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Although it is unlikely that wholesale replacement will result in 80 year olds

forming gangs to roam the streets and beat up other seniors, it is possible that

testosterone will enhance lesser degrees of aggressive behaviors.

J.E. Morley, 2000 [1]

From ancient times testosterone has been considered to modulate behavior.

Aretaeus, the Cappadocian, suggested that testosterone makes men ‘‘spirited and

strong to act’’ andGalen believed that castration ‘‘slows down their whole vitality.’’

Despite these early anecdotes, there is surprisingly little literature examining the

effects of testosterone on behavior. As far as aggression is concerned both low and

high testosterone levels seem to be associated with this behavior [2]. Much of this

literature is confounded by the fact that the environment and a lifetime of learning

experience greatly modify the response to any given hormone level.

Testosterone and behavior in older women

In women testosterone levels decline markedly between the ages of 20 and

40 years of age [3]. The levels of testosterone by 40 are about half of those of a

younger woman. Although total testosterone levels do not decline during the

menopause transition, the lack of estrogen results in a fall in sex hormone–binding

globulin and an increase in free testosterone. Testosterone levels then increase

slowly over the rest of the lifespan [4]. When a menopausal woman receives es-

trogen there is an increase in sex hormone-binding globulin resulting in a decline

in free testosterone. Ovariectomy results in a 50% decline in testosterone [5].

Libido declines in some but not all women at the time of menopause [6,7]. The

cause of this decline is multifactorial and is not predominantly caused by the fall
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in testosterone. In older women the level of free testosterone has been positively

correlated with sexual desire [8].

Since 1977 when a study by Studd et al [9] suggested that a combination of

estradiol and testosterone pellets had beneficial effects on sexuality in postmen-

opausal women, a number of studies have shown an improvement in libido with

testosterone administration in postmenopausal women. The addition of testoster-

one implants to estradiol implants produced greater sexual activity, satisfaction,

and orgasmic frequency than estradiol alone [10]. Testosterone injections

improved sexual desires, fantasy, and arousal to a greater extent than estrogen

in oophorectomized women [11]. Esterified estrogens with methyltestosterone

(Estratest, Solvay Pharmaceuticals, Inc.) improve sexual function [12,13].

Shifren et al [14] showed that a 300-mg testosterone patch increased sexual

activity and pleasure-orgasm. All women were oophorectomized, were receiving

estrogen, and ranged from 31 to 56 years of age. A lower dose (150 mg) failed to

produce any significant effects, but did increase sexual fantasies by 8% compared

with 14% at the higher dose. Masturbation increased with both doses. The 300 mg

per day patch resulted in supraphysiologic doses of total testosterone and

dihydrotestosterone.

Testosterone improved the Psychological General Well-Being Index and

decreased dysphoria [14]. Older women had a better psychologic response than

younger women. In the study by Dobs et al [13], there was an improvement in

psychologic well-being and quality of life. Two other studies in women have

suggested that testosterone enhanced mood but did not distinguish whether this

was truly an effect of testosterone or, in part, caused by concomitant estrogen

administration [15,16].

Loss of muscle mass and frailty are major problems in older women [17–20].

In postmenopausal women testosterone improves muscle mass [21]. It is possible

that some of the psychologic effects are secondary to improvements in physical

functioning and well-being. Tibolone is a unique drug that demonstrates estro-

genic, prostagenic, and androgenic effects. Tibolone enhances sexual function

[22,23]. It tends to enhance mood, have some effects on memory, and improve

quality of life [24–26].

Dehydroepiandrosterone (DHEA) is an adrenal androgen. DHEA levels

decline dramatically with aging [27]. DHEA has been shown to increase libido

especially in older women [28].

Overall, the effects of androgen replacement in older women have been poorly

studied. Although they have been shown to have some intriguing effects on libido

and behavior, further studies are necessary before their use can be recommended.

There are no studies on long-term toxicity.

Testosterone and behavior in older men

It is now well established that testosterone levels fall over the lifetime in men

[29–31]. The behavioral effects of this fall, however, are poorly established [32].
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Eight studies have suggested that there is a behavioral syndrome associated with

the fall in testosterone [33–40]. The features of this syndrome include decreased

libido, fatigue, irritability, dysphoria, sleep disturbances, low dominance, mem-

ory problems, and headaches (Table 1). Treatment with testosterone seems to

improve many of these symptoms in some, but not all men [37,39]. Two studies

found that screening tests for behavioral symptoms of the andropause needed to

exclude major depression if the screening test was to be effective [37,41]. In

addition, stress has been shown to reduce testosterone levels [42–44]. The role of

testosterone in producing a behavioral syndrome in middle-aged and older men

remains controversial.

Table 1

Behavioral effects of the andropause

Study no 1 2 3 4

Author Werner [33] Greenblatt et al [34] Heineman et al [35] Wu et al [36]

Source JAMA J Am Geriatr Soc Aging Male Chang-Keng I

Hsueh Tsa Chih

Year 1946 1979 1999 2000

Behavioral Decreased libidoa Decreased libidoa Decreased libidoa Decreased libidoa

effects Nervousness Fatiguea Anxiety Lack of energya

Irritability Depressiona Nervousness Falling asleep

Fatiguea Headaches Tirednessa after dinnera

Depressiona Sleep problemsa Memory impairmenta

Memory problems Decreased general Sad or grumpya

Sleep disturbancesa well-being

Irritability

Decreased work

performance

Depressive mooda

Feeling burnt-out

Feeling past

ones peak

Study no 5 6 7 8

Author Morley et al [37] Smith et al [38] Li et al [39] Delhez et al [40]

Source Metabolism Clin Endocrinol Aging Male Psychoneuro-

endocrinology

Year 2000 2000 2002 2003

Behavioral Decreased libidoa Low dominance Decreased libidoa Dysphoriaa

factors Lack of energya Headaches Amnesia

Decreased enjoyment Sleepinessa Distractibility

of life

Sad or grumpya
Panic

Irritability

Decreased work

performance

Loss of interest

Falling asleep

after dinnera

a Factors that appear on four or more lists (ie, decreased libido, sleep problems, and dyspho-

ric mood).
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Testosterone and dysphoria in men

Many men receiving testosterone have an enhanced sense of well-being.

Women have nearly twice the prevalence of depression compared with men. In

1948, Altschule and Tillotson [45] suggested that testosterone could be used to

treat depression. These findings had suggested a role for testosterone deficiency

in mood disorders.

A number of epidemiologic studies have suggested that low testosterone levels

are associated with depression or dysphoria. Barrett-Connor et al [46] studied

856 men aged 50 to 89 years of age. They found that bioavailable testosterone

was related to scores on the Beck Depression Inventory. This finding remained

after factoring out age, weight change, and physical activity. The 25 men with

true depression had testosterone levels that were 17% lower than the rest of the

subjects studied. Bioavailable estradiol was not associated with dysphoria.

Seidman et al [47] using subjects from the Massachusetts Male Aging Study

found that persons with a dysthymic disorder had median total testosterone levels

(295 ng/dL) lower than those with major depression (425 ng/dL) and with no

depression (423 ng/dL). Unfortunately, despite having the ability to calculate a

free testosterone value, the authors only used a total testosterone value, the authors

only used a total testosterone level. In view of the known problems with total

testosterone as a measurement of hypogonadism in older persons [48] this limits

the value of this report. Schweiger et al [49] performed frequent testosterone

sampling over 24 hours in a group of depressed (N = 15) and normal (N = 24) men.

Twenty-four mean testosterone levels were lower in the depressed group and

luteinizing hormone pulse frequency was also depressed, suggesting depression

may result in secondary hypogonadism. This could be caused by the suppressive

effects of corticotrophin-releasing factor on the hypothalamic–pituitary–gonadal

axis. Other studies have also found lower testosterone levels in men with

depression independent of age [50,51]. Delhez et al [40] using a calculated free

testosterone index found that depressive symptoms on the Carroll Rating Scale

were more common among hypogonadal subjects. Anxiety and quality of life

were not different in eugonadal and hypogonadal subjects. In another study, being

sad or grumpy was associated with lower testosterone levels [37].

Booth et al [52] investigated the role of testosterone in modulating social

behavior. Men with testosterone levels below normal levels had more dysphoria as

did those with above average testosterone levels. This suggests that the relation-

ship of testosterone to dysphoria is parabolic. Those men with higher testosterone

levels, however, no longer showed a testosterone relationship to dysphoria when

antisocial and risk-taking behavior and protective factors, such as marriage and

regular employment, were factored into the analysis.

A number of open label studies have suggested that testosterone may be useful

in the treatment of depression. In 1977, Reiter [53] believed that most depressed

men responded to androgens and that relapses occurred often when treatment was

stopped. Itil et al [54] showed that mesterolone improved mood in men with

depressive symptoms. Vogel et al [55] confirmed this finding. Seidman and
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Rabkin [56] treated five men whose mood had failed to improve with selective

serotonin reuptake inhibitors. Testosterone augmentation was associated with

rapid improvement in depressive symptoms. Testosterone treatment improves

mood in dysphoric men who are HIV seropositive [57,58]. On the other hand, Sih

et al [59] found no improvement in dysphoria symptoms, using the Geriatric

Depression Scale, in nondepressed men in a placebo-controlled testosterone

replacement study.

Seidman et al [60] entered 30 men with Diagnostic and Statistical Manual-IV

major depressive disorder and a testosterone level below 350 ng/dL into a

placebo-controlled trial. They received either 200 mg of testosterone enanthate

or sesame seed oil weekly for 6 weeks. The average age of the patients was

52 years. Hamilton-D scores decreased to the same extent in both groups. The

response rate, defined as a 50% or more reduction in the Hamilton-D score, was

38.5% in those receiving testosterone and 41.2% in those receiving placebo.

Wolkowitz et al [61,62] have reported two studies in which DHEAwas used to

treat a mixed group of men and women with major depressive order. In these

studies, DHEA seemed to improve mood. In a double-blind, randomized,

placebo-controlled trial DHEA improved mood in 12 men with midlife-onset

dysthymia [63].

It seems that testosterone decreases in many men with depression. The role of

low testosterone levels in day-to-day mood fluctuations is not clear. Testosterone

does not seem to be effective in reducing the symptoms in major depression or

classical dysthymic symptoms. Anecdotal studies in older men and a study in

younger men [64] suggest that testosterone may enhance positive thoughts and

inhibit negative thoughts. A single small study failed, however, to show an

improvement in Psychological General Well-Being and Health Related Quality of

Life in men over 65 years of age [65]. Large placebo-controlled trials using

appropriate psychologic scales are necessary to determine whether or not

testosterone truly enhances the feeling of general well-being.

Cognitive problems in men

Androgens are important for the development of brain structure and function in

rodents. The ability of testosterone to enhance memory in rodents depends both on

its ability to be aromatized to estrogen and its conversion by 5a-reductase to

dihydrotestosterone [66]. The SAMP8 mouse is a rodent model of Alzheimer’s

disease that develops early memory deficits, and overproduces amyloid precursor

protein [67,68]. These memory deficits can be reversed by antibodies to b-amyloid

or an antisense to its messenger RNA [69–71]. SAMP8 mice have low testoster-

one levels by 12 months of age [72]. Testosterone replacement reverses the mem-

ory deficit in these animals and reduces the amyloid precursor protein levels in the

limbic system. Testosterone reduces the production of amyloid precursor protein

in tissue cultures [73]. Testosterone prevents phosphorylation of tau protein [74]

and reversed age-related increase in glial fibrillary acidic protein [75]. Testoster-
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one decreases circulating b-amyloid in humans [76]. Low testosterone levels are

associated with the future development of Alzheimer’s disease.

Epidemiologic studies have suggested a relationship of testosterone to

cognitive function. Morley et al [77] found that bioavailable testosterone was

related to memory problems. It was a better predictor of memory decline than

other hormones. Another study suggested that the age-related decline in explicit

memory was less likely in men with higher estradiol levels [78]. The Rancho

Bernado studies in 547 men aged 58 to 89 years found that higher levels of

bioavailable testosterone correlated with better scores on the Blessed Information

Memory Concentration Test and the Buschke Selective Reminding Test [79].

There was a u-shaped relationship to spelling ‘‘world’’ backwards and bioavail-

able testosterone. Overall, this study supported the concept that an optimal

testosterone level exists for cognition, with levels that are either too high or too

low being disruptive. In younger men a curvilinear relationship of testosterone to

spatial, but not verbal, cognitive tasks has been found [80].

Janowsky et al [81] studied 56 men aged 60 to 75 years who either received

15 mg testosterone scrotal patches or placebo patches. Testosterone treatment

improved spatial cognition as measured by the Block Design subtest of the

Wechsler Adult Intelligence Scale–Revised. There was no effect of testosterone

on verbal memory or visual memory. There was no effect on fine motor speed.

There was also no change in the Profile of Mood States. In a second study the

same authors demonstrated an improvement in working memory using intramus-

cular testosterone [82]. In this study, they used the Subject Ordered Pointing Test.

Cherrier et al [83] in a double-blind study using intramuscular testosterone

found an improvement in spatial memory and ability and verbal memory. Wolf et

al [84] reported that a single injection of testosterone blocked the practice effect

in verbal fluency, but was without effect on spatial or verbal memory. Sih et al

[59] used a battery of cognitive tests over a period of a year. They found no

change in motor speed, verbal or auditory memory, or in animal naming.

Almeida [85] compared 27 healthy older adults receiving testosterone patches

with 29 control subjects receiving placebo. Testosterone improved spatial

cognition as measured by the block design test. There were no effects on other

tests or cognitive functioning.

In a single case Almeida et al [86] followed an 80-year-old man with

Alzheimer’s disease who received androgen blockade for adenocarcinoma of

the prostate. As his testosterone level declined he showed marked deterioration on

the Mini-Mental Status Examination and on the Cambridge Examination for

Mental Disorders in the Elderly. There was no change in the European Organi-

sation for Research and Treatment of Cancer Quality of Life Questionnaire.

Overall the available data support an effect of testosterone on spatial memory.

Possible effects also exist on working memory and verbal memory. It is important

to recognize that these effects are relatively small. It also seems that there is an

optimal level of testosterone to produce cognition enhancement, with higher and

lower levels being less efficacious. Low testosterone levels may allow the devel-

opment of Alzheimer’s disease.

J.E. Morley / Clin Geriatr Med 19 (2003) 605–616610



Sexuality and testosterone in older men

Healthy older men have a decline in sexual activity and interest and desire in

sex [37,87]. There is a decrease in masturbatory behavior [88]. Men who remained

sexually active over 80 years of age reported that most indulged in caressing and

touching without intercourse [89].

Davidson et al [90] showed that free testosterone and elevated luteinizing

hormone levels correlated with a decline in sexual activity, libido, and potency.

Schiavi et al [91] reported that bioavailable testosterone correlates with frequency

of sexual thoughts, frequency of desire for sex, easiness in becoming aroused,

degree of coital erection, and frequency of sleep erections. Morley et al [37] found

a correlation between bioavailable testosterone and libido. Libido was lower not

only in hypogonadal men but also in those with intermediate bioavailable testos-

terone levels. Davidson et al [92] studying young persons found that testosterone

was responsible for improving sexual thoughts, libido, and activity in hypogonad-

al younger men.

A number of studies have shown that testosterone improves libido in older

men [37,93–95]. Morales et al [96] reported that libido improved in approximate-

ly two thirds of patients. Erectile function improves, but to a lesser extent [96,97].

Testosterone increases nitric oxide synthase activity [98]. Sildenafil, the

phosphodiesterase-5 inhibitor, enhances erectile function in older men [99].

Addition of testosterone to sildenafil improves the quality of the erection.

Summary

In older men and women testosterone clearly improves libido and perhaps

sexual activity. A number of authors have tried to describe a set of behavioral

symptoms associated with the andropause. In older women testosterone seems to

decrease dysphoria. In men the effects of testosterone on mood are less clear. In

older men testosterone enhances spatial memory and possibly verbal and working

memory. Table 2 summarizes the putative behavioral effects of testosterone.

Table 2

Putative behavioral effects of low testosterone in older women and men

Men Women

Sexuality Decreased libido Decreased libido

Decreased sexual thoughts Decreased sexual thoughts

Cognitive function Poor spatial memory Unknown

Poor verbal memory

Poor working memory

Mood Possibly dysphoria Poor psychologic well-being

Decreased positive thoughts Dysphoria

Nonspecific Fatigue Unknown

Sleep disturbances

Irritability
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There is a clear need for better designed large-scale behavioral studies to

determine the effects of testosterone in older men and women.

References

[1] Morley JE. Testosterone. In: Morley JE, van den Berg L, editors. Endocrinology of aging.

Totowa, NJ: Humana Press; 2000. p. 127–50.

[2] Morley JE, Perry III HM. Androgen deficiency in aging men: role of testosterone replacement

therapy. J Lab Clin Med 2000;135:370–8.

[3] Zumoff B, Strain GW, Miller LK, et al. Twenty-four-hour mean plasma testosterone concen-

tration declines with age in normal premenopausal women. J Clin Endocrinol Metab 1995;80:

1429–30.

[4] Laughlin GA, Barrett-Connor E, Kritz-Silverstein D, et al. Hysterectomy, oophorectomy, and

endogenous sex hormone levels in older women: the Rancho Bernardo Study. J Clin Endocrinol

Metab 2000;85:645–51.

[5] Davis S. Testosterone deficiency in women. J Reprod Med 2001;46(suppl 3):291–6.

[6] McCoy NL, Davidson JMI. A longitudinal study of the effect of menopause on sexuality.

Maturitas 1985;7:203–10.

[7] Morley JE. Androgens and aging. Maturitas 2001;38:61–71.

[8] Bancroft J, Cawood EHH. Androgens and the menopause: a study of 40–60 year old women.

Clin Endocrinol 1996;45:577–87.

[9] Studd JWW, Collins WP, Chakravarti S. Estradiol and testosterone implants in the treatment of

psychosexual problems in postmenopausal women. Br J Obstet Gynaecol 1977;84:314–5.

[10] Burger HG, Hailes J, Nelson J, et al. Effect of combined implants of estradiol and testosterone on

libido in postmenopausal women. BMJ 1987;294:1936–7.

[11] Sherwin BN, Gelfand MM, Brender W. Androgen enhances sexual motivation in females: a

prospective, crossover study of sex steroid administration in surgical menopause. Psychosom

Med 1991;49:45–50.

[12] Watts BN, Notelovitz M, Timmons MC. Comparison of oral estrogens and estrogens plus

androgen in bone mineral density, menopausal symptoms and lipid-lipoprotein profiles in sur-

gical menopause. Obstet Gynecol 1995;85:529–37.

[13] Dobs AS, Nguyen T, Pace C, Roberts CP. Differential effects of oral estrogen versus oral

estrogen-androgen replacement therapy on body composition in postmenopausal women. J Clin

Endocrinol Metab 2002;87:1509–16.

[14] Shifren JL, Braunstein GD, Simon JA, Casson PR, Buster JE, Redmond GP, et al. Transdermal

testosterone treatment in women with impaired sexual function after oopherectomy. N Engl J

Med 2000;343:682–8.

[15] Regestein QR, Friebely J, Shifren J, et al. Neuropsychological effects of methyltestosterone in

women using menopausal hormone replacement. J Womens Health 2001;10:671–6.

[16] Sherwin BN, Gelfand MM. The role of androgen in the maintenance of sexual function in

oophorectemized women. Psychosom Med 1987;49:497–509.

[17] Baumgartner RN, Waters DL, Gallagher D, et al. Predictors of skeletal muscle mass in elderly

men and women. Mech Ageing Dev 1999;107:123–36.

[18] Gillick M. Pinning down frailty. J Gerontol Med Sci 2001;56:M134–5.

[19] Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a phenotype.

J Gerontol A Biol Sci Med Sci 2001;56:M146–56.

[20] Bortz WM. A conceptual framework of frailty. J Gerontol A Biol Sci Med Sci 2002;57:

M283–8.

[21] Davis SR, McCloud PI, Strauss BJG, et al. Testosterone enhances estradiol’s effects on post-

menopausal bone density and sexuality. Maturitas 1995;21:227–36.

[22] Davis SR. The effects of tibolone on mood and libido. Menopause 2002;9:162–70.

[23] Davison SL, Thipphawong J, Monshige R, et al. Pulsed testosterone therapy: pharmacokinetics

J.E. Morley / Clin Geriatr Med 19 (2003) 605–616612



and safety of inhaled testosterone in postmenopausal women. Presented at the Endocrine Society

8th Meeting. San Francisco. June 2002. p. 3–43, 504.

[24] Meeuwsen IB, Samson MM, Duursma M, et al. The influence of tibolone on quality of life in

postmenopausal women. Maturitas 2002;41(1):35–43.

[25] Fluck E, File SE, Rymer J. Cognitive effects of 10 years of hormone-replacement therapy with

tibolone. J Clin Psychopharmacol 2002;22:62–7.

[26] Ross LA, Alder EM, Cawood EHH, et al. Psychological effects of hormone replacement therapy:

a comparison of tibolone and a sequential estrogen therapy. J Psychosom Obstet Gynaecol 1999;

20:88–96.

[27] Simpson ER. Aromatization of androgens in women: current concepts and findings. Fertil Steril

2002;77:S6–10.

[28] Baulieu EE, Thomas G, Legruin S. Dehydroepiandrosterone, DHEA sulfate and aging: contribu-

tion of the DHEAge study to sociobiomedical issue. Proc Natl Acad Sci U S A 2000;97:4279–84.

[29] Morley JE, Kaiser FE, Perry III HM, Patrick P, Morley PM, Stauber PM, et al. Longitudinal

changes in testosterone, luteinizing hormone, and follicle-stimulating hormone in healthy older

men. Metabolism 1997;46:410–3.

[30] Harman SM, Metter EJ, Tobin JD, Pearson J, Blackman MR. Baltimore Longitudinal Study of

Aging. Longitudinal effects of aging on serum total and free testosterone levels in healthy men.

Baltimore Longitudinal Study of Aging. J Clin Endocrinol Metab 2001;86:724–31.

[31] Zmuda JM, Cauley JA, Kriska A, Glynn NW, Gutai JP, Kuller LH. Longitudinal relation

between endogenous testosterone and cardiovascular disease risk factors in middle-aged men:

a 13-year follow-up of former Multiple Risk Factor Intervention Trial participants. Am J Epi-

demiol 1997;146:609–17.

[32] Schiavi RC, Schreiner-Engel P, White D, Mandeli J. The relationship between pituitary-gonadal

function and sexual behavior in healthy aging men. Psychosom Med 1991;53:363–74.

[33] Werner AA. Male climacteric: report of 273 cases. JAMA 1946;132:188–94.

[34] Greenblatt RB, Nexhat C, Roesel RA, Natrajan PK. Update on the male and female climacteric.

J Am Geriatr Soc 1979;27:481–90.

[35] Heineman AJ, Zimmermann T, Vermeulen A, Thiel C. A new aging male’s symptoms (AMS)

rating scale. Aging Male 1999;2:105–14.

[36] Wu Cy, Yu TJ, Chen MJ. Age related testosterone level changes and male andropause syndrome.

Chang Keng I Hsueh Tsa Chih 2000;23:348–53.

[37] Morley JE, Charlton E, Patrick P, et al. Validation of a screening questionnaire for androgen

deficiency in aging males. Metab Clin Exp 2000;49:1239–42.

[38] Smith KW, Feldman HA, McKinlay JB. Construction and field validation of a self-administered

screener for testosterone deficiency (hypogonadism) in ageing men. Clin Endocrinol 2000;53:

703–11.

[39] Li J, Zhu J, Dou J, Bai W, Deng S, Li M, et al. Effects of androgen supplementation therapy on

partial androgen deficiency in the aging male: a preliminary study. Aging Male 2002;5:47–51.

[40] Delhez M, Hansenny M, Legros J-P. Andropause and psychopathology: soft symptoms rather

than pathological ones. Psychoneuroendocrinology, in press.

[41] Legros J-J, Delhez M. Utlisation d’une version francaise du test ADAM de detection de la

deficience androgenique chez l’homme de plus de 50 ans. Med et Hygiene, in press.

[42] Hellhammer DH, Hubert W, Schurmeyer T. Changes in saliva testosterone after psychological

stimulation in men. Psychoneuroendocrinology 1985;10:77–81.

[43] Francis KT. The relationship between high and low trait psychological stress, serum testosterone,

and serum cortisol. Experientia 1981;37:1296–7.

[44] Singer F, Zumoff B. Subnormal serum testosterone levels in male internal medicine residents.

Steroids 1992;57:86–9.

[45] Altschule MD, Tillotson KJ. The use of testosterone in the treatment of depressions. N Engl J

Med 1948;239:1036–8.

[46] Barrett-Conner E, Von Muhlen DG, Kritz-Silverstein D. Bioavailable testosterone and depressed

mood in older men: the Rancho Bernardo Study. J Clin Endocrinol Metab 1999;84:575–7.

J.E. Morley / Clin Geriatr Med 19 (2003) 605–616 613



[47] Seidman SN, Araujo AB, Roose SP, Devanand DP, Xie S, Cooper TB, et al. Low testosterone

levels in elderly men with dysthymic disorder. Am J Psychiatry 2002;159:456–9.

[48] Morley JE, Patrick P, Perry III HM. Evaluation of assays available to measure free testosterone.

Metabolism 2002;51:554–9.

[49] Schweiger U, Deuschle M, Weber B, et al. Testosterone, gonadotropin, and cortisol secretion in

male patients with major depression. Psychosom Med 1999;61:292–6.

[50] Zitzmann M, Nieschlag E. Testosterone levels in healthy men and the relation to behavioral and

physical characteristics. Eur J Endocrinol 2001;144:183–97.

[51] Seidman SN. Exploring the relationship between depression and erectile dysfunction in aging

men. J Clin Psychiatry 2002;63(suppl 5):5–12.

[52] Booth A, Johnson DR, Granger DA. Testosterone and men’s depression: the role of social

behavior. J Health Soc Behav 1999;40:130–40.

[53] Reiter T. Testosterone implantation: the method of choice for treatment of testosterone defi-

ciency. J Am Geriatr Soc 1965;13:1003–12.

[54] Itil TM, Michael ST, Soldatos C. Androgens as antidepressants. Psychopharmacol Bull 1979;15:

31–3.

[55] Vogel W, Klaiber EL, Broverman DM. A comparison of the antidepressant effects of a synthetic

androgen (mesterolone) and amitriptyline in depressed men. J Clin Psychiatry 1985;46:6–8.

[56] Seidman SN, Rabkin JG. Testosterone replacement therapy for hypogonadal men with SSRI-

refractory depression. J Affect Disord 1998;49:157–61.

[57] Grinspoon S, Corcoran C, Stanley T, et al. Effects of hypogonadism and testosterone admin-

istration on depression indices in HIV-infected men. J Clin Endocrinol Metab 2000;85:60–5.

[58] Rabkin JG, Rabkin R, Wagner GJ. Testosterone treatment of clinical hypogonadism in patients

with HIV/AIDS. Int J STD AIDS 1997;8:537–45.

[59] Sih R, Morley JE, Kaiser FE, Perry III HM, Patrick P, Ross C. Testosterone replacement in older

hypogonadal men: a 12-month randomized controlled trial. J Clin Endocrinol 1997;82:1661–7.

[60] Seidman SN, Spatz E, Rizzo C, Roose SP. Testosterone replacement therapy for hypogonadal

men with major depressive disorder: a randomized, placebo-controlled clinical trial. J Clin

Psychiatry 2001;62:406–12.

[61] Wolkowitz OM, Reus VI, Roberts E, et al. Dehydroepiandrosterone (DHEA) treatment of de-

pression. Biol Psychiatry 1997;41:311–8.

[62] Walkowitz OM, Reus VI, Roberts E, et al. Double-blind treatment of major depression with

dehydroepiandrosterone (DHEA). Am J Psychiatry 1999;156:646–9.

[63] Bloch M, Schmidt PJ, Danaceau MA, et al. Dehydroepiandrosterone treatment of midlife dys-

thymia. Biol Psychiatry 1999;45:1533–41.

[64] Giorgi A, Weatherby RP, Murphy PW. Muscular strength, body composition and health response

to the use of testosterone enanthate: a double-blind study. J Sci Med Sport 1999;2:341–55.

[65] Reddy P, White CM, Dunn AB, Moyna NM, Thompson PD. The effect of testosterone on health-

related quality of life in elderly males – a pilot study. J Clin Pharm Ther 2000;25:421–6.

[66] Farr SA, Flood JF, Morley JE. The effect of ovarian steroids on footshock avoidance learning

and retention in female mice. Physiol Behav 1995;58:715–23.

[67] Flood JF, Morley JE. Learning and memory in the SAMP8 mouse [review]. Neurosci Biobehav

Rev 1998;22:1–20.

[68] Morley JE, Farr SA, Kumar VB, Banks WA. Alzheimer’s disease through the eye of a mouse –

Acceptance lecture for the 2001 Gayle A. Olson and Richard D. Olson prize. Peptides 2002;23:

589–99.

[69] Kumar VB, Farr SA, Flood JF, Kamlesh V, Franko M, Banks WA, et al. Site-directed antisense

oligonucleotide decreases the expression of amyloid precursor protein and reverses deficits in

learning and memory in aged SAMP8 mice. Peptides 2000;21:1769–75.

[70] Morley JE, Kumar VB, Bernardo AE, et al. Beta-amyloid precursor polypeptide in SAMP8 mice

affects learning and memory. Peptides 2000;21:1761–7.

[71] Morley JE, Farr SA, Flood JF. Antibody to amyloid beta protein alleviates impaired acquisition,

retention, and memory processing in SAMP8 mice. Neurobiol Learn Mem 2002;78:125–38.

J.E. Morley / Clin Geriatr Med 19 (2003) 605–616614



[72] Flood JF, Farr SA, Kaiser FE, et al. Age-related decrease of plasma testosterone in SAMP8 mice:

replacement improves age-related impairment of learning and memory. Physiol Behav 1995;57:

669–73.

[73] Gouras GK, Xu HX, Gross RS, et al. Testosterone reduces neuronal secretion of Alzheimer’s

beta-amyloid peptides. Proc Natl Acad Sci U S A 2000;97:1202–5.

[74] Papasozomenos SC. The heat shock-induced hyperphosphorylation of tau is estrogen-indepen-

dent and prevented by androgen: implications for Alzheimer’s disease. Proc Natl Acad Sci U S A

1997;94:6612–7.

[75] Day JR, Frank AT, O’Callaghan JP, Jones BC, Anderson JE. The effect of age and testosterone

on the expression of glial fibrillary acidic protein in the rat cerebellum. Exp Neurol 1998;151:

343–6.

[76] Gandy S, Almeida OP, Forte J, Lim D, Waterrus A, Spry N, et al. Chemical andropause and beta-

amyloid peptide. JAMA 2001;285:2195–6.

[77] Morley JE, Kaiser F, Raum WJ, et al. Potentially predictive and manipulable blood serum

correlates of aging in the healthy human male: progressive decreases in bioavailable testosterone,

dehydroepiandrosterone sulfate, and the ratio of insulin-like growth factor 1 to growth hormone.

Proc Natl Acad Sci U S A 1997;94:7537–42.

[78] Carlson LE, Sherwin BB. Higher levels of plasma estradiol and testosterone in healthy elderly

men compared with age-matched women may protect aspects of explicit memory. Menopause

2000;7:168–77.

[79] Barrett-Conner E, Goodman-Gruen D, Patay B. Endogenouse sex hormones and cognitive

function in older men. J Clin Endocrinol Metab 1999;84:3681–5.

[80] Moffat SD, Hampson E. A curvilinear relationship between testosterone and spatial cogni-

tion in humans; possible influence of hand preference. Psychoneuroendocrinology 1996;21:

323–37.

[81] Janowsky JS, Oviatt SK, Orwoll ES. Testosterone influences spatial cognition in older men.

Behav Neurosci 1994;108:325–32.

[82] Janowsky JS, Chavez B, Orwoll E. Sex steroids modify working memory. J Cogn Neurosci

2000;12:407–14.

[83] Cherrier MM, Asthana S, Plymate S, Baker L, Matsumoto AM, Peskind E, et al. Testosterone

supplementation improves spatial and verbal memory in healthy older men. Neurology 2001;

57:80–8.

[84] Wolf OT, Preut R, Hellhammer DH, et al. Testosterone and cognition in elderly men: a single

testosterone injection blocks the practice effect in verbal fluency, but has no effect on spatial or

verbal memory. Biol Psychiatry 2000;47:650–4.

[85] Almeida OP. Sex playing with the mind: effects of oestrogen and testosterone on mood and

cognition. Arq Neuropsiquiatr 1999;57:701–6.

[86] Almeida OP, Waterreus A, Spry N, Conca T, Martins G, Martins RN, et al. Effect of testosterone

deprivation on the cognitive performance of a patient with Alzheimer’s disease. Int J Geriatr

Psychiatry 2001;16:823–5.

[87] Morley JE. Testosterone replacement in older men and women. Journal of Gender Specific

Medicine 2001;4:49–53.

[88] Morley JE. Impotence in older men. Hosp Pract 1988;23:139–53.

[89] Philpott CD, Morley JE. Health issues unique to the aging male. Geriatric Nursing 2000;21:

234–9.

[90] Davidson JM, Chen JJ, Crapo L, Gray GD, Greenleaf WJ, Catania JA. Hormonal changes and

sexual function in aging men. J Clin Endocrinol Metab 1983;57:71–7.

[91] Schiavi RC, Schreiner-Engel P, White D, Mandeli J. The relationship between pituitary-gonadal

function and sexual behavior in healthy aging men. Psychosom Med 1991;53:363–74.

[92] Davidson JM, Chen JJ, Carpo L, Gray GD, Greenleaf WJ, Catania JA. Hormonal changes and

sexual function in aging men. J Clin Endocrinol Metab 1983;57:71–7.

[93] Nankin HR, Lin T, Osterman J. Chronic testosterone cypionate therapy in men with secondary

impotence. Fertil Steril 1986;46:300–7.

J.E. Morley / Clin Geriatr Med 19 (2003) 605–616 615



[94] Hajjar RR, Kaiser FE, Morley JE. Outcomes of long-term testosterone replacement in older

hypogonadal males: a retrospective analysis. J Clin Endocrinol Metab 1997;82:3793–6.

[95] Rabijewski M, Adamkiewicz M, Zgliczynski S. The influence of testosterone replacement

therapy on well-being, bone mineral density and lipids in elderly men [Polish]. Pol Arch Med

Wewn 1998;1000:212–21.

[96] Morales A, Johnston B, Heaton JP, Lundie M. Testosterone supplementation for hypogonadal

impotence: assessment of biochemical measures and therapeutic outcomes. J Urol 1997;157:

849–54.

[97] Billington CJ, Mooradian AD, Duffy L, Lange P, Morley JE. Testosterone therapy in impotent

patients with normal testosterone. Clin Res 1983;31:718A.

[98] Endo M, Ashton-Miller JA, Alexander NB. Effects of age and gender on toe flexor muscle

strength. J Gerontol Med Sci 2002;57:M392–7.

[99] Wagner G, Montorsi F, Auerbach S, Collins M. Sildenafil citrate (VIAGRA) improves erectile

function in elderly patients with erectile dysfunction: a subgroup analysis. J Gerontol Med Sci

2001;56:M113–9.

J.E. Morley / Clin Geriatr Med 19 (2003) 605–616616


