular changes with a 

diminished testicular secretory capacity; second, there is 

an altered neuroendocrine regulation of the Leydig cells 

with apparent failure of the feedback mechanisms to 

fully compensate; and third, there is an independent 

increase of SHBG binding capacity [‎57-‎58]. 

The production of testosterone, dihydrotestosterone 

(DHT), and androstenedione by the human testis during 

advancing age was studied; it was found that in old age 

the testicular production of DHT decreases significantly 

as well as its concentration in peripheral venous plasma. 

Spermatic androstenedione is unchanged while testoste-

rone is decreased in senescence. This finding suggests 

that the decreased Leydig cell function in old age may 

be partly due to an enzymatic defect in the testicular 

steroid genesis pathway because androstenedione is a 

direct precursor of testosterone [‎47]. Endocrine profiles 

change with aging independently of specific disease 

states. Among the major androgens and metabolites, 

androstane-3 alpha,17 beta-diol (androstanediol; 

0.8%/yr) and androstanediol glucuronide (0.6%/yr) de-

clined less rapidly than free testosterone, while 5 alpha-

dihydrotestosterone remained essentially constant be-

tween ages 39-70 yr. Androstenedione declined at 

1.3%/yr, a rate comparable to that of free testosterone, 

while the adrenal androgen dehydroepiandrosterone 

(3.1%/yr) and its sulfate (2.2%/yr) declined 2-3 times 

more rapidly. Serum concentrations of estrogens and 

cortisol did not change significantly with age [‎51]. 

Primary testicular changes: Stimulation with human 

chorionic gonadotropin (hCG) [‎50, ‎59-‎60], with pulsa-

tile administration of GnRH or with biosynthetic LH 

after down regulation of endogenous LH secretion with 

leuprolide [‎61], has consistently revealed a diminished 

secretory capacity of the Leydig cells in the elderly 

compared with young men. This decrease in testicular 

secretory reserve appears to involve a reduction of the 

number of Leydig cells [‎62-‎65]. 

The enzymes involved in the synthesis of testoste-

rone are decreased with aging, as is the steroidogenic 

acute regulatory protein, which is involved in the trans-

port of cholesterol into mitochondria [66-‎68]. There is 

also evidence for a shift in testicular androgen biosyn-

thesis favoring the 4 over the 5 steroids, analogous to 

the situation for the adrenals [‎69]. In healthy, communi-

ty-dwelling men over age 75 yr, mean testicular volume 

is reduced by about 30% relative to that in young men 

[‎70]. Both total testosterone and estradiol showed a sig-

nificant stepwise decrease with age starting in the early 

adult years, while estrone did not vary. These relations 

of testosterone and estradiol with age remained signifi-

cant after adjustment for body mass index, subscapular 

skin fold, and tobacco and alcohol consumptions and 

they were not modified by exclusion of the men who 

reported chronic disease [‎56]. 

Factors Affecting Blood Androgen Levels in the 
Healthy Elderly 

Healthy males show a slow and steady age-

associated decline in plasma levels of testosterone and 

nonspecifically bound testosterone with, however, at all 

ages large between subject variations. Although the me-

chanisms of this variability have not been completely 

elucidated, several physiological and lifestyle-related 

factors appear to play a role.  

a. Intrasubject variability and random effects. 

There have been reports of circannual variations in 

plasma testosterone with amplitude of up to 30% and 

maximum around October to December for studies per-

formed in the Western hemisphere [‎71-‎73]. But the re-

ports are not consistent with some studies finding no 

significant variation or maximum levels rather in spring 

or summer [‎72]. At present it is also not possible to dif-

ferentiate between potential contributory factors such as 

latitude, climate, and/or diet. In any case, the large be-

tween-subject variability in serum testosterone was also 

seen when the study design avoided seasonal effects 

[‎74]. 

b. Circadian rhythmicity. Studies performing 

blood sampling in the morning have often shown an 

age-related decrease in testosterone levels, while those 

using afternoon samples have failed to show such a de-

crease. These results suggested the possibility that the 

circadian rhythm in serum testosterone levels might be 

altered with normal aging in men. Hourly blood samples 

were obtained for 24 h from 1 young (mean age, 52.2 

yr) and 12 old (mean age, 17 yr) healthy men. Total 

testosterone levels were measured by RIA. The circa-

dian rhythm in serum testosterone levels found in nor-

mal young men was markedly attenuated or absent in 
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healthy elderly men; the early morning rise in testoste-

rone levels characteristic of young men was not present 

in old age. Mean testosterone levels for the entire 24-h 

day were lower in healthy old men than in young men. 

These results demonstrate a clear decrease in serum 

testosterone levels in healthy old men compared to those 

in young men and provide an explanation for the inabili-

ty to demonstrate an age-related decline in testosterone 

levels in earlier studies using serum samples obtained in 

the afternoon [‎75]. Serum testosterone levels peak in 

early adulthood in men and fall progressively with age. 

Since sex hormone binding globulin increases with age, 

the unbound forms of testosterone (free and bioavailable 

testosterone) fall more steeply than total testosterone 

levels [‎76]. There is a diurnal pattern of serum testoste-

rone level with the highest levels occurring in the early 

morning with greatest excursions seen in younger ver-

sus older men [‎75-‎77]. 

As men get older, there is a decline in many biologi-

cal systems; the endocrine systems share such changes 

in hormone levels. There are decreases in the secretion 

rate of testosterone, adrenal androgen precursors (e.g. 

dehydroepiandrosterone (DHEA) and its sulphate ester 

(DHEAS)), thyroid hormones (e.g. tri-iodothyronine), 

growth hormone and insulin-like growth factor-I (IGF-

I), renin and angiotensin. There is general consensus 

that serum levels of testosterone decline with ageing. 

This decline begins at about age 30 and decreases pro-

gressively as men get older. Cross sectional studies have 

shown that serum free testosterone concentration de-

creases more with age than the total testosterone be-

cause of an age-related increase in serum SHBG levels 

[‎78-‎79]. 

c. Ethnicity and heredity. Heredity plays an impor-

tant role as shown by studies in twins by Meikle et al. 

[‎80-‎81], which revealed that genes determine as much 

as 25–76% of the total variation of plasma levels of go-

nadotropins, testosterone, FT, estradiol, and estrone. In 

these studies, only 12% of the variation in serum DHT 

levels was explained by heredity, but there appears to be 

a strong genetic influence (over 40%) in the tissue for-

mation and the production rate of DHT. Nongenetic, 

familial factors may also substantially contribute to the 

determination of plasma hormone levels, e.g. for SHBG 

[‎82]. The genetic basis underlying the heredity of testos-

terone and FT is presently unknown. Considering the 

complexity of testosterone synthesis and the regulation 

of its secretion, there obviously is a broad range of can-

didate genes [‎83]. 

d. Fat mass and its distribution. Adiposity as as-

sessed by the body mass index (BMI) [i.e., body weight 

(in kilograms)/ body height (in meters) is an important 

negative determinant of total serum testosterone levels, 

mainly via its effects on SHBG levels [‎84]. The latter 

are in turn positively associated with insulin sensitivity, 

as indicated by the consistent finding of a negative cor-

relation of SHBG with insulin serum levels [‎54, ‎85-‎92]. 

Similarly, a negative association of serum SHBG and 

total testosterone with leptin levels was observed [‎93-

‎94], this negative association being [‎93] or not being 

[‎94] maintained after adjustment for BMI. Overall, neg-

ative associations with serum testosterone levels tend to 

be most pronounced for indices of abdominal adiposity 

[‎87, ‎90, ‎94-‎96]. 

A study examined lifestyle and behavioral correlates 

of the change in total testosterone over 13 years in 66 

men aged 41-61 years; Age, body weight, weight 

change, leisure time activity level, and alcohol intake 

were not related to the change in total testosterone. The 

decrease in endogenous testosterone was associated 

with an increase in triglycerides and a decrease in high 

density lipoprotein cholesterol in multivariate analysis 

controlling for obesity and other lifestyle covariates. . 

This longitudinal study confirms a gradual decline in 

total testosterone levels with advancing age in older 

men and provides evidence that lifestyle and psychoso-

cial factors are related to this decline. Decreases in en-

dogenous testosterone levels with age in men are asso-

ciated with potentially unfavorable changes in triglyce-

rides and high density lipoprotein cholesterol [‎51]. 

e. Diet. As far as the influence of diet is concerned, 

reports in the literature are rather divergent. In a study 

in elderly monks [‎53], plasma testosterone and FT le-

vels were similar in vegetarian and non-vegetarian sub-

jects. It has been reported [‎97] that Chinese in Beijing 

had lower serum testosterone and SHBG levels, but 

testosterone MCR similar to Chinese living in Pennsyl-

vania and following a Western diet. Other data strongly 

suggest that fiber, lignan, and diets rich in isoflavone 

are associated with higher serum SHBG and total testos-

terone levels compared with Western diets [‎98-‎102], but 

FT levels may not be significantly different [‎100]. In 

1552 men aged 40–70 yr in the MMAS, fiber intake and 

protein intake were significant independent positive and 

negative determinants, respectively, of serum SHBG, 

whereas neither total caloric intake, nor fat or carbohy-

drate consumption contributed significantly; the lack of 

a significant role of carbohydrate and fat intake makes it 

unlikely that the effects of diet would be mediated only 

by changes in serum insulin levels [‎103]. Interestingly, 

low protein intake is known to be associated with low 

serum IGF-I levels [‎100], which can be hypothesized to 

play a role in the age-related increase of serum SHBG 

[‎54, ‎104-‎105]. 

The role of endogenous sex hormones in many dis-

eases makes understanding factors that influence levels 

of these hormones increasingly important. Analyses of 

age-hormone associations, adjusting for weight, body 

mass index, alcohol ingestion, smoking, physical activi-

ty, caffeine intake, specimen storage time, and disease 

status, were undertaken. Bioavailable testosterone and 

bioavailable estradiol levels decreased significantly with 

age independently of covariates. Total testosterone and 

estradiol levels decreased with age only when analyses 

were controlled for confounders. The importance of the 

age-associated decline in endogenous sex hormone le-

vels, particularly levels of bioavailable testosterone and 

bioavailable estradiol, and their relation to disease and 

function in men deserve further research [‎106]. 

f. Stress. Stress evokes adaptive neuroendocrine 

reactions with, on the one hand, activation of the stress-

responsive corticotropic, sympatho-adrenal, and soma-
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totropic axes and, on the other hand, suppression of the 

gonadal axis through restraining of hypothalamic GnRH 

secretion [‎107-‎111]. One of several possible mechan-

isms underlying the latter inhibition of GnRH secretion 

may involve corticotrophin stimulated secretion of 

dogenous opiates [‎112-‎115]. Acute fasting for 48 or 84 

h has been reported to result in a substantial reduction of 

serum testosterone in healthy men through reduced L 

Hpulse frequency and [‎107-‎108, ‎116], which can be 

reversed by pulsatile administration of GnRH [‎111] and 

may involve a specific metabolic signal rather than a 

nonspecific reaction to stress [‎117]. Interestingly, elder-

ly men appear to be relatively resistant to the metabolic 

stress of fasting compared with young men [‎107]. 

For several types of acute physical stress (e.g., tem-

perature, pain, injury, strenuous exercise) or psycholog-

ical stress, it has been reported that they can inhibit go-

nadal function [‎118-‎123]. For these various forms of 

stress, there is little information on whether the elderly 

may be less or more susceptible. In a study of young 

and older athletes completing a triathlon (lasting 9–12 h 

in young men and 11–16 h in older men), there were no 

differences in observed absolute decrease in serum tes-

tosterone levels [‎124]. As assessed in a small group of 

subjects, insulin-induced hypoglycemia resulted in a 

significant decline of serum testosterone in healthy 

young men but not in elderly men, although the cortisol 

response was robust and even slightly greater than in the 

young [‎53]. It has also been reported that serum testos-

terone levels appear more affected in the acute phase 

after myocardial infarction in middle-aged men with a 

mean age of 49 yr compared with elderly men with 

mean age of 70 yr [‎53]. Overall, it does appear that in 

elderly men plasma testosterone levels, albeit lower than 

in young men, may be less susceptible to decrease in 

response to acute stress. 

g. Other lifestyle-related factors. Serum total tes-

tosterone and SHBG are reported to increase transiently 

during acute physical exercise of moderate intensity 

[‎125, ‎126], an effect that appears to result from hemo 

concentration and decreased testosterone MRC [‎127]. 

At all ages in adult men, serum testosterone and FT le-

vels are 5–15% higher in (actual) smokers compared 

with nonsmokers [‎53, ‎54, ‎128-‎130]. Moderate alcohol 

consumption has no marked effect on serum testoste-

rone [‎103]. 

h. Exercise. Short-term exercise produces a tran-

sient elevation in serum testosterone levels in elderly 

men, which is partly due to an increase in serum SHBG 

concentrations. The concomitant increase in total pro-

tein and the rapid return of total protein and SHBG to 

baseline values after exercise indicate that hemoconcen-

tration partly contributes to the exercise-associated in-

crease in circulating testosterone levels [‎131]. 

A study conducted to determine the relationship be-

tween aging, life-style factors and health-related factors 

and endogenous sex hormone levels, showed the impor-

tant determinants of sex hormones were age, BMI, waist 

circumference, smoking, general health status and phys-

ical activity. Furthermore, it can be concluded that gen-

eral health status modified the effect between sex hor-

mones and age. For future observational studies it 

should be taken into account that the above-mentioned 

determinants may alter the association between sex 

hormones and diseases and related conditions [‎132]. 

Androgen Metabolism 

Part of the metabolism of testosterone is activating, 

consisting in its conversion to the bioactive metabolites 

DHT and estradiol. Most testosterone entering prostate 

tissue is bio transformed to DHT, and in most tissues, 

with the important exception of muscle tissue, DHT is 

the principal active androgen, which acts mainly locally, 

only a small fraction escaping into the general circula-

tion. Blood production rates of DHT and estradiol are 

lower than the total quantity of these steroids actually 

formed in the organism, a large fraction of locally pro-

duced hormone being further metabolized in situ. 

Testosterone catabolism involves 5/5 reduction of 

the double bond between carbons 4 and 5, 3/3 reduc-

tion in ring A, and 17 hydroxyl oxidation, this enzy-

matic degradation taking place to some extend in peri-

pheral tissues and for a large part in the liver. DHEA is 

first metabolized to androstenedione, under the influ-

ence of a 3 hydroxysteroid dehydrogenase, the subse-

quent metabolism being identical to that of testosterone. 

The end metabolites of endogenous androgens, i.e., an-

drosterone, etiocholanolone, and 5/5 androstane- 

3,17  diol are either glucuronidated under the influ-

ence of uridine diphosphate glucuronyltranferase or 

sulfated under the influence of a sulfokinase, these hy-

drosoluble conjugates being excreted by the kidneys 

[‎133]. Androstanediol glucuronide (ADG) is considered 

by many as an important parameter of androgen action 

in women [‎134-‎135], but in males its major precursor 

being testosterone (70%), with 30% deriving from 

DHEAS [‎136], determination of ADG does not offer 

much interest. The urinary excretion of ADG decreases 

significantly with age [‎137]; the ratio of urinary 5 /5 

metabolites decreases with age, a consequence of a de-

crease of 5 reductase type 2 activities [‎138]. 

Clinical Significance of the Age-Associated De-
crease in Androgen Levels 

In distinction from women, for whom the meno-

pause signs the irreversible end of reproductive life as 

well as the end of cyclic ovarian activity, with as a con-

sequence low sex hormone levels in all postmenopausal 

women, in men fertility persists until very old age and 

the age-associated decrease in testosterone levels is 

slowly progressive. Until the eighth decade, a substan-

tial proportion of men still have FT and bioT levels 

within the normal range for young men. Subnormal tes-

tosterone levels are thus not a generalized feature of 

aging, and as a rule androgen deficiency is only partial. 

Therefore, the terms partial androgen deficiency of the 

aging male or late onset hypogonadism have been pro-

posed as more appropriate than the terms andropause or 

male climacteric, which have the connotation of a gene-

ralized phenomenon and of permanent infertility. 
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Does the Decrease of Androgen Levels Translate 
Clinically? 

Arguments indicating such clinical significance 

could be sought in similarities between the symptoma-

tology of aging and that of androgen deficiency in 

young hypogonadal men, as well as in associations be-

tween (severity of) symptoms and androgen levels. It 

should, however, be realized that aging is accompanied 

by a decline of almost all physiological functions such 

as cardiac output, pulmonary ventilatory capacity (both 

reducing work capacity), renal clearance, or GH and 

melatonine secretion, which in conjunction with age 

associated changes in lifestyle such as retirement or 

relative sedentarism, may all contribute to the sympto-

matology of aging. The decrease in GH and IGF-I levels 

is associated with changes in lean body mass, bone den-

sity, and abdominal obesity, similar to the changes ob-

served in hypogonadal states, whereas the age-

associated decrease in melatonin secretion might play a 

role in the age-associated sleep disorders. 

Similarities between Symptoms of Aging and Hy-
pogonadism in Young Men 

Frequent clinical manifestations of aging in males 

are decreased libido and sexual activity or impotence; 

decreased virility, with decreased sexual body hair and 

beard growth; decreased energy, work capacity and 

cognitive function with, as objective signs, decreased 

muscle mass and strength; decreased bone mineral den-

sity (BMD), with increased fracture risk; increased (ab-

dominal) obesity; and slightly decreased hematocrit. 

This symptomatology in the elderly develops, however, 

slowly and progressively with decreased physical 

strength, weakness, decreased libido, and often erectile 

dysfunction, abdominal obesity, and difficulty with con-

centration. 

Associations between Clinical Manifestations of 
Aging and Sex Steroid Status 

In view of the multifactorial origin of aging symp-

toms, strong correlations with FT or bioT levels can 

hardly be expected, whereas the multiplicity of contri-

buting factors renders meaningful multivariate regres-

sion analysis difficult. Furthermore, cross-sectional as-

sociation cannot establish causality, whereas prospec-

tive observational studies are rare. 

1. Senile osteoporosis. Aging in men is associated 

with continuous loss of bone and an exponential in-

crease of the incidence of fractures of the hip [‎139-‎140] 

and the spine [‎141-‎142]. Moreover, in older men the 

consequences of fractures in terms of morbidity and 

mortality appear to be more severe than in their female 

counterparts [‎143-‎144]. 

Declining sex steroid levels in the elderly may ad-

versely affect the preservation of skeletal integrity and 

indicates that aromatization of testosterone to estradiol 

is a major component of the regulation of bone metabol-

ism in the elderly and in healthy men, there is a negative 

correlation between serum testosterone and FT with 

visceral fat [‎145], and in a study involving 61 middle-

aged men and 271 elderly community-dwelling men 

aged 70–85 yr [‎27], BMI and fat mass were found to be 

negatively correlated to FT and IGF-I levels, the corre-

lation of fat mass with FT persisting after correction for 

IGF-I and age. Multivariate analysis revealed that the 

negative correlation of FT with fat mass was determined 

primarily by abdominal fat mass. These findings are in 

agreement with findings by others [‎87, ‎146]. Khaw and 

Barrett-Connor [‎147] in a cohort study of 571 men aged 

30–79 yr observed that low testosterone levels predict 

central obesity in men as estimated 12 yr later. The neg-

ative correlation of serum testosterone with abdominal 

fat might be related to the inhibition by testosterone of 

triglyceride uptake and lipoprotein-lipase activity in 

abdominal, but not in femoral, sub cutaneous fat [‎148]. 

Moreover, testosterone stimulates lipolysis and thus 

reduces fat storage in the fat cells [‎149]. The highly 

significant negative correlation between FT and (abdo-

minal) body fat may be both a cause and a consequence 

of abdominal obesity in the elderly. Indeed, increased 

adiposity is itself partially responsible for a decrease of 

testosterone levels [‎54]. 

Moreover, decreased GH levels, as observed in el-

derly males [‎150-‎154] may also play a role in the age-

associated changes in body composition, with GH subs-

titution being possibly more effective than testosterone 

administration to reduce abdominal fat in elderly men 

[‎153]. 

2. Sexual function. Aging in men is accompanied 

by a decrease in libido and sexual activity, mean coital 

frequency decreasing from about four times a week at 

age 20–25 to two times a month at age 75–80 yr [‎155]. 

Nevertheless, only 15% of men over 60 yr deny any 

sexual activity [‎156]. 

The role of androgens in sexual function is shown by 

the effects of androgen withdrawal: within 3–4 wk there 

is a decline in sexual interest, the most clear effect being 

a decline in spontaneous erections during sleep noctur-

nal penile tumescence (NPT) [‎157]. However, whereas 

normal sexual function requires adequate testosterone 

levels, there is good evidence that the physiological 

range of testosterone levels is higher than required for 

normal sexual function, the critical testosterone level 

laying below 300 ng/dl (10.4 nmol/liter) [‎157-‎159]. 

Hence, it is not surprising that the correlation of libido 

with plasma testosterone levels is rather poor [‎160]. 

Nevertheless, Tsitouras et al.[‎161] reported that a group 

of elderly subjects with higher sexual activity had a 

higher mean testosterone level than the men in a low-

activity group, whereas Schiavi et al. [‎162] reported that 

men with hypoactive sexual desire had lower testoste-

rone levels than controls, and Pfeilschifter et al. [‎105] 

consider that the low androgen levels may contribute to 

the age-related decline in male sexuality. 

In these studies there is, however, a broad overlap of 

serum testosterone levels between sexually less and 

more active elderly men. Moreover, other studies failed 

to find an association between testosterone levels and 

the perception of sexual functioning [163-‎164]. 

Frequency of erectile dysfunction increases dramati-

cally with age. Androgens, which act centrally as well 
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as peripherally [‎165], where testosterone stimulates ni-

tric oxide synthase in the corpora cavernosa [‎166], are 

essential for normal penile erection. Possibly in relation 

to the stimulatory effect of testosterone on nitric oxide 

synthase activity, a synergistic effect between andro-

gens and inhibitors of 5-phosphodiesterase type 5 has 

been observed [‎167-‎168]. Nevertheless, testosterone 

deficiency is rarely a major cause of impotence in elder-

ly males, although it might play a subsidiary role in 6–

45% of cases [‎169], the most prevalent cause of erectile 

dysfunction being atherosclerotic pelvic arterial insuffi-

ciency [‎170]. There is good evidence that, NPT is an-

drogen dependent [‎169]. 

3. Brain and psychological function. It is well ac-

cepted that cognition is frequently impaired in older 

men. While cognition has many functional domains, 

memory loss is the most frequent cognitive complaint of 

the elderly. Moderate or severe memory loss is reported 

in 4% of elderly adults (males and females between the 

ages of 60 and 65) increasing to 35% in those aged 85 

and older. Androgens have been shown to enhance both 

memory and spacial skills in rats [‎171, ‎172]. Some epi-

demiological studies have found correlations between 

serum testosterone levels and general or spatial 

tion [‎173, ‎174]. While there is no doubt that testosterone 

has effects on brain development and performance in 

men, it is unclear if testosterone treatment will improve 

memory in older men. To help answer these questions, 

five placebo-controlled studies have investigated 

tive domains before and after testosterone treatment. 

The results are mixed without a clear definition as to 

what improvement might be anticipated with treatment 

[‎175]. In one clinical study, androgen replacement in 

elderly men improved spatial ability without changes in 

memory or verbal fluency [‎176]. Certainly properly 

powered and carefully controlled studies are needed to 

clarify whether benefits in cognition might be seen after 

testosterone treatment of older hypogonadal men. 

Hypogonadal young and middle-aged men frequent-

ly complain of symptoms of depression and a decreased 

sense of well-being; non-placebo-controlled studies 

have suggested that mood is improved after testosterone 

treatment [‎177]. There is also evidence available that 

depressed mood is inversely related to serum 

ble testosterone levels [‎178]. Many studies have been 

done to assess the impact of testosterone on impaired 

mood. Unfortunately, the studies were often small and 

of short duration. While the results were mixed, the ma-

jority showed some degree of improvement in men who 

were already depressed or frail and depressed [‎179-

‎180]. Androgen replacement therapy in ageing men im-

proved general well being [‎181]. More detailed studies 

of androgen replacement on cognition in older testoste-

rone-deficient men are needed, as are studies on the 

benefits to cognitive function in dementia associated 

with ageing [‎76]. 

4. Cognitive function. Recently, hormonal effects in 

the central nervous system have become a focus of in-

terest, with emphasis on potential antiaging effects of 

hormonal replacement therapy. Indeed, aging is asso-

ciated with deterioration of multiple aspects of cognitive 

performance. Studies in humans concerning the rela-

tionship between endogenous androgen levels and cog-

nitive performance have produced inconsistent results, 

although there do exist striking sex differences in spatial 

abilities [‎182]. 

In healthy young men, positive relationships have 

been observed between endogenous plasma testosterone 

levels and visual-spatial orientation [‎183,‎184], but other 

studies have failed to find such an association 

[‎185, ‎187]. 

Patients with isolated hypogonadotropic hypogonad-

ism show an impairment of spatial abilities [‎188, ‎189], 

which is improved by androgen treatment [‎190, ‎191]. 

As to the effects of endogenous testosterone levels on 

cognitive functions in elderly males, Morley et al [‎191] 

reported a significant correlation of the endogenous 

testosterone levels with visual and verbal memory, whe-

reas in the Rancho Bernardo study [‎192], a higher bioT 

was significantly associated with better long-term verbal 

memory and score for a cognitive screening test. Yaffe 

et al. [‎193] found in a cross-sectional study in 310 

community-dwelling men with a mean age of 73 yr that 

a higher bioT was associated with significantly better 

scores on three cognitive tests, i.e., the Mini-Mental 

State Examination, the Trail Making B test, and the Di-

git Symbol test. In the same study, cognitive function 

was also found to be associated with the CAG-repeat 

polymorphism of the AR gene [‎194]. In volunteers of 

the Baltimore Longitudinal Study of Aging, a higher 

free androgen index (FAI; ratio serum testosterone over 

SHBG) was associated with better scores on visual and 

verbal memory, visuospatial functioning, and visuomo-

tor scanning, and with a reduced rate of longitudinal 

decline in visual memory [‎195]. 

Recently, it has been reported from the same study 

that lower values for FAI were associated with an in-

creased‎ incidence‎ of‎ Alzheimer‘s‎ disease‎ in‎ 574‎ men‎

aged 32 to 87 yr at baseline and followed for a mean 

duration of 19.1 yr; an increase of FAI with 10 

nmol/nmol was associated with a 26% decrease of risk 

of‎Alzheimer‘s‎disease‎[‎196]. 

Sex steroids modify cortical function have been de-

scribed. For example, estrogen replacement improves 

verbal memory in women, and animal studies have 

shown effects of estrogen on hippocampal synaptogene-

sis and function. Little is known about sex steroid ef-

fects on other aspects of memory, such as frontal lobe-

mediated working memory. Testosterone supplementa-

tion improved working memory in older men, but a sim-

ilar enhancement of working memory was not found in 

older women supplemented with estrogen. In men, tes-

tosterone and estrogen effects were reciprocal - with 

better working memory related to a higher testosterone 

to estrogen ratio. These results suggest that sex steroids 

can modulate working memory in men and can act as 

modulators of cognition throughout life [‎197]. 

A study on the role of sex hormones in the preven-

tion of cognitive decline suggests that testosterone can 

be given to men with early cognitive impairment with-

out significant concern about worsening aggressive or 

unwanted behaviors [‎198]. Testosterone plays a role in 
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the organization of behavior during development. Tes-

tosterone supplementation influenced the endogenous 

production of estradiol, and estradiol was found to have 

an inverse relationship to spatial cognitive performance. 

These results suggest that testosterone supplementation 

can modify spatial cognition in older men; however, it is 

likely that this occurs through testosterone's influence 

on estrogen [‎197]. 

It may therefore be concluded that the age-

associated decrease in FT and bioT levels appears to 

contribute to the impaired cognitive functions of elderly 

men. Kalmijn et al [‎198] observed in a group of elderly 

males and females (mean age, 67.3 yr; range, 55–80 yr) 

a correlation between the cortisol/DHEAS ratio and 

cognitive impairment; the DHEAS level was inversely, 

but not significantly, related to cognitive impairment 

and decline. Berr et al. [‎199] found in 266 men over 65 

yr of age, of whom 123 were over 75 yr at inclusion, no 

association between baseline DHEAS serum concentra-

tions and incident cases of dementia during a 4-yr pros-

pective follow-up. 

Ageing is accompanied by an overall reduction in 

brain volume [‎200-‎202]. However there is considerable 

diversity in rates of decline for specific sub regions. 

Likewise, there are variable rates of decline across dif-

ferent cognitive domains, with some functions remain-

ing relatively intact, and others showing unambiguous 

impairment [‎203-‎206]. 

According‎ to‎ the‎ ―frontal‎ aging‎ hypothesis‖,‎ age-

related cognitive decline is driven by deterioration of 

the frontal brain areas, notably the prefrontal cortex 

(PFC) [‎207, ‎208]. Indeed, neural declines in volume are 

found to be greatest in the frontal lobes and smallest in 

the sensory cortices [‎203, ‎209]. Functions involving the 

type of cognitive control mediated by prefrontal regions 

are particularly likely to decline with age. For example, 

impairments are seen in selective activation of goal 

levant information, episodic memory, prospective 

memory and working memory [‎210]. Conversely, auto-

biographical and automatic memory processes, 

mance on theory of mind tasks, and vocabulary and 

mantic knowledge are relatively stable across the adult 

life span, at least until the 7th or 8th decade [‎203].  

More general age-related changes in the brain also 

include reductions in synapse density, grey and white 

matter, and cerebral blood flow [‎211]. In healthy older 

adults, white matter lesions are associated with 

tions in information processing speed [‎212, ‎213]. Along 

with rapid declines observed in PFC volume and func-

tion, moderate declines have also been found to develop 

gradually across the adult life span in the striatum, a 

region that is responsible for dopamine production 

[‎201]. These changes are accompanied by declines in 

dopamine concentration and dopamine and serotonin 

receptor availability in the frontal cortex [‎214-‎215]. 

Together, these age-related declines in PFC volume and 

in neurotransmitter systems are associated with declines 

in cognitive performance among aging adults [‎214]. 

Several behavioral and neuroimaging studies have 

provided evidence to suggest that executive processes, 

such as those involving behavioral self-regulation, plan-

ning, working, memory, inhibition, and strategic memo-

ry processes, are mediated by the ventrolateral and dor-

solateral PFC [‎216-‎219]. There is evidence to suggest 

that the lateral regions of PFC show the largest age re-

lated declines of all the sub regions of the PFC [‎220]. 

Processes governing cognition and emotion appear 

to have different trajectories as people age [‎221, ‎204]. 

Older adults show impairment on strategic memory 

tasks tapping frontal lobe function, while their regula-

tion of emotion and social behavior, also associated 

with the frontal lobes, is not compromised [‎204]. Re-

searchers have recently attempted to account for the 

opposing trajectories in cognitive and emotional func-

tioning by conceptualizing the frontal cortex as a collec-

tion of sub regions, each with specialized functions, as 

opposed to a homogenous unit [‎220]. Infact, as people 

get older, subjective emotional experience improves 

[‎221]. Amygdala appears to be crucial in rapid acquisi-

tion, stability and persistence of learned emotional res-

ponses, especially those involving fear. Sex differences 

in behavioral, cognitive, physiological, and pathological 

functions have recently been recognized [‎222]. In the 

cognitive and motor domains, men typically outperform 

women for spatial abilities, mathematical reasoning, and 

motor targeting, whereas women outperform men for 

verbal abilities, fine motor skills, and perceptual speed 

[‎223-‎224]. 

The neural correlates of cognitive gender differences 

remain unclear at this time. Sexually dimorphic struc-

tures are abundant in the human brain and sex differ-

ences have been reported in brain metabolite concentra-

tions [‎225], in resting cerebral glucose metabolism 

[‎226], in resting cerebral blood flow [‎227] and in neural 

circuits recruited during performance of specific tasks 

[‎228-‎230]. However, the functional relevance of these 

sex differences remains unknown.  

Although cognitive and brain sex differences are 

well documented, very little is known about the course 

of cognitive and brain sex differences across the lifes-

pan. Indeed, the older population is the least studied 

group for cognitive sex differences [‎5], and findings are 

inconsistent regarding whether men and women differ 

in cognitive functioning and age-related cognitive de-

cline. Some studies have indicated that the typical pat-

tern of sex differences in verbal and spatial abilities 

generalizes from early adulthood to old age [‎231, ‎232], 

whereas other studies have claimed that sex differences 

do not persist into old age [‎233, ‎234]. Evidence for sex 

differences in the magnitude of age-related cognitive 

decline is also conflicting. Some studies have pointed to 

a greater age-related decline in men than in women 

[‎235], whereas other studies have pointed to a greater 

decline in women than in men [‎236]. Finally, other stu-

dies have not found sex differences in age-related cogni-

tive decline [‎237]. Sex differences have also been re-

ported in regard to aging of the brain, with most studies 

pointing to greater age-related changes in men than in 

women, but the findings are also inconsistent [‎238]. 

Investigating cognitive sex differences in an animal 

model that is relatively free from such confounds may 

provide important information on sex-specific patterns 
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of age-related cognitive change. Such information is 

crucial for the development of effective therapeutics 

against age-related cognitive decline [‎239]. 

There is solid evidence to postulate that androgenic 

masculinization of the brain during development [‎240] 

and activational effects of androgens in adulthood [‎241-

‎242] underlie sex differences in spatial abilities. In aged 

men, gradual decline in testosterone levels has also been 

associated with poorer performance on some tests of 

spatial ability [‎194]. Although total plasma testosterone 

levels are similar between young and aged rhesus 

keys, levels of testosterone are reduced by 50% in aged 

males [‎243]. These age-related changes could account 

for the decline in hippoampal-dependent spatial working 

memory, as testosterone is necessary for the mainten-

ance of normal spine density in nonhuman primates 

[‎244], increases the number of dendritic spines in the 

hippocampus in male and female rats [‎244], and affects 

regional brain perfusion in older hypogonadal men 

[‎245]. 

Conversely, female rhesus monkeys also undergo 

important endocrine changes with age. In particular, 

older female above the age of 25 were likely to be peri- 

or postmenopausal [‎246]. Because estrogen deficiency, 

after natural or surgical menopause, has been shown to 

affect the aspects of cognitive function both in women 

[‎247] and nonhuman primates [‎248], menopausal status 

may have affected spatial memory performance in older 

females. 

5. Depression. Depression is less prevalent in men 

than in women. This had led to the hypothesis that sex 

hormones are involved in the etiology of at least some 

types of depression. Psychological and behavioral 

changes accompanying aging in males are lack of ener-

gy, decreased cognition, fatigue, memory impairment, 

and sleep disturbances. Several authors [‎249] reported 

that depressive subjects have lower testosterone levels 

than controls. 

6. Quality of life. It is evident that aging is often as-

sociated with a decrease of quality of life. However, so 

far the rare available studies failed to show a relation-

ship between FT or bioT and quality of life in elderly 

men as assessed with the SF-36 questionnaire [‎250]. 

Neuro-vegetative symptoms such as hot flushes may be 

more common in elderly men than generally suspected 

[‎251], but an association with the endogenous sex stero-

id levels has not been established in otherwise healthy 

elderly men. Intramuscular testosterone, administered at 

a dose of 200 mg every 2 weeks, does not affect the 

Health-related quality of life (HRQOL) of elderly males 

[‎252]. 

Overall, it can be concluded that there are limited 

observations of beneficial effects of testosterone treat-

ment on cognitive function in elderly men, which war-

rant further investigation.  

However, presently the limited information available 

with essentially negative findings for the longer dura-

tion studies does not allow us to claim clinical benefits 

on cognition of testosterone administration to elderly 

men. 

7. Mood and quality of life. Several trials with an-

drogen treatment included questionnaires on mood 

and/or depression. These studies failed to demonstrate a 

treatment effect on either mood [‎253, ‎254] or scores for 

geriatric depression scales [‎255, ‎256]. 

Risks of Androgen Treatment 

Stimulation of androgen-sensitive tissues raises safe-

ty concerns about possible side effects of androgen 

treatment. These may include increased risk of prostatic 

carcinoma, benign prostatic hyperplasia, polycythemia, 

sleep apnea, gynecomastia and breast carcinoma, fluid 

retention, hypertension, lipid alterations, and atheroscle-

rosis [‎257, ‎258]. 

a. Prostate. Of all the side effects, possible stimula-

tion of prostatic cancer growth causes the most concern. 

So far, there is no evidence that testosterone initiates the 

development of prostatic carcinoma [‎259], but, because 

almost all prostatic carcinomas are androgen sensitive 

[‎260], it is evident that the presence of a clinical carci-

noma is an absolute contraindication for androgen subs-

titution. 

b. Erythropoiesis. Androgens stimulate erythro-

poiesis, and in most studies hematocrit increased by 2–

5% over baseline values during treatment, 6–25% of 

subjects developing erythrocytosis with hematocrit over 

50% [‎261-‎269]. 

c. Cardiovascular risk. Although androgen action 

has traditionally been associated with increased risk of 

atherosclerosis and CAD, it is becoming increasingly 

clear that the relationship between exposure to endo-

genous and exogenous sex steroids and cardiovascular 

risk is complex and not fully clarified [‎253, ‎258, ‎270].  

d. Sleep apnea. There have been rather anecdotal 

reports that androgen treatment can induce or exacer-

bate sleep apnea [‎271, ‎272], which might be especially 

the case in obese subjects, patients with COPD, and 

smokers. Liu et al. [‎253] observed that short-term ad-

ministration of rather high doses of testosterone to 

healthy older men resulted in decrease of time slept and 

disruption of breathing pattern during sleep with 

longation of periods of hypoxemia,  

e. Other adverse effects. Clinically significant fluid 

retention and hypertension are seldom observed with 

moderate doses of testosterone [‎270], but caution is ad-

visable in patients with preexisting congestive heart 

failure, hypertension, or renal insufficiency. 

Gynaecomastia is a benign complication occurring 

occasionally during testosterone treatment [‎270] as a 

consequence of peripheral aromatization of testosterone, 

which takes place mainly in fat tissue and is increased in 

elderly males. Clinical examination at initiation of 

treatment and during follow-up should include assess-

ment of the presence of breast tissue, and adaptation of 

treatment regimen may be considered in case of 

opment of gynaecomastia. Carcinoma of the breast in 

males is rare and constitutes an absolute contraindica-

tion for androgen administration. Hepatotoxicity is a 

problem essentially limited to the oral use of alkylated 

testosterone derivatives. Local tenderness at the site of 
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IM injection of testosterone esters and skin irritation 

with use of preparation for transdermal administration 

are not uncommon, the latter being more frequent with 

testosterone patches than with gel [‎270]. 

The risk of side effects is greater in elderly than in 

young hypogonadal men. Indeed, the high frequency of 

BPH, subclinical prostatic carcinoma, atherosclerosis, 

and hypertension makes the elderly more prone than 

young men to many of the abovementioned adverse 

effects. Recently, in a comparative dose ranging study 

in young and older men with suppressed endogenous 

testosterone secretion by administration of a long-acting 

GnRH agonist, Bhasin et al. [‎273] observed a higher 

incidence of erythrocytosis, leg edema, and prostate 

events in the elderly, whereas the young had acne more 

frequently. Moreover, as illustrated in the latter study, 

identical treatment regimens can result in higher plasma 

levels in the elderly compared with the young, a conse-

quence of age related decrease in MCR [‎46, ‎274, ‎275]. 

CONCLUDING REMARKS 

In this review, we briefly summarized the physiolog-

ical framework for changes in sex steroid hormone pro-

duction in elderly men and reviewed the present state of 

knowledge on the extent, the modulating factors, the 

mechanisms, and the possible clinical consequences of 

such changes. We discussed the diagnosis of androgen 

deficiency in elderly men and reviewed the data ob-

tained in controlled clinical trials of androgen adminis-

tration and related pharmacological interventions in 

elderly men. It is now well established that aging in 

healthy men is accompanied by a progressive, albeit 

individually variable, decline of serum testosterone with 

steeper decrease of the serum fractions that are not 

bound to SHBG and are readily available for biological 

action, which is in turn accompanied by a modest de-

cline of non-SHBG-bound serum levels of its aromati-

zation product estradiol and is paralleled by a sharp 

drop in production of the adrenal androgen DHEA(S). 

The age-related changes in sex steroid production in 

healthy elderly men are of mixed testicular and neu-

roendocrine origin and can be accentuated by disease or 

its treatment. However, although many factors that can 

modulate androgen production in elderly men have been 

identified, the basis for the large inter individual varia-

tion in serum testosterone at all ages remains poorly 

understood and deserves to be identified as one of the 

major knowledge deficits in the field of andrology. 

A large body of observational data has been accu-

mulated on the question of the possible clinical conse-

quences of the decline of sex steroid hormone produc-

tion in elderly men; although most studies have limita-

tions inherent to a cross sectional design and prospec-

tive observational studies remain scarce. It is fair to 

conclude that the whole of the evidence indicates that 

these age-related hormonal changes are likely to play at 

least in some men a contributory role in part of the clin-

ical alterations that accompany aging, with some of the 

most convincing documentation pertaining to age-

related changes in body composition and senile bone 

loss. It is also clear, however, that for many clinical 

signs and symptoms in elderly men that are reminiscent 

of the clinical picture in young hypogonadal men, the 

data remain inconclusive as to a role of age-related par-

tial androgen deficiency. 

Overall, there is presently little if any conclusive 

evidence‎ for‎ a‎ role‎ of‎ ―physiological‖‎ age-related de-

cline of sex steroid production on morbidity or deteri-

oration of quality of life in elderly men; nevertheless 

this does not mean that elderly‎men‎cannot‎ suffer‎ ―pa-

thological‖‎ hypogonadism‎ with‎ markedly‎ subnormal‎

testosterone serum levels. 

A major limitation to assess the clinical impact of 

the changes in androgen production in the elderly is the 

lack of a reliable and practical marker of androgen ac-

tion in the tissues and our consequent relative ignorance 

as to physiological androgen requirements in elderly 

men in general and a fortiori as to individualized andro-

gen needs. In this context, diagnosis of hypogonadism 

in elderly men is difficult and in borderline cases always 

uncertain. In view of these diagnostic limitations and 

the inconclusive evidence that modest age-related an-

drogen deficits really matter clinically, it is advisable to 

reserve the diagnosis of hypogonadism, with its implica-

tion of considering testosterone administration, for those 

elderly men with manifest hypogonadism as established 

by the presence of both clear clinical symptoms and 

serum testosterone levels frankly below the range for 

young men. 

Given the yet-unresolved issues of the exact andro-

gen requirements in elderly men and of the real clinical 

significance of the age-associated decrease of serum 

testosterone levels, it seems wise not to label androgen 

administration or related pharmacological interventions 

in clinical‎ trials‎ in‎ the‎ elderly‎ as‎ ―substitutive‎ treat-

ment.‖‎Indeed,‎the‎latter‎implies‎that‎a‎hormonal‎deficit‎

has been established, that the hormonal treatment rees-

tablishes physiological sex steroid hormone exposure 

and by doing so corrects or prevents documented clini-

cal consequences of such a deficit. Clearly, to date we 

lack the knowledge base to fulfill these criteria. Many of 

the performed trials have included substantial propor-

tions of men with serum testosterone levels well within 

the normal range for young men. Finally, given the les-

sons from experience in the field of hormone replace-

ment therapy in menopausal women, the not uncommon 

inexplicit view that clinical introduction of a substitu-

tive treatment is acceptable with a lower level of clinical 

documentation than would be required for any classical 

pharmacological treatment should be vigorously com-

bated in the present context. Indeed, unless the elderly 

men considered for treatment are frankly hypogonadal 

they should be considered as healthy subjects even if 

they have borderline low serum testosterone levels rela-

tive to those in young men, the implication being that 

they should not be treated with testosterone or related 

compounds as long as the clinical efficacy and safety 

has not been established with the highest level of evi-

dence. Although some of the performed controlled clin-

ical trials have provided interesting results on interme-

diary endpoints suggesting the possibility of clinical 
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benefits, at present there is no demonstration of benefits 

in terms of hard clinical outcomes. Clearly, the scale of 

the studies that have been performed to date would not 

allow for establishing clinical benefit and, even less so, 

long-term safety. To perform the large-scaled studies 

needed to establish the risk-benefit profile of androgen 

administration to elderly men will require a major colla-

borative effort of scientists, the pharmaceutical industry, 

and funding agencies. Meanwhile, androgen treatment 

should be strictly reserved for elderly men with clear 

hypogonadism, who deserve equal access to treatment 

as their younger counterparts, be it that in the elderly the 

criteria for diagnosis should be more conservative and 

the follow-up more stringent. In elderly as in young 

hypogonadal men, once initiated testosterone treatment 

will usually be lifelong. A detailed discussion of treat-

ment modalities falls beyond the scope of this review. 

Evidently, in view of the higher risk for adverse events 

in the elderly, careful follow-up of treatment is manda-

tory with particular attention for erythrocytosis, prostate 

disease, arterial hypertension, and fluid retention. 

KEY POINTS 

 Ageing is associated with multiple endocrine dys-

functions. 

 Testosterone deficiency is common in men over the 

age of 60. 

 Since sex hormone binding globulin (SHBG) level 

increases with age, free testosterone levels fall more 

than total testosterone concentrations. 

 Clinical signs and symptoms of hypogonadism 

should accompany low hormone levels before tes-

tosterone treatment is considered. 

 There are multiple potential benefits for testoste-

rone treatment of older men. 

 These include increased muscle mass, strength and 

function, decreased body. 

 Fat, improved bone mineral density, improved libi-

do and, in some instances. 

 Increased erectile function and perhaps improved 

cognition and mood. 

 There are undefined potential risks of androgens on 

the prostate gland including that of symptomatic 

benign prostate hyperplasia (BPH) and cancer. 

 Exclusion criteria for testosterone treatment in the 

older male population include existing prostate can-

cer and high red blood cell mass. 

 Multiple testosterone preparations are available for 

the treatment of men with hypogonadism. 

 It is uncertain if all of the benefits of testosterone 

treatment seen in younger hypogonadal men will 

apply to older men with equal hormone levels and 

this need to be investigated. 

 It is unclear if testosterone treatment will enhance 

the risk of prostate cancer or cardiovascular disease. 

Long-term safety data are needed. 
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