Hormones and Their Effects in the Aging Body

Changes in the working of the endocrine system have been linked to
some of the diseases that diminish the quality of later life

Aging is inevitable—or at least better
than the alternative, as the old joke goes.
The question, then, is not so much
whether aging can be avoided, but
whether the physical and mental deterio-
ration that so often accompanies growing
old is also inevitable.

At a recent conference* in Bethesda,
Maryland, a group of endocrinologists
and gerontologists gathered to consider
how aging affects the working of the en-
docrine system. According to confer-
ence chairman Stanley Korenman of the
University of California at Los Angeles,
“Endocrinology is a fountainhead of
medical research because it is the study
of the molecules that regulate all the
body’s activities.”” With the connection
between the brain and the endocrine sys-
tem now firmly established—the brain
helps to control hormone secretion and
hormones in turn affect the brain’s oper-
ation—that is not an overstatement.

Changes in the production of hor-
mones or in our bodies’ responses to
them may contribute to the development
of many of the physical ills that diminish
the quality of later life. Among the com-
mon diseases of the aging that have been
linked to endocrine malfunctions are dia-
betes, high blood pressure, osteoporosis,
and some cancers.

One of the inevitable endocrine con-
sequences of aging for women is men-
opause. Moreover, after menopause,
which usually occurs around the age of
50, they face an increased risk of devel-
oping breast or uterine cancer. In the
view of many investigators, exposure to
the female sex hormone estrogen, both
during and after reproductive life, may
contribute to the development of the
cancers, especially if the effects of estro-
gen are not counteracted by the opposing
actions of progesterone.

For example, Barry Sherman, Robert
Wallace, and Alan Treloar of the Univer-
sity of Iowa Medical School found that
obese women, who have a higher than
average risk of breast cancer, begin men-
struating earlier and stop later than thin-
ner women. In addition, the obese wom-
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en tend to have shorter menstrual cycles.
All of this means that they have greater
estrogen exposures during their repro-
ductive lives, which could contribute to
their increased risk of breast cancer.
Their obesity could cause the cancer by
some other means, but the estrogen hy-
pothesis is consistent with other results.

Estrogen exposure can continue even
after menopause. The ovaries no longer
produce either estrogen or progesterone,
but other tissues, notably adipose tissue,
can continue to make estrogen. Accord-
ing to Pentti Siiteri of the University of
California Medical School in San Fran-
cisco, the continued stimulation of
breast and uterine cells by this estrogen,
which is no longer opposed by pro-
gesterone, may promote the conversion
of susceptible cells to the malignant
state.

In contrast to breast and uterine can-
cer, which may be fostered by estrogen,
the development of osteoporosis appears
to be inhibited by the female sex hor-
mone. In osteoporosis, the bones lose
calcium and become fragile, often break-
ing under stresses that would not frac-
ture normal bones. As many as 190,000
hip fractures, 180,000 vertebral frac-
tures, and 90,000 broken forearms are
caused every year by osteoporosis.

Both men and women tend to lose
bone mineral beginning around age 35,
but the loss accelerates in women at the
time of menopause. Because women
have a smaller bone mass than men to
begin with, they are more prone to the
disabling effects of bone calcium loss.

Attempts to determine how estrogen
deprivation accelerates bone loss have
so far proved frustrating. David Feld-
man, describing research carried out at
the Stanford University Medical School,
says that his group could find no evi-
dence for characteristic estrogen recep-
tors on bone cells grown in culture, a re-
sult that he thinks militates against a di-
rect effect of the hormone on bone.

Lawrence Raisz of the University of
Connecticut Health Center in Farm-
ington agrees: ‘‘Estrogens inhibit bone
resorption in postmenopausal women
but they do not act on bone.”’ He points
out that ten or so agents, including hor-
mones, vitamins, and other factors, di-
rectly affect bone, causing either deposi-
tion or dissolution of bone mineral. Es-

trogen could enhance or counteract the
effects of any of them. It may also in-
directly increase calcium absorption by
the intestine or decrease its excretion by
the kidney, thus making more of the min-
eral available for bone formation.

Other investigators have evidence sug-
gesting that the net loss of bone mineral
may be minimized by giving women ei-
ther estrogen or calcium supplements. In
one such study, Robert Heaney of
Creighton University found that premen-
opausal women or postmenopausal
women who are taking estrogen need to
consume less calcium to maintain their
body calcium content than postmeno-
pausal women not taking the hormone.

By Heaney’s calculations, 800 milli-
grams per day is sufficient to prevent cal-
cium depletion in women who have their
own or supplemental estrogens, but es-
trogen deprivation nearly doubles the re-
quired intake to 1500 milligrams per day.
(One and a half quarts of milk, either
whole or skim, contain about 1500 milli-
grams of calcium.) This is an encourag-
ing finding because it may mean that
osteoporosis is preventable by replacing
the estrogens given to postmenopausal
women, which have been linked to an in-
creased risk of uterine cancer, with cal-
cium supplements.

Hot flashes are not as life-threatening
as cancer or as disabling as osteoporosis,
but to some degree they afflict most
(about three-quarters) of the women go-
ing through menopause. The current
therapy is estrogen administration, but
the hormone’s link to uterine cancer has
led researchers to look for substitute
therapies, a search that they think will
be facilitated if they can find the hitherto
elusive cause of the hot flashes.

According to Howard Judd, experi-
ments performed at the University of
California Medical School in Los Ange-
les show that the increase in skin temper-
ature characteristic of a hot flash coin-
cides with an increase in the blood con-
centration of a pituitary hormone called
luteinizing hormone (LH). Other investi-
gators have also observed surges in LH
coincident with hot flashes.

The Los Angeles workers do not think
that it is the LH itself that produces the
unpleasant sensations of the hot flashes,
however. Secretion of the pituitary hor-
mone is controlled by a region of the
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brain called the hypothalamus. Judd pro-
poses that both the LH surge and the hot
flashes are effects of alterations in hypo-
thalamic function. He points out that the
hypothalamic neurons that control LH
release are very near a brain center in-
volved in temperature regulation.

The hypothalamus controls the secre-
tion not only of LH but also of follicle-
stimulating hormone, a pituitary hor-
mone that stimulates the ovaries to pro-
duce mature egg follicles, which in turn
produce estrogen. As Paola Timiras of
the University of California at Berkeley
pointed out, the ovaries of rats stop pro-
ducing estrogen and progesterone not
because of some intrinsic defect but be-
cause of changes in the hypothalamus.
She and her colleagues have found that if
they inject an inhibitor of serotonin syn-
thesis into the hypothalamus of young
rats, it produces a condition similar in
some respects to human menopause.

Work from Timiras’s and other labora-
tories suggests that a delicate balance be-
tween serotonin and other neurotrans-
mitters in the brain is needed to maintain
the normal cycling activities of rat ova-
ries. Slight disturbances in this balance
can greatly alter ovarian activity.

The cause of the shift in neurotrans-
mitter balance is unknown, but Caleb
Finch of the University of Southern Cali-
fornia has suggested that it is the cumula-
tive impact on the brain of the ovarian
hormones that eventually signals the
brain to bring an end to a female’s repro-
ductive period. He visualizes this as a
counting mechanism that may terminate
ovarian cycles at various ages depending
on the extent of hormone exposure.

Men do not experience the dramatic
changes in sex hormone production that
women do. Whether the production of
testosterone, the principal hormone
made by the testes, falls off gradually
with age, possibly leading to a decline in
sexual vigor, is still an open question.
Moreover, it is a question that touches
on a pivotal issue in gerontology today:
Is there a basic—and thus unavoidable—
decrease in function with age, or is the
deterioration an indirect effect of repeat-
ed insults to our health?

Alex Vermeulen of the University of
Ghent, Belgium, had originally thought
everyone would agree that testosterone
production decreases with age. But the
results of a trial conducted at the Geron-
tology Research Center in Baltimore
caused him to wonder whether there was
such agreement.

Research carried out by Vermeulen
and his colleagues has shown decreases
in testosterone concentrations in aging
men, with some falloff perhaps as early

806

as age 50. Moreover, other researchers
have shown that the volume of the tes-
tes, the number of living sperm per ejac-
ulate, and the ease with which concep-
tion may be achieved all decrease as a
man grows older. Vermeulen says that
older men also produce more estrogens,
which are formed from certain andro-
gens, than do younger individuals.
Changes such as these could contribute
to the decrease in sexual activity that has
often been noted as men age.

The trial conducted at the Gerontology
Research Center also sought to answer
the question of what happens to testos-

“Aging is not a
disease or a sickness
but a period in
the life-span.
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terone production in older men. It in-
cluded 76 men, 69 of whom are enrolled
in the long-term Baltimore Longitudinal
Study on Aging, which is aimed at defin-
ing, by following specific individuals for
many years, just what does happen as
people grow older.

The Baltimore workers found that tes-
tosterone concentrations are no lower
and may even be slightly higher in older
men than in younger men. As S. Mitchell
Harman of the Center emphasized, how-
ever, the men they studied are unusual
in that they have more education and
are more prosperous than the gener-
al population. People who are well edu-
cated and members of the higher so-
cioeconomic classes tend to take better
care of themselves and to receive better
medical attention than those who are less
fortunate.

And the men in the Baltimore study
were exceptionally healthy. All those
with evidence of cardiovascular disease,
obesity, excessive drinking, or other
health problems were eliminated from
the study population. This difference
may help to account for the discrepancy
between the results obtained in Balti-
more and elsewhere. The Baltimore re-
sults may also carry the encouraging
message that a decline in testosterone
production need not be inevitable, pro-
vided good health can be maintained.

Some aspects of endocrine aging are
more difficult to understand than simple
changes in hormone production. An ex-
ample is the decrease with age of the
ability of the body’s tissues to use glu-
cose, a major source of chemical energy.

Most studies, says Mayer Davidson of
the University of California School of
Medicine in Los Angeles, do not show
an age-related reduction in the produc-
tion of insulin, which is needed for glu-
cose metabolism. A more likely ex-
planation, according to Ralph de Fronzo
of Yale University Medical School, is
that insulin’s activity is somehow im-
paired or antagonized.

Most individuals who develop diabe-
tes late in life also have normal or even
elevated insulin production. De Fronzo
said that reduced tissue sensitivity to the
hormone may account for the impaired
ability of these ‘‘maturity-onset’’ diabet-
ics to use glucose. This may be because
their cells have fewer receptors for bind-
ing insulin than do normal cells.

Binding to receptors is the first step in
the action of all hormones. It is the re-
ceptor-hormone complex that initiates
the chain of cellular events that bring
about the characteristic effects of a hor-
mone. The receptor is also one of the
first places endocrinologists look for an
explanation of the many situations where
a particular hormonal response is im-
paired but the hormone production ap-
pears normal.

According to George Roth of the Ger-
ontology Research Center, there are
some well-documented examples in
which a reduction in receptor number
can account for loss of responsiveness to
a hormone during aging. One of these is
the loss of receptors on the fat cells of
aging rats that bind an adrenal steroid
hormone called cortisol. In other cases
of reduced responsiveness, no receptor
loss can be detected, however. ‘‘The
point,”’” says Roth, ‘‘is that you cannot
ascribe all changes to receptors.”’

In addition to alterations in hormone
and receptor concentrations, a number
of other possible explanations for altered
hormonal activity must be considered,
such as those affecting the ‘‘second mes-
sengers’’ that transmit many hormonal
signals to the cell interior or the enzymes
needed to carry out the activities regulat-
ed by the hormone. ‘‘So many steps in-
fluence the final result,”” Korenman
points out, ‘‘that it is almost too hard to
do the right experiments.”’

Nevertheless, as Timiras maintained,
““Aging is not a disease or a sickness but
a period in the life-span with its own
physiological characteristics, which are
still largely unknown.”’ The researchers
who gathered in Bethesda this October
hope that by better understanding the en-
docrine aspects of those characteristics
they can help to head off some of the de-
terioration we all face as we grow old-
er.—JEAN L. MARX
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