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Adrenopause — does it really exist?
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Abstract

In ageing human adrenal glands there occur some morphological changes which result in alterations of their cor-
tex endocrine function. Glucocorticoid-excreting cells in the zona glomerulosa live longer than androgen-producing
cells in the zona reticularis, which undergo significant apoptosis. Therefore, in elderly humans cortisol levels are
normal (significantly higher than at young age), while adrenal androgen concentrations decline with ageing. Function
of the zona glomerulosa is affected by the adrenal status, circulatory system condition, efficiency of the kidneys and
liver and medication. An important problem of ageing is the rising incidence of non-secreting, incidentally detected,
benign adrenal tumors, called incidentalomas. They necessitate clear-sighted radiological and hormonal diagnosis.
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It is a well-known fact that the ageing processes affect,
among others, the endocrine system. The phenomenon
of menopause in about-50-year-old women corresponds
with sudden cessation of cyclical estrogen secretion by
the ovaries. In men, often already at the age of 40, the
testosterone secretion from the testicles decreases. It is
also known that with age the frequency and amplitude
of pituitary pulses of growth hormone decrease, and
that the evening melatonin pulse from the pineal gland
declines. The term “adrenopause” usually denotes the
decrease of blood concentration of adrenal androgens in
ageing persons. However, these are not the only chang-
es in the function of the adrenal cortex in the process of
ageing of the organism.

The adrenal cortex consists of three layers: the glo-
merular zone — external, secreting mineralocorticoids
(aldosterone); fascicular — located deeper and secreting
glucocorticoids (mainly cortisol); and finally, the deepest
reticular zone, secreting androgens (dehydroepiandro-
sterone [DHEA] and its sulfate [DHEAS)). The stimulating
action of the pituitary corticotropin (adrenocorticotropic
hormone [ACTH]) exerts a response mainly in the fascic-
ular zone and, although to a lesser degree, also in the
reticular one. The glomerular layer, independent of ACTH,
is the last element of the renin-angiotensin-aldosterone
system. The processes occurring with age in the adrenal
glands affect their whole cortex and may influence the
secretion of all of the three groups of its hormones [1].

Glucocorticoids

The secretion of most of the hormones in humans
decreases as the process of ageing advances. That rule
does not apply, however, in the case of glucocorticoids.
It has been found that the concentrations of cortisol
increase with age. It may refer to the morning peak of
cortisolemia, as well as to the cortisol concentration in
evening hours and to the overall sum of hormone se-
creted daily [2-5]. In some papers, a larger increase of
cortisol concentration in serum under stress in elderly
persons than in young and healthy is described. Those
phenomena are related, inter alia, to the decrease of
sensitivity of the hypothalamus and pituitary gland to
inhibition by cortisol [6]. No differences in response to
low (1 pg) doses of (1-24)ACTH have been found; how-
ever, after 250 pug, which is a dosage usually used in
the test of adrenal cortex simulation, in healthy elderly
patients a significantly larger increase of cortisolemia
has been found [7]. On the other hand, elderly patients
in septic shock have the output cortisol concentrations
admittedly higher, but a smaller increase after stimula-
tion with ACTH is found; therefore, in those patients so-
called functional adrenal insufficiency is found signifi-
cantly more frequently [8, 9]. In patients with depression
at elderly age particularly high cortisol concentrations
are observed. Those can have a negative impact on the
central nervous system: they accelerate the processes

Corresponding author:

Lucyna Papierska, Department of Endocrinology, Centre of Postgraduate Medical Education,

Submitted: 4.05.2017
Accepted: 30.05.2017

Bielanski Hospital, 80 Cegtowska St., 01-809 Warsaw, Poland, e-mail: lucyferysia@wp.pl

57



MENOPAUSE REVIEW/PRZEGLAD MENOPAUZALNY 16(2) 2017

of degeneration in the hippocampus, deteriorate recent
memory, and aggravate sleep problems [10, 11].

Even a slightly decreased concentration of cortisol
in elderly patients should not therefore be ignored.
A senile person should physiologically have their cor-
tisolemia at the same levels as a young person, or per-
haps even somewhat higher. The first and only, and
a very characteristic, symptom of the disease may be
orthostatic hypotony, mistaken for an effect of the
age-related processes (arteriosclerosis, the decrease of
sensitivity in baroreceptors), or a result of medications
(hypotensive drugs, dopamine agonists) [12]. Moreover,
the adrenal insufficiency may last for years in the form
of chronic fatigue syndrome, muscular and articular
pains, or the loss of appetite — ailments common in
elderly persons. Evaluating the additional examina-
tions, one should pay attention to the concentrations
of electrolytes in serum. Hyponatremia in every patient,
including in advanced age, requires considering, among
other things, adrenal insufficiency in the differential di-
agnosis [13]. During decreased adrenal reserve, intensi-
fication of any senile disease may lead to adrenal crisis.
Early diagnosis is therefore very important [14].

Adrenal androgens

The most characteristic feature of “ageing” of the
adrenal cortex is decreased secretion of adrenal andro-
gens — DHEA and DHEAS. The function of these hor-
mones isn’t fully discovered yet, but it is known that in
considerable amounts they are produced only in adre-
nal glands of primates. Their concentration in serum,
being high in the fetus (DHEA is a substrate for placen-
tal production of the estrogens), falls to trace amounts
in the first few weeks after birth, and increases only
at the beginning of puberty (adrenarche anticipates
menarche). Starting already at the age of 40, a gradual
decrease of DHEA secretion is observed [15, 16]. Those
changes occur in both sexes, but in women the con-
centrations of dehydroepiandrosterone and its sulfate
are lower. DHEA influences the receptors of the central
nervous system (it is a GABA antagonist) and estro-
gen receptors (antagonist-agonist action), and has its
“own” receptor in lymphocytes. It is also, and according
to some researchers first and foremost, a precursor hor-
mone. In elderly men, 50% of the sex hormones comes
from circumferential conversion of DHEA to testoster-
one. Adrenal androgens are a source of almost 100% of
active estrogens in women after menopause [17].

The physiological importance of DHEA in primates is
not fully known. However, on the basis of cross-sectional
epidemiological research and observational studies, pos-
sible effects of its insufficiency have been described. In
men and women, DHEA deficiency is related to increased
risk of ischemic heart disease and stroke. It has been
found that in men the concentration of DHEAS, as well
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as insulinemia, is a prognostic factor for estimating the
life length [18, 19]. Women with DHEA deficiency have
lower bone mass than their peers without such deficien-
cy. In women and men with dementia, unable to function
on their own, low DHEA concentrations have been found
[20]. Because DHEA deficiency is also related to lower
self-esteem and depressive tendencies, attempts have
been made to supplement DHEA in elderly persons with
depression. A positive impact of DHEA in both sexes has
been found, both in conjunction with antidepressants
and in the case of monotherapy [17, 21]. Low DHEA lev-
els have been related to a higher risk for erectile dysfunc-
tion, and a positive impact on potency in ageing men
with DHEA insufficiency has also been described [22].
In several studies, an improvement of insulin sensitivity
after supplementation of DHEA and a positive impact of
the hormone on the fibrinolysis system have been not-
ed. Apart from increased serum excretion and slight hir-
sutism in women, no significant side effects have been
observed. It has to be stressed, however, that the period
of the described DHEA therapies in healthy elderly peo-
ple does not as a rule exceed 12-18 months. Also the
number of participants in most described interventional
studies was very low. Considerably longer therapies con-
cern only patients with adrenal insufficiency, so, despite
some encouraging results of studies on DHEAS common
use in ageing persons, long-lasting therapy is not recom-
mended nowadays [17].

Mineralocorticoids

In old rats, lower concentration of aldosterone in
serum and lower basic aldosterone secretion from the
adrenal cortex have been observed. They were caused
by decreased activity of aldosterone synthase and a de-
creased amount of cytochrome P450scc in the cells of
the glomerular layer [23]. Also in humans an age-relat-
ed decrease in circulating renin and aldosterone con-
centrations was observed [24]. However, the evaluation
of glomerular zone status in elderly people is difficult.
The concentration of aldosterone in serum is deter-
mined by adrenal cortex function, cardiovascular sys-
tem sufficiency, the state of the kidneys and liver, and
medicine currently being taken. Works available in the
literature refer mainly to the role of aldosterone in the
pathogenesis of hypertension and cardiac insufficiency.

Morphological changes in adrenal cortex

Changes in concentrations of circulating corticoids
are caused by the changes in morphology of the adrenals.
The mass and overall thickness of the adrenal cortex de-
crease with age. At the same time, there occur changes
in the proportions between the fascicular layer, which
does not disappear, and may even slightly increase in
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volume, and the reticular layer, which becomes thinner
and thinner, while its cells disperse. The clear boundary
between them also disappears. In extreme cases, the cells
of the zona reticularis form dispersed, weakly separated
aggregations among the cells producing glucocorticoids
[25]. Those changes are also expressed in the composi-
tion of enzymatic systems taking part in steroidogenesis.
Activity of cytochrome P450c17 is maintained, while cyto-
chrome B5 activity decreases. As a result of those chang-
es, the activity of 17B-hydroxylase, necessary for pro-
ducing glucocorticoids, remains unaffected. At the same
time, the function of 17,20-lyase (desmolase) — a trace
enzyme of DHEA synthesis — decreases [26].

Apart from the changes in proportions between the
layers, adrenal tumors are more frequently diagnosed.
According to the analysis of autopsy research from the
1960s and 70s, in ageing adrenals small hyperplastic
nodules commonly occur in the elderly. According to one
of these studies, such changes were observed in 65%
of autopsies [27]. In another study, single nodules of
> 1 cm diameter were diagnosed in 8.7% of the pop-
ulation after 65 year of life. In the vast majority of
cases, such tumors are benign, hormonally inactive
lesions. With the development of imaging techniques
they are more and more frequently discovered, consti-
tuting a serious clinical problem. Diagnosis of adrenal
incidentaloma requires a decision concerning possible
surgical treatment. If the diameter of the nodule does
not exceed 4 cm, its shape is regular, and it is homo-
geneous with low density in computed tomography
examination, the lesion may be treated as definitively
benign [28]. However, the hormonal function of the tu-
mor should also be assessed (evaluation of cortisol and
androgen concentrations in serum, evaluation of daily
excretion of free cortisol, 17-OH steroids and 17-keto-
steroids, metanephrines in urine or blood, aldosterone
and renin plasma activity or renin concentration in
blood). The best test to exclude subclinical hypercorti-
solemia is a dexamethasone suppression test [29]. Sub-
clinical form of hypercortisolemia occurs in the case of
autonomous cortisol secretion from the tumor, usually
at normal cortisol concentrations. No typical features
of hypercortisolemia are then observed, but increased
risk of developing diabetes, abdominal obesity, dyslip-
idemia and hypertension occurs. Elderly patients with
subclinical hypercortisolemia are sometimes treated for
years as patients with metabolic syndrome [30]. Howev-
er, if the above-mentioned diseases are well controlled
by medications, there are no absolute indications for
adrenalectomy in patients over 50 [31].

Conclusions

With age, in the human adrenal cortex numerous
morphological changes occur, and the production of
hormones becomes different. The decrease of thick-

ness of the reticular layer has been described, as well
as impairment of functioning of its cells, which even-
tually causes the decrease of secretion of the andro-
gens. The production of cortisol in the fascicular zone
significantly increases, particularly in elderly persons
with depression. An increase of the percentage of per-
sons with nodular hyperplasia or single adrenal tumors
is observed. Careful investigation of hormonal function
in elderly patients, in whom both adrenal insufficiency
and adrenal hyperfunction may have a subclinical form,
is extremely important.
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