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ABSTRACT. Previous studies concerning the relationship of
serum testosterone levels to aging in normal men have yielded
apparently inconsistent results. Studies performing blood sam-
pling in the morning have often shown an age-related decrease
in testosterone levels, while those using afternoon samples have
failed to show such a decrease. These results suggested to us the
possibility that the circadian rhythm in serum testosterone levels
might be altered with normal aging in men.

Hourly blood samples were obtained for 24 h from 17 young
(mean age, 25.2 yr) and 12 old (mean age, 71 yr) healthy men.
Total testosterone levels were measured by RIA. The circadian

rhythm in serum testosterone levels found in normal young men
was markedly attenuated or absent in healthy elderly men; the
early morning rise in testosterone levels characteristic of young
men was not present in old age. Mean testosterone levels for the
entire 24-h day were lower in healthy old men than in young
men. These results demonstrate a clear decrease in serum tes-
tosterone levels in healthy old men compared to those in young
men and provide an explanation for the inability to demonstrate
an age-related decline in testosterone levels in earlier studies
using serum samples obtained in the afternoon. (J Clin Endo-
crinol Metab 56: 1278,1983)

THE EXISTENCE of a male climacteric analogous
to menopause in the female has been debated for

many years (1, 2). It is generally recognized that libido
and potency decrease with age in normal men (3). Many
other changes in aging men (e.g. loss of musculature and
of body hair) could also be aspects of a male climacteric
(1).

In an effort to understand the physiological reasons
for these age-related changes, many workers have meas-
ured the hormones of the male reproductive system (4-
6). Testosterone levels have been studied because of the
central role this hormone plays in maintaining sexual
characteristics in man. Several studies using single blood
samples obtained at 0800-1000 h have shown a decrease
in plasma testosterone levels with age in men (4-6).

In contrast, a recent, carefully performed study found
no decrease in serum testosterone levels with aging in
normal men (7). An important difference between this
study (7) and earlier ones was that the blood samples
were obtained between 1400 and 1500 h, rather than the
more usual time of 0800-1000 h. Normal young men
exhibit a circadian rhythm in serum testosterone, with
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highest levels around 0800 h and lowest levels in the late
afernoon and early evening (8). We reasoned that a
possible explanation for the discrepancy between the
recent study (7) and older ones (4-6) was that the am-
plitude of the circadian rhythm in testosterone could
decrease with age. This would make the ability to detect
a change in testosterone level with increasing age de-
pendent upon the time of day that blood sampling was
performed. We resolved to study the effect of normal
aging upon the circadian rhythmicity of serum testoster-
one levels in man.

Materials and Methods

We studied 29 normal men, 17 young men (age range, 23-28
yr; mean ± SD, 25.2 ±1.8 yr) and 12 old men (age range, 58-
82 yr; mean ± SD, 71.0 ± 7.8 yr). The subjects were paid
volunteers, recruited by advertising for normal men. The men
were all of normal weight (within 15% of ideal body weight).
Each was a nonsmoker, a nonabuser of alcohol, and receiving
no medication. Normality was confirmed by medical history,
physical examination, electrocardiogram, complete blood count,
and urinalysis.

Each man was admitted to the Clinical Research Center and
allowed to adjust for 24 h. On the second morning, hourly blood
sampling through an indwelling peripheral venous cannula was
begun at 0800 h and continued until 0700 h the next morning.
The person performing the sampling was in an adjacent room
so that subjects were not bothered by the procedure of blood
withdrawal. Electroencephalographic monitoring was per-
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formed to confirm normal sleep patterns. All men had normal
percent wakefulness, stages 3 plus 4, and rapid eye movement
sleep for their age groups (9).

Total testosterone levels were measured in each serum sam-
ple by RIA, as described previously (10). Assay sensitivity was
less than 10 pg/tube (<0.1 ng/ml). Intraassay and interassay
variabilities were 51% and 9.8%, respectively. All specimens
from each subject were measured in a single assay run. Analysis
of variance and Duncan's multiple range test were used to
assess differences between the groups at each time. Student's t
test and cosinor analysis (11) were used for other comparisons,
as noted in Results.

Results

Young men demonstrated a clear circadian rhythm in
serum testosterone levels (Fig. 1), as has been reported
in many previous studies (8). Maximal levels occurred at
approximately 0800 h, while minimal levels were found
between 1900 and 2100 h. In old men, however, the
circadian rhythm was much less apparent (Fig. 1). Mean
testosterone levels in young men were significantly
higher than those in old men at each time point studied
between 0200 and 1300 h. During the remainder of the
day (1400-0100 h), testosterone levels did not differ
significantly between the two age groups, although
younger men tended to have higher levels. The circadian
excursion of serum testosterone levels (highest point
minus lowest point) was greater in young men (mean ±
SEM, 3.54 ± 0.3 ng/ml) than in old men (2.05 ± 0.2 ng/
ml; P < 0.001, by unpaired t test). Similarly, the ampli-
tude of the circadian rhythms determined by cosinor
analysis was significantly greater in the young men
(mean ± SEM, 1.64 ± 0.18 ng/ml) than in the old men
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FIG. 1. Hourly serum testosterone levels (mean ± SEM) in normal
young (n = 17) and old (n = 12) men. Blood samples were obtained
using an indwelling peripheral venous cannula, which allowed free
movement and normal sleep. *, P < 0.05; **, P < 0.01 (significance
levels of the differences between young and old men at each time point).
The absence of an asterisk denotes that there was no significant differ-
ence at that time point.

(0.68 ± 0.09 ng/ml; P < 0.001). Although the amplitudes
were markedly lower, a slight circadian rhythm was
detectable (P < 0.05, by cosinor analysis) in six of the
elderly men.

Although mean testosterone levels did not differ sig-
nificantly in the two groups of men between midafter-
noon (1400 h) and late evening (0100 h), testosterone
values averaged throughout the 24-h period were signif-
icantly higher in young men (mean ± SEM, 6.17 ± 0.26
ng/ml) than in old men (5.08 ± 0.41 ng/ml; P < 0.05, by
unpaired t test).

Discussion

These data demonstrate clear differences between cir-
culating testosterone levels in normal young and old men.
Since the old men we recruited were physically and
mentally active and had no coexistent disease, their lower
testosterone levels cannot be attributed to inanition or
illness. It seems likely that the differences in mean
testosterone levels and circadian patterns that we ob-
served are consequences of normal aging in man.

Studies that have found lower testosterone levels in
old men have used blood samples obtained between 0800
and 1000 h (4-6), while a major study not finding an age-
related decline sampled blood between 1400 and 1500 h
(7). Our results imply that the ability to demonstrate an
age-related decrease in testosterone levels in man de-
pends in part upon the time of day that blood sampling
is performed. Samples obtained in the morning are most
likely to allow demonstration of an age effect, while those
obtained in the afternoon or evening are least likely to
differ between young and old men.

Two very recent studies (12,13), despite using samples
obtained in the morning, have been unable to demon-
strate a difference in testosterone levels between young
and old men. However, even in these studies, serum LH
and FSH levels were higher in elderly men than in
younger ones. Furthermore, the testosterone responsive-
ness to hCG stimulation was decreased in older men (13).
Those findings appear to be consistent with a decrease
in testicular endocrine function with age, despite the fact
that these two studies were unable to demonstrate lower
basal testosterone levels in older men. It may be that
frequent blood sampling over longer periods of time in
each man would have allowed demonstration of age-
related changes in testosterone levels. It is also possible
that the stress of being asked to present themselves for
experimental studies may have partially suppressed the
circadian increase in testosterone levels in the normal
young men in these two studies. The mean testosterone
levels reported were lower than those found in other
studies of normal young men (4-6, 8).

Our finding of a loss in circadian testosterone rhyth-
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micity with aging raises the question of whether this loss
is due to age-related changes in gonadotropin production
or to decreased testicular responsiveness to gonadotro-
pins. Careful studies of circadian patterns of gonadotro-
pin secretion and testicular responses to gonadotropins
with normal aging will be required to answer this ques-
tion.

The demonstration of a loss of circadian rhythmicity
in testosterone levels raises the possibility that decreases
in other circadian rhythms may be a normal concomitant
of aging. Recent studies have demonstrated a reduction
with normal aging in the circadian rhythm of pineal
melatonin content in animals (14) and serum melatonin
levels in humans (15). The pineal plays an important
role in the neuroendocrine control of gonadotropin se-
cretion in many species and often calcifies with aging in
human beings. Whether there is a causal relationship
between the loss of the circadian rhythm in melatonin
acting through gonadotropins to affect testosterone is
unknown. In contrast to these results for melatonin and
testosterone, the circadian rhythmicity of cortisol in man
appears to be unaffected by age (16,17).

Another possible mechanism for loss of circadian
rhythmicity in T relates to hypothalamic neurotransmit-
ter control of gonadotropin secretion. Hypothalamic
catecholamines are known to exert an important influ-
ence on the production of LHRH into the hypothalamic-
hypophyseal portal system and, thereby, upon gonado-
tropin production from the pituitary (18, 19). Important
changes in hypothalamic catecholamine content with
aging have been described in both experimental animals
and humans (18). Decreases in norepinephrine levels and
turnover rates have been demonstrated in old rats; fur-
thermore, the administration of L-dopa or iproniazid,
which increase hypothalamic catecholamines, can reini-
tiate estrous cycles in old, constant estrous female rats
(20). It is possible that an age-associated alteration in
hypothalamic catecholamine production in men could
alter a circadian pattern of gonadotropin secretion and,
thereby, decrease the circadian rhythm in serum testos-
terone levels.

Our results have demonstrated that, in addition to a
loss of the circadian rhythmicity of serum testosterone
levels, normal older men have an overall decrease in
mean serum testosterone levels when averaged over 24
h. Zumoff et al. (21) have also recently reported that the
24-h mean testosterone level is lower in healthy elderly
men than in young men. The effect of these changes in
testosterone secretion on male sexual behavior is pres-
ently unknown. While it is well known that testosterone
administration to hypogonadal men will stimulate sexual
behavior (22), little critical work has been performed on
the ability of testosterone administration to affect sexual
behavior in normal elderly men. Similarly, it may be that

the decreases in testosterone that we have found in older
men may be important in the loss of body hair and
musculature that are well known concomitants of aging
in man.

Acknowledgments
We appreciate the technical assistance of Judy Tsoi, Vasumathi

Sundarraj, Patricia Payne, Darrell Buckner, Steven Duntley, Robert
Smallwood, Cathy Critchlow, and Elaine Rost and the typing of Patri-
cia Jenkins, Maxine Cormier, and Anne Bartlett. We appreciate the
gift from the WHO of reagents for the testosterone assay.

References
1. Harman SM1978 Clinical aspects of aging in the male reproductive

system. In: Schneider EL (ed) The Aging Reproductive System.
Raven Press, New York, p 29

2. Soules MR, Bremner WJ 1982 The menopause and climacteric:
endocrinologic basis and associated symptomatology. J Am Geriat
Soc 30:547

3. Kinsey AC, Pomeroy WB, Martin CE 1948 Sexual Behavior in the
Human Male. Saunders, Philadephia

4. Stearns EL, MacDonnell JA, Kaufman BJ, Padua R, Lucman TS,
Winter JSD, Faiman C 1974 Declining testicular function with
age, hormonal and clinical correlates. Am J Med 57:761

5. Baker HWG, Burger HG, deKretser DM, Hudson B, O'Connor S,
Wang C, Mirovics A, Court J, Dunlop M, Rennie GC 1976 Changes
in the pituitary-testicular system with age. Clin Endocrinol (Oxf)
5:349

6. Vermeulen A, Rubens R, Verdonck L 1972 Testosterone secretion
and metabolism in male senescence. J Clin Endocrinol Metab
34:730

7. Harman SM, Tsitouras PD 1980 Measurement of sex steroids,
basal luteinizing hormone, and Leydig cell response to human
chorionic gonadotropin. J Clin Endocrinol Metab 51:35

8. Nieschlag E 1975 Circadian rhythm of plasma testosterone. In:
Aschoff J, Ceresa F, Halberg F (eds) Chronobiological Aspects of
Endocrinology. Schattauer Verlag, Stuttgart and New York, p 117

9. Prinz PN, Raskind M 1978 Aging and sleep disorders. In: Williams
RL, Karacan I (eds) Sleep Disorders, Diagnosis, and Treatment.
John Wiley and Sons, New York, p 303

10. Bremner WJ, Matsumoto AM, Sussman AM, Paulsen CA 1981
Follicle stimulating hormone and human spermatogenesis. J Clin
Invest 68:1044

11. Nelson W, Tong YL, Lee J-K, Halberg F 1979 Methods for cosinor-
rhythmometry. Chronobiologia 6:305

12. Sparrow D, Basse R, Rowe JW 1980 The influence of age, alcohol
consumption and body build on gonadal function in man. J Clin
Endocrinol Metab 51:508

13. Nieschlag E, Lammers U, Freischem CW, Langer K, Wickings EJ
1982 Reproductive function in young fathers and grandfathers. J
Clin Endocrinol Metab 55:676

14. Reiter RJ, Richardson BA, Johnson LV, Ferguson BN, Dinh DT
1980 Pineal melatonin rhythm: reduction in aging Syrian hamsters.
Science 210:1372

15. Iguchi H, Kato K-I, Ibayashi H 1982 Age-dependent reduction in
serum melatonin concentrations in healthy human subjects. J Clin
Endocrinol Metab 55:27

16. Jensen HK, Blichert-Toft M 1970 Serum corticotropin, plasma
cortisol and urinary excretion of 17-ketogenic steroids in the elderly
(age group 66-94 years). Acta Endocrinol (Copenh) 66:25

17. Kreiger D, Allen W, Rizzo F, Kreiger H 1971 Characterization of
normal temporal pattern of plasma corticosteroid levels. J Clin
Endocrinol Metab 32:266

18. Meites J, Huang HH, Simpkins JW 1978 Recent studies on neu-
roendocrine control of reproductive senescence in rats. In: Schnei-
der EL (ed) The Aging Reproductive System. Raven Press, New
York, p 213

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 12 October 2014. at 02:22 For personal use only. No other uses without permission. . All rights reserved.



CIRCADIAN TESTOSTERONE RHYTHMS IN AGING 1281

19. Finch CE 1979 Neuroendocrine mechanisms and aging. Fed Proc
38:178

20. Quadri SK, Kledzik GS, Meites J 1973 Reinitiation of estrous
cycles in old, constant-estrus rats by central acting drugs. Neu-
roendocrinology 11:807

21. Zumoff B, Strain GW, Kream J, O'Connor J, Rosenfeld RS, Levin

J, Fukushima DK 1982 Age variation of the 24-hour mean plasma
concentrations of androgens, estrogens and gonadotropins in nor-
mal adult men. J Clin Endocrinol Metab 54:534

22. Davidson JM, Camargo CA, Smith ER 1979 Effects of androgen
on sexual behavior in hypogonadal men. J Clin Endocrinol Metab
48:955

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 12 October 2014. at 02:22 For personal use only. No other uses without permission. . All rights reserved.




