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ABSTRACT

The role of estrogens in male physiology has become more
evident, as a consequence of the discovery of human
models of estrogen deficiency such as estrogen resistance or
aromatase deficiency.

In males, testosterone is the major source of plasma
estradiol, the main biologically active estrogen, only 20%
of which is secreted by the testes. Plasma estrone, 5% of
which is converted to plasma estradiol, originates from
tissue aromatization of, mainly adrenal, andro-
stenedione. The plasma concentration of estradiol in
males is 2–3 ng/dl and its production rate in blood is
25–40 mg/24 h; both of these values are significantly
higher than in postmenopausal women. Plasma levels of
estradiol do not necessarily reflect tissue-level activity as
peripherally formed estradiol is partially metabolized in
situ; thus, not all enters the general circulation, with a
fraction remaining only locally active.

Of the factors influencing plasma estradiol levels,
plasma testosterone is a major determinant. However, the

age-associated decrease in testosterone levels is scarcely
reflected in plasma estradiol levels, as a result of increasing
aromatase activity with age and the age-associated
increase in fat mass. Free and bioavailable estradiol levels
do decrease modestly with age as does the ratio of free
testosterone to free estradiol, the latter testifying to the
age-associated increased aromatization of testosterone.
Estradiol levels are highly significantly positively related
to body fat mass and more specifically to subcutaneous
abdominal fat, but not to visceral (omental) fat. Indeed,
aromatase activity in omental fat is only one-tenth of
the activity in gluteal fat.

Estrogens in males play an important role in the
regulation of the gonadotropin feedback, several brain
functions, bone maturation, regulation of bone resorption
and in lipid metabolism. Moreover, they affect skin
metabolism and are an important factor determining sex
interest in man.

INTRODUCTION

Whereas testosterone is the major sex hormone in
males, recently, several authors have emphasized
the role of estrogens in male physiology. Indeed,
remarkable progress in our understanding of the
role of estrogen physiology has been made, as a
consequence of the discovery of human models of
estrogen deficiency such as estrogen resistance and
aromatase deficiency.

Estradiol, the major biologically active estrogen,
is a metabolite of testosterone. Hence, the bio-
logical effects of testosterone are the result of

the combined action of testosterone (and dihydro-
testosterone) and of estradiol.

ORIGIN OF ESTROGENS IN THE
MALE

About 20% of estradiol is secreted by the Leydig
cells1–4, whereas 80% is formed in peripheral tissues
from androgens, in man, mainly from testos-
terone5. Estrone, on the other hand, originates
from aromatization of (mainly adrenal)
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androstenedione, with 20% being secreted directly
by the adrenals.

The blood transfer constant of plasma testoster-
one to plasma estradiol, i.e. the fraction of
the blood production rate of testosterone that is
converted to estradiol is approximately 0.3–0.4%
and of androstenedione to estrone approximately
1.4%, approximately 5% of the latter is then
converted to estradiol6. As the mean estradiol con-
centration in men is about 2–3 ng/dl, whereas
the metabolic clearance rate is approximately
1600 l/24 h, it follows that the blood production
rate of estradiol is about 30–40 mg/24 h. This
includes a secretion rate of approximately
5–10 mg/day from the Leydig cells, 20 mg/day
originating from peripheral conversion of plasma
testosterone and about 5 mg/day from andro-
stenedione. In patients with aromatase deficiency
a daily dose of 25 mg of estradiol, administered
transdermally, appeared to suffice for effective
mineralization7. The mean concentration of
estrone in males is 3–6 ng/dl8, and its blood
production rate approximately 50–70 mg/24 h.

These conversions occur, under the influence of
an aromatase, mainly in fat and muscle tissue,
although many other tissues, for example, the
brain, liver, Sertoli and Leydig cells, and osteo-
blasts9–11, show aromatase activity. The aromatase
activity increases with age12 and obesity.

The total quantity of estradiol which is formed
in the organism may, however, be significantly
higher than the blood production rate, as part of
the peripherally formed estradiol is further meta-
bolized in situ (to estrone, estriol or 2-hydroxy-
estradiol) and, hence, does not enter the peripheral
circulation. This locally formed estradiol may be
only locally active and, hence, plasma estradiol
levels do not necessarily reflect the activity at tissue
level.

WHICH FACTORS DETERMINE
ESTRADIOL LEVELS?

Testosterone being the major precursor of estradiol
in males, it is not surprising that we observed a
highly significant correlation between estradiol
and testosterone levels (r = 0.56, p < 0.01) as well
as between free testosterone and free estradiol
(r = 0.53, p < 0.01), notwithstanding the fact that
testosterone levels decrease with age, whereas

aromatase activity increases. This indicates the
importance of testosterone as a precursor of
estradiol.

Regarding the influence of age on plasma
estradiol levels, in the Gent Aging Male Study,
involving 419 men aged 24–79 years, our group
did not observe any significant decrease of plasma
estradiol levels with age, the mean concentration
being 84.0 ± 22.4 (SD) pmol/l in young males
(24–31 years), 81.5 ± 23.1 pmol/l in middle-aged
men (37–46 years, n = 46) and 88.1 ± 24.6 pmol/l
in elderly men (70–79 years, n = 283). This
confirms the data of Gray and co-workers13,
Khosla and colleagues14, and Belanger and
associates15.

As fat mass was significantly higher in the elderly
compared with young men, an eventual age-
associated decrease in estradiol could be obscured
by this increased fat mass which increases
aromatization. However, after adjusting for fat
mass, the correlation coefficient of estradiol with
age was only -0.0035!

As to bioactive, non-sex hormone binding
globulin (SHBG)-bound estradiol, as a conse-
quence of the age-associated increase in SHBG-
binding capacity, the mean bioavailable estradiol
levels decreased modestly but significantly with
age, from 46.5 ± 15.7 pmol/l in the young,
40.3 ± 11.1 in the middle-aged and
37.5 ± 10.8 pmol/l in the elderly. Similar results
were obtained by Khosla and associates14. As the
mean testosterone and free testosterone levels
decreased from 20.2 ± 5.0 and 0.46 ± 0.11 nmol/l,
respectively, in the youngest group, to 19.0 ± 5.2
and 0.25 ± 0.07 nmol/l, respectively, in the
elderly, the ratio of free testosterone : free estradiol
decreased from 323 ± 82 in the young, to 282 ± 82
in the middle-aged and to 197 ± 55 in the elderly,
indicating an age-associated increase in aromatase
activity, partly attributable to the aging process
itself16 and partly related to the age-associated
increase in fat mass. Confirming data of Khosla and
associates14, we found that this ratio was highly
significantly negatively correlated with body mass
index (BMI; r = -0.51, p < 0.01), with procentual
fat (r = -0.55) as well as with insulin levels
(r = -0.58; n = 59, age 79–89 years, mean 73
years).

It should be noted, however, that other
authors17–19 have reported an age-associated
decrease of total estradiol levels.
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We studied the role of fat mass and fat distribu-
tion on sex hormone levels, in a subgroup of 59
elderly men (79–89 years).

Abdominal fat appeared to be a more important
determinant of total testosterone and free testoster-
one levels than gluteal fat (abdominal fat r = -0.56
and -0.37, respectively; gluteal fat r = -0.42 and
0.26, respectively). Both estradiol and bioavailable
estradiol were significantly correlated with total fat
mass (r = 0.43 and 0.55, respectively, p < 0.01);
hence, free estradiol levels were significantly
higher (2.54 ± 0.63 pmol/l) in the obese patients
than in non-obese controls of similar age
(1.57 ± 0.43 pmol/l).

The abdominal/gluteal fat ratio was significantly
negatively correlated with testosterone
(r = -0.45), free testosterone (r = -0.29), SHBG
(r = -0.51) and non-significantly with age
(r = 0.18), but positively associated with insulin
levels (r = 0.43, p < 0.001). This illustrates the
role of abdominal fat in the insulin resistance and
metabolic effects of obesity.

The role of fat distribution on estrogen levels,
was defined by measuring abdominal subcutaneous
and visceral fat by computerized tomography scan
in a group (n = 40) of obese men 30–60 years old.
Free estradiol was significantly correlated with sub-
cutaneous abdominal fat (r = 0.71, p < 0.001)
(Figure 1) but not with visceral fat (r = 0.30, not
significant)20. Thus, it is interesting to note that
aromatase activity in omental fat has been reported
to be only one-tenth of that in gluteal fat21, whereas
Kirchner and colleagues22 reported that, in
women, lower-body fat is the major site of
aromatization of androgens.

After weight loss (mean loss 8.0 ± 6.1 kg,
decrease of BMI from 34.11 ± 2.65 to
30.31 ± 2.47), total estradiol as well as free estradiol
decreased significantly (estradiol from 81.3 ± 18.4
to 63.2 ± 19.8 pmol/l; free estradiol from

2.54 ± 0.63 to 1.94 ± 0.59 pmol/l, p < 0.001)
notwithstanding an increase in total testosterone
levels (p < 0.01) by 10% (from 12.8 ± 3.6 to
11.9 ± 3.5 nmol/l) and free testosterone levels
increasing non-significantly. In all subjects, the
decrease concerned more visceral fat than sub-
cutaneous abdominal fat, as shown by the increase
in the ratio of subcutaneous over visceral fat from
1.85 ± 0.96 to 2.52 ± 1.16 (p < 0.01) confirming
the higher turnover rate and lipolytic activity in
visceral fat. After correction for BMI, the ratio
of abdominal over subcutaneous visceral fat
correlated negatively with age (r = 0.66, p < 0.01),
i.e. visceral fat increased more with age than sub-
cutaneous fat.

It is remarkable that all fat parameters (total,
abdominal and gluteal) were negatively correlated
with luteinizing hormone (LH) levels, suggesting
that the decreased free testosterone levels in obese
men have a central origin, the decrease in total
testosterone levels being essentially the conse-
quence of the decrease in SHBG levels.

ROLE OF ESTROGENS IN MALES

As estradiol concentration in men is higher than
in postmenopausal women and comparable to
estradiol levels in the early follicular phase, it can
be expected that these estrogens have important
physiological functions. Estrogen receptors are
found in the brain, liver, osteoblasts, fibroblasts, fat
cells, Leydig cells and Sertoli cells.

Estradiol formed in the hypothalamus and the
pituitary, is an important determinant of the LH
feedback in the human male, decreasing both
LH-pulse frequency and amplitude23. This is
clearly shown by the increase in LH-pulse fre-
quency and pulse amplitude after administration of
an aromatase inhibitor such as testolactone or
anastrozol. Moreover, estrogens act also on the
central nervous system and it has been reported that
estradiol is an important factor determining sex
interest in men (but not sexual orientation).

Estradiol plays an important role in bone matu-
ration and in the peak of bone mass reached at
adulthood24. This is best evidenced in subjects with
aromatase or estrogen receptor deficiency, charac-
terized by tall stature with linear growth continu-
ing into adulthood, delayed bone age with lack
of epiphyseal fusion, eunuchoid habitus and
osteoporosis25, whereas estrogen supplementation
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results in the achievement of normal bone mineral
density and bone mass of both trabecular and corti-
cal bone26. Barrett-Connor and co-workers27

reported a clear association between estradiol levels
and vertebral fractures in elderly men, whereas
Khosla and colleagues14 demonstrated that
estradiol plays a significant role in bone loss in
elderly men, regulating bone resorption; men with
estradiol levels above 115 pmol had little or no
bone loss. Unphysiological high doses of estrogens
administered prepubertally, however, result in a
premature closing of the epiphyseal plates28.

Estrogens also affect skin and lipid metabolism,
whereas the role of estradiol in prostatic disease is
still controversial29; however, it seems to act syner-
gistically with dihydrotestosterone and stimulates
the development of prostatic hyperplasia30.

CONCLUSION

The majority of the estrogens in the male originate
from peripheral conversion of androgens. This
results in a plasma estradiol concentration which is
higher in males than in postmenopausal women.

Whereas aromatase is found in many tissues, the
majority of circulating estrogens are formed in fat
and, to a lesser extent, in muscle tissue. The
aromatase activity in fat tissue is much higher in
gluteal than in abdominal fat and estradiol levels
are related to subcutaneous fat mass but not to
visceral fat.

The role of estrogens in the physiology of man
appears to be more important than was generally
believed until some years ago.
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