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Age-related decline in testosterone levels is associated with a number of mild,Abstract
nonspecific symptoms, including depressive symptoms. The relationship between
depressive symptoms and testosterone levels is confounded by numerous factors,
including medical illness, obesity, smoking, alcohol use, diet and stress, and is
thus complex. Studies have not consistently supported an integral role of reduced
testosterone levels in major depressive disorder, although levels may often be
reduced in men with treatment-refractory depression and older men with dys-
thymia. Low testosterone levels may also increase the risk of incident depression
in older males, although this may depend upon androgen receptor genetic
polymorphisms. Testosterone replacement has demonstrated short-term tolerabili-
ty and efficacy in augmenting antidepressants to alleviate treatment-refractory
depression in adult males. Case studies support the potential need for maintenance
therapy to maintain response. In a placebo-controlled trial, testosterone monother-
apy was not effective in treating major depressive disorder in men with hypogona-
dism. However, in an open-label, noncomparative study, testosterone
monotherapy appeared effective in treating late-onset but not early-onset major
depressive disorder in older males. Testosterone therapy is not without potential
for adverse effects, the most worrisome of which is the worsening of pre-existing
prostate carcinoma. Oral, short- and long-acting parenteral, and transdermal patch
and gel formulations are available. Testosterone has demonstrated usefulness in
the treatment of a number of depressed populations, but further studies are needed
to fully elucidate its role in the treatment of depressive syndromes in the aging
male.

Depression in elderly males is a significant pub- age 65 years, doubling by age 85 years.[2] This
lic health problem. It is under-recognised and under- problem is not unique to the US. Men over the age of
treated in this population.[1] The most striking statis- 75 years had the highest rates of suicide in all but
tics reflecting this problem are suicide rates. In the one country reporting suicide data to the WHO.[3] In
US, the highest rates of suicide are in men over 65 contrast, the highest rates of suicide in women occur
years of age. The rate continues to increase beyond between the ages of 45 and 54 years. Rates in age
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groups above 65 years are 4–10 times higher in men prior to 1996 or not found in our searches and that
were important to this manuscript.than in women, and the rates in women remain fairly

stable beyond age 65 years.[2] This begs the question
1. Testosterone and Aging– what occurs as males age that predisposes them to

depressive syndromes and suicide? It is likely the
answer is complex, with a myriad of factors contrib- 1.1 Testosterone Metabolism
uting to the problem. Hypogonadism can lead to

The hypothalamic-pituitary gonadal (HPG) axisdepressive syndromes and other psychological prob-
controls testosterone production in men. Gonado-lems, including anxiety, irritability, insomnia, mem-
tropin-releasing hormone (GnRH) secreted from theory impairment and reduced cognitive function.[4]

hypothalamus stimulates the pituitary gland to re-Physical manifestations of hypogonadism can in-
lease luteinizing hormone (LH), which in turn stim-clude weakness, fatigue, osteoporosis, reduced
ulates testicular Leydig cells to produce testoster-muscle mass and sexual dysfunction in the form of
one. Testosterone is metabolised to dihydrotestos-oligospermia, diminished libido and impotence.[4]

terone by 5α-reductase, and aromatase convertsThese problems may resolve with the initiation of
dihydrotestosterone to estradiol. Further secretion of

testosterone replacement therapy.[4] More pertinent
GnRH is inhibited by increasing levels of testoster-

to this review is the question of whether the age-
one. Approximately 80% of testosterone is bound to

related gradual decline in bioavailable testosterone
sex-hormone-binding globulin (SHBG). Testoster-

levels contributes to the high rate of depressive one also binds to other serum proteins, including
syndromes and suicide in elderly males. Is there a albumin. Ultimately, about 2% exists unbound as
subpopulation of depressed males that may benefit free testosterone. Testosterone that is not bound to
from testosterone replacement therapy or antide- SHBG, including that bound to albumin, is referred
pressant augmentation with testosterone? The aim to as bioavailable testosterone. This is generally
of this review is to assess the literature pertinent to considered the biologically active portion of testos-
the role of testosterone in the treatment of late-life terone. Testosterone production follows a circadian
depression, such that an evidence-based recommen- rhythm in younger males, with peak levels occurring
dation on its use can be made. at approximately 8.00am.[5,6]

A MEDLINE search was conducted (January
1.2 Changes in Testosterone Levels1966–June 2003) combining the terms ‘testoster-
with Agingone’ and ‘depression’ or ‘depressive disorder’. Cita-

tions were limited to articles about humans and The aging process results in a lowering of total,
written in English. Studies were included if they especially free and bioavailable, testosterone levels.
involved the assessment of testosterone levels and Free testosterone levels decline at a rate of approxi-
depressive symptoms, or testosterone was adminis- mately 1% per year between the age of 40 and 70
tered and depressive symptoms monitored. Case years.[7] Concurrently, total serum testosterone
reports were included if they added information levels decline at an approximate rate of 0.4% per
beyond that found in larger or controlled trials. For year.[7] Levels of SHBG increase at a rate of approx-
background information, a MEDLINE search was imately 1.2% per year during this time period and
conducted (January 1996–June 2003) using the the resultant increased binding of testosterone to
terms ‘testosterone’ and ‘aging’. Articles providing SHBG provides an explanation for a substantial
relevant information were included and article refer- portion of the decline in free testosterone levels.[6,7]

ence lists were used to identify studies published This decline is reputed to result in a change in body
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composition manifested as increased body fat and hormone levels. Because of this the physiological
and emotional effects of declining testosteronereduced muscle mass.[8] Aging is associated with
levels may not be as obvious as the effects of meno-reduced Leydig cell function and HPG axis sensitiv-
pause. This has caused some to prefer the termity. Thus, aged men have more difficulty compen-
‘climacteric’, which refers to climbing down thesating for the reduction in testosterone levels.[9] The
rungs of a ladder, as opposed to ‘andropause’ orcircadian rhythm of testosterone production is also
‘viropause’, which suggests a process analogous toreduced as men age. Levels seen in elderly men
menopause. The terms ‘low-testosterone syndrome’,throughout the entire day are similar to the nadir
‘partial androgen deficiency in the aging malelevels seen in younger men at around 8.00pm.[10]

(PADAM)’, and ‘androgen decline in the agingAndrogen receptor genetics appear to modify the
male (ADAM)’ have also been used. The currenteffect of age on testosterone levels. Men with short-
authors prefer ADAM as it is least dependent uponer androgen receptor CAG repeat lengths had a more
defining low testosterone levels in aging males as arapid decline in testosterone levels in one longitudi-
syndrome and is simply descriptive of the agingnal study, the Massachusetts Male Aging Study.[11]

process. The validity of ADAM as a clinical syn-The sample included 882 men with a mean baseline
drome depends upon the strength of the relationshipage of 53 years. The average follow-up period was 8
between low testosterone levels and the clinicalyears. This modifying effect on testosterone levels
pathology of the syndrome, and the ability of themay be due to the modulation of androgen receptor
testosterone replacement therapy to alleviate thesensitivity by the CAG repeat length polymorphism,
pathology. The decrease in testosterone levels asso-leading to more negative feedback on testosterone
ciated with aging may not be considered pathologic,release at the same level of testosterone in men with
as menopause is not pathologic, but hormone re-shorter CAG repeats.
placement therapy may be considered for its poten-

The most commonly cited lower limit of normal tial benefits in overall health and quality of life. The
for total plasma testosterone levels is 350 ng/dL. aging course is clearly associated with a reduction in
However, testosterone assays differ among laborato- testosterone levels and an increase in the prevalence
ries and it has been suggested that each laboratory of sub-normal levels.
should establish its own normal range.[9] There is
also some debate as to what becomes ‘normal’ as a 2. Testosterone and Factors Other
man ages, since this cut-off is based upon levels Than Aging
seen in middle-aged men. The prevalence of total
testosterone levels <350 ng/dL has been estimated to Testosterone secretion can be affected by a multi-
be 7% in men aged 40–60 years, 20% in men aged tude of factors, including medical illness, obesity,
60–80 years and 35% in men over 80 years of smoking, alcohol use, diet and stress. Some re-
age.[12] When considering free testosterone, 60% of searchers argue that the relationship between low
very healthy men between the age of 60 and 80 testosterone levels and the nonspecific physical,
years, evaluated by one laboratory, were hypotestos- sexual and emotional states attributed to testoster-
teronemic when compared with the normal range for one deficiency is actually due to worsening health,
young males.[13] With these prevalence rates it is which leads to reduced testosterone levels. It is true
obvious why some authorities may feel that it is that causation is very difficult to establish, as testos-
inappropriate to label a low testosterone level in an terone affects, and is affected by, so many things.
aged male pathologic. Total testosterone levels in Arguments inevitably resemble those of whether the
males decline slowly with aging, in contrast to fe- chicken or egg came first. It is not the place of this
male menopause, which represents a rapid decline in review to argue for or against the existence of a
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testosterone deficiency syndrome in aged males. In In another study,[14] patients were evaluated after
myocardial infarction. In younger patients, testoster-fact, the clinical relevance of whether testosterone
one levels were significantly reduced early afterdeficiency is the absolute cause of the symptoms
myocardial infarction, then rebounded as the pa-could even be questioned, unless the underlying
tients recovered. Elderly patients did not experiencecauses were readily reversible by other means. Ulti-
this fluctuation in testosterone levels. Cortisol levelsmately, the utilitarian questions for clinicians are
remained the same through this period in youngerwhether testosterone replacement therapy results in
and older patients, suggesting that testosterone se-a resolution of the described symptoms and in whom
cretion was not suppressed by cortisol.[14] The mech-the therapy is likely to be of benefit. Regardless, it is
anism by which myocardial infarction leads to re-important to understand the many factors that can
duced testosterone levels is unclear;[14] however, it isaffect testosterone levels.
notable that testosterone administration can reduce
myocardial ischaemia.[15,16]

2.1 Medical Illness

2.2 Obesity
Medical illness is the most important confounder

in the relationship between mild testosterone defi- Obesity may be related to testosterone levels
ciency and the symptoms it is purported to cause. through multiple mechanisms. The most obvious is
The relationship between testosterone and medical through increased aromatase activity. Aromatase is
illness was characterised most clearly in a cross- located in fatty tissue; thus, increased fat mass re-
sectional study of 1709 men aged 39–70 years.[7] sults in increased aromatase and, consequently, con-
Subjects were classified as either healthy or un- version of testosterone to estrogen. The resultant
healthy. Subjects considered unhealthy comprised hormone balance is thought to favour visceral fat
1294 patients who were obese, alcoholic, taking at deposition, worsen the hypogonadal-obesity cycle,
least one prescription medication and/or chronically and contribute to the development of the CHAOS
ill. At each level of age, testosterone levels were complex (coronary artery disease, hypertension,
approximately 10% lower in the unhealthy group adult-onset diabetes mellitus [type 2 diabetes], obes-
than the healthy group. The rate of reduction in ity and/or stroke).[8]

levels associated with age in each group was similar In a study of 696 British men, Allen et al.[17]

– approximately 1% per year of age. Thus, health found, on average, 30% lower total testosterone,
status was associated with lower levels of testoster- 45% lower SHBG and 5% lower free testosterone
one, but not an acceleration of the rate of decline in levels among men with a body mass index (BMI)
levels. The unhealthy group in this study was not ≥30 kg/m2 in contrast to men with a BMI <20 kg/
homogenous. Alcohol use, obesity, and some pre- m2. A high waist circumference was associated with
scription medications can affect testosterone pro- 12% lower testosterone and SHBG levels, but no
duction and may have accounted for some of the difference in free testosterone levels. Glass et al.[18]

differences in testosterone levels, apart from the reported that total testosterone levels were reduced
medical illness of patients. An alternative hypo- by 63% in a group of 10 massively obese men
thesis that cannot be ruled out due to the cross- (200–380% of ideal bodyweight) compared with
sectional nature of this study is that lower testoster- control subjects. SHBG levels were also reduced
one levels predisposed some of the unhealthy men to substantially, such that free testosterone levels were
being unhealthy. As is usual with testosterone, the decreased by only 21% compared with control sub-
relationships are complex and it is likely that no jects. In a group of mildly obese men (>20% over
single answer is sufficient. ideal bodyweight) who were free of concomitant
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disease states, free and total testosterone levels were were no differences between diet groups in free
reduced by 25% and 19%, respectively.[7] Thus, testosterone levels.
reductions in total testosterone appear to correlate

2.6 Physical and Mental Stresswith the degree of obesity. In contrast, free testoster-
one levels are reduced in obesity, but do not neces- Compared with no exercise, vigorous exercise
sarily correlate with the degree of obesity due to for 3 or more hours per week was associated with
changes in SHBG levels. Obesity may be an impor- 11% higher testosterone and 16% higher SHBG
tant confounder due to the vascular component in levels, but no difference in free testosterone
some cases of late-life depression.[1]

levels.[17] Strength training causes an age-dependent
increase in testosterone levels immediately after ex-

2.3 Smoking
ercise, but men engaging in regular strength training
have not shown increased testosterone levels rela-Smoking is usually associated with an increase in
tive to controls (sedentary men).[23] During ultra-total testosterone levels, when subjects are matched
marathon competitions, decreased testosterone andfor age and bodyweight.[14,19] English et al.[20] found
increased cortisol levels have been observed in com-increased levels of total and free testosterone, as
petitors versus controls (medical team that observedwell as SHBG, in smokers compared with non-
the race).[24] Physical stress and overtraining resultsmokers, matched for age and BMI, but no differ-
in elevated cortisol levels with stimulation of theence in bioavailable testosterone levels. The study
hypothalamic-pituitary adrenal axis. Mental stressof 696 British men by Allen et al.[17] reported that
also increases cortisol levels. Decreased testosteronesmoking ten or more cigarettes per day was asso-
level has been observed under periods of bothciated with 15% higher testosterone levels and 22%
mental and extreme physical stress,[23] and in menhigher SHBG levels. Thus, it was not surprising that
reporting high psychological stress compared withthere was no difference in free testosterone levels,
their counterparts who have reported low psycho-compared with men who had never smoked. The
logical stress.[25] Reduction of stress has been asso-mechanism by which smoking might affect testos-
ciated with an increase in testosterone levels.[23] Theterone levels is unclear.[12] The clinical importance
exact nature of any potential relationship betweenof the effect of smoking on testosterone is not appar-
cortisol and testosterone secretion has not been elu-ent.
cidated. In general, testosterone is reduced and cor-
tisol is increased under periods of mental or extreme2.4 Alcohol
physical stress. Testosterone rises and cortisol levels

Alcohol consumption in chronic alcoholics re- decrease when stress subsides.[23] The importance of
sulted in dose-dependent reductions in testosterone stress in any relationship between testosterone and
levels ranging from 19% to 27%. Discontinuation of depression is unclear.
alcohol consumption resulted in a return to normal
testosterone levels.[21] 3. Testosterone and Depression

Studies examining the relationship between tes-2.5 Diet
tosterone and depression in men have found con-

A vegetarian diet (versus conventional) did not flicting results. It is likely that the relationship is
affect testosterone levels, nor did residency in a care quite complex, with genetic, environmental and per-
facility (versus home care).[14] Allen et al.[22] found sonality factors playing a role. It is unclear whether
that vegan men had higher SHBG and testosterone hypogonadism causes major depression or depres-
levels than vegetarians and meat-eaters, but there sive states, increases stress vulnerability or leads to

 2004 Adis Data Information BV. All rights reserved. Drugs Aging 2004; 21 (6)



366 Carnahan & Perry

resistance to standard treatments. Due to the cross- compared with 13 nondepressed controls of com-
sectional nature of most studies, one cannot also rule parable age. The investigators also found increased
out the hypothesis that depression leads to low tes- metabolic clearance of testosterone, but no differ-
tosterone levels in some individuals due to complex ence in testosterone production rate, in 15 men with
interactions between hormones and emotion. How- depression with a mean age of 40.9 years compared
ever, it does seem that mildly reduced testosterone with 12 nondepressed controls of similar age.
levels are not sensitive or specific in predicting any Yesavage et al.[30] reported that testosterone levels
type of depression. were inversely correlated with severity of depres-

sion in 18 men with endogenous depression, whose
3.1 Longitudinal Studies in Major demographic characteristics were otherwise poorly
Depressive Disorder defined. Swinden et al.[31] studied 30 men with rheu-

matoid arthritis between 25 and 65 years of age andStudies of testosterone in major depressive disor-
found no relationship between depression and tes-der in males have been inconclusive. Sachar et al.[26]

tosterone levels, although there was a nonsignificantstudied 15 men aged 46–78 years with psychotic,
trend towards higher free testosterone levels in pa-neurotic, or manic depression that, in most cases,
tients with more anxiety and depressive symptoms.was associated with decreased libido or aggressive
Schweiger et al.[32] studied testosterone, pulsatilebehaviour. Most of these men received electrocon-

vulsive therapy and no antidepressants. The investi- LH secretion, follicle-stimulating hormone (FSH)
gators observed no significant change in total plas- and cortisol in 15 male inpatients (mean age 48 ± 15
ma or urinary testosterone levels during illness until years; mean BMI 24.3 ± 4.2 kg/m2) with moderate-
recovery. Levels were similar to those seen in to-severe depression, and 22 healthy controls of
healthy controls. Testosterone levels were not asso- similar age and BMI. The investigators observed
ciated with cortisol production rates. Shaw et al.[27] significantly lower night-time (5.3 vs 8.2 nmol/L)
studied 14 men and women of unreported age with and 24-hour mean testosterone (5.7 vs 8.0 nmol/L),
depression and found no change in total testosterone lower LH pulse amplitude, and higher 24-hour mean
levels during illness until following recovery. Cor- cortisol in the men with depression compared with
tisol levels were elevated during illness and after healthy controls. There was a trend towards lower
recovery. Steiger et al.[28] evaluated nocturnal secre- daytime testosterone in the men with depression
tion of testosterone and cortisol in 12 male in- versus healthy controls (6.0 vs 7.8 nmol/L;
patients with major endogenous depression, aged p = 0.09). Kaneda and Fujii[33] found no difference
21–66 years, during depression and following re- in total testosterone levels between 11 patients with
mission. During illness, patients had reduced night- depression and 11 age-matched healthy males aged
time testosterone and elevated night-time cortisol ≥50 years. They also found no relationship between
secretion in contrast to the remission period. No depressive symptoms and testosterone levels in
clear pattern of testosterone changes throughout the either group. Seidman et al.[34] studied men aged at
course of depression has been identified. least 60 years with dysthymia (n = 32), major de-

pressive disorder (n = 13) and without depression
3.2 Cross-Sectional Studies in Major

(n = 175). Median total testosterone levels were
Depressive Disorder or Dysthymia

lower in the men with dysthymic disorder (295 ng/
dL) compared with men with major depressive dis-Vogel et al.[29] observed lower total (4.48 vs 6.82
order (425 ng/dL) or no depression (423 ng/dL).µg/L) and free indices (2.36 vs 3.30 µg/L) of testos-
Testosterone abnormalities in major depressive dis-terone in 27 outpatient males with primary, unipolar,

neurotic depression and a mean age of 39.5 years order are not consistent or obviously detectable and

 2004 Adis Data Information BV. All rights reserved. Drugs Aging 2004; 21 (6)



Testosterone for Depression in Elderly Men 367

any relationship with the disorder needs further clar- tionship between testosterone levels and depression
ification and exploration of the importance of de- in the men with higher testosterone disappeared.[36]

pressive subtypes. However, it appears possible that Whether high levels of testosterone are caused by, or
some older men with dysthymic disorder are dis- are a cause of, antisocial or risk-taking behaviour is
playing symptoms of ADAM. not clear.

Perry et al.[37] studied the relationship of bioavail-
3.3 Population-Based, Cross-Sectional able testosterone with anxiety and depressive symp-
Studies of Testosterone and toms, among other things, in a group of 78 males
Depressive Symptoms aged 55–75 years. Bioavailable testosterone de-

creased with age, and lower bioavailable testoster-Barrett-Connor et al.[35] studied testosterone and
one was associated with fewer depressive symp-depressive symptoms in a cross-sectional, popula-
toms. The investigators actually found that increas-tion-based study of 856 men aged 50–89 years.
ing age was associated with fewer anxiety andBioavailable testosterone was significantly and in-
depressive symptoms and greater emotional well-versely associated with scores on the Beck Depres-
being. This study highlights the many complexitiession Inventory (BDI), independent of age, weight
that contribute to a person’s mood and sense of well-change and physical activity. Both low bioavailable
being. While testosterone and mood may affect onetestosterone and high BDI scores were associated
another, a multitude of other factors modifies anywith weight loss and lack of physical activity.
potential relationship.Booth et al.[36] conducted the largest published

Seidman et al.[38] studied the relationship be-study to date to evaluate the association between
tween testosterone levels, androgen receptor poly-testosterone and depression. The investigators
morphism and depressive symptoms in 1000 menanalysed a random sample of 4393 Vietnam veter-
aged 48–79 years (mean 62.6 years). They identifiedans aged 30–48 years, raising question as to the
110 men with ‘depression’ defined by scores on theapplicability of the findings to older males. Morning
Center for Epidemiologic Studies-Depression Scale.total testosterone levels were measured. The Diag-
They found no crude relationship between testoster-nostic Interview Schedule items from the Diagnostic
one level and depression; however, when subjectsand Statistical Manual of Mental Disorders, third
were stratified into tertiles by androgen receptoredition, were assessed, including items related to
CAG repeat length and quintiles by testosteroneappetite, sleep, fatigue, interest in sex, feelings of
levels, a relationship was found in the tertile with theworthlessness, trouble thinking and thoughts of
shortest CAG repeat lengths. In this group, lowerdeath. These investigators also assessed the impact
total testosterone levels were associated with moreof psychosocial factors on the relationship between
depression. The prevalence of depression wastestosterone level and depression. They found a
21.6% in the quintile with the lowest and 4.2% in thecurvilinear relationship between testosterone level
quintile with the highest total testosterone levels.and depression. In patients with total testosterone
Thus, a shorter androgen receptor may increase vul-levels <590 ng/dL, increasing testosterone levels
nerability to depression in the face of hypogo-were associated with fewer depressive symptoms.
nadism. The investigators suggested that this may beNo psychosocial factors affected this relationship.
due to a more reactive testosterone-androgen recep-Among men with levels >590 ng/dL, higher testos-
tor system, as shorter CAG repeat lengths have beenterone levels were associated with more depressive
associated with increased transcriptional activity,symptoms. After adjustment for psychosocial risk
i.e. more androgen receptor production. This in-factors (antisocial and risk behaviours) and protec-
creased reactivity may also mean increased sensitiv-tive factors (marriage and employment), the rela-

 2004 Adis Data Information BV. All rights reserved. Drugs Aging 2004; 21 (6)



368 Carnahan & Perry

ity to negative feedback by testosterone. Another inwardly directed aggressive behaviour.[42] In con-
potential explanation for the finding would be that trast to the studies of testosterone and outwardly
because men with shorter CAG repeat lengths expe- directed aggression, they did not find associations
rience a faster decline in testosterone levels,[11] they between high levels of testosterone and deviant ag-
experience more symptoms associated with the de- gressive impulses, impulsiveness or substance use
cline. This seems less likely since testosterone levels disorder. They did find positive correlations be-
decline slowly with age regardless of androgen re- tween CSF testosterone levels and ratings of irrita-
ceptor genotype. bility and verbal aggression in patients with cluster

B (antisocial, borderline, narcissistic and histrionic)
3.4 Testosterone and Risk of Depression personality disorders. This seems an intuitively ob-

vious finding since these patients with lifelong his-Only one study to date has evaluated the risk of
tories of impulse control difficulties and aggressivedepression associated with hypogonadism with a
behaviour are the most predictable personality inlongitudinal design.[39] A group of 1456 older men
whom to expect this relationship to exist. Overall,(mean age 65 years) were followed-up for 2 years.
this group of males who attempted suicide had lowerThose with untreated hypogonadism were two to
CSF testosterone levels than the previously studiedthree times more likely to develop depression com-
group of impulsive alcoholic offenders with antiso-pared with men with eugonadism and men receiving
cial personality disorders.[40,42] The investigators didtestosterone replacement therapy.[38,39]

not feel that this study supported their hypothesis
that elevated testosterone level is associated with3.5 Testosterone, Impulsive Aggression and
inwardly directed aggressive behaviour. They con-Suicide Attempts
cluded that any relationship between high testoster-

Suicide may be perceived as an aggressive beha- one level and impulsive aggression was more likely
viour directed towards oneself. As suggested in the to apply to aggression directed at others.[42]

study of Vietnam veterans presented in section
3.3,[36] elevated levels of testosterone have been 4. Effects of Testosterone Administration
associated with a repetitive pattern of aggressive on Depression
behaviour beginning early in life and a repetitive
pattern of aggressiveness while intoxicated with al-

4.1 Testosterone Replacement in Males with
cohol. This was the conclusion of Virkkunen et

Hypogonadism not Selected for Depression
al.[40] when they reviewed the literature on this topic.
They also examined cerebrospinal fluid (CSF) tes- Hypogonadism in a group of men aged 25–40
tosterone levels in alcoholic impulsive offenders years who had never been treated was associated
with antisocial personality disorder and concluded with more depression, fatigue, confusion and anger
that high levels of CSF testosterone may be asso- compared with healthy controls. Testosterone re-
ciated with outward directed aggressiveness or placement therapy for 1 year in the same hypogo-
interpersonal violence. Other authors noted that the nadal men improved some of these parameters, but
association between elevated testosterone and ag- not depression. The experience of drastically
gression has only been found when study popula- delayed puberty in these men may have contributed
tions were chosen based upon a history of outwardly to their continued depression.[43] A case study of a
directed violent behaviour.[41] similar male whose chronic testosterone deficiency

CSF testosterone levels were measured in 43 was not discovered until the age of 31 years de-
males who attempted suicide, with the hypothesis scribed improvement in mood symptoms over 4
that elevated testosterone may be associated with years of testosterone replacement therapy. He start-
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ed out as actively suicidal, the cause of which trials must be interpreted with caution, these studies
suggest that low testosterone levels can lead to nega-seemed to be his identity struggles from knowing he
tive mood symptoms and testosterone replacementhad not developed like other males. As his physical
can improve mood-related parameters in men withpuberty developed and he received concurrent psy-
hypogonadism.chotherapy, he experienced sustained psychological

improvements in ego strength, self-confidence, so-
cial presence and libido. It is difficult to apply these

4.2 Testosterone Replacement Therapy for
observations to older males as the untreated patients

the Treatment of Depression
with hypogonadism are a different type of patients, in Hypogonadism
but they do lend some support to the hypothesis that
testosterone replacement therapy can improve de-

Seidman and Rabkin[46] studied testosterone re-pression.[44]

placement to augment treatment with selective sero-
The largest studies focusing on mood changes tonin reuptake inhibitors (SSRIs) in five men with

with testosterone replacement therapy in younger hypogonadism. All had major depression refractory
males with hypogonadism were conducted by Wang to at least 2 months of a maximum tolerated dose of
et al.[45] The studies almost exclusively included an SSRI. The mean age at baseline was 40 years
men who had been treated before, eliminating the (range 34–50 years) and the mean total serum testos-
confounding effects of delayed puberty. Firstly, they terone level at baseline was 277 ng/dL (range
studied 51 males with hypogonadism, aged 22–62 223–320 ng/dL). The median duration of SSRI ther-
years, in whom testosterone replacement therapy apy at baseline was 3 months and the median dura-
was discontinued for at least 6 weeks. At the base- tion of the current depressive episode was 12
line, untreated condition, all men had total testoster- months. Patients were treated with testosterone
one levels <250 ng/dL. While untreated, serum tes- enantate 400mg intramuscularly every 2 weeks for 8
tosterone (area under the curve) correlated positive- weeks. Depression in all patients remitted rapidly
ly with friendliness and sense of well-being, and with testosterone replacement therapy. The mean
correlated negatively with nervousness, irritability Hamilton Depression Rating Scale (HAM-D) score
and tiredness. These correlations were weak, but decreased from 19.2 at baseline to 7.2 by week two.
consistent across positive and negative mood para- Total testosterone levels during treatment ranged
meters. Testosterone replacement therapy for 60 from 980 to 1215 ng/dL, which were mostly above
days led to decreases in anger, irritability, sadness, the laboratory’s normal range of 300–990 ng/dL.
tiredness and nervousness, and improvements in After the 8-week study, four patients entered a
energy level, friendliness and sense of well-being. 6-week maintenance phase. At the end of this
Correlations between testosterone and mood para- period, these four patients received placebo injec-
meters disappeared after testosterone replacement tions under single-blind conditions and continued
therapy, suggesting that these relationships are not SSRI treatment. Three of the four patients relapsed
noticeable within the normal range of testosterone within the next 2 weeks, with the mean HAM-D
levels. They followed-up this study by evaluating score worsening from 2.7 to 11.3 over the 2-week
the effects of 6 months of testosterone replacement period. This study supports the use of testosterone
therapy in 30 males with hypogonadism aged 20–59 replacement therapy for the augmentation of SSRI
years. During the 6-month treatment period the pa- therapy in men with hypogonadism with treatment-
tients were less nervous, more alert and energetic, refractory major depressive disorder, and suggests
and friendlier compared with the baseline, treat- that some degree of maintenance therapy may be
ment-free period. While the results of open-label necessary to sustain the benefits on mood.[46] The

 2004 Adis Data Information BV. All rights reserved. Drugs Aging 2004; 21 (6)



370 Carnahan & Perry

small sample size and open-label nature of the study tinued their previous antidepressant regimen. Mean
are major limitations. baseline HAM-D scores were 21.8 in patients treat-

ed with testosterone gel and 21.3 in those whoIn another study, Seidman et al.[47] studied testos-
received placebo. Patients treated with testosteroneterone replacement as monotherapy for major de-
gel had a mean total testosterone level of 789 ng/dLpressive disorder in men with hypogonadism (total
after 1 week of treatment compared with 249 ng/dLtestosterone level ≤350 ng/dL). This was a 6-week,
in patients treated with placebo. One patient treatedrandomised, double-blind trial in which 13 men
with testosterone gel did not return after the baselinereceived testosterone enantate 200mg intramuscu-
visit. Three patients treated with testosterone gellarly weekly and 17 received placebo injections. The
actually had increases of <70 ng/dL in testosteronemean age of patients was 52 years (range 35–71

years). The mean total serum testosterone level at levels, suggesting the possibility of noncompliance.
baseline was 266.1 ng/dL and the mean baseline These patients had little improvement in their de-
HAM-D score was 21. The mean testosterone level pressive symptoms. Despite this, the patients treated
in the treatment group at endpoint was in the upper- with testosterone gel improved at a faster rate than
normal range (981.3 ng/dL). HAM-D scores im- the patients treated with placebo on the HAM-D.
proved to means of 10.1 in the treatment group and Testosterone was superior to placebo in the treat-
10.5 with placebo. In the treatment group, 38.5% (5/ ment of both vegetative and affective symptoms,
13) of patients responded, defined by ≥50% reduc- showing that improvements were not solely in so-
tion in HAM-D score, compared with 41.2% (7/17) matic symptoms such as fatigue and libido. With
in the placebo group. The only identifiable differ-

regard to degree of response, three patients treated
ence between these treatment groups was a small

with testosterone gel had improvements of >50% on
improvement in sexual functioning in the treatment

the HAM-D and three had improvements from 36%
group. This study suggests that testosterone mono-

to 43%. No patient treated with placebo had antherapy is not an efficacious treatment for major
improvement of >30% on the HAM-D. Changes indepressive disorder, even in hypogonadism.[47] It
the BDI scores were not significantly different be-may be efficacious in treating depressive syndromes
tween the groups, but the trend favoured testoster-in men with hypogonadism, but once major depres-
one enough to suggest a type II error caused bysion is present, an antidepressant may also be
limited sample size. Clinical Global Impression-needed.
Severity scores improved at a faster rate in the

Most recently, testosterone gel supplementation
patients treated with testosterone gel than the pa-

was studied to augment antidepressant therapy in
tients treated with placebo. Overall, the response tomen with a low or borderline morning total serum
testosterone supplementation was not particularlytestosterone level (100–350 ng/dL) and treatment-
robust; however, it was clinically significant, espe-refractory depression.[48] Of 56 treatment-refractory
cially as it was in treatment-refractory patients. Onepatients aged 30–65 years who were screened, 24
patient treated with testosterone gel developed in-(42.9%) patients had total morning testosterone
creased nocturia and difficulty with urination, sug-levels ≤350 ng/dL. This observation alone is impor-
gesting an exacerbation of benign prostatic hyper-tant in that it suggests a high rate of hypogonadism
plasia (BPH). He also had no improvement in de-in men with treatment-refractory depression, even in
pression and was thus withdrawn from the studya non-elderly patient population. Twelve patients
after 4 weeks. No other adverse events were attribut-were randomly assigned to 1% testosterone gel

(10 g/day) and ten to placebo gel. All patients con- ed to testosterone.[48]
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4.3 Testosterone Treatment for Late-Life 5. Special Populations
Depression in Eugonadal Males

The only study to examine testosterone therapy 5.1 Testosterone in Parkinson’s Disease
for the treatment of depression in eugonadal males
was an open-label study of 15 males with major Testosterone replacement therapy in Parkinson’s
depressive disorder who were >50 years of age.[49] disease has recently been evaluated. In one Parkin-
Eugonadal was defined as having a free testosterone son’s disease registry, 24 of 68 patients (35%) had
level within the normal range for men of their age. total testosterone levels <325 ng/dL. Improvement
Patients were antidepressant-free for at least 1 year in nonmotor symptoms that were consistent with
before and during the study. There was a 2-week ADAM was described in a series of five patients
placebo lead-in period followed by randomisation to treated with testosterone replacement therapy.[50]

receive either a physiologic (100mg) or supraphysi- This finding was followed by an open-label study
ologic (200mg) dose of testosterone cipionate intra- of testosterone replacement therapy in ten men with
muscularly on a weekly basis for 6 weeks. Parkinson’s disease and testosterone deficiency, de-

Overall, the mean HAM-D score decreased from fined by a free testosterone level <80 ng/L, who also
20.1 to 11.9, which was significant. There was no displayed symptoms consistent with ADAM. Each
difference by dosage group in response to testoster- man applied testosterone gel 5g daily (equivalent to
one cipionate or in testosterone levels achieved testosterone 5mg). Patients were ≥45 years of age
during treatment. The most interesting finding of (mean 70.8 years) and had a Mini-Mental State
this study was that the ten patients with late-onset Examination score ≥26 (mean 28.2). A battery of
depression (first episode at age ≥45 years) had a tests that included the St Louis Testosterone Defi-
much greater response than the five with early-onset ciency Questionnaire, the HAM-D and the Hamilton
depression. The mean HAM-D scores in those with Anxiety Questionnaire (HAM-A) were adminis-
late-onset depression decreased from 19.8 to 9.3 tered.
compared with a decrease from 20.8 to 17.0 in those At baseline, the mean number of symptoms re-
with early-onset depression. These group differ- ported on the St Louis Testosterone Deficiency
ences were statistically significant (p = 0.011). Six Questionnaire was 7.9, compared with 5.6 at
of ten patients with late-onset depression responded, 1-month follow-up, which was a significant change.
defined by a HAM-D score reduction of ≥50%, Six patients were evaluated after 3 months of treat-
compared with none of the five patients with early- ment and the mean number of testosterone deficien-
onset depression. Five of ten patients with late-onset cy symptoms was 5.8. This change from baseline
depression experienced remission, defined by a final was of borderline significance (p = 0.08). There
HAM-D score of ≤7, compared with none with were mild improvements on most of the measured
early-onset depression. Correlations between testos- symptoms. The mean HAM-D and HAM-A scores
terone levels and HAM-D score changes suggested were 13.6 and 17.9 at baseline and did not show
that higher doses were not beneficial in improving significant improvement after 1 or 3 months. There
response. was a trend towards significant improvement on the

This study suggests that testosterone monother- HAM-A with a mean score of 15.0 at 1 month
apy may be effective in the treatment of late-onset (p < 0.1), but this was lost after 3 months of treat-
depression in older, eugonadal males.[49] A placebo- ment. It is notable that these scores do not reflect
controlled follow-up study that also compares tes- severe symptoms of anxiety and depression, thus a
tosterone therapy to conventional antidepressants is robust effect would be difficult to observe. The
needed. investigators noted that only four of ten patients had
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a doubling of free testosterone level, suggesting that on lipids and cardiovascular risk are still not clear.
a higher dose might have been more helpful for Thus, it is prudent to obtain a fasting lipid profile at
some patients. To date, the evidence for the use of baseline and at least yearly thereafter if maintenance
testosterone in Parkinson’s disease with comorbid testosterone therapy is administered. Androgens al-
depressive and other symptoms of ADAM is not so occasionally cause fluid retention, which may
compelling, but the strategy deserves evaluation in a affect cardiovascular risk. Liver toxicity has also
placebo-controlled trial.[51] been attributed to testosterone therapy, although the

alkylated forms are almost exclusively responsible.
5.2 Testosterone in HIV Infection These are not recommended. Regardless, it is also

prudent to check liver function tests at baseline,A number of mechanisms may lead to hypogona-
quarterly for the first year, and yearly thereafter ifdism in patients with HIV infection. Approximately
maintenance therapy is employed.[54]

15–20% of patients receiving potent antiretroviral
Obstructive sleep apnoea is a potential problemtherapy and 50% of patients with AIDS are hy-

with testosterone replacement therapy that has notpogonadal. Testosterone deficiency contributes to
been well characterised. In one series of five menloss of lean body mass, insulin resistance, anaemia,
with hypogonadism who were administered testos-osteoporosis, dyslipidaemia, increased truncal fat
terone replacement therapy for 6 weeks, obstructiveand increased depressive symptoms in men infected

with HIV. In placebo-controlled trials, testosterone sleep apnoea developed in one man and markedly
replacement therapy has been shown to increase worsened in another. Both had reductions in oxygen
weight, lean body mass, libido and energy, and saturation, increased haematocrit, and developed
decrease depressive symptoms.[52] Currently, these cardiac dysrhythmias during sleep. All patients had
findings are only indirectly relevant to non-HIV- a decrease in hypoxic ventilatory drive when on
infected older males, as the hypogonadal symptoms testosterone therapy.[55] Paradoxically, nocturnal
are similar in HIV-infected and older populations. testosterone secretion is reduced in men with ob-
However, with more effective HIV treatment regi- structive sleep apnoea, even after adjusting for obes-
mens, the population of older HIV-infected men will ity and age. Sleep fragmentation and hypoxia had
undoubtedly grow in years to come. Testosterone the greatest association with decreased testoster-
replacement therapy may be an important treatment one.[56] The development of dysrhythmias also con-
modality in these men. trasts the evidence that testosterone administration

can reduce myocardial ischaemia in men with coro-
6. Adverse Effects and Monitoring of nary artery disease and chronic stable angina, prob-
Testosterone Therapy ably due to coronary vasodilation.[15,16,57] There is

not enough evidence at this time to recommendAcne, gynaecomastia, oedema and local reac-
routine monitoring for sleep apnoea in patients re-tions to injections or patches are the most commonly
ceiving testosterone replacement therapy, butreported adverse effects seen with testosterone re-
clinicians should be aware of the potential problem.placement therapy.[6] Polycythaemia may also occur

Prostate carcinoma is the most worrisome poten-and periodic haematologic assessments are recom-
tial problem with testosterone therapy. Pre-existingmended, although men with hypogonadism may be
prostate carcinoma is an absolute contraindication toanaemic and an increase in haematocrit within the
testosterone; however, testosterone therapy does notnormal range might be considered beneficial for
cause prostate carcinoma, but only accelerates ansome.[53] Evidence is beginning to suggest that an-
existing carcinoma. Also, testosterone therapy doesdrogens may actually be beneficial in coronary ar-
not cause BPH,[53] although at least one study de-tery disease.[15,16] However, the effects of androgens
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scribed a worsening of BPH symptoms with testos- 7. Testosterone Formulations
terone therapy that resolved upon discontinuation of
the testosterone therapy.[48] Antiandrogen agents can 7.1 Oral Formulations
also treat BPH.[53] Regardless, BPH is not a contra-

Oral formulations are convenient from the stand-indication to testosterone therapy unless bladder
point of dosage flexibility, the ability to immediate-outlet obstruction is severe. Overall, evidence sug-
ly discontinue therapy, and that they can be self-gests that testosterone therapy may result in small
administered. However, fluoxymesterone and

increases in prostate size and prostate specific anti-
methyltestosterone are not recommended because of

gen (PSA) levels, but that these generally stay with- extensive first-pass metabolism by the liver and
in the normal range.[53]

their association with liver toxicity. Mesterolone, an
Because testosterone therapy can worsen prostate oral dihydrotestosterone derivative, is a poor choice

because it is not aromatisable and, thus, cannot becarcinoma, the prostate should be assessed at base-
converted to estrogen, therefore it only has a partialline. Total PSA levels should be measured and digi-
androgenic effect. Testosterone undecanoate is thetal palpation of the prostate should be performed. If
only oral testosterone formulation that is well toler-these are abnormal then a free PSA should be con-
ated and effective for testosterone replacement. It

sidered and if the levels are under 15%, a transrectal
bypasses first-pass liver metabolism and is free of

ultrasound and biopsy of the prostate is indicated. If
liver toxicity. It must be administered with meals

PSA is normal, levels should be monitored regular- because it is liposoluble. The usual dose of testoster-
ly, at least every 3 months for the first year and one undecanoate for testosterone replacement is
yearly thereafter.[54] One potential problem with this 120–200 mg/day, although it has not been studied
strategy is that these tests may not be sensitive for the treatment of depression. Oral formulations

do not mimic the normal circadian rhythm of testos-enough in men with hypogonadism. One study
terone, although the timing and amount of doses canfound a 14% rate of adenocarcinoma of prostate
be adjusted to do so. However, the clinical signifi-determined by needle biopsy in men with low free
cance of mimicking circadian rhythms is nottestosterone levels, normal PSA levels and digital
clear.[54]

rectal examinations.[58] This reduced sensitivity of
PSA levels in predicting prostate cancer in the face

7.2 Parenteral Formulations
of hypogonadism supports the use of needle biopsy

Parenteral testosterone esters are inexpensive andor transrectal ultrasound at baseline, although these
well tolerated, but have disadvantages. These in-studies may be considered excessive and impractical
clude the requirement for injections at least everydue to morbidity and expense. It is not entirely clear
2–3 weeks and large variations in testosterone levelswhether PSA becomes a more sensitive monitoring
that may result in swings in mood and well-being.tool once testosterone replacement therapy is insti-
Intermittent supraphysiologic levels may also lead

tuted. If this were the case then frequent monitoring
to breast tenderness and gynaecomastia. Testoster-

of PSA levels would likely unmask existing prostate
one propionate is short-acting and requires injec-

cancer that was undetected by baseline studies. For tions every other day. The enantate and cipionate
the time being, most experts do not recommend that esters are commonly-used longer-acting formula-
transrectal ultrasound and needle biopsies be per- tions that can be administered every 10–21 days;
formed universally at the inception of testosterone however, the aforementioned shortcomings apply.
replacement therapy. There is a formulation that combines short- and
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long-acting esters (propionate, phenylpropionate, sary to evaluate the efficacy of testosterone in allevi-
isocaproate and decanoate) that is supposed to have ating dysthymia in this population. Hypogonadism
a longer duration of action (Sustanon, N.V. Orga- may be especially common in men with treatment-
non, The Netherlands)1.[54] refractory depression.[48] Low testosterone levels

may also increase the risk of incident depression in
7.3 Transdermal Formulations elderly males.[39] Randomised studies of testoster-

one for the prevention of depression in males withTransdermal testosterone formulations include
hypogonadism have not yet been conducted, butscrotal and non-scrotal patches, as well as a gel.
may provide important information.These formulations best mimic circadian rhythms

A double-blind, placebo-controlled trial supportsand offer a fairly non-intrusive, convenient form of
the short-term use of testosterone supplementationtherapy. Scrotal patches require shaving of the scro-

tal skin and often poorly stay in place. The high to augment antidepressants in males with hypogona-
levels of 5α-reductase in the skin also cause them to dism with treatment-refractory depression.[48] This
produce abnormally elevated dihydrotestosterone is the best evidence to date for the use of testoster-
levels. Thus, these have fallen out of favour. Non- one in depression. Case studies suggest that main-
scrotal patches produce normal levels of estrogen, tenance therapy may be necessary for some men.[46]

dihydrotestosterone and testosterone, and are good Testosterone replacement also appears to reduce the
treatment options. Their major drawback is that skin psychiatric symptoms of ADAM, including depres-
reactions to absorption-enhancing agents are com- sive symptoms;[45] however, testosterone monother-
mon and can be as severe as chemical burns. The apy has not yet proved useful in men with hypogo-
testosterone gel has the same advantages as the nadism and major depressive disorder.[47] It is likely
patches, but does not cause frequent skin reactions. that antidepressants need to be used concurrently for
The main concerns are that others may be exposed to many of these men. An open-label study has sug-
the gel through skin-to-skin contact and that there gested that testosterone may be useful for the treat-
are no long-term studies of its use.[54]

ment of late-onset (at or after the age of 45 years)
depression in older males, but perhaps not useful if

8. Conclusion their depressive disorder had an early onset (before
the age of 45 years).[49] A double-blind, placebo-The exact role of testosterone in depression has
controlled trial is needed to test this theory and alsoyet to be clarified. Evidence supports a relationship,
compare the efficacy of this treatment strategy toalthough perhaps weak, between low levels of tes-
that of standard antidepressants. The tolerability oftosterone and depressive symptoms in elderly males.
long-term testosterone replacement in males withAndrogen receptor polymorphisms appear to be im-
hypogonadism has been demonstrated,[6] but long-portant, with shorter CAG repeat lengths associated
term treatment with testosterone of patients withwith a greater risk of depression in the face of
depression needs to be studied more thoroughly.hypogonadism.[38] The relationship becomes less
Future studies of testosterone replacement therapyclear when factors such as medical illness come into
in depression should evaluate androgen receptorplay, as some of these factors are related to both
polymorphisms and their importance to response.testosterone levels and depression.[6,59] Hypogonad-
ADAM may be an important public health problem,ism does not seem to be an integral part of major
the negative impact of which may be reduced bydepressive disorder, but it may play a role in dys-

thymia in elderly males.[34] Clinical trials are neces- androgen replacement therapy; however, much

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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42. Gustavsson G, Träskman-Bendz L, Higley JD, et al.  CSF
55. Matsumoto AM, Sandblom RE, Schoene RB, et al.  Testoster-testosterone in 43 male suicide attempters. Eur Neuropsycho-

one replacement in hypogonadal men: effects on obstructivepharmacol 2003; 13: 105-9
sleep apnoea, respiratory drives, and sleep. Clin Endocrinol

43. Burris AS, Banks SM, Carter CS, et al.  A long-term, prospec- 1985; 22 (6): 713-21
tive study of the physiologic and behavioral effects of hormone

56. Luboshitsky R, Aviv A, Hefetz A. Decreased pituitary-gonadalreplacement in untreated hypogonadal men. J Androl 1992; 13
secretion in men with obstructive sleep apnea. J Clin(4): 297-304
Endocrinol Metab 2002; 87: 3394-8

44. Ehrenreich H, Halaris A, Ruether E, et al.  Psychoendocrine
57. English KM, Steeds RP, Jones TH, et al.  Low-dose transdermalsequelae of chronic testosterone deficiency. J Psychiatr Res

1999; 33: 379-87 testosterone therapy improves angina threshold in men with
chronic stable angina. Circulation 2000; 102: 1906-11

45. Wang C, Alexander G, Berman N, et al.  Testosterone replace-
ment therapy improves mood in hypogonadal men: a clinical 58. Morgantaler A, Bruning CO, DeWolf WC. Occult prostate
research center study. J Clin Endocrinol Metab 1996; 81: cancer in men with low serum testosterone levels. JAMA
3578-83 1996; 276: 1904-6

46. Seidman SN, Rabkin JG. Testosterone replacement therapy for 59. Krishnan KR, Delong M, Kraemer H, et al.  Comorbidity of
hypogonadal men with SSRI-refractory depression. J Affect depression with other medical diseases in the elderly. Biol
Disord 1998; 48: 157-61 Psychiatry 2002; 52 (6): 559-88

47. Seidman SN, Spatz E, Rizzo C, et al.  Testosterone replacement
therapy for hypogonadal men with major depressive disorder:

Correspondence and offprints: Dr Ryan M. Carnahan,a randomized, placebo-controlled trial. J Clin Psychiatry 2001;
62: 406-12 University of Iowa College of Pharmacy, Pharmacy Build-

ing, Iowa City, IA 52242, USA.48. Pope HG, Cohane GH, Kanayama G, et al.  Testosterone gel
E-mail: ryan-carnahan@uiowa.edusupplementation for men with refractory depression: a ran-

 2004 Adis Data Information BV. All rights reserved. Drugs Aging 2004; 21 (6)


	Abstract 361
	1. Testosterone and Aging 362
	1.1 Testosterone Metabolism 362
	1.2 Changes in Testosterone Levels with Aging 362

	2. Testosterone and Factors Other Than Aging 363
	2.1 Medical Illness 364
	2.2 Obesity 364
	2.3 Smoking 365
	2.4 Alcohol 365
	2.5 Diet 365
	2.6 Physical and Mental Stress 365

	3. Testosterone and Depression 365
	3.1 Longitudinal Studies in Major Depressive Disorder 366
	3.2 Cross-Sectional Studies in Major Depressive Disorder or Dysthymia 366
	3.3 Population-Based, Cross-Sectional Studies of Testosterone and Depressive Symptoms 367
	3.4 Testosterone and Risk of Depression 368
	3.5 Testosterone, Impulsive Aggression and Suicide Attempts 368

	4. Effects of Testosterone Administration on Depression 368
	4.1 Testosterone Replacement in Males with Hypogonadism not Selected for Depression 368
	4.2 Testosterone Replacement Therapy for the Treatment of Depression in Hypogonadism 369
	4.3 Testosterone Treatment for Late-Life Depression in Eugonadal Males 371

	5. Special Populations 371
	5.1 Testosterone in Parkinsons Disease 371
	5.2 Testosterone in HIV Infection 372

	6. Adverse Effects and Monitoring of Testosterone Therapy 372
	7. Testosterone Formulations 373
	7.1 Oral Formulations 373
	7.2 Parenteral Formulations 373
	7.3 Transdermal Formulations 374

	8. Conclusion 374
	Acknowledgements 375
	References 375
	Correspondence 376
	Email 376

