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ABSTRACT

The 24-h mean plasma concentration of total testosterone (T) was
measured in 33 healthy, regularly cycling, nonobese women between
21 and 51 yrof age. Percent free T was measuredin 17 of them. Plasma
dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sul-
fate (DHEAS) were measured in 24 of them, and the DHEA-to-T and
DHEAS-to-T ratios were calculated. It was found that the concen-
tration of total T showed a steep decline with age; the regression
equation was: T (nanomoles per L) = 37.8 X age™ 112 (r = —0.54; P <

0.003). According to this equation, the expected T concentration of a
woman of 40 would be 0.61 nmol/L, about half that of a woman of 21
(1.3 nmol/L). The percent free T did not vary significantly with age,
so free T concentration likewise showed a steep decline with age. The
DHEA-to-T and DHEAS-to-T ratios were both age invariant, clearly
because the levels of DHEA and DHEAS also decline steeply with age,
as previously reported. (J Clin Endocrinol Metab 80: 1429-1430,
1995)

STUDIES of plasma testosterone (T) levels in various

pathological states in women, including obesity, have
generally assumed tacitly that age is not a factor in these
levels. However, in our studies of 24-hour mean plasma T
levels in normal premenopausal women, we have now ob-
served that there is a decline with age, such that the levels in
women in their 40s are somewhat less than half those of
women in their early 20s. Since plasma levels of the adrenal
androgens dehydroepiandrosterone (DHEA) and dehydro-
epiandrosterone sulfate (DHEAS) also decline with age (1),
we also determined the effect of age of the DHEA-to-T and
DHEAS-to-T ratios in most of the women studied. This paper
reports details of these findings.

Subjects and Methods
Subjects

Thirty-three healthy, regularly cycling, nonobese women between 21
and 51 yr of age were recruited for this study. Women with any of the
following were excluded: history of chronic or significant recent acute
illness; ingestion of medications known or suspected to alter endocrine
function; oral contraceptives or pregnancy within the preceding 6
months; obesity (>20% above ideal weight); significant hirsutism; and
abnormal thyroid, kidney, or liver function. For purposes of standard-
ization, all studies were done on days 4-6 of a menstrual cycle.

Twenty-four-hour mean plasma hormone concentrations

These were measured by sampling blood (from an indwelling venous
catheter) every 20 min for 24 h, pooling aliquots of plasma from each

Received July 27, 1994. Accepted December 9, 1994.

Address all correspondence and requests for reprints to: Dr. Barnett
Zumoff, Division of Endocrinology and Metabolism, Beth Israel Medical
Center, First Avenue at 16th Street, New York, New York 10003.

sample, and determining the hormone content of each pool. Details of
the 24-h blood-sampling technique have been previously reported from
this laboratory (1).

Determination of plasma steroids

Total T was determined in all the subjects by the method of Boyar et
al. (2), with modifications as described by Strain et al. (3). Free T was
determined in 17 of them, by measuring plasma sex hormone-binding
globulin, by the method of Kahn ef al. (4), and plasma albumin, and by
calculating the free T, as previously described (4). DHEA and DHEAS
were determined in 24 of the subjects, as previously described (1).

Analysis of data

Regression equations for hyperbolic, logarithmic, power-function,
and linear correlations between total plasma T and age were calculated
by computer, using a curve-fitting program, and the equation showing
the highest correlation coefficient was used for the analysis. Linear
correlation coefficients between percent free T and age, DHEA-to-T ratio
and age, and DHEAS-to-T ratio and age were calculated by Pearson’s
correlation coefficient.

Results

Figure 1 shows the decline of the 24-h mean plasma total
T with age. The highest correlation coefficient was with a
power function; the regression equation was T (nanomoles
per L) = 37.8 X age™"'* (r = —0.54; P < 0.003). According
to this equation, the expected T concentration of a woman of
40 yr would be 0.61 nmol/L, about half that of a woman of
21 yr (1.3 nmol/L). The percent free T did not vary signifi-
cantly with age; the mean value was 1.8 + 0.4. The DHEA-
to-T ratio (both measured in nanomoles per L) was age in-
variant, with a mean value of 20.7 * 11.6 (Fig. 2). The
DHEAS-to-T ratio (moles per L and nanomoles per L, for
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Fic. 1. Twenty-four-hour mean plasma total T vs. age in normal
females. The regression equation was T (nanomoles per L) = 37.8 X
age (years) % (r = —0.54; P < 0.003).
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Fig. 2. DHEA-to-T ratio (both measured in nanomoles per L) was age
invariant, with a mean value of 20.7 + 11.6.

DHEAS and T, respectively) was age invariant, with a mean
value of 3.0 * 2.3 (Fig. 3).

Discussion

Our studies show that plasma total T declines steeply with
age in normal premenopausal women; at age 40 yr, the level
is about half what it is at age 21 yr. Since the percent free T
does not vary significantly with age, free T likewise declines
steeply with age. Although these findings have not been
previously reported, they might well have been anticipated;
since the great majority of circulating T in normal women is

Fic. 3. DHEAS-to-T ratio (moles per L and nanomoles per L, respec-
tively) was age invariant, with a mean value of 3.0 = 2.3.

derived from metabolic transformation of the adrenal an-
drogens DHEA and DHEAS, and since their levels are
known to decline with age (1), one might expect the level of
their metabolite T to decline too. What one could not guess
is whether the DHEA-to-T and DHEAS-to-T ratios would be
age invariant. The present study shows that they are.

An accurate knowledge of the values of plasma T con-
centration in normal women is essential for evaluation of
possible abnormalities in pathological conditions, such as
obesity. If age is a major factor, as our findings clearly
demonstrate, it becomes essential, for the best interpreta-
tion, to compare the full age vs. concentration regression
lines of an abnormal group with that of the normal popu-
lation, or at least to have an age-matched control for each
normal subject studied. It is to be hoped and expected
that our current findings concerning the age variation of
plasma T in normal women will improve the ability of re-
searchers to evaluate abnormalities of T level in a variety
of pathological conditions.

References

1. Zumoff B, Rosenfeld RS, Strain GW, et al. 1980 Sex differences in
the 24-hour mean plasma concentrations of dehydroisoandrosterone
(DHA) and dehydroisoandrosterone sulfate (DHAS) and the DHA
to DHAS ratio in normal adults. J Clin Endocrinol Metab. 51:330.

2. Boyar RM, Rosenfeld RS, Kapen S, et al. 1974 Human puberty.
Simultaneous augmented secretion of luteinizing hormone and tes-
tosterone during sleep. J Clin Endocrinol Metab. 54:609.

3. Strain GW, Zumoff B, Miller LK, et al. 1988 Effect of massive weight
loss on the abnormal hypothalamic-pituitary-gonadal axis of obese
men. ] Clin Endocrinol Metab. 66:1019.

4. Khan MS, Ewen E, Rosner W. 1982 Radioimmunoassay for human
testosterone-estradiol-binding globulin. J Clin Endocrinol Metab.
54:705.



