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Restoring Ebbing Hormones May Slow Aging

Researchers hope
supplements may have
rejuvenating effects,

By JANE E. BRODY

Why da some peaple in their 80°s look,
ct and feel vigorous and energetic
while others need help - Just (0 get
through the chores of daily living? A
good part of the anawer may tie in their
narmones. [f stucdles. now under way
ag out ther imitial promise, hormens
treatments lor peopla over 40 may help
ta turn back the clock and, thaugh with-
oul extending life, greatly enhance its
quality. . L .

Researchers are exploring the reju.
venating effects of several hormones
that are known (0 undergo rather sepik-
'ng Jeclines wih age. These include,
tul go beyond, replacing estrogen,
whieh declines sharply in women after
menopause, The safety of dstrogen re-
placement, parucularly with regard ta
the risk of breast cancer, is hatly
debated and raises a cautionary nota
about the wisdom of repiacing other
hormones that (all with age,

A major locus af the new research is
grawth hormane, a preduct of the pit.
itary gland that gradually declines with
age and unti recently was net thought
Impartant to oider people. Retegrchers
are condidering replacing te<tosierune
logs in glder men. There is also keen
mierest 1n a harmone of the adranal
cartex cailed OHEA or dihydroepian.
drosterone, which is said to snhance
immune function and life span in rats,

Whether or not nature Aas some hid-
den agenda for the ebbing of thess
various harmones with age, for exam.
ple 1in slowing people dawn as the iifs
5pan waned, it 5 now recagnized thet es
people live (o their 40° and beyond, the
effact of declining hormones may con-
tribute nignificantly to chronic, debtli.
tailng and costly itinesses,

"For every major hormone system
that's been studied, we find age.ralated
changes that suggest they could have
meaning ta the aging process,” said Dr.
Marc R. Blackman, chief of endocrinol.
ogy at tha Joehns Hopking Bayviaw Med.
ical Center in Baltimere, Among the
well-knewn attributes of aging that hor-
mong loss may bring about are the loss
of muscle mass and strength, an in.
crease of body lai, particularty fat

--around -the -abdomen;a- weakening of =

the bones, 3 decline 11 immune respans-
ex and a-'general loss of energy.

While no one expscts o warn a (rail
80-year-pld tnto an irvn man, the har-
manal effects under s1udy could help to
save old people (rom some of the bup-
den of illness and 0 preserve thewr
independence. Mare than seven milllan
Americans now need long-lerm care
costing tens of biltions of dollars a year
because they are no langer abie to
cerform dady acnivities without help.
Without an antidote lor age-associatad
dlsabilities, by the vear 2030 nearly 14
mhilian peeple will nesd such care.

Several vears ago, the fiational {ost:-
WLe o0t Aging 1n Bethesda, Md., mada

- alder. Mine research teams are naw

The Fountaln, Not of Youth, but Possibly of a Longer Prime

Some hormones that deciing sharply with aga are baing stucted lor cluas (0 agng and haw 1o countar
- L. 3ome researchers wonder if rapiacing Lhesa hormanes mignt nelp ward off c:seases as mare and
more peopie fiva inla thew 80's ang beyona. Another approach might use maleculas (o simutale e aging

body (o incresse IS own output of pituilary hdrmones,

Where Some Hol;mp_nel Comse From s

Main sources; many NOrmones have .
muiltDile ongms as weil as complex
aifects ana faeoback Systams

GROVPTH HORMONK
AELEASING HORMONE
(GHAH) -
Hypathalamus

being,

avalable some 52 mullion for expioring
normeone replacement in people 60 and

midway through their studies, which
focus on growth .hormene and ather
“trophic factors.” substances that pro-
mote growth or maintenance of tissues.

“Trophic factors may not be the
feuntain of youth,” as some have sug-
gested, but they may have promise {or
halting or reversing degenerative
changes in bones, muscles, nerves and
cartilage, which lead to [raiity,”” said

IGF-t (arm insulindiké ..
growth factor)
Tha liver

R

Dr. Stanley $later, deputy associate di- DHEL

cector for gertatrics at the institute. {anhydroeandro-

Same form of growth hormens therapy, sterang} '
Caortex of adrenal
glanas abaova

A decline in hormones Kianeys

may contribute to

debilitating illnesses.
ESTROGEM wd

I{ its early promrse 1s sustained, mignt Ovanes before

help people “stay stronger, leaner and Menapause in

mare mobiie’ in their later years, he women

said. study.

But it would be wrong (0 make toa

Tmuch of these early fINCings, FESEALCH - e s ooms —ome o s s rret

ers caution. Dr. David Clemmons, an

endocrinologist who studies growth TESTRSTERONK

hormane at the University of North Sex glanas

Carofina in Chapel Hill, said: " Just
because you make a person's harmione
profila mare youthful does not mean
you will arrest or reversa aging, You'll
still have wrinkles and gray hawr.”
Growih hormone, along with the spe-
cial factars that trigger its release or
€arry out its effects on the (issues, are
the stars of current ant-aging studles,
The hormone was ones thaught to be
impartant in making the body reach it
finai stature, though of no reat conse-
quence afterward. But severat impor-

Source: “Hormones: Freen
Motecilas to Dissass, "E..E,
avieu and P A, Kewy (Harmaon
PutiisnersChapman & Hal)

Continued an Poge 85

s and What They Might Affect,

FUr M 10 worrss) UniIss olienes 8 roled,
CROWTH HORMONE RELEASING

HORMONKE Triggers ralsase
ol GROWTH HORMONE,
whieh in tumanfivences
things like muscle mass
and strangth. hare
strangin, cholastarol
matabalism, bedy fal

and psycho-

logical wall.

WPt {in ammais)
Can sumulate pro-
duction of immurnie

cells by tHe thythus.,
WRICR nOrmaily sheinks

wit age.

DHEA May benafi!l the
hearl and immune

lunction, improve

slean and mobility
and lessen jQinf pan.

PN £sTROGEN Helps protect
against heart disease and
0steopwrosis. A possible bk
ta breast cancer ig silf uncer

TESTOSTIROME Aeplacement
may impreve men's muscle
mass and strengih, bone
dansity, sense of well-Deng.
cognitve funclion and galance

TR M Biwers The Kew Yok Tum




Restoring Hormones
May Help Slow Aging

Cantinued From Page BS

Tan( studtes have showed this is nat
The whole picture.

European ressarchers, loilowing
up pAtients who had lost thewr pitu-
nary glands, lound thal when growsh
hormene was added an well other
preitary hormones, there wes a
much grealer improvement Ir mus-
cle, borte and paychalogies! weil-bes
g The hormone aise promoted &
healthiul lass of body iat, especially
betly (2L, which raises the rnsk of
hesrt disease.

i this country, a team led by the
Iste Dr. Danrel Rudman at the Med)-
ead College of Wisconain In Milwsu-
ke gave growth hormone three
tinea 2 week Lo 12 healthy men agsd
§1 {0 81 for siX montha, They found
thar the miet gsined muscle, jost fat
iRd developed thicker skin, while 2
comparison greatp did not,

The nterest in growth hotmone
picked up significandy alier ad-
VENCEY 1N gENeNC engineening made
it possible 1o syntihestze the harmnone
in baecterza. Unal then it had to be
extracied {rom (he piusary glands
of cadavers and weg N veTy short
Jupply. As a fegult of recent studies,
muct has beer legrmed about the
physwiogy cof this polent nlmral
measenger.

A gradual out inexorabie dncllne
n growih hormone reieass S1ArS (n
erie’s 10'8 and 40'S and by Lthe Lime
peopie reach 70 and beyond, two-
thieds e threefourths of thes five
experienced a suCsLancial decline in
growth hormane,” Dr, Bl.ukmm_
sand. :

Many !ac-mri comirtbale to this
lazg, including changes i sleep pat-

Growth hormone
therapy may heip
peaple stay stronger
and leaner,

tems with age, he explained Growth
hormone i3 secreied 1 pulvey pre-
domunantly durng e evening ours
and especially during the phase of
theep known g slowowavie, or desp,
sizep, This I8 just the phaszs that
becomes truncaied with age and can

aizo be disrupted by rmdlcauom'

and [Liness.

Another cnmﬂbu:lng lamor ls me -

tendercy (9r older pecple to bechme
seaentary, he said. Physical acuviry,
pariicularty serobic exerciye, sets
aif the reiease of groweh harmone tn
people of All ages and, Dr. Blackman

said, '‘sedentary people who become .

physically active frequently huve

1realRg men and women over 6%
with one of lour regimens lor st
monthi: Rrawil  hormone  sione,
growth hormone pius the appropri
ite sex hormaone {(lestosierone lor
meR, estrogen (or women) and an
mactive dummy medicalion.

in another project, Dr. Mark Lo
Hartman ahd colleagues at the Unk
wergity of Yirginiz Health Sciences
Center i Charlolesvitie s jooming
Lo the Interactive effeces i people
over 60 of 2 yezr of growih hormone
treatment wiath and without aerobic
EXErcise of slrengih trammg Per-
haps mo3t tetling, Dr, Hartman sasd,
will be the effects on everycay lunc-
thon, like how weil the participants
ctimb stairs, walk at a norrsal paca
and maincan thewr balance.

At the University of Washingion ur-

Sesttle, Dr. Rabert 5. Schwarz Dr.
George  Mermam  and  thelr  cod-
lengues are looking at growth hor.
moneg  releasing hormone,  or
G.H.R.H., the bramm chemical that
prompis the pitunary gland to re-
lense growth hormone tnio the biood-
strexm.

"Qur prefiminary lindings include
sigraficanl changes iR body compan-
(et == 2.decrease i body [ay and
increase it lezn body mais due tn
the harmone and 1n some cases (o
exercise == and- 3 cornplete staence
of side eifects,” Dr. Merriam rad.

Trealing a person with the bram's
reiexsing {actor for growin hormone
instead of with growtn hormode it
sell, he explained, should better
mirmie (he body's natural pulsed out--
put af the hormone and dimimsh

_poasible uide efledts, like sweiling of

“1sstes and aggravauon of diibetes
and congestve heart [ailure, "“We're
il lexrning how 1o give growtn
hormone Lo older aduits,” Dr. Har-
tnan said, “The onginal dose, based
oft body weight (urmed out (o be toa
high"”

.- Other researchers ars lookmg at
e effects of the sax stermds esios-

" terone and estrogen 1a older people.

Dr, Peter J. Snyder of the Unrversuy
of Pennsylvania Schoal of Medicine
explained that although men did not
expeticnce the precipitous decline in
et harmones that women did at
menopause, by ege 80, herithy men

Chbwe roughly ore-hail o cre-itvizd

the amount of {ree testasierone they
had &t age 20."
Iri a swdy of 100 narmal, heajthy

men over 63, he and his colleagues '

are tesung the eifects af skin patch
€S Litat raze the biood level of {ree
lestosieroie (o Lhat of men i therr

73s and 401, Alter three years of

ITRALMNenL with either 3 (edtosterone
or a piscebo patch, the ressarchers

.will lcok for hormons-reiated (me

provements tn muscie mais and
strettgth, bone calcium and sense of
weil-betng.

. A diflerent and more mysterous

htrmene, the DHE A produced b_‘y the

...bursts af_growth hormone.rel
Ir facy, it may beno cdincidénce tht
the known beneflts of physicai exers
cise mimic those now phserved {or
growth hormone, o

But what might such changes
mear to overzil well-being? Will sup-
plements of growth hormone and
other factars lead 0 greater indes
pendence, (ewer Iractures and heart
artacks and more of a et for Jife?
And can the hormote tresirvents be
sdminesieced In & way thei s sale,
conventent and cost-eflective? Thase
are some the questions e Nationa]
Inatiouate on Aping is addressmy.

In one of ity nive projects, At the
Johng Hopking Baywew Medical
Centar, Dr. Bleckman, Dr. Miwchedl
Herman end theie colieagues ara

cottex of thie Fdreial Flatd T

[
- Studied by Dr. Samuet 5. C Yen al

the Universuy of Cailfornis in San
Dlego. Production of DHEA starts at
about age of 7 and pesks berwoen the

‘ages of 25 and 30, {1 thew slowly

declines 1o 10 10 15 percent of peak
levels by the age of 70,

In & smait study of 16 middle-eged
1o elderly people wiro received erther
DHEA or a placebo for one yenr, Dr,

~Yen saud there way a 7% perrent

Increrse in overal) weil-hetng among
Lhose recetving the hormaone. He re-

_ported al a conference héld i Wash.

nglon laxt month thag his sitjects
coped better with siress, got around
more easity and siept beeu-r Men.
but ot . Abso

and boere and kosz body (a¢, although

Dr. Mare R. Blackman, chief of endocrinslogy at the Johns Hapldra
Baywiew Medical Center, studies age~related hormone dun;v.-ls.

f

neliner reported any chaage in llbé
da,

Dr. Blackman sawl that ather re-
search flad pointed (0 Imporiant efs
fects of DHEA on cardigvascular
funcuon and tha risk of haart dise
ease, especiaily among imen, and on
|mmune [unction, which normaily
decies signifleantly with age.

One of the messengers of growth
hormene, loc, may have imporam

immunalogical benelits Dr. Ress:

Clark, an endocrinologist, and Dr.
Pauls Jardiey, an immunolagist, at
Genentech Inc 1n San Franeisee, are
linding that an insullo-ilke growth
factor called 1.G.F.-l, produced in
the liver and elsewhers, can stimu-

late production of both B celigand T -
celis, which afe vitai to producing |
antibodies 1o infectious ur'p.nu.m.l‘

zrd to (Ighting off cancers.

in anmimai studies, Dr. Clark found,
“the thymus gland, wiuch shrinks (o
one-hall {0 oresquaner of 1S youths
ful size with age, ¢an be mage 0
bloom agamn by LG.F.-L" The thy-
mul 1S 4 major souree 1 the produs-
uen of Imenune cels.

There are, to be sure, 2 few nay-
sayers among hormone copnascentd

" about swkang the hewithy eiderly

with hormonet, For exampie, Dr.
Clemmons of the Jmivernity of North
Carolina belleves the most effective
ua# of growth hormone therapy »nil
be on a short-tertt basy © speed
retovery i eldecly peopie who have
antined mjuned ar swiered Ui
pessey that resull in a prolonged
convalzacence, He pownted ot LAt
like il drugi, .hermone treatments
had side efiects, and the risks woukd
be motw sccepiabia 1 people who
have & kX 19 gam.
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GROWTH HORMONE TO REVERSE AGING -

to appear in the June 1995 edition of dlternative Medicine

By Elmer M. Cranton, M.D. and James P. Frackelton, M.D.

Hormones are tiny chemical messengers continuously secreted into the blood
stream by endocrine glands to regulate the activities of vital organs. The word, hormone,
is derived from a Greek word meaning "to stimuiate." Hormones stimulate a multitude of
life-giving processes throughout the body which maintain health, harmory, growth,
healing and repair. ‘

Probably the best known hormone is insulin, produced in the pancreas. When
production declines or ceases, diabetes resuits. Scientists long ago discovered a way to
duplicate insulin and administer periodic injections to contral the symptoms of diabetes.

The discovery of insulin and the process of injecting man-made insulin made contral of
diabetes possible.

Growth hormene, secreted by the pituitary giand, is a smail protein-like hormone
(peptide), similar to insulin. Commonly referred to as human growth hermone or "hGE",
it is difficult to measure dicectly. HGH is secreted in very brief pulses during the early
hours of sleep and remains in the circulation for only a few minutes. It is quickly taken

" into the liver and converted into somatomedin-C, another small peptide hormoene (also

* known as insulin-like growth factor-ene or [GF-1). Somatomedin-C is then responsible
for most of the activity of growth hormone in the body. Somatomedin-C levels in the
blocd are much more stabie and can be measured in the laboratory.

During adolescence, when growth is most rapid, production of hGH is very high.

That is why it was named "growth hormone.” Even after growth stops, growth hormone
must continue to be present (at somewhat lower levels) throughout life to maintain
physical and mental health and well-being. Tissue repair, healing, cell replacement, organ
integrity, bone strength, brain function, enzyme production, integrity of hair, nails, and
skin ail require the ongoing availability of adequate growth hormone, After age 20,
growth hormone production fails progressively at an average rate of about [4% per
decade. By age 60, it is not uncommon to measure a growth hormone less of 75% or

more. Physical decline with age correlates directly with decreased secretion of growth
hormone by the pituitary gland.

Children who develop a pituitary deficiency of growth hormone at a young age will
never grow normaily and are destined to become dwarfs in adulthood if untreated.
Growth hormone therapy was initiafly developed to treat such children so they could grow
to become normal adults, Initially, supplies were very limited, expensive and sometimes
contaminated. There was not enough growth hormone available to treat all the children
who needed it. With the development of recombinant DNA technology, human growth
hormone has recently become more available and in very pure form - but it is stiil



expensive. The increasing availability of growth hormone now provides'a new dimension
in health care.

Approximately every three years 90% of the cells in the human body are made
anew. The body is composed of more than 100 triilion cells which are continuously dying
and being replaced. Only in the brain and nervous system are the original cells (neurons)
retained but proteins are continuously being made in the brain to store memaries of each
new experience. Leamning, memory and intelligence all depend on adequate growth
hormone. As growth hormone falls with age, functions of alf vital organs decrease.

Human growth hormone reglacement therapy is now available to reverse and slow
the age-related symptoms of physical and mental decline. By measuring blood levels of
growth hormone (somatomedin-C) in older adults, and also in younger who are not doing
weli despite other therapies, a new advance in health care and preventive medicine is now
avaiiable. If somatomedin-C is at a normal level for a healthy young adult, the use of
supplementai growth hormone is not warranted. [f, however, growth hormone is low,
then supplementation can offer the potential for great benefit.

Benefits from growth hormene replacement which are reported in the scientific
 literature include increased muscle mass, improved physical strength, reduced fatigue,
decreased fat (especially abdomina fat), increased bone strength, and revitalization of
liver, kidney, spieen. and brain functions. Skin regains 2 more youthful appearance with
fewer wrinkles and sexual funcrioning improves. Cholesterol decreases, cartilage in joints
becomes stronger, and osteoporosis and Alzheimer's disease are improvad. A markedly
improved quality of life has also resulted for AIDs patients receiving growth hormone,

Like insulin, growth hormone is given by injection. A small syringe with a tiny 27-
gauge needle is used to give self-administered injections just under the skin, usually on 4
days each week. Benefits come on slowly during the first few months of therapy, The
following statements were made by people who benefited from this therapy.

H.T., a 62 year-old businessman, has been giving himself daily injections of growth
hormane for the past 3 years. In his own words, "My energy, starmnina and sex drive are
like a 30 year-old. Muscie tore is fantastically improved. My waist went from 42 inches
to 34 and [ went from 28 percent fat to |2 percent. [ look in the mirror in the TOming
and can't believe that guy is me - it looks like me when [ was 30. The palsy in my hand is
gone, I discarded my bifocal glasses and my skin went from tissue-thin to youthful."

T TFH w40 yers old Businesswoman, siffered Tor many years with chronic fati gue-

and constant pain in her jaw and head from degeneration in the temporal-mandibular joints
(TMJ syndrome). Afler taking daily growth hormone injections, she states, "I was a 40
year old woman in a 60 year old body. On growth hormene therapy my TMI painis gone,
completely, my energy and stamina are increased, fat is decreased, and [ feel much more
alive, blossoming inside, aimost euphoric.”



Dr. Daniei Rudman conducted a scientific research project at the Medicai College
of Wisconsin in 1991 giving growth hormone injections to elderly men. The results of the
study were published in the New England Journal of Medicine. Dr. Rudman stated in an
interview, "We reversed 10 to 20 years of the aging process...fat diminished, muscle tissue
increased."

Another important benefit from growth hormone replacement is strengthening of
the immune system. Infections decrease, recovery from illness is aided, allergies improve
and immune relared diseases such as arthritis become less bathersome. The immune
system is an important defense against cancer and it seems logical that cancer might, to
some extent, be prevented by growth hormaone, Although it has been speculated that
growth hormone might speed the spread of cancer, that has not been seen in clinical
practice. [n fact, improved immunity might logically be expected to reduce the risk of
malignancy and speed healing from a treated cancer.

Side-effects reported in medical research were mostly associated with very large
doses. Research doses of growth hormene were as much as eight times the amount
normally produced by the pituitary gland. Such overdosage caused carpal tunnel
syndrome, decreased glucose tolerance (increased tendency to diabetes), breast
enlargement (even in males), and {luid retention.

As tissue repair, healing and cell replacement are speeded up by growth hormone
replacement, the need for nutrients of all types increases. Protein intake rmust be adequate
to build new tissues. Vitamins, minerals and trace elements are all utilized in higher
amounts, as the metabolic rate increases. [fthe body is deficient or borderline in essential
nutrients, an increase in cell growth can aggravate or create deficiencies. For that reason,

it is wise to seek out a physician skilled in clinical nutrition and preventive medicine to
obtain growth hormone therapy.

If'a person is deficient is an essential micranutrient, such as vitamin B-6, it is no
suprise that growth hormone can, in some cases, cause carpal tunnel syndrome, which is

related to B-6 deficiency. Side effects can thus be caused by the poor nutritional status of
patients,

Low-dose growth hormone therapy (4 to 8 units per week) is now known to be
clinically effective and free of significant side effects. Side effects which da oceur, such as

LY L1 1 +1 ]

mild fluid retention, usually pass within a few weeks as the body readjusts to a younger
o M Nk

Fater:

Longevity and heaith are extremely complicated goals with many centributing or
detracting factors such as heredity, stress, nutrition, antioxidants, life-style, harmful habits,
tobacco, excessive, alcohol, and exposure to chemicals and environmental poilution - in
addition to the usual decline in hormone production with age. Standard "health care" is
largely oriented toward drug or surgical attacks against disease, which is a negative
approach which usually does not include nutritional and hormanal support or removal of



toxins in order to stimulate natural healing and repair. Growth hormone supports health
and healing and mediates cell repair.

A sound program of growth hormone therapy should be built on a foundation of
clinical nutrition, vitamin, mineral and trace element supplementation, chelation therapy,
assessment and replacement of other deficient hormones (thyroid, DHEA, etc.) and free-
radical antioxidants for optimum results.

The present cost of approximately $13,000 per year remains expeisive for many
people and medical insurance will only reimburse for treatment of dwarfism in children.
Hopeflilly the cost will come down in the future as generic products become availzble and
as usage increases. '

Copyright (c) 1995 Elmer M. Cranton, M.D. and James P, Frackelton, M.D.




GROWTH HORMONE REPLACEMENT THERAPY IN ADULTS

Though less true than in the past, frailty and age seem to go together. Must that continue to
be the case? '

The United States National [nstitute on Aging is funding studies to confirm earlier findings
that human growth hormone (HGH) and other hormones, including DHEA (an adrenal hormone)
and sex hormones, can slow, stop, and/or possibly reverse the changes associated with aging.

The levels of a variety of hormones drop substantially with age. Hormones are protein
messengers that tell the cells what to do (such as protein synthesis and cell replication and repair).
Oue of the hormones that declines sharply is human growth hormone. Human growth hormone
(HGH) is 2 hormone synthesized by the pituitary gland ir the human brain. [t is responsible for the
physical growth in childhood and puberty pericds. The circulating levels fail by more than 30
percent from the peak during puberty and reaches “older” levels by age 33 to 40!

Research in human growth hormone ( HGH) in healthy human subjects prior 10 the 19805 was
restricted due to scientists inability to synthesize the complex molecule, made up of 191 amino
. acids. However, scientific DNA recombinant technclogical break-throughs in the early 1980s
finally gave scientists the ability to synthesize the human growth hormone in large quantities. The
human growth hormone molecule, so synthesized by the DNA-recombinant technique, is identical
to the one produced by the pituitary giand in the human brain. This led the Federal Food and Drug
Administration (FDA) to promptly approve growth hormone for human consumption and
experimentation in heaithy individuals in the late-1980s,

One of the scientists who jumped inzo human growth hormone research was Daniel Rudmar,
M.D. at the Medical College of Wisconsin in Milwaukee. For many years, Dr. Rudman had asked
the world these questions: “Do hormene leveis control the aging process? If they do, then does
replacing the hormone levels 1o the youthful range in humans reverse the etfects of aging?” Up
until-the - 1980s, no scientist in the world could give him an answer, éspecially with Human growth
hormone (which drops the most drastically), because human growth hormone research could not
be done on healthy individuals due to the lack of FDA approval in this country.

Once this hormeone became FDA approved, Dr. Rudman and his colleagues promptly entered
into 2 double blind study using tweive healthy elderty men, ages 61 to 81, from a nearby Veterans
Administration Hospital. These volunteer subjects were given human growth hormone three times
a week for six months to restore the circulating insulin growth factor (IGF) levels to the youthful
range—abhove 350ug/mi. IGE.is.a protein-synthesized-mostly-by-the-liver;-and-its-level-is regulated -~ -

by the measuremert of the circuating levels of growth hormone, since the secretion of growth
hormone in the human brain is in a pulsatile fashion and is difficult to measure accurately during
any period.

When compared with the controiled subjects who received the placebo, the growth hormone
treated subjects showed changes that were “equivalent in magnitude to the changes incurred
during 10 to 20 vears of aging. He reported his discovery and was promptly pubished in the
prestigious Vew England Journal of Medicine, July 1990,



Following his landmark discovery, scientists from all over the world commenced research on
replacing growth hormone in elder persons. The results were astonishing. Additional beneficial
findings were discovered. Growth hormone was shown to increase bone mass in OSIE0POrosts, to
reverse declining cardiac function, to reverse declining pulmonary function, to reverse the decline
in imrmune function associated with aging, increase lean muscie mass, decrease the percentage of
body fat, increase capacity for exercise, hence, vitafity, prevent illness, and reduce sleeping
disorders. The Scandinavian scientists even eliminated the minor side effects seen in the Rudman
Study—namely problems associated with the water retention effects of the growth hormone. By
changing Rudman's three times weekly method of injecting growth hormone to twice daily
injection of smaller doses of growth hormone, the water retention side effect from growth
hormone (though reversibie) were completely eliminated. Between the vears of 1990 and 1992,
hundreds of scientific studies were conducted on growth hormone's effect on age-associated
changes in the human body. The findings conciuded thar growth hormone replacement therapy
can be safe with proper doses and proper methods of administration. That is good news for
advanced aged men and women with medical problems related to aging and growth deficiencies
who want o reverse the effects of aging.

After examining the various studies thar show growth hormones ability to reverse changes
associated with aging, the Stanford University Medical Researchers concluded in 1992 that It is
possibie that physiologic growth hormone replacement therapy might REVERSE or prevent some
of the "inevitable' sequelae of aging.” (Psychoneuro-endocrinoiogy, Volume 17, No. 4, Pages
327-333, 1992). ‘

Unfertunately, growth hormone has received many “bad raps” lately in many lay journais
because of its abuse by athletes for its performance-enhancing effects. These athietes abused
growth hormone in large doses whick led to a condition called acromegaly—the overgrowth of
many bodily parts. When one compares growth hormore to insulin hormone, the growth hormone
is much more forgiving, as an overdose of insulin hormone can cause instant DEATH!

Medical research is often trapped in 2 paradox. For example, feral tissue research for the
reatment of Parkinson's Disease, in vitro fertilization for infertle couples. and the use of growth
normoene for reversing aging are all examples of science working to improve lives. But these
scientific endeavors are often criticized by skeptics who believe we are treading into uncharted
intellectual and morai areas where humankind is not intended to go. Stll, it seems imprudent to
limit growth hormone research and replacement therapy simply because a few skeptics disagree or
_ because of abuse by a few athletes. _

Drs. Rowen, Johannson, and Bengtson of the University Hospital of Goteborg, Sweden, had
this to say, “When one does not abuse or overdose human growth hormone, there is simply NO
.evidence suggesting that human growth hormone replacement therapy causes ANY LONG
TERM side effects.” (Hormone Research, 43, Pages 93-99, 1963).

Dr. Eve VanCauter, a human growth hormone researcher at the University of Chicago
Medical Center, has this perspective on human growth hormone replacement therapy for elderly
people, "All of these ideas about treating people with growth hormone have been directed toward
people 63 and older. If you look at the data, people have so-called ‘elderty’ levels by age 40.
Perhaps we should be giving human growth hormone replacement therapy eariier rather than
aftempting to treat tissues that have seen little or no growth hormone for decades.” (Personal
communication to David L. Lewin, 1993),
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ABSTRACT Growth hormone (GH) release was
studied in adults of normal stature, ages 21-86 yr. The
subjects were 83-115% of ideal body weight, between the
5th and 95th percentiles in height. and free of active or
progressive disease. 9 to 12 individuals in each decade
from third to ninth were evaluated. The following criteria of
GH stams were measured: serum GH  concentration.
analyzed by radioimmunoassay at half-hour intervals for 4
h after onset of sleep, and at |-h intervals from 8 a.m. to 4
pm. in 31 subjects: daily retention of N, P, and X in
response to 0.168 U human (h)GH/kg body wi’*/day in 18
subjects: and plasma somatomedin C (SmC) level before
and during exogenous hGH treatment in 18 subjects,

All 10 individuals, 20-29 vr old, released substantal
amounts of endogenous GH during both day and night
(average peak serum GH obrained during day and night
was 7.3 and 203 ng/ml, respectively); average plasma
SmC was 143 U/ml (95% tolerance limits, (.64-2.22
U/ml). There was no significant efect of exogenous hGH
on elemental balances or on plasma SmC. In contrast, 6 of
|2 individuals 60-79 yr old showed the following
evidences of impaired GH relesse; pesk waking and
sleeping serum GH < 4 ng/ml; plasma SmC < 0.38 U/ml: a
stgnificant retention in N, P, and X and a significant rise
in plasma SmC, in response (o exogenous hGH.

Plasma SmC, serum GH dunng sleep, serum GH
during the dav. rstentions of N, P, and K in response 0
exogenous hGH, and rise in plasma SmC in response 1o
hGH were all intercorrelated (7 < 0.03). Plasma SmC <
0.38 U/ml comresponded to peak necturnal serum GH < ¢
ng/ml. The prevalence of plasma SmC < 0,38 [ /ml
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increased progressively trom age 20 two 90: third decade.
(%; fourth. 11!%; fifth, 20%: sixth. 22%: seventh. 429
eighth, 33%: and minth, 55%. Within each decade. plusma
SmC was inversely related to adiposity.

INTRODUCTION

[ children and adolescents, serum growth homone (DY
fevels rise to peak values of 20-30 ng/m!l dunng the Nrst 4
h of sleep (1-3). In adulthood. the nocturnal peaks of serum
GH are less pronounced (4-7), Some ndividuals over age
40 release litle GH (4, 3) during sleep. Two easily
measured consequences of impaired GH secretion ure
subriormal levels of circulating somatomedins (8, 9. and
hvperresponsiveness w the ansbolic effects o exogenous
human (h) GH. retlected by retention of abnormallv large
amounts of N, P, and K durning treatment with a siandard
dose of hGH (10-12).

The object of this swdy was to nvestigale the
prevalence of impaired GH release in the adult population
of normal stature by measudng waking and sleeping
relense of endogenous (ifl plasma concentration ol
somatomedin C (SmC). and anabolic responsiveness Lo
exogenous hGH. Because endogenocus OH release s
influenced by nutritional state (13-19) and by disease (20-
23), we contined the study to ambulatory adults whe were
within 13%% of ideal body weight and free of progressive or
active disease.

METHODS

T Shbfed s 98 T BRI R AIGART 28TV B e

average height and without overt obesity. wers recruited by a

Libhrevianons used tr this paper” BW, body weisht GIL growth
hormrone: h. human: RIA. radicimmuncassay: SmC. somatomedin C: T,

tritodothyrontne: T, thyroxine.
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EFFECTS OF HUMAN GROWTH HORMONE IN MEN QOVER 60 YEARS QLD
Dawter Rupman, M.D., Axzr, G, Ferrzr. M.D., Hasxote S. Nacaag, M.D., Grzcary A. Gam.«n;, M.D.,

1

Parcee Y. Laumua. M.D., Arvex F, Govorerg, D.D.S., RoaerT A. ScHrevker, PuD, * |
Lestzr Coun. M.D., [vce W. Runman, B.S., ano Dacz E. MatTson, Pu.D.

Abstract Background., The declining activity of the
growih Narmena—-insufin-ike growh factor | (IGF-) axis
with advancing aga may comtribute ta the decrease i1 lean
body mass and the increasa in mass of adipase dssue that
ocTur with aging.

Methods. To test this hypathesis, we studied 21
heaithy men frum 61 to 81 years aid wno had plasma
IGF+i concentrations of less than 350 U ger fiter duning
a se-marth tase-ine pericd and a six-momth’ reatment
pericd that foliowed. During the geatment pered, 12
men (group 1) receved appruximately 0.03 mg of Gio-
symthetic human grawth hommane per kilogram of body
weght subcutanequsty three times a week, and 3 men
{group 2) recaived no treatment. Flasma IGF-| levels were
measured manthily. At the end of each pericd we rmeas-
wed lean body mass, the mass of adipasa tissue, skin
thickness (epidermis gius dermis), and bone density &t
rine skaletal sites,

IN‘ middle and late aduithood all peaple sxperiencea

serics of progressive alterations in bedy composi-

ton.' The lezn body mass shrinks and the mass of
adipose tissug expands. The contraction in lean body
mass reflects atrophic processes in skeleral muscle, Gv-
et, kidney, splesn, skin, and bane.

These structural changes have been cansidersd un-
avoidabie resuits of aging.' It has recenty been pro-
posed, however, that reduced availabilicy of growth
hormone in late adulthcod may contrbuce o such
changes."? This proposal is based an twa lines of evi-
dence. First, after about the age of 30, the secretion of
growch hormane by the pituitary gland tends to de-

cline.'3* Since growth hormone is seereted in pulses,
mostly during the early hours of slerp, it is difficuit w

Results.  In group 1, the mean plasma IGF ieve! mse
imo the yauthful range of 500 to 1500 U per liter during
Treatment, whereas in groug 2 it remained below 350 U per
liter. The acministratian of ~uman growth homione for si
mantfts in group 1 was accompanied by an 8.8 percent
increasa in lean body mass, 3 14.4 gercent decreasa in
adipose-tissue mass, and 2 1.5 percent increass in aver-
age lum3ar vertebral bone density (P<0.05 in each in-
stancs}. Skin thickness increased 7.1 percent (P = 0.07).
There was na significart ahange in the bane densily af the
radius or proximal femur. In group 2 there was na signifi-
cant change in lean body mass, he mass of adiposa tis-
sua, skin thickness, or bone density during treamment.

Canclusions.  Qiminished secretian of grawth hormane
is respansidie in part for the decreasa af lean body
mass, te expansion of adipose-tissua mass, and the tin-
ning af the skin that occur int oid age. (N Engi J Med 135C;
323148,

measure the 24&-hour secredon of the subsance diree:-
ly. Growth hormene seerstion cn be measured indi-
rectly, however, by measuring the plasma concentra-
don of insulin-like growth facrer [ ([GF-1, also knawn
a3 somatomedin C), which is produced and relezsed
by the liver and perhaps athter dssues in response (o
growth hormone.® Thers is Grde diumal vamadon in
the plasma IGF-{ concenmadon, and measurements
of it are therefore a convenient indicator of growth
hormane secredon.® Plasma [FG-[ concenuadons de-
cline with advancing age in healthy adunits."8 Less
than 3 percent of the healthy men 20 o 40 vears old
have plasma [GF-1 values of less than 350U ger liter,
bur the values are below this Sgure in 30 percent of the
healthy men aver 60.* Likewise, the nocrumal puises

From ihe Denarttnens of Medicing, Medicul Cailege of ‘Wisconsin, Milwaice
QR LW .R.): e Mertical Servrce, Yeremm AfTaisg Medisaf Conter, Wi wai-
tee (0.0 e of Medicine, Chicagn Medical School. Hoeth Chica-
WAGF., HSN., GAG.. MY L. LC.) the Medicioe (A.G.F., H.S.N.,
P.‘t'._L.J. Nuctesr Medicing (G.ALG.), id Deeted (A.F.G.} Serrices, Yetomns
Affairx Medicz] Conter, et Chicage: the Argonne Nasonad Liborwmory, Ar-
e, (Il (RAS.: and the jiomeTy Program, Umiversiey of
inens, School of Publie Health, Chicign 10.E.M.).

Suppored by grann from e Ceparuremt of Vetoram AfTairs and EX Lilly 1nd
Ca... 5 by 3 gram {1034 PEDSO0I0T) from the Puske Heaith Sevece,

“of growth fiormone secreton becone smaller or disap-

pear with advanced age. If the plasma concentraton
of IGF-I [zils below 350 U per liter in aider aduits, an
spontanecus dreulating puises of growth hortnone
cn be deterzed by currendy availabie mdisimmuge-
assay methods.® The concomitant decline in plasma
concenerations of bath hormonex supports the view
that the decrease in [GF-I results fam diminished
growth hormene seeredon.*® Second, diminished se-



cretien of growth harmane is iccompanied nocon' gy
a &2l in the plasma [GF-l conesnrration. buc aisa by
arropny of the le=n bedv mass ang expansion of the
mass of adipose tissue.' These alterations in body
compasition cused by growth harmene deficiency
can be raversed by replacament dases of the hormone,
i3 =xperiments in rodents,’ children, ™ and adiles 20
@ 30 vears old"™ " have shown. These findings sugges
that che atraphy of the jean body mass and its compo-
RERt argans and the enlargement of the mass of adi-
pasc tissue that are characreristic of the elderly rexuit

at least in part from diminished secrerion of growth

harmene.'? [ sa, the age-related changes in body
compasition should be correctahie in part Oy the ad-
ministration of human groweh harmene, now readily
available as a biosynthetic product.'*

[n this study we administered bicsynthetic human

growth hormone for six months ta |2 healthy men
from 61 to 81 years old whase plasma [GF-I coneen-
© (ranans wers below 350 U per liter, and we measurad
the efects an piasma [GF-{ conceneration, lean body
mass. adipose-tissue mass, skin {dermal plus eptder-
mall thickness, regional banc density, and mandihu-
lar-herghs e (the height of the alvesiar ridge
divided by the (geal Aaght of the mandibie). The
measurement of the mandible was included to test the
hypathesis that the age-reiaed involution of denzal
bene resuits in part from the loss of stimuladon by
growth hormone.' [n'addicion, the men were moni.
tored [or pessible adverse cflects of the harmone by
means of interviews, physical examinations, and
standard labaratory tests. Nine men matched (or age
and with similar plasma [CF- concentracions served
13 cancraols,

MrTHoos
Suiecty

Healthv inen Wi were s/ ar alder 104 living 1a the communty
wert recTuned throush Mewpaper advertitementa (ollowed by an
internew. Eary crtena {available fom the ‘authors an regquest)
induded body werght of 99 1w |20 pereent of the scandard [or 1w
the abilicv 1o admimister Frowih hormone o oo subcutancous-
ly, and the sbsence of indicarioas of majoe disese, Ninery-five men
whn antwered the advertuements mes crmtena, that could be 2scer-
tabned by aterview. Their plazma IGF-{ concrnmrations were then

derermned tvver 20 an intervai ol lour weets, Consiszent wrch the.

resuits of 2 previous study, ' the pizama (GF-{ valued in theze men
rarged (tum 100 1o 2400 per liter. wth an averawe of 500 U per
fliter. Thirtv-chree of the men had plaama [CF-{ values of le than

338 U per lier on bath secizions. These.37.men. were-then (urther

evaluted by 2 medic-histary taking, phvsteal exammnanon., differ-
el blood count. unnaivais, blond~chemisry 1ot ches radiogr.
phy, ang clemroardiagrapny. Twenoy-ax subjezts 1 | black and 23
=hite) met 2l the entry crrera and were enrolled in the | 2-monih
protocol summartzed in Tabje |, .

Study Periods

The men were seen 21 rezular intervals and tested 21 shown o
Table | durtng the Airst week of the fim, third, and nxih months of
the base-line perrod. Five men dropped aut of the sudy during
thewe six months | faur for perIonal reazons and one becure caromos
ma of (Ae protrate wax deterred).
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At e berinmng of the seventh moath, the 7| men who had
Tmpleicd the hascline perrod were ransdomiy izuenen (o eroup |
{groreth harmaoac group) or Troup 2 (conumd qroup) ina moo o 1w
. The mndomuzation tasle was penerated v 1 eImputer groeram
such that in cach groun of five mem, thres weuld be uugmct 1o the

. grawih normone rroun aod two @ the Sl eroup. All 21 men (12

A ETaun |oand 3 in group 2} completen the UTaiment period ind
. comunite the study groun foe thus roport. Thedr dinical chamoens-

uST are summarrred in Tabie 2, Durine the Ao week of the soyenih
manti, the men in groap | owere instreced, in e tubetanemys
sdmunirzuen of rerombinast bumwnibene human LrTwth hore
mone {15 U per miligram of hormeoe: E5 Ly, The widal deee
mﬂ.ﬂimgpuﬁlugmd‘hn&ynq{u‘_inje;uimmdmua
wﬂz:ﬂm_mem&man#m&hgdmumor
LmdanAmpknfvmbkmfnrphm[GF-I LAY was
obraned cach month 24 hourt after 2 grewdh hormoac injecson. I
rhchF—[InﬁuuhdunﬁmUpalim.Lhtdmn(homwu
inaa:adbyﬁpcrm:ifthriﬁ?-“ﬂdWMl&CﬂUp&:
6 e 5 Bt roup during
the treatment penod ix shawn is Tabie 1.

At the 1tart of' the basesline perod. thes profess dissitian izseryered
mhmumfnﬂowadi:thbufmﬂhheﬁﬁmlﬂhulpwnbgm
The distrtbunion of kiloczlodes amonyg protsin, Srbohydrae, and
fum;ppruﬁmdy[imiﬂpﬂm&mdﬁpam:,m—
Ipevirvety. Al cach scherdulert vitie thown in Table |, the dietigan
m:ivndad:m‘:dhmlhchuhd‘aﬂ-huudimqmu
and insrructed the subjeers apain aboux the standand dice, The men
mmﬂmmd&ut&:ﬁ-ﬁfﬂ:?bfindmﬁngmﬁ'm:dmhm
ar slcahol and ther lewed of phyxiczi aciary) during the |2.manth
fudv perTrod. '

ﬂm:nﬂvpmw:dmmmdwﬁthmeinﬁmmdmxn{
qubjmmuimmwd'mmmmmmjl-

liter, the deme was redood by 21 pervene. The men in goep 2
e L —— —
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Statistieal Anaiysis

The methods used !n measurs each response vznable 1ad the
lwatons where the twesis were perfurmed are described in Table 1,
The iateraseay coetficienes ul’ variation lor the repouse varables
were 21 follows: pluama [GF-1, 7.2 pereent [ran body mass, 3.6
percent; dipose-tissue muass. 4.9 pereene: skin thickness, 3.4 per-
cemt; 2ad bone demsitv, L0 pereent laverage of mne measured
utes). .

P values based on (wostatled. matched-pair (-teats wers caleulat
vd [ur the compariaons hetween the temonth und [2-month vaives
nyrtrup | and group 2. [o addition. lor e2ch response variable the
mmonch value was suberacted fram the |2-moath vaiue to represent
the vhange in rach subject. P valuer based un twr-iziled, unequal-
vamancr, independent-sample -texts were 1hen calculated foe the
comozrison of the chanues in revponse vaciubies between groups |
and 2,

«

REesurts

- Qlinicai Qbhservations

All the men remained healthy, and none had any
changes in the results of dilferencial blood.count, uri-
nalysis, blood-chemistry profile, chest radiography,
clectirocardiography, or echocardiography during the
!2-month protocol. Specifically, none had edema. fast-
ing hyperglycamia (>6.6 mmol of giucose per liter),
an increase in blood pressure to more than 160/90
mm Hg, ventricuiar hvpertrophy, ar a local reaction to

EFFECTS OF HUMAN GROWTH HORMONE IN MEN = RUDMAN ET AL j

hurman growth hormone, nor did their serum choles-
terol or tretveende concentrations changes significant-
Iv. [n vroup |. however, both the mean : =5E, svsolic
blood pressure and tasune plasma glucose concentra-
tion were significandy higher - P<0.03 bv marched-
pair t-testi 4¢ the end ot the rxperimental cerod than
at the ena of the base-line perod 127.223.2 vs,
119.1=3.6 mm Hg and 3.8=20.2 vs, 3.4=0.2 mmol per
liter. respectively).

Pasma IGFH Concantration

{n group . the mean plasma [GF-{ concentration
ranged from 200 to 230°U per liter throughout the
base-line peried (Table 3}. Within one manth after the
adminisiration of.grawth he mone had been initiated,
the mean [GF-[ level rose . 830 U per liter {P<0.05),
and it remuined aear th.s value for the next fve
months. Eight of the 12 men in group | required na
adjustment in thetr initial dose of growth hommone.
Two required an’ upward adjustment of 25 percent,
and twa required 1 downward adjustment of 25 ger-
cent. The mean plasma [GF-[ concerttration in group
2 remained in the range of 180 to 300 U per fiter
throughout the base-line and (reatment periods.

Laan Body Mazx, Adipgas=Tizzus Masx, Skin Thickness,
Banae Cermity, and Manclbular-Height Ratio

Tabie + shows the mezn vaiues for the other re-
sponse variables at the end of the base-ling period
(6 months) and the end of the trezumen: pericd
(12 months). There was no significant change in
weight in cither group. [n group |, several response
vanabies had changed significantdy after (2 months.
Lean bedy mass and the average density of the lum-
bar vertebrae increased by 8.8 percene (P<0.0203)
and 1.6 percent (P<0.04}, respectively, and 2dipcse-
tissue mass decreased by {+.+ percent (F<0.003%. The
sum of skin thicknesses at four sites increased 7.1 per-
cent (P = 0.07). The small average chanee in lumear

vertebral bone densicy {(oniy 0.02 ¢ per squars cenci-

" meter} was swatistically significzat because of very lic-

tle variability in individual results. The bone density
of the radius and proximal {emur aad the rado of the

“height of the alveolar ridge to wral mandibular height

did not change significantly. In group 2 none of these
variables changed significantly. The change in the
lean body mass was significaatly greacer in group |
than in group 2 (P<0.018), tuz the differsnces in

T Table 3 EHEGH Bf HE ADministraion of Muman Growth Hormone on Siasma G- Cancemrations im Heaftity Qlder Men.*
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Loz bowy maus (kg ! 3.0=T.4  $T.T=40 2.000 «i7 (#0710 w8 : g CL
! s2zT sz gut of groweh hormene zdmmm:m:j,
Adposaum mua kY | J40=5.0  20.6=46  0.08 “L4 (=57 0D with no evidence af tachyphylaxis
1 DBOs84 DOT40 043 or hormene renstance. The dose,
Sum of Ui sk u 1 9212 10.4=1.5 a.07 3L (~Glw =D zppmximzt:!y Q.03 mg per kilo-
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I 0Tz0l0 aM=em oo . of growth hormone scererion in
Disul mams ) ; g.ﬁ:g:g ggﬁg g.g =0.004 | ~0.0] @ ~0.00 young men= and was comparabie
iy e ' ‘ maller than doses @v .
Averser, (s 1 l=00 L232003 0.0 0006 (~0.06 0 ~0.00) wors ‘lcrch'ld dase given th
arCOraE | I 1292021 1293028 Q.64 viousiy 1o ildren :nnch growt
Ward's zungie ! 0.70=0.4 0.69m01) o3 =001 (~0.08 10 ~0.05) harmone deficiency™* and voung
! 070=047 oTo=007 0.9 : aduits.'™"? The plasma IGF-[ re-
Gremer wocnaser | 0.8220.1] 04%=01) aT2 ~0.077 {+0.04 @ »0.03) ; ; -
t cie In thee oide
Io0gts0as oti=0u] 0.8 panses 1o _hx::Id ¢ in cheze olaer
Femor nect, C 09220018 0.91=0.04  0.53 ~0.079 (~0 08 1o «0.a} Men were sumiar in ma.g'mtuaf e
I 0#v=0.4 043204 014 those in younger people. That “re-
Masditnr.nerpn oo ! 0432815 0442001 0.37 =000 (=3.07 13 ~Q.04) placement™ rather than pRarmacos
4 - - N . ' ..
P 0473002 0472007 o logic dosex were being administersd
PNEmiet v % o 21D, was confirmed by the plasma [GF.]
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measurements, which remained
within the raage far healthy young

et L.

TR Ty, :

changes in skin thickness and adipose-tixsue mass be-
tween groups did not reach statiscica] significance in
this small series (P = 010 and 0.13, respectively).

Drscuseron

The 2! men studied were represencative of the ap-
proximately one third of ail men 6Q to 80 years cld
wno have plasma [GF.] concentrations of less than
330 U per iiter (as compared with a range of 300 to
1300 U per liter in healthy men 20 to 40 vears old).*
Qur findings cannat be generalized to the appraxi-
mately two thirds of all men over 80 who have plazma
[GF-I concentrations of more than 350 U per liter or
®® wamen of a simiiar age. Furthermore, our enry
criteria focused the study an an averdy halthv sub-
group of alder men.

In the absence of abesiry,* below-normay weight, @

or liver disease. * a plasma [GF- concentrarian of lexs

than 330 .I.-__L_I.J__EI‘__.._.liZcr...in.__nldex:..mcn...gmm-;uy -sigifies -~

that they seereze very little growth harmene.* To ver-
ify this explanation for the low plasma IGF-I concen-
tration in these men, it would be NEZESLACY (0 mezsure
SeTum growth farmane levels at frequent incervals for
2% hours or 10 determine the Y4-hour urinary exrreton
of growtn harmene. We did noc do this, but Ho ez al.
found thar the 24-heur integrared serum
mene level was markedly lower
than i men 18 t0 33 vears old.® An altermative expia-
naton for 2 low plasma [GF-] concentration is de-
creased preduction of plasma [GF.1 binding proteins.

H

growth hor- -
in the men gver 35 -

adules (500 w 1500 U per fter)

throughout the treawment pericd
{Table 3). We canclude that in aging men with low
piasma IGF-{ concenrragons hepans topansivencss
to hurnan growth hormone is not tmpaired, and the
dedline in plasma [GF- cancentrations in such men
rexules from growch hormone deSciency mther thor
growth hormone resistancs. The incrmass in plasma
{GF- leveis thac occurs when growth Hormene is ad-
minisiered to children with growth hormone defcen-
¢y reflects nat cnly augmented hepatic production of
IGF-1, bur aso increased producton of ane of the
binding protems thar transport IGF-{. The extent (o
which the production of [GF-[ binding protein i in-
creased by the adminisgadon af growth hormone has
a6t yet besn studied in adulrs.

At the beginning of our study, adverse reactions 1o
buman growt hormone were thoughr to be unlikety
bSecause physiologic doses were bong wsed, Further-
more, stmilar ar arger doses have not Qused unde-

stredd- rexcrions - in - children oF POURE adulis, <

Nevertheless, it remained possibie thar this dose,
when given for six months to cider subjects, might
Quse some mamiforadon of hypersomartcoropism,
such as edema, hypertension, diabetes, or cardicmeg-
aly. ¥ Although none of these conditinns developed,
there were small increxses in the mean sysalic biood
pressure and {asong plasma gincose cancenmarian of
the group of men who received growth hormone.
The magnitude of the increzses in lean bedy mass
anc the deecreases in adipose~tissne mast (8.8 jnd
—14.2 percen: ahave ang belaw hase line, respecgve-
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ly1 in the 2ging men who received human growth hor-
mone [or six months was similar to the magnitude of
these responses in children*” aad voung adults™'
treated with similar or lower doses for thres 1o six
monhs. 3 comparison that provides further evidence
that (issuc respomsiveness to growth hormone and
[GF-[ is not altered in oider men. Until now. the evi-
dence lor such a conclusion came only {ram short-term
nitrogen-balance experiments,'+-0-%

Salomon ct al. reported that the administration of
numan growth hormone in a dose of 0.49 unit per
kingram per week (0.19 mg per kilogram per wesk)
for six months to adults 20 @ 50 vears old wha had
growch hormane deficiency lowered the serum choles-
terol concentration significanty.'? Serum cholesternl

, soncenerations did not change in our study, in which
the dose of growth hermone was about half as large
0. mg per kilogram per week). The divergent resuits
could reflect differences in the subjects’ ages. the de-
gree of growth hermone deficiency, the dose of hor-
mane. or ail three, '

[n rodents. the increase in lean body mass in re-
spoase to growth hormone is due (6 increases in the
voiume of skeietal muscle, skin, liver, kidnev, and
splesn.”’ [n young hurman subjects, an enlargement
of muscle and kidney ‘induced by growth harmone
has been documented™'?; other organs have not ver
been assessed. The reduction in adipese-tissue mass
when children with growth hormone deficiency are
reated with human growth hormone is associated
with a redistribution of adipose tissue from 1bdom-
nal w peripheral areas.™ It is not known, however,
whether the increase in lean body mass and the de-
crease in adipose-tissue mass are qualitativety as well
1 quantitatively similar in ald and young human
subjects.

Biosynthetic human growth hormane had no de-
tectable cifect on the bone denmsity of che radius ar
proximal femur in the aging men, but it increased the
density of the lumbar vertebrae by about 1.5 percent.
Although the deerease in bone density with advancing
age in men may be due in part ta diminished seereton
of growth hormane, '3 longer periods of administra-
tion of human growth harmone will he required before
a final conciusion can be drawn regarding its efficacy
\n ceversing that decrease. A similar interpretation ap-
pfi;s ta the lack of increase in the mandibular-height
ratio,

The findings in this study ars consiscent with the
hvpothesis thar the decrease in lean body mass. the

EFFECTS OF HUMAN GROWTH HORMONE [N MEN — RUDMAN ET AL 3

the beneties and whar will be the nature and {requi...
¢y ob any adverse elfects when larger aumbers of
ciderly subjects and uther deses of human growth
hormone are studied? What organs are responsibie for
the incrzase ia lean bodv mass. and da their func-
nonal cipacities change as well? Only when such
questions are answered can the possible tenefits of
Ruman growth hermane in the elderly be explored.
Since atrophy of muscle and skin contributes o
the frailty of older penple, the potential tenefits of
growth hormane merit continuing attention and inves-
tigatian.

We are indetted to Dr. Ruth Hartmann, Milwaukee Yeterans

Alfairs Medical Center. lor ugsance n the preparauan of this
report.
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Three vears of growth hormone treatment in growth hormone-
deficiei:t adults: near normalization of body compasition and physical

performance

Jens OL Jergensen'. Leif Thuesen®. jorn Mtiller®, Per Ovesen', Niels E Skakkebzk® and Jens S Christiansen'

Medlcal Department M { Diabetes and Endocrinvlogy). und Institute of Experimental Clinical Researvh!. Aarfus Kommunehospitad, Aarhus, Denmark:
Department of Cardiclogy”, Skeiby Sygehus. Aarhus. Denmark: !nstitute of Grawth and Reproduction”, Algshospitalet. Coneniagen. Denmark
—h—-—!—-——___

Jergensen |OL, Thuesen L. Miiller |, Cvesen P, Skakkebmk NE. Chrisiia.nseq [S. Three years of growth
hormone treztment in growth hormane-deficient adults: near normalization of body composition and
physical performance. Eur | Endocrinnol 1994:130:224-8. [SSN 0804—46+43

Growtil hormane (GH) replacement therapy in several controiled short-term toals have shown
unanimous beneficial effects on body composition and other (zatures. To svaiuats maors leng-term
effects we report data [rom 3 years of uninterruptad GH therapy in 10 GH-deficient adults who had all
completed a previous double-blind placebo~conzrolled study and who also had been studied alter 16
months of apen GH therapy. No lurther increase i linear hetght was observed. The inidal increase in
thigh muscle volume was maintained after 3 years of GH therapy. A slight increase in body weight 2nd
thigh fat volume was recorded. Exercise capacity and isomemic muscle srength were increased
significantly compared to the initial placebo perted. This was associatad wich stahilized lavals of rasting
heart rate and blood pressure. Glycosylated hemogiobin levels were normal and did ot change during
the study. A standard oral giucese tolerance test performed at the end of the study revealed no
evidence of glucose intoleranca. Ng side-efecrs were renorted. Compared to an age- and sex-matched
group of healthy unmeated subjects. thigh muscle voiume, sxercisa capacity and isometric muscle
swength had become normalized from subnormmal levels after 3 years of GH therapy. We conciude that
long-term GH reolacement therapv in GH-deficient adults is associated with preserved bepetcial efecs
on body composition and physical performance, resulting in 1 near sormalizadon of savaral previously
abnormal features and adding new merits to this treatment modality.

Jens OL [ergensen, Medical Departmment M { Endgerinology und Diabetesi, Aarfus Kommunehospital DK-

8000C. Denmark

Within the last 4 years several studies on growth
hormone (GH) treatment in GH-deficient aduits have
been published (1. 2). This in turm has rrompted
surveys on the epidemiological and clinical fzatures of
hypopituitary adults (3-9\. It has become evident that
untreated GE deficiency in adulthood is assoctated with
abnormal body composition in terms of increased [ac
mass (4, 5. 7, 9), decreased lean body mass (3, 8).
decreased extraceliular water {3, 7. 9) and decreased
bone migeral conten:t (4. 6). In addition. there is
suggestive evidence of a substantially increased mor-
tality in these patients due to cardiovascuiar disease

most instances is @ transient dose-dependent occur-
rence. Stifl. the weil-known insulin antagonistic actons
of CH may cause concert, '

The durztion of GH therapy in presen:y puslished
trials has not excesded 16 months. Therefore, we have
found it relevant to report in this paper the data on 3
years of uninterrupted GH therapy in CH-deficient
adults.

Patients and methods

The present study is an extension of a protocof Involving

C374) 7 Crowt Hermode Teatment in adult padents has
shown unequivocal beneficial effects as regards part-
termalization of body composition (10~16). Further-
more. GH therapy has been shown to improve exercise
capacity (10, 12. 14, 16, 17) and muscle strength
(12. 18) from distinctly subnormal levels. Addittonal
potentially beneficial effects of GH therapy on several
other [eatures also have been reported (10, 11, 13, 15,
19-24). So far. the only substantal side-efect has been
subjective discomfort related to fuid rerenton. which in

an initial double-biind placebo-controlled crossover
phase (4 months of GH/placebo therapy) and a
subsequent open phase (10. 12). The present paper
comprises 10 patients {three females and saven males),
who have completed the initial doubie-blind study and
thereafter have contnued with 37.6 (1.3) months
(mean (sev)) of uninterrupted GH therapy in an open
design. The variables measured after 37.6 months are
compared to those cbtained from the same 10 padents
during their participadon in the double-blind study and
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Abstract .

Growth hormoane deficiency (GHD) in adults is now recognized as a specific
clinical syndrome with characteristic symptoms and signs, Thus, the patients
are overweight, have an abnormal body composition (2xcess body {at and a
decrease in the extracellular water volume) and a low bone mineral content
compared to normals, Furthermore, the GHD patients have lipid zbnormali-
ties, decreased insulin sensitivity and a decreased fibrinolysis. Finally, the
‘quality of life' is low in terms of energy and sociai life. Short- and long-term
studies with recombinant human GH (thGH) treatment hiave shown nermal-
ization of bedy compositicn, increase in the lipid pattern and marked
improvement of the psychological well-being, The treatment seems safe with
no serious side effects reported. In analogy with other hormonal renlacement

» therapies, the thGH dose should be individualized.

pathophysiological effects of hypophysectomy in adult
patients whe were hypophysectomized because of meta-
static mamumary carcinoma, diaberes mellitus or zcro-

- -although- it-has -been-recognized-for many years that

been recognized as a specific clinical syndrome. Routine
replacement therapy with corticosteroids, L-thyroxine
and sex hormoneshas been considerad as sufficient thera-
py for pituitary deficiency . for the last..30—40 years,

megaly were described {21. Despite replacement therapy
for deficient adrenal, thyroid and gonadal function, there
was 2 decrease in basal metabolism, renai function, bload
volume and cardiac function within 1 month pOsIOpera-

growth hormone (GH) continues to be secrated in adult
Lfe 1. PR ‘ .

Some of the physiological consequences of GHD in
adults have been known for many years. In 1963, the

‘tively. If'was postillated that the observed changes were

due to the abolished or reduced GH secretion caused by
the Aypophysectamy.

Thora Raséa, bD, PRD D 1995 5. Karger AG. Basal

Endecrine Division GI01-01695/0433-0093
Cepartment of Meodicing . Sacdo
Saalgrenska Hospitad

=413 45 Gitedarg (Sweden)



Table 1. The symptoms and signs of GHD in adults
from i)

{modified

Symptoms Sigms
[mpaired psychological Reduczd lean body mass
well-being and quality of lifs | Reduced extraceltufar fluid volume-
with Reduced bone mineral desity*
Poor general health Increased body fat -
Impaired selfconerol] Increased waist-hip ratio .
Lack of pasitive well-being Decreased plasma HDL cholesterol
Depressed mood i+ Incvensed plasmma LDL cholesterol.
[ncreased anxjery "7 Reduced glomerular filtraticn rate
Reduced vitality Reduced regal plasma fow e
Reduced energy Reduzed basal metabolic rats
Impaired emoticnal reaction  Reduced muscis bulk .
[nereased sozial isolation Reduged museie streagth .
Reduced exercise performance

Redueed anaerobic threshold

Consequences of GHD in Adults

GHD in adults is manifested as a numberof character-
istic symptoms and signs (table D3] !

Body Composition . "

GH has profound effects cn body composition through
its anabolic, lipslytic and antigatriuretic effscts. In acro-
megaly, these effects result in an increase in body weight,
body cell mass and extraceifular fluid volume [4]. Also

GHD is associated with characteristic changes in body "

composition. Typically, the adult GHD patient is found

ta be heavier thar normal subjects of the same age; sex ..

and body.height. The inerease in weight is explained by an
increment of body fat with 3 simuitaneous reduction of
total body water, especially extracellular water {ECW)
(5].

[r astudy from Gothenburg of 106 patients with muiti-
ple pituitary deficiencies, inciuding GHD acquired in
adult life, body composition was estimated according to
the four-compartment mode] from body -weight, total

body water (TBW) and total body potassium (5], Thers..

- was an increase in body weight both in male (7.5 kg) and
female (3.6 kg) patients compared to the predicted normal
weights. A similar inerease i body weight was noted in 24
patients with GHD (126 = 5% of theirideal body weight)
(6]. Thus, the increase in body weight can be explained by
an increase in bedy fat. In the Gothenburg study the
increase in body far was 2.4 kg in men and 3.3 kg in wom-

en, compared with controls of the same weight, and Salo-
mor et al. (6] found a 7% increase in body far asa percent-
age of body weight, compared with that predicted from
age, sex, beight and weight. The exira adipose tissue is
typically situated in the abdominal and viscera] fat de-
pots,. resulting in an increase in the waist-hip ratio com-
" pared with controis.

Therz is also a reduced lean body mass or fat-fres mass

in the adults with GHD. In a study of 24 patients with

= GHD, the mean lean body mass was 92.6 = 2.0% of the

predicted value [6]. In znother study of 13 adult GED
patients, bio-impedance analysis showed a reduced far-

"7 free mass compared with contrels (7). Furthermere, a
- reduction of the muscie:fat matic of the thigh has besn

noted in patients with GHD [8], and the thigh muscle area
is shown to be decreased compared with conirois (91

Dehydration is another characreristic feature of aqul:
GHD patients. In the Gothenburg study comprising 106
patients with GHD, extracellular fluid was reduced in
both men (2.4 kz; ¢ < 0.001) and women (2.8 kg p <
0.001), compared with controls of the same weight. This
corresponds to & decrease in extracellular fluid volume of
about {5% 5],

- - Bone Mass

Bone formation and resorption ocour contiaucusly in
adults, and GH seems 1o affect bane metabelism through-
out life. In recent years, GE receptors have been found on
osteoblast-like cell lines, thus indicating a direct effact by
GH on ostecblast proliferation [10]. GH also increases the
availability of minerals and emhancesthe intestinal ab-
sorption of ezlcivm aad phosphate [I1]. A few studies
have shown low bonz mineral comtent in adults with
GHD of both childhood and adult easer, In a study of 30
men with GHD cf childhood onset, a significant de-
creased bone mineral content was found in both the lum-
bar spine and the forearm [12]. Similar findings have be=n
reporied in other studies {13-15]. The cause of ostecpenia
in these subjects could be a deficient build-up of bone
mass during childhood and adolescence,

In a retrospective study of 122 aduit patients with pitu-
itary deficiency of adult anset, 2 low bone mass was found
10 the lumbar.spine and proximal-forearmof-51 2nd 75% -
of patients, respectively [16]. [nterestingly, these patients
bad more osteoporotic fractures than predicted. Further-
[ore, in a study of 95 patients with GHD of adult onset, 3
low bone mineral content, measured with dual-photon
absorptiometry, was found in the third lumbar vertebra,
compared with matched controls [7].

%4

Rosén/Johaunsson/Johansson/Bengssan

Henefits and Risks of rhGH



Cardiac Function and Physical Performance

Racent studies have revealed an impaired cardiac
function in GHD patients. Aduits with GHD have been
found to have a reduction in both maximal oxygen uptake
(18, 19] and in maximal heart rate [{8] when compared
with normals. Furthermore, reductions in left ventricular
wall thickness and interventricular septum thickness in
adult GHD patients have been shown compared with nor-
mals (20, 21]. Moreover, in a study of Z1 adults with
GHD a significant correlation was found between left
ven'nicular mass and the serum insulin-like growth factor
[ (IGF-I) concentration [22]:

Renal Function’

Iz 1963, it was shown that glomerufar fltration rate
and renal plasma flow decreased after hypophysectomy,
in spite of replacement therapy for deficient adrenal, thy-
roid and genadal function [2]. In a recent study of 22
adults with GHD, it was aiso found that glomerular filtra-
tion rate and renal plasmaz flow were reduced in patients
with GHD compared with matched coatrels [8). This
might be explained by the combined effects of reduced
extracellular volume and decreased cardiac output.

Cardiovascular Risk Factors

The early findings of hyperlipidzemia in patients with
aypepituitarism [23] or isolated GHD (24] suggested a
role for GH in the regulation of lipopreteins (25]. In-
creases in LDL and total chelestercl levels, with an
increase [26] or 2 decrease in HDL cholestercl [27], have
recently been reportad in adult GIHD patients [26,27]. In
a study of 104 patients with GHD of adult onset, the
serum triglyceride concentration was higher (p < 0.001)
znd the serum HDL chalesterol concentration was [gwer
(p < 0.001) in the patients thar in the contrals, but the
totai cholesterc! concentration did not differ {28]. More-
aver, the prevaience of treated hypertension was higher
(p < 0.05) in the GHD patients, bur there were fewer
srmokers (p < 0.001) among the patients compared with
the controls.

Inaretrospective study of 122 adult patients with pitu-
itary deficiency, the frequency of hyperiipidaemia (77%)
" and HYpeTiEnsion {18 %Y aions tHe Patisnts was found 1o
be higher than expected {{6). Furthermore, a significant
increase in the intimal thickness and in the number of
athercmarous plaques has been found in the femoral and
carotid arteries of patients with hypepituitarism com-
pared with controls {29]. Also, a reduced distensibility of

the aorta has been noted among hypopituitary patients
(30].

Interestingly, a recent study has shown that adult GHD
patients had higher serum concentrations of both (ibrine-
gen and plasminggen activator inhibitor [ than healthy
controls matched for age, sex and body mass index [31],
thus indicating a decreased fibrinolysis in adult GHDs.
Also, GHD patients seem to be insulin-resistant; a clamp
study from cur unit showed 2 reduced glucose infusion
rate in GHD patients compared to controls, although the
fasting blood glucese was lower and the fastung insulin
similar to that in controls [32]. Thus, these studies on car-
diovascular risk factors and fibrinelysis in aduft GHD
patients suggest a connection between the syndrome X or
metabolic syndrome [33] and the syndrome of GHD in
adults, Both syndromes include abdominal otesity, de-
creased insulin sensitivity, decreased fibrinelysis and lip-
id abnormalities.

Long-Term Prognosis

In a ratrospective study of 333 patients with hypopitui-
tarism diagnosed between 1956 and [987, cardiovascular
mortality was found to be almost doubled (60 observed
deaths compared with 31 expected) {34]. Tne hazard
fupction for death was independent of age ar diagnosis,
sex, or degree of pituirary insufficiency. It can be assumed
that most patients were GH-deficient, as loss of GH secre-
ticn is an early event in pituitary fatlure. According to the
known effects of GH on lipid metabolism and cardiac
function, unsubstituted GHD might be a major factor n
explaining the increased rate of cardiavascular mortality.

Quality of Life R

The clinical impression is that patients with GHD
often camplain of fatigue, lack of concentration, memary
difficulties and irrimbility. This causes a reduction of
their working capacity and might influence their profes-
sional career and social status, With self-rating question-
naires such as the Nortingham Health Profile (NHP) and
the Psychelogical General Well-Being Index (PGWB)
quality of life and psvchological well-being have been ana-
lyzed in adult patients with GHD. I a study of 24 adult
GHD patients McGauley [33] found the patients to be
mare labile, soctaily isolated and {ess energetic than their

“"confrols. Tn our study of 36 adult patignls Witk GHD, Tt

was found that these patients had a peorer quality of life
in terms of energy, social isolation, emotional distress and
sex life compared with normals [36]. There was also a ten-
dency to a higher frequency of early retirement among the
patients.
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Effects of Recombinant Human GH Treatment

In 1989, the first two major studies of GH therapy in
GHD adults were published {6, 8]. They both demon-
strated that recombinanf human GH {rhGH) treaiment
for a period of 4-6 months had beneficial effects on body
composition, cardiac function, exercise capacity, renal
function and quality of Life. These resuits have then been
confirmed by short- and long-term studies with thGH
treatment in recent years (14, 19, 37-39].

Effects on Body Compasition
The effects of GH on body composition are mediated,
through its anabolic, lipolytic znd antinatriuretic actions.

In summary thGH treatmen: causes 2 decreass in body

fat (mainly in the abdominal depots) and an increase in
body cell mass and extracellular warer volume. Normally,
no change in body weight is observed.

The effects of GH on fat mass and lipelysis are com-
plex, and have only recently been elucidated. GH in-
creases the number of adipocyres by recruiring ceils from
the preadipacytes (40]. Furthermore, except for an initial
phase of 2-3 h, GH has an anu-insulin effect on the adi-
pocytes. Thus, GH increases fat mobilization by hydroly-
sis of triglycerides intg glycerol and fres fatty acids, GH
also promotes redistriburion of body fal from an abdomi-
nal (android) to 2 more peripheral (gynoid) distribution
[37, 41]. These changes have bean associated with GH.
induced inhibitions of the anti-insulin effect of insulin,
which differs in diffarent adipose tissue regions (42].

{n a study from our unit comprising 25 adult GHD
patients body fat mass was decreased by 23.1% (p <
0.001) after 6 months and by 13.5% (p < 0.001) aftar 12
months of treatment, according to the four-compartment
model [39]. Also the waist-hin ratio was reduced, thus
showing that GE preferentially decreases abdominal fat.
These GH-induced reductions in fat mass and fat distri-
buticn could be beneficial with respect {0 the long-term
prognosis of these patients,

Already in 1958, it wag shown that GH trearmen:
caused nitrogen retention in normaj subjects [43]. Recent
studies have shown that GH increases the protain synthe-

sis without affecting proteolysis [9, 44], which is in con-

“trastwitlhl the effects of insulin and IGE- {45, 46], Fur-
thermore, GH stimulates muscle growth by increasing the
number of muscle cells, rather than the size of the muscle
cell [47]. - ‘

In our study of 25 adult GHD patients an increass in
body ceil mass by about §% after 12 months of rhGH
treatment was noticed. This incraase is i agreement with

the results from previous studies {6, 19). Furthermore, an
merease in muscle velume by about 5% measured with
the CT scan has bean cbserved after both short-term and
long-term rhGH trearment studies (8,19, 37, 38].

GH has long been known to increase sadium retention
(48]. The mechanisms are not vet clearty elucidated, but
recent studies have suggested that the antinatriuretic
effect of GH is a tubuiar effect and that GH aczs by
increasing the sodium pump activity [49]. Moreover,
supraphysiological doses of GH to heaithy subjects have
been shown to stimulate the renin-angiotensin system
with a simultaneous increase of the ECW volume (50].

rtRGH treatment typicaily causes an increase in total
body water, and especially tha ECW volume. In one study
there was an increase in TRW and ECW by3.7and 3.0 kg,
respectively, after 26 weeks of taGH treatment (37). In
our recent study comprising 25 adult GHD patients there
was an increase in TBW by 2.4 kg (p < 0.01) after 12
months of treatment, but there was no significant increase
in the ECW volume [39]. This might be due a lower start-
g dose compared with other studies, and due 10 a subse-
quent reduction of the dose because of sida effects.

Effects on Cardiovascular Risk Factors

Previous short-term studies of rhGH treatment of
adult GHD patients have shown a decrease (6, 9] or oo
change [19, 51] in total cholesterol, and no effee: on tri-
glycerides 6, 19, 51]. However, an increase in KDL che-
lesterol has been noted in both shart-term [51] and long-
term studies [39]. It is known that GH increases the
hepatic VLDL triglyceride production [32] and probably
also the VLDL turmnover (33]. Furthermore, GH increases
the LDL cholestarol clearamce through activation of the
Depatic LDL receptor [54]. Thesa charges might expiain
the favourable increase in HDL conceatration, which in.
tum might have a bepeficial effact on the leng-term car-
diovascular morbidity in these patients [53, 58],

Mareover, long-term studies with thGH treatment of
GHD adults have not revealed evidence of glucase intol-
erance secondary to the rhGH treatment (38, 391,

A favouradle decrease in diastolic bisod pressure, but
no change in the systolic pressure was noted in 2 26-wesk

12GH study comprising 1 O-patients with- GHB1§7] The — =

decrease in diastclic blocd pressure was explained by a
simultaneous decrease in total peripheral resistance.

| Effects on Cardiopulmonary Functions
GH-deficient patients show improvement in their =x-
ercise capacity [18, 38] and maximum oxygen uptake [18]
in response to thGH treatment. This might be due to posi-
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tive effects on the cardiac muscle mass and cardiac func-
tion. In a study from our unit including 10 adult patients
witlh GHD a significant increase in left ventricutar mass,
mainly due 1o an increase in cardiazc dimensions, was
found after 26 weeks of taGh treatment {57]. There was
also an increase in strcke volume and cardiac output,
Similar beneficial findings on left ventricular myocardial
mass and function have been observed in other studies
(18, 20].

Cuneo et al. (18] observed an increase in mean O,
uptake, but no change in vital capacity or FEV, after 6
months rthGH treatment. In our long-term study, how-
ever, an improvement in maximum expiratory pressure
was noted after {2 months of thGH treatment, indicating
that rhGH treatment might have long-term beneficial
effects on the pulmonary function [39].

GH also has positive effects on the muscle strength [9],
which seems to be correlated to the increase in muscle
mass. Thus, J&érgensen et al. [§] found that the increass in
the muscle volume of the quadriceps was highly corre-
lated with an increase in isomtetric strength, in a study of
22 GHD adults treated with GHE for 4 months. Thirteen
of these patients wers followed in an open study for an
additional year of thGH treatment. At the end of this
period a significant increase in the jscmetric strength of
the quadriceps muscle was found, which was not noted
during the initial 4morth double-biind study. This sug-
gests that the benefits of GH resulted from its long-term
use [&].

Effects on Bone Metabolism and Bone Mineral

Dengsiry

TAGH treatment has marked effects on bone metabo-
lism, which is illustrated by the increase in serum concen-
trations of borte markers in several studies (7,19,37]. The
. increase in the osteocaicin and procollagen-III concentra-
tions indicates an increase in hone turnover. Aduit pa-
tients with GED of childhood onset have been shown to
increase both forsarm and lumpar bone mineral content
after 12-13 montks of rhGH treatment (14, 58, 591.
Recently, we have shown that also GHD patients of adult
origin had increased their bone minera] density in the
femur neck and a: the trochanter region by-about 4-5%
compared with baseline after 13 months of thGH treat-
ment [39]. Interestingly, a decrease in total bedy bope
mineral density was seen after both § and 12 months.
Thus, it seems thar thGH treatment during the initiai
phase increases_bone Iesorption, causing an expansion of
the ‘remodelling space’ [60]

Effects on Psychological Well-Being

Several studies in recent years have shown significant
improvement in psychological well-being subsequent to
{hGH treatment in patients with GHD [35, 37]. Above
all, there is an increase in the energy level, mood, concen-
tration, memory and in general vitality. The eifects are
often visible within cniy a few weseks, and somerimes the
improvement is remarkable. The mecharism causing this
beneficial effect of GH is unclear. Ore explanation might
be the change in body composition and exercise perfor-
manve caused by the GH treatment. It is also possible that
GH has CNS effects, as GH receptors and IGF-[ receptors
are present in the brain. [n a double-blind placebo-con-
trolled trial with 20 adult GHD patients the effect of |
month of thGH treatment on the cerebrospinai fluid con-
centrations of GH, IGF-I, IGFBP3, monoamine metabo-
lites, neuropeptides and opicid peptides was measured
(61]. [ the thGH group there was a mean 10-fold increase
of GH In the CSF indicating that thGH passes the blood-
CSF barrier. Also the concentrations of [CF-[ and the B-
endorphin immunoreactivity increased. These changes
might possibly expiain the improvement in psychclogical
well-being during thGH treatment.

Side Effects and Risks of thGH Treatment

Some epidemiclogical reports suggest that acromegalic
patients have a general increase in the risk of malignancy,
especially from colonic cancer and coloric polvps {52, 63].
It seems inappropriate, however, to extrapolate these data
from the acromegalic patients to the GHD patients being
replaced with thGH, as the production rate of GH in z

‘GH-producing pituitary adenoma excesds the ordinary

rhGH substitution dose by 10~1,000 times.

From the (KABI) Pharmacia International Growth
Study (KIGS), a long-term surveillance study of paediar-
ric patients treated for short stature, knowledge is emerg-
ing concerning adverse effects during thGH treatment of
children. [n summary, thGH treatment of short stature
children, who wera aperated on and/or irradiated for
crapiopharyngioma, does not cause a higher relapse rate

-than-that-observed-among-patients—not-having =g G~ "=~~~

treatment, Furthermore, there does{otlseem to be an
increased risk of development of leukemia during rhGH
treatment. .

" In constrast to the child, the mast common causes of
GHD in the adulits are pituitary and perpituitary tu-

mours and their associated therapy. Isolated cases of

tumour recurrence {especially macroprolactinomas) have
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been observed in acult GHD patients on thGH therapy,
but there is not enough data to determine whether the
recurrence rates of the operated pituitary tumours are
influenced by the rthGH trearment. Only a thorough sur-
veillance programme comparing the recurrence rates
ameng the thGH-treated and the non-treatad patients
might bring light into this mater.

[n the eardy adult thGH tueatment studies, where
rhGH doses of 0.50 mUrkg/wesk were given, a consider-
able portion of the patients had side effects due to fluid
retention (such as swelling of hands and fest, arthraigias
and joint stiffness). However, by starting with 0.10 mU/
kg/week and slowly increasing the dose to 0.15-0.25 mU7
kg/week while watehing side effacts, these probiems can
be avoided. It is our opinion tkat, in analogy with other

FREAbETecRrAARb AR R An R RaaY

hormonal replacament therapies, the dose of :hGH
should be individualized. It seems thaf the dose orQ,25 U/

LELT LI TR PRy

kg/week Is 100 Digh for some of (he patients. The two fac-
tors now determuning the thGH dose are the side effects
and the [GF-I concentration, which saould be kepr within
the normal range even if no side effects ocour, Long-term
studies have snown no serious side effects and only very
few patients have withdrawn from studies because of the
inconvenience of the daily injections.

[n conclusion, untreated GHD in adults causes severa)
severe symptoms and signs. Most of these symptoms and
signs are reversed during GH replacement therapy. There
Is no evidencs suggesting that this renlacement therapy
causes any unfavourable long-term side effects.
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