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The Endocrinology of Aging
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Aart-Jan van der Lely

Most aging individuals die from atherosclerosis, cancer, or dementia; but in the oldest
old, loss of muscle strength resulting in frailty is the limiting factor for an individual’'s
chances of living an independent life until death. Three hormonal systems show de-
creasing circulating hormone concentrations during normal aging: (i) estrogen (in meno-
pause) and testosterone (in andropause), (i) dehydroepiandrosterone and its sulphate (in
adrenopause), and (i) the growth hormone/insulin-like growth factor | axis (in somato-
pause). Physical changes during aging have been considered physiologic, but there is
evidence that some of these changes are related to this decline in hormonal activity.
Hormone replacement strategies have been developed, but many of their aspects remain
controversial, and increasing blood hormone levels in aging individuals to those found
during mid-adult life has not been uniformly proven to be safe and of benefit.

The average length of human life is cur-
rently 75 to 78 years and may increase to 85
years during the coming two decades (1),
but is not clear whether these additional
years will be satisfying to live. Most data
indicate a modest gain in the number of
healthy years lived but a far greater increase
in years of compromised physical, mental,
and social function.(2). The number of days
of restricted activity and the number of
admissions to hospitals and nursing homes
sharply increases after age 70 (3). One U.S.
health interview survey indicates that, at
present, more than 25 million aging people
suffer from physical impairment, whereas
the number of people requiring assistance
with activities of daily living increases from
14% at age 65 to 75 to 45% in those over 85
years old (4).

Aging and Physical Frailty

Throughout adult life, all physiological
functions gradually decline (5). There is a
diminished capacity for cellular protein syn-
thesis, a decline in immune function, an
increase in fat mass, a loss of muscle mass
and strength, and a decrease in bone min-
eral density (5). Most elderly individuals
will die from atherosclerosis, cancer, or de-
mentia; but in an increasing number of the
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healthy oldest old, loss of muscle strength is
the limiting factor that determines their
chances of living an independent life until
death.

Age-related disability is characterized by
generalized weakness, impaired mobility
and balance, and poor endurance. In the
oldest old, this state is called physical frail-
ty, which is defined as “a state of reduced
physiological reserves associated with in-
creased susceptibility to disability” (6).
Clinical correlates of physical frailty in-
clude falls, fractures, impairment in activi-
ties of daily living, and loss of indepen-
dence; falls contribute to 40% of admissions
to nursing homes (7).

Loss of muscle strength is an important
factor in the process of frailty. Muscle
weakness can be caused by aging of muscle
fibers and their innervation, osteoarthri-
tis, and chronic debilitating diseases (8).
However, a sedentary lifestyle and de-
creased physical activity and disuse are
also important determinants of the decline
in muscle strength. In a study of 100 frail
nursing home residents (average age 87
years), lower-extremity muscle mass and
strength were closely related (9). Super-
vised resistance exercise training (for 45
min three times per week for 10 weeks)
doubled muscle strength and significantly
increased gait velocity and stair-climbing
power. This demonstrates that frailty in
the elderly is not an irreversible effect of
aging and disease but can be reduced and
perhaps even prevented (9). Also, among
nondisabled elderly people living in the
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community, objective measures of lower-
extremity function are highly predictive of
subsequent disability (10). In a study we
conducted, the leg extensor power of 400
elderly, independently living men varied
widely (Fig. 1). Prevention of frailty can
be achieved only by exercise. However,
exercise is difficult to implement in the
daily routine of the aging population, and
the number of dropouts from exercise pro-
grams is very high (11).

Part of the aging process affecting body
composition (loss of muscle size and
strength, loss of bone, and increase in fat
mass) might also be related to changes in
the endocrine system (5, 12). Here we
analyze recent knowledge about the effects
of long-term hormonal replacement ther-
apy on body composition as well as on
atherosclerosis, cancer formation, and
cognitive function.

Endocrinology of Aging

The two clinically most important chang-
es in endocrine activity during aging in-
volve the pancreas and the thyroid. Ap-
proximately 40% of individuals 65 to 74
years old and 50% of individuals older
than 80 years have impaired glucose tol-
erance or diabetes mellitus, and nearly
half of elderly diabetics are undiagnosed
(13, 14). These persons are at risk of de-
veloping secondary, mainly macrovascu-
lar, complications at an accelerated rate
(15). Pancreatic, insulin receptor, and
post-receptor changes associated with ag-
ing are critical components of the endo-
crinology of aging: Apart from decreased
(relative) insulin secretion by the B cells,
peripheral insulin resistance related to
poor diet, physical inactivity, increased
abdominal fat mass, and decreased lean
body mass contribute to the deterioration
of glucose metabolism (15, 16). Dietary
management, exercise, oral hypoglycemic

o
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Fig. 1. Muscle strength, as measured by maxi-
mum leg extensor power, in 400 healthy, indepen-
dently living, elderly men (mean age, 78 years; age
range, 73 to 94 years). The maximum value of
three measurements of both legs is shown. A
Hoggan microFET hand-held dynamometer was
used for the measurements (64).

420

agents, and insulin are the four compo-
nents of treatment of these patients,
whose medical care is costly and intensive
(17).

Age-related thyroid dysfunction is also
common in the elderly (18). Lowered plasma
thyroxine (T,) and increased thyrotropin-
stimulating hormone (TSH) concentrations
occur in 5 to 10% of elderly women (18).
These abnormalities are mainly caused by
autoimmunity and are therefore an expres-
sion of age-associated disease rather than a
consequence of the aging process (19, 20).
Normal aging is accompanied by a slight
decrease in pituitary TSH release (18), but
especially by a decreased peripheral degrada-
tion of T,, which results in a gradual age-
dependent decline in serum triiodothyronine
(T5) concentration, without an important
change in T, levels (21). This slight decrease
in plasma T; concentration occurs largely
within the broad normal range of the
healthy elderly population and has not been
convincingly related to functional changes
during the aging process (18). At present,
the question of whether healthy aging peo-
ple might benefit from T; replacement ther-
apy remains uninvestigated.

The changes in insulin sensitivity and
thyroid function that occur in the aging
population are frequently of clinical impor-
tance and are recognized and treated as

Fig. 2. During aging, a decline
in the activities of a number of
hormonal sy OCCurs.
(Left) A decr in GH re-
lease by the pituitary gland
ses a decrease in the pro-
IGF-I by the liver

ther organs (somato-
(Middle) A decrease
se of gonadotropin Iu-
nizing hormone (LH) and
mulating  hormone

(FSH),

together with a de-
creased secret 0-
el (from the ovaries,

-, from the testi-

diseases. Three other hormonal systems
show decreasing circulating hormone con-
centrations during normal aging, and these
changes have been considered mainly phys-
iologic (Figs. 2 and 3). In recent years,
hormone replacement strategies have been
developed, but many of their aspects remain
controversial, and increasing hormone blood
levels to those found in 30- to 50-year-old
individuals has not yet been uniformly prov-
en to be safe and of benefit.

The most dramatic and rapidly occur-
ring change in women around the age of
50 is menopause (22). Cycling estradiol
(E;) production during the reproductive
years is replaced by very low, constant E,.
For many years, the prevailing view was
that menopause resulted from an exhaus-
tion of ovarian follicles. An alternative
perspective -is that age-related changes in
the central nervous system and the hypo-
thalamo-pituitary unit initiate the meno-
pausal transition. The evidence that both
the ovary and the brain are key pacemak-
ers in menopause is compelling (23).
Changes in the activity of the hypo-
thalamo-pituitary-gonadal axis in males
are slower and more subtle. During aging,
a gradual decline in serum total and free
testosterone (T) levels occurs (24). This
“andropause” is characterized by a de-
crease in testicular Leydig cell numbers

Pacemaker
of aging?

decreased T), cause
opause and andropause,
/. (Right) The ad-
cells responsible
n of DHEA
/ (adreno-
pause) without clinically evi-
dent changes in corticotropin
(ACTH) and cortisol secretion
| pacemaker in the

IGF-1 §

r both) is hypothe-

Cortisol =

DHEA ¥

which together with

changes in the peripheral organs (the ovaries, testicles, and adrenal cortex)

regulate the aging process of these endocrine axes.

During aging:
Menopause: E; §
Andropause: T
Adrenopause: DHEA §
Somatopause: GH/IGF-|

SCIENCE e VOL. 278 » 17 OCTOBER 1997 * www.sciencemag.org



(344

SUOIIBAISS(O WOl Jwed dsnedousw urmp
Aderayy 1usweoe|dar suowoy surzijewido
10§ yoreas a3 ul Jjuawdo[aAdp mau Y
(9¢) Aderayy
1uswooedar unsaford/usgonss uo dIam
$ISI30[009UAS S[BWId) JO 94QQ PUE SISUOLIL]
-oeid [BISURS S[BWS} JO 947/ ING SIBdh §¢
pasde uswiom Jo 97 Afuo ‘Apnis ysipamg
JUSD31 B UL ‘UOISIOdP SIYI 9dUIN[jul Uon
~BONP3 pUB 9FPI[MOUY '$11JoUSq Pue SYSLI
$31 JO 93PI[MOUY] PUE ‘JUSUIIEII} [BUOUWLIOY
pIemol 9pniIe 19y ‘sI0310B] SLI S Jenpra
-Ipul 9yl Uo paseq 9q p[noys asnedousw
Je judwade[dar auoulIoy 3I1e1s 031 UOISID
-9p a3 “Quasaid 1y [(g¢) 1admoy ‘pado
-]9A9p U99q A[3IUadal ARy sunsagord/usd
-01189  SUIPIIQUON],,| "IUSWIIBIII STYI YIIM
ooueldWOd WiI9I-3UO] UO 109)j9 UE Sey
SUOIIBNIISUSW  JB[NBAIIT JO IDUIIUIAUOD
-1 9y3 ‘uonppe up ‘Aderdyl juswodeld
=91 JUOWIOY I3} 10 Juump pasouderp
syuanied 190UBD 1sBAIQ JO AI[ElIoWw pue A1l
-piqiow Uo weisowweur 41834 € JO 10959
9Yl uo d[qe[rear a1e eiep I[N ($¢) (I
9]qe]) 190UBD 1SBIIQ JO DOUIPIOUL PISEIID
-ur ay3 st wapqoad Furjpdwiod jsowr Y7,
snedouswr  Funmp  Aderoyy  juswaoeld
-91 Uu13s9301d/ud30139 JO 109339 dA1IEIAU
jueliodwil OS[B ‘I9A9MOY ‘I8 IdY ]
(¢¢) dsaid
Je danemOads d1e urelq 3uide Yl UO $I09)
-J° 98013 I JO swisturydIW Y (7€)
JUSWRORdDI SUOWIOY YIIm PIjeas) uswom
Ul 9SBasIp S IOUIRYZ[Y JO 19sU0 Y3 Ui Aej
-9p 1uaredde 9y 1 UOIEBAIISGO SUNIOXD Uy
(1€) (1 39e.L) paAeop A[qeIapisuod a1e sso
JUOQ pue SISOIAISOIYIE NG ‘Judwdde[dal
unsadoid/usdonss Aq paduanjjur 9q 031 J0U
sweds Adueloadxs 91 ruonduNn} SANIUZOD
JO $SO] PUE ‘ssewl 9U0q JO $SO] ‘SISOIIIS0IYIR
sdefop Adeioyy Juawuede(dar unsasoid/usgon
-s3 ‘uonisodwiod Apoq utr sagueyd sunuaadid
puUe ‘(dousurIUOOUl ATBULIN pUR BUISRA 33 JO
ssauhip se yons) dydome 10er3 aanONpoIdsr
pUE Up[s 3UIonNpal ‘$agUByd POOW pue SaYse}
10y Zutadtpr woy wedy (1¢) sadejueape
Auewr sey asnedousw Je Fupiels sunsazord
IIM UOHBUIqWIOD Ul SUSS0MISY i Judw
-9oe[da1 SuowIoY (s1894 ()] 03 G) WIR)-3U0T]
"9 19Y JO PIY3 SUO UBYI SI0W $9INITISUOD
ssnedouswr 193je spudds UBWOM B JWH I
‘Bursearour st Aoue30adxa JJI] 9N '$10308})
O1OUSE AQ PIaUIULIDIP A[98IB] 9q 03 SWIDS
pue SWi 1940 pagueyd 10U sey (s1edh §1¢)
asnedouswt jo 93e d3e1dae Y] *(0¢) (¢ BL])
Jusuitedw} SATIIUSOD PUB ‘SSBW dUO] JO SSO]
‘9SBISIP JB[NOSBAOIPIED JO DUIPIOUL Y31Y B AQ
PaMO[[O} ST SUI0IIS JO $SOT Y3 ‘s1ea4 Juanb
-9SqNs Y3 U] *(SSBUI [OSNW UI 3SBIID9P pue
38} Apoq ur asearour) uonisodwod 4poq pue
Un{s ul sAZUBYD pue ‘poowr passaidap ‘suon
-DB31 10JOWOSEA A patuedwoode st susgo1Iss
ur suisp jo pouad SIyl ‘uswiom Isour Uuj

asnhedoipuy pue asnedous|y

A SHIOILLYV

661 YAAOLOO L1 » 8L7 TTOA « AONAIOS o S10°FeWIIUIIS MMM

"sloued jusiegip eyl Ul sebe Jo UolNguIsIp sy Ul

ouslalIp 8yl 810N ‘[(82) woly peidepe] umoys sI Buibe Buunp (Jybu) usw Auyleay £z pue (Ya]) uswom
AUyleay LS| Ul SUOIBIUSDOUOD |-45)| WUNJBS JO 8SIN0D 8y} ‘[aued Jomo| oy} u| *[(92) wol paidepe] umoys
aJe (ybu) usw AYyesy 9| puUe (o) uswom Ayyesy 7| | Ul SUOIEIIUSOUOD SyyJHJ WinJes ‘sipued sppiu
oy} Ul "yBu doy ey 18 Umoys s) usl Ayyesy Jo uedsay| eyl Buunp (s|eas| uingol6 Buipuig—auoulioy xas
01 | [B101 WNJSS JO Of1.J 8YY) Xopul | 98J) Uesll 8y} pue ‘[(Zz) Jeye] ue| doi eyl 1e umoys si (uonaioxe usb
-0J188 Aseuln se passaIdxa) ajl S,UeloMm [euIOU [enpIAIpUl Ue INoyBnoiy} uolleloes usbolisg 'ssesoid
BuiBe ayy Buunp (yBL) usw pue (Ya]) USWOM [BULIOU JO S[eAS| suowlIoy 8y} ul Buunooo sebueyd ¢ *Bid

(si1eak) oby

001 06 08 04 09 0S O¥ OE 02 O} O

3
.' ﬁ? " ok =
. h %ooo 002 I
=
o o0oe ;g\
Yoor =
00$

0L+ 00} 06 08 0409 05 0¥ 0E 020}

ﬂ:’ -
- _#' . 000l o
e T
v %, | 0002
- .
P . | 0008 B
* L %7 lo00r =~
of 0005 &
0 =]
a® | 0009 =
' 000
08 0L 09 0S Ov 0E 02 O}
0 n
e 3
or
0o 58
08 &g
00} X &,
ozt &
ort 8§
09 ®

CETE

's$9001d 3uide 9y3 jo s3dadse awos Aefap
10 1uasaid A[nyssaoons 1ysiw dsnedoiew
-0s 10 ‘-OudIpe ‘-OIpuUE ‘-OUW JO $ISSAD
-01d 9yl Ul UOHNUSAIdIUL [BIIPIW ‘$91B1S
A5uUR101J9p dUOWIOY JO AISLIBA B WOI) I[NS
-1 Ajdwis 10U s0p Fuide Yoy ‘(67)
suourioy a1endoidde ay3 yam Aderoyy Jusw
-9oe[da1 AQ PasIvaal A[[nyssa00ns d1e syuaned
JNpe-prur ur Yorym (Adusoypp HO pue
wisipeuodod4Ay se yons) AoUdIoljep [euouioy
(pa3e[OST) JO $9INIBIJ S[qUIASAT A[3s0[> Bure
[BWIOU JO $109)j9 JO IdqUWINU B ‘I9AIMOL]
"AJ1ATIOR QULIDOPUD U $9ZUBLD 3s3Yl 03
P1B[21 U3 10U AR (UOLIDUNJ 9ATITUZOD
ur s9ZUBYD PUB ‘SISOIDISOIOYIE JO UOIS
-s21301d ‘ssew suOq pue Je} ‘UonIdUN} puE
9ZI$ J[OSNW SB [INS) $IIB[21I0D [BUOLIdUNY
‘UOTNIPPE U] *S9X3s YJOQ Ul INID0 UIIym
‘osnedojewios pue dsnedouaIpe JO s3SI
-o1d ay3 yum pajepaidiul dre (ssnedoip
-ue pue asnedousw) uondUN} [BPRUOS Ul
$9ZURYD 93 ISIdYM MOUY 10U OP A

‘sopradad
Juises[aI-HO Yim Judwiednl suump An
-oeded 41039109 [NJYINOA 119U 01 Pa1oIsdx
9q ued ‘plO ISIP[O Y JO UIAS ‘sdonol
-ewos  Areymnd  asnedsq  ‘snwepeyioddy
Y3 Ul pazi[ed0] AJurew swdds Iayewaded
Sua33in st pue  ‘Osnedojewos Jo ss9001d
sy Ul 10308} Jerdyduad, e 10j 90UIpPIAd

001 06 08 0Z 09 05 OF OE 0Z Ol o
0
¢ 00F =
o}
00z I
=
o0e &
=]
ooy =~
.
. 005
Ok} 001 06 080 09 05 0% 08 0Z 0}
'!?3‘-‘? - =]
. o ﬁ" 000k E
o« e ., m
oo, . [ >
.o 000z ¥
. u |02 S
. e
000
m
09 03 Op----€l 2t--0 2
0 )
=8
=
00} E;"’
002 Eg
A =
é Y 00e g%
[} o %
3 @ 0
5 3 ooy =z
2 c
@ =
® 5
(1]

sojewa4

Ou $1 319y ], *(87) $9X3s Y30q UL S[oA9] [0
Sunenono ur [re} darssaidoid e st 21U

‘[o1jered Uy -3urde Fumnp Isea109p Affen
-peisd ‘4ousnbaiy asind Jou Inq paIIdds HO)
JO uonoey pue ‘vonemp ‘spnyfdwe asind
UBIN *(87 ‘6) (T "B1) SIXE ([-4D]) 10199
YamoI3 RI[-ulnsul/(HO) dUowIoy Yamoid
oy st urde Sunnp A31A1I0R UI SaUIIIP A([e
-npeid 1Byl walsAs SULIOPUD PIIYl Y]
‘(£7) Buide Jo 1ew
-ooed (orwreleyiodAy) [enusd e Aq pale[n
-391 UBY3 I9YIBI X91I0D [BUDIPE 93 Ul S|
SLIB[NOIA1 BUOZ [RUOHDUN JO Iqunu 93
UL 9SBAIOIP ATID]IS B AQ PIsNed 9 0 SWIIS
pue s[9A9] 0s1I0d ewiseld Jo sdoUBUIUIRW
9Ul YIlM JIOJI9YI SISBIIUOD $IXIS (10q
Ut S[oAd] (S)YAH Wt aut[oap 9y |, "pasueyd
-un A[98Ie] SUTBWAI ‘S[9AJ] [0s110D ewiseld
01 payur] Afjedtdoforsdyd st yorym ‘uonaId
=98 (HLDV) uidoniodiiodouaipe seaiaym
‘Qun  19A0  s9searddp  Afenpeid  yHHA
JO UOMRINAS [BUAIPY (/7 ‘O7) dsnedouar
-pe,, Ul unnsal ‘98 Yitm dul[odp Ajenpeid
Prym (SYFHQ) 22eydns su pue (vaHA)
QU0123801puRIda0IPAYIP JO S[9A] Bullend
-1 Yl ST sddueyd  pajear-ode  Zunens
~UOWRP WPISAS [BUOWLIOY PUOS Y|
*(¢7) uo19199s u1do1Iopeuos pajenuwiils
pue O1posida Ul 9sea109p paje[ai-ade ue Aq
se [[9m se ‘A3roeded A1019109s 1191 Ul pue



L e N ROR VRSO0 TR B 3EP R0 A0 BET TEE DR S0 VY S5 IR B0F DD IE 00 20D T58 B3 060 ten ke i b L0 TIE EY rn ey

that tamoxifen has variable anti- and estro-
genic actions in different tissues (37). Ta-
moxifen suppresses the growth of estrogen
receptor—positive breast cancer cells. Long-
term treatment of menopausal breast cancer
patients with tamoxifen also lowered the
incidence of new (contralateral) breast can-
cers by 40%: In addition, the number of
cardiovascular incidents decreased by 70%,
and the age-related decrease in bone min-
eral density was partially prevented (38).
These initially puzzling observations were
explained by the fact that tamoxifen, and
other compounds such as raloxifene, have
estrogen receptor-modulating effects, ex-
erting anti-estrogenic actions on normal
and cancerous breast tissue but agonistic
actions on bone, lipids, and the blood vessel
walls (39). These effects of tamoxifen and
raloxifene may be explained by differential
stabilization of the conformations of the
estrogen receptor, but might also relate to
the activation of different estrogen receptor
forms, in which the « form is the “classical”
estrogen receptor, whereas a B form medi-
ates the vascular and bone effects of estro-
gens (40). It remains to be seen whether
compounds such as raloxifene have clinical-
ly important beneficial effects on bone
density, the vascular wall, and the brain, as
well as inhibition of the development of
breast cancer without inducing endometri-
um hyperplasia.

Age-associated changes in T levels occur
slowly and subtly (Fig. 3). More than 60%
of healthy elderly men over 65 years of age
have free T levels below the normal values
of men aged 30 to 35 (41). The variability
in circulating (free) T levels among elderly
men is considerable, however. Numerous
studies of large populations of healthy men
have shown a marked rise in the incidence

of impotence to over 50% in men aged 60
to 70 (42). Although this increase in impo-
tence seems to occur in the same age group
that shows a clear decline in free T levels,
no causal relationships have been demon-
strated. Testosterone replacement therapy
is in most instances not effective for the
treatment of impotence in elderly males;
other factors such as atherosclerosis, alcohol
consumption, smoking, and the quality of
personal relationships seem to be more im-
portant denominators (43).

Testosterone has long been known for
its anabolic effects (44). It is unknown,
however, whether the age-related decline
in muscle mass and muscle strength is
causatively related to the parallel decrease
in free T levels. Muscle weakness, anemia,
lowered bone mass, and mood disturbanc-
es rapidly normalize in mid-adult hypogo-
nadal men during T replacement therapy
(44). In addition, treatment of eugonadal
adult men with pharmacological doses of
T increases muscle mass and strength, es-
pecially in combination with exercise or
weight training (45). Very few long-term,
placebo-controlled studies on T replace-
ment in the frail elderly have been report-
ed. The data available point to a positive
effect on muscle mass and strength, as well
as on cognition and the sense of well-
being (46). An increase in hematocrit and
in the number of red blood cells, as well as
a slightly unfavorably effect on lipid pro-
files, have also been reported during T
treatment (46). T replacement therapy in
elderly men is limited in its use, however,
because of its unpredictable effects on the
size of the prostate. Although some studies
report no effects on circulating prostate-
specific antigen (PSA) levels, prostate
volume, or symptoms of urinary outlet ob-

Table 1. Lifetime probabilities of disease occurrence for a 50-year-old white woman treated with
long-term hormone replacement [from a meta-analysis by Grady et al. (32)]. E, + P = estrogen plus
progestin. The estimated lifetime probabilities of developing the conditions mentioned have been
derived from mortality and incidence data from the 1987 Vital Statistics of the United States and other
sources mentioned in appendix 2 of (32). The relative risks are the “best” estimates of the relative risk for
developing each condition in long-term hormone users as compared with nonusers. These estimates
were derived from a model of the risks and benefits of hormone therapy developed by Grady et al. (32).
A number of limitations and assumptions have to be taken into consideration when interpreting this
table: The duration of the use and dose regimens of E, + P varied considerably between studies
included in the meta-analysis (duration ranged from 2 to 10 years). It was assumed that the addition of
progestin to the estrogen regimen would increase the risk of breast cancer from 1.25 to 2.0.

Lifetime probability (%)

Condition Relative risk
No treatment E,+P

Coronary heart disease 46.1 13.7"-34.4 0.04**-0.65
Stroke 19.8 19.3 0.96
Hip fracture 15.3 12.0 0.75
Alzheimer's disease* 16.3 5.8 0.40
Breast cancer 10.2 13.0-19.7 1.25-2.00
Endometrial cancer 2.6 2.6 1.00
Life expectancy (years) 82.8 83.8

*Adapted according to Tang (34).
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**Adapted according to Grodstein (65).
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struction, a modest irreversible increase in
PSA levels has also been observed during
T administration (46). No firm data are
available at present concerning a growth-
stimulatory effect of T on in situ prostatic
cancerous lesions, which frequently occur
in elderly men.

Few studies are available on the effects
of T replacement therapy in the elderly.
Dose, duration of treatment, the identifica-
tion of elderly men who might benefit most,
risks to the prostate, and possible effects on
the process of atherosclerosis remain sub-
jects for study. The concept of developing
androgenic compounds with variable bio-
logical actions in different organs (anti-
androgenic in the prostate) is currently be-
ing pursued, but the selection of aging men
with clinically important and well-defined
hypogonadism remains difficult, a situation
that contrasts sharply with abrupt meno-
pause in women.

Adrenopause

Circulating DHEAS levels in healthy
adults are more than 10 times higher than
those of cortisol (26). Animal studies in
rodents, which have very low circulating
DHEAS levels, suggest that DHEA ad-
ministration prevents obesity, diabetes
mellitus, cancer, and heart disease, while
enhancing immune function (27). These
results suggest that DHEA prolongs life-
span and might be an “elixir of youth.”
Supportive data in humans are few and
highly controversial. Higher DHEAS lev-
els are accompanied by a modestly reduced
risk of death from cardiovascular disease in
males (47). Functional parameters of ac-
tivities of daily living in males over 90
years old were lowest in those with the
lowest DHEAS levels (26). At age 30,
DHEAS levels are approximately five
times higher than at age 85 (Fig. 3) (26).
DHEA is a universal precursor for andro-
genic and estrogenic steroid formation in
peripheral tissues, which contain a num-
ber of DHEA-metabolizing enzymes (27).

Two randomized placebo-controlled
studies support the concept that oral ad-
ministration of DHEA has beneficial ef-
fects (48). Three months of daily treat-
ment with 50 mg of DHEA of 20 adults,
most of whom were nonelderly individuals
(40 to 70 years old), increased DHEA(S)
levels to young adult levels, increased
plasma androgen and IGF-I concentra-
tions, and induced a remarkable increase
in perceived physical and psychological
well-being in both sexes without an effect
on libido (48). In a subsequent study,
treatment with 100 mg of DHEA for 6
months in eight men and eight women
increased lean body mass in both sexes but
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increased muscle strength in the men only
(38). ’

It is unknown whether the increase in
sex steroid levels induced by DHEA is safe
with regard to the development of ovarian,
prostate, or other types of cancer. DHEA is
currently widely used in the United States
as a “treatment for aging.” With the scien-
tific verdict still out, without confirmation
of DHEA’s reported beneficial actions in
humans, and without a better understand-
ing of its potential risks, it is premature to
recommend the routine use of DHEA for
delaying or preventing the physiologic con-
sequences of aging (49).

Somatopause

Little is known concerning the biological
consequences of somatopause (50). In sev-
eral studies of healthy individuals of a
broad age range, an association was ob-
served between the maximum aerobic ca-
pacity and circulating IGF-I levels (51).
The expectation that somatopause con-
tributes to the decline of functional capac-
ity in the elderly is mainly derived from
studies in which GH replacement therapy
of GH-deficient adults was shown to in-
crease muscle mass, muscle strength, bone
mass, and the quality of life. A beneficial
effect on the lipid profile and an impor-
tant decrease in fat mass were also ob-
served in such patients (52). As in hy-
pogonadal individuals, adult GH deficien-
cy is considered a model of normal aging,
because a number of catabolic processes
that are central in the biology of aging can
be reversed by GH administration.

GH administration for 3 to 6 months to
healthy elderly individuals increased IGF-I
levels to those observed in control individ-
uals half their age, while muscle mass, skin
thickness, and bone mineral content signif-
icantly increased and fat mass decreased
(53). A disappointing aspect of the studies
is that no positive effect of GH therapy was
observed on muscle strength and maximal
oxygen consumption (54). If GH was ad-
ministered in combination with resistance
exercise training, however, a significant
positive effect on muscle mass and muscle
strength was recorded that did not differ
from that seen with placebo treatment,
which suggests that GH does not add to the
beneficial effects of exercise (55).

Earlier studies have demonstrated that
pharmacological doses of GH prevent the
“auto-cannibalistic” effects of acute diseases
on muscle mass (56). This prompted us to
carry out a randomized placebo-controlled
trial of 6 weeks of GH administration in
elderly individuals with an acute hip frac-
ture. Our preliminary results indicate that
in individuals over 75 years old, GH admin-
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istration causes a statistically significant
earlier return to independent living after
the fracture. Comparable studies are cur-
rently being done in several countries, and
confirmation is needed before GH might
gain a place in the treatment of acute cat-
abolic states in the frail elderly.

Other components in the regulation of
the GH/IGF-I axis are effective in activat-
ing GH and IGF-I secretion. Long-acting
derivatives of the hypothalamic peptide
growth  hormone releasing hormone
(GHRH), given twice daily subcutaneously
for 14 days to healthy men 70 years old,
increased GH and IGF-I levels to those
encountered in 35-year-olds (57). These
studies support the concept that somato-
pause is primarily hypothalamically driven
and that pituitary somatotrops retain their
capacity to synthesize and secrete high lev-
els of GH. GH releasing peptides (GHRPs)
are oligopeptides with even more powerful
GHo-releasing effects (58). Originally devel-
oped by design, it has recently been suggest-
ed that they mediate their GH-secretory
effects through endogenous specific recep-
tors (59). Nonpeptide analogs such as MK-
677 and 1-692,429 have powerful GH-re-
leasing effects, restoring IGF-I secretion in
the elderly to levels encountered in young
adults (60). Long-term oral administration
of MK-677 to healthy elderly individuals
increased lean body mass but not muscle
strength. If proven to be GH-specific, these
orally active GHRP derivatives might be
important alternatives to subcutaneously
administered GH in the reversal of somato-
pause, in the prevention of frailty, and in
the reversal of acute catabolism. The long-
term safety of the activation of GH/IGF-I
levels remains uncertain with regard to tu-
mor growth, as most human solid cancers
express IGF-I receptors (60).

The Concept of Successful Aging

There is considerable variation in the ef-
fects of aging on healthy individuals, with
some persons exhibiting extensive alter-
ation in physiological functions with age
and others little or none. It has been
suggested that it might be useful to distin-
guish between usual and successful pat-
terns of aging (61). Genetic factors, life-
style, and societal investments in a safe
and healthful environment are important
aspects of successful aging (62). Tradition-
ally, the aging process, including the de-
velopment of physical frailty toward the
end of life, has been considered to be
physiological and unavoidable. In recent
years, however, it has become evident that
it might not be necessary to accept the
grim stereotype of aging as an unalterable
process of decline and loss (9, 61). As life
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expectancy increases further in coming
decades, the overarching goal for the year
2000 and thereafter should be “an increase
in years of healthy life with a full range of
functional capacity at each stage of life”
(63). Such a compression of morbidity can
often be achieved through lifestyle mea-
sures, but a number of aspects of the aging
process of the endocrine system invite the
development of “routine” medical inter-
vention programs offering long-term re-
placement therapy with one or more hor-
mones, in order to delay the aging process
and to allow us to live for a longer period

_in a relatively intact state.

REFERENCES AND NOTES

. J. F. Fries, N. Engl. J. Med. 303, 130 (1980).

. E. W. Campion, ibid. 330, 1819 (1994).

. M. R. Kosorok, G. S. Omenn, P. Diehr, T. D. Koep-
sell, D. L. Patrick, Am. J. Public Health 82, 1263 (1992).
4. A.J.MossandV. L. Parsons, Current Estimates from

the National Health Interview Survey: United States,
1985 (National Center for Health Statistics, Hyatts-
ville, MD, 1986; Vital and Health Statistics, series 10,
no. 160, Department of Health and Human Services
publication PHS 86-1588); J. A. Brody, Nature 315,
463 (1985).

5. D. Rudman and U. M. P. Rao, in Endocrinology and
Metabolism in the Elderly, J. E. Morley and S. G.
Koverman, Eds. (Blackwell Scientific, Oxford, UK,
1992), pp. 50-68.

6. D. M. Buchner and E. H. Wagner, Clin. Geriatr. Med.
7,1(1992).

7. M. E. Tinetti, M. Spechley, S. F. Ginter, N. Engl.
J. Med. 319, 1701 (1988); D. Prudham and J. G.
Evans, Age Ageing 10, 141 (1981); M. E. Tinetti,
J. Am. Geriatr. Soc. 35, 644 (1987).

8. D. A Kallman, C. C. Plato, J. D. Tobin, J. Gerontol.
45, M82 (1990).

9. M. A. Fiatarone et al., N. Engl. J. Med. 330, 1769
(1994).

10. J. M. Guralnik, L. Ferrucci, E. M. Simonsick, M. E.
Salive, R. B. Wallace, ibid. 332, 556 (1995).

11. W. Rakowski and V. Mor, J. Gerontol. 47, M122
(1992).

12. S. G. Korenman, Endocrine Aspects of Aging
(Elsevier, New York, 1982).

13. K. L. Minaker, Diabetes Care 13 (suppl. 2), 34 (1990).

14. M. |. Harris, Clin. Geriatr. Med. 6, 703 (1990).

15. A. L. Peters and M. B. Davidson, in Internal Textbook
of Diabetes Mellitus, K. G. M. M. Alberti, P. Zimmet,
R. A. DeFronzo, Eds. (Wiley, Chichester, UK, 1997),
pp. 1151-1183.

16. M. B. Davidson, Metabolism 28, 688 (1979).

17. R.1. Fink, O. G. Kolterman, J. M. Olefsky, J. Gerontol.
39, 273 (1984).

18. S. Mariotti, C. Franceschi, A. Cossarizza, A. Pinch-
era, Endocr. Rev. 16, 686 (1995).

19. W. Hijmans, J. Radl, G. F. Bottazzo, D. Doniach,
Mech. Ageing Dev. 26, 83 (1984).

20. S. Mariotti et al., Lancet 339, 1506 (1992).

21. H. A. Rubenstein, V. P. J. Butler, S. C. Werner,
J. Clin. Endocrinol. Metab. 37, 247 (1973).

22, A. C. Guyton, in Textbook of Medical Physiology,
A. C. Guyton, Ed. (Saunders, Philadelphia, ed. 8,
1991), pp. 899-914.

23. P. M. Wise, K. M. Krajnak, M. L. Kashon, Science
273, 67 (1996).

24. A. Vermeulen, J. Clin. Endocrinol. Metab. 73, 221
(1991).

25. S. M. Harman and P. D. Tsitouras, ibid. 51, 35
(1980). S. M. Harman et al., ibid. 54, 547 (1982).

26. G. Ravaglia et al., J. Clin. Endocrinol. Metab. 81,
1173 (1996).

27. J. Herbert, Lancet 345, 1193 (1995); F. Labrie, A. Be-
langer, J. Simard, V. Luu-The, C. Labrie, Ann. N. Y.
Acad. Sci. 774, 16 (1995);, P. J. Homsby, ibid., p. 29.

28. E. Corpas, M. Harman, M. R. Blackman, Endocr.

WN =

423




BonmanmiminiinnnniisnimiinmnmimwnmmiEmmrnisbzrpiyvpehnimynwmimnwvvi e

29.
30.
31.
32.
33.
34.
35.
36.

37.

38.

39.

40.

41.

42.

Rev. 14, 20 (1993).

M. R. Blackman, Endocrinol. Metab. Clin. North. Am.
16, 981 (1987).

R. Lindsay, T. L. Bush, D. Grady, L. Speroff, R. A.
Lobo, J. Clin. Endocrinol. Metab. 81, 3829 (1996).
D. Grady et al., Ann. Intern. Med. 117, 1016 (1992).
M. X. Tang et al., Lancet 348, 429 (1996).

A. Burns and D. Murphy, ibid., p. 420.

G. A. Colditz et al., N. Engl. J. Med. 332, 1589
(1995); D. Grady and V. Ernster, Am. J. Epidemiol.
134, 1396 (1991).

A. T. Leather and J. W. W. Studd, Br. J. Obstet.
Gynaecol. 97, 1071 (1990).

K. Andersson, L.-A. Mattson, |. Milsom, Lancet 348,
1521 (1996).

R. J. Santen, J. Clin. Endocrinol. Metab. 81, 2027
(1996); D. J. Grainger and J. C. Metcalfe, Nature
Med. 2, 381 (1996).

Early Breast Cancer Triallists’ Collaborative Group,
Lancet 339, 1 (1992); R. R. Love et al, N. Engl.
J. Med. 326, 852 (1992); L. E. Rutqvist and A. Matt-
son, J. Natl. Cancer Inst. 85, 1398 (1993); A. B. Grey
etal., Am. J. Med. 99, 636 (1995).

N. N. Yang et al., Endocrinology 137, 2075 (1996);
L. J. Blacketal., J. Clin. Invest. 93, 63 (1994); M. W.
Draper et al., J. Bone Miner. Res. 11, 835 (1996).
D. P. McDonnrell, D. L. Clemm, T. Hermann, M. E. Gold-
man, J. W. Pike, Mol. Endocrinol. 9, 659 (1995); K. S.
Korach, Recent Prog. Horm. Res. 51, 159 (1996).

J. S. Tenover, Endocrinol. Metab. Clin. North Am.
23, 877 (1994).

C. K. Peariman and L. I. Kobashi, J. Urol. 107, 298
(1972).

43

44

45,
46.

47.

48.

49.

50.

51.

52.

53.
54,

55.

. S. Bhasin and W. J. Bremner, J. Clin. Endocrinol.
Metab. 82, 3 (1997); C. J. Bagatell and W. J. Brem-
ner, N. Engl. J. Med. 334, 707 (1996).

. |. G. Brodsky, P. Balagopal, K. Sreekumaran Nair,

J. Clin. Endocrinol. Metab. 81, 3469 (1996). C. Wang

etal., ibid., p. 3654.

S. Bhasin et al., N. Engl. J. Med. 335, 1 (1996).

J. S. Tenover, J. Clin. Endocrinol. Metab. 75, 1092

(1992); C. Wang et al., ibid. 81, 3578 (1996).

E. Barrett-Connor and D. Goodman-Gruen, Ann.

N. Y. Acad. Sci. 774, 259 (1995).

E. E. Baulieu, C.R. Acad. Sci. Paris Sci. Vie 318, 7

(1995); A. J. Morales, J. J. Nolan, J. C. Nelson,

S. S. C. Yen, J. Clin. Endocrinol. Metab. 78, 1360

(1994); S. S. C. Yen, A. J. Morales, O. Khorram, Ann.

N. Y. Acad. Sci. 774, 128 (1995).

J. E. Nestler, Ann. N. Y. Acad. Sci. 774, ix (1995); A.

Skolnick, J. Am. Med. Assoc. 276, 1365 (1996).

D. Rudman, J. Am. Geriatr. Soc. 33, 800 (1984);

S. E. Borst, W. J. Millard, D. T. Lowenthal, ibid. 42,

528 (1994). A. A. Toogood, P. A. O'Neill, S. M. Sha-

let, J. Clin. Endocrinol. Metab. 81, 460 (1996).

E. T. Poehiman and K. C. Copeland, J. Clin. Endo-

crinol. Metab. 71, 1468 (1990); M. A. Papadakis et

al., J. Am. Geriatr. Soc. 43, 1350 (1995).

F. Salomon, R. C. Cuneao, R. Hesp, P. H. Sonksen,

N. Engl. J. Med. 321, 1797 (1989); R. Nass et al.,

J. Clin. Endocrinol. Metab. 80, 552 (1995); A. F.

Attanasio, ibid. 82, 82 (1997).

D. Rudman et al., N. Engl. J. Med. 323, 1 (1990).

M. A. Papadakis et al., Ann. Intern. Med. 124, 708

(1996).

D. R. Taaffe et al., Clin. Endocrinol. Metab. 79, 1361

56.

57.

58.

59.

60.

61.

62,

63.

64,

65.

(1994); K. E. Yarasheski, J. J. Zachwieja, J. A.
Campbell, D. M. Bier, Am. J. Physiol. 268, E268
(1995).

R. Von Kries, Br. Med. J. 303, 1147 (1991); Z. M.
Jiang et al., Ann. Surg. 210, 513 (1989); D. N. Hern-
don et al., ibid. 212, 424 (1990); D. Waters et al.,
Ann. Intern. Med. 125, 865 (1996).

E. Corpas, S. M. Harman, M. A. Pineyro, R. Rober-
son, M. R. Blackman, J. Clin. Endocrinol. Metab. 75,
530 (1992).

C. Y. Bowers, F. A. Momany, G. A. Reynolds, A.
Hong, Endocrinology 114, 1637 (1984); P. Saenger,
J. Clin. Endocrinol. Metab. 81, 2773 (1996); M. Kor-
bonits and A. B. Grossman, Trends Endocrinol.
Metab. 6, 43 (1995).

S. S. Pongs et al., Mol. Endocrinol. 10, 57 (1996);
A. D. Howard et al., Science 273, 974 (1996).

V. A. Blakesley, B. S. Stannard, T. Kalebic, L. J.
Helman, D. LeRoith, J. Endocrinol. 152, 339 (1997);
|. M. Chapman et al., J. Clin. Endocrinol. Metab. 81,
4249 (1996); I. M. Chapman, M. L. Hartman, S. S.
Pezzoli, M. O. Thorner, ibid., p. 2874.

J. W. Rowe and R. L. Kahn, Science 237, 143
(1987).

W. R. Hazzard, J. Am. Med. Assoc. 247, 1964
(1995).

Healthy People 2000: National and Health Promo-
tion and Disease Prevention Objectives (U.S. Gov-
ernment Printing Office, Washington, DC, 1991).

C. V. Hsichand R. B. Philips, J. Manipulative Physiol.
Ther. 13, 72 (1990).

F. Grodstein et al., N. Engl. J. Med. 335, 453 (1996).

424

Editor for Books
and New Media

SCIENCE seeks a resourceful editor to help redefine our book
review section. We will extend the scope of our existing book
reviews of the major publications in science to include soft-
ware, CD-ROM titles, and other new media. The applicant will
commission and edit reviews from experts in all fields. A gen-
uine broad interest in science necessary and a flair for editing
solicited work into concise, vigorous prose preferred. In addi-
tion, the editor will occasionally write some of the shorter
reviews. Applicant should have a degree in a scientific field,

M.S. or Ph.D. preferred.

Please send CV to:

The American Association for the Advancement of Science
BRE-#1212, Human Resources Department

1200 New York Avenue, Suite 100

Washington DC 20005

EOE. Non-smoking work environment

CIENCE

http://www.sciencemag.org

you

What's the
shortest distance
between two poinis?

great career
opportunities

SCIENCE

PROFESSIONAL

R
NETWORK

www.sciencemag.org
Select SCIENCE Professional

Network from the menu

SCIENCE e« VOL. 278 ¢ 17 OCTOBER 1997 ¢ www.sciencemag.org





