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ABSTRACT 
GH secretion declines by 14%/decade of adult life, leading to the 

suggestion that people over the age of 60 yr are functionally GH 
deficient. I f  this is the case, one might not be able to detect a difference 
in GH secretion between the elderly with documented hypothalamic- 
pituitary disease and an age-matched control group. We studied GH 
secretion in 24 patients with hypothalamic-pituitary disease and 24 
controls matched for body mass index and age using 24-h GH profiles, 
srglnlne stimulation tests, and serum insulin-like growth factor I 
(IGF-I) levels. 

The median (range) area under the curve of the GH profile [<9.6 
(<9.6-20) us. 16.5 (10.7-74.4) &I~24 h; P < 0.00011, the median 
stimulated peak GH response to srginine 1~0.4 (~0.4-7.7) us. 8.0 

(1.6-37.0) cLg/L; P < 0.00011, and the median serum IGF-I concen- 
tration 1102 (<14-162) vs. 147 (65-255) ng/mL, P = 0.00021 were 
significantly lower in the patients than in the controls. Fifteen pa- 
tients showed no evidence of spontaneous or stimulated GH secretion, 
whereas all controls had evidence of both. The area under the GH 
curve in the 33 subjects with demonstrable GH secretion correlated 
significantly with the peak GH response to arginine (r = 0.71; 
P < 0.00011, but not with serum IGF-I concentration. 

This study suggests that organic GH deficiency in the elderly is 
distinct from the decline in GH secretion associated with the aging 
process. These patients may benefit from GH replacement therapy. 
(J Clin Endocrinol Metab 81: 460-465, 1996) 

G H DEFICIENCY is a common finding in adults with 
pituitary disease. It is characterized clinically by 

changes in body composition, reduced strength and exercise 
tolerance, impaired psychological well-being, a reduction in 
bone mineral density, and changes in renal and cardiac func- 
tion (1). The serum level of insulin-like growth factor I (IGF-I) 
is often, but not always, reduced in adults with GH defi- 
ciency (2-5). The increase in fat mass and reduction in lean 
body mass seen in GH-deficient adults are reversed when 
GH replacement therapy is given (6, 7). There are also im- 
provements in psychological well-being (8), glomerular fil- 
tration rate (91, and bone mineral density (10) with GH re- 
placement therapy. 

GH secretion in healthy elderly adults is reduced com- 
pared with that in young adults (11-21). GH secretion de- 
clines by approximately 14%/decade from young adult life 
(20), and some studies suggest that GH secretion may even- 
tually cease in certain elderly subjects (11). Normal aging is 
associated with changes in body composition similar to those 
in patients with GH deficiency, a reduction in bone mass, 
osteoporosis in severe cases, and a reduction in renal and 
cardiac function. The similarity of the changes in adults with 
GH deficiency and those that are part of the normal aging 
process has led some researchers to suggest that aging may 
be due to GH deficiency (22). The decline in GH secretion and 
the physiological changes seen with aging have been 
grouped together and termed the somatopause. 
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GH secretion in the elderly with organic disease of the 
hypothalamic-pituitary axis has not been studied in detail. 
Therefore, it is not known whether it differs from that ac- 
companying the somatopause. We have studied GH secre- 
tion in a group of patients with pituitary disease over the age 
of 60 yr and in a normal age- and body mass index (BMI)- 
matched control group. 

Subjects and Methods 
Patients and controls 

Twenty-four patients with nonacromegalic pituitary disease were 
studied, 16 men and 8 women between 61.0-85.7 yr of age. All patients 
were recruited from OUT out-patient population. We surveyed all our 
patients with known hypothalamic-pituitary disease who were over 60 
yr old and approached all those who had previously had a peak GH 
response to a provocative test of less than 7.5 pg/L. This GH peak was 
chosen arbitrarily in the absence of a clearly defined threshold for the 
diagnosis of GH deficiency in this age group. All patients had hypo- 
thalamic-pituitary disease that developed in adult life. 

Only patient 20 had previously received GH replacement, and he had 
taken it for 6 months, but had stopped it 6 months before taking part in 
this study. The clinical details of the patients are given in Table 1. 
Twenty-one patients had additional anterior pituitary hormone defi- 
ciencies. All had gonadotropin deficiency, 16 had ACTI-I deficiency, and 
13 had TSH deficiency. Eleven of the 15 men with gonadotropin defi- 
ciency were receiving testosterone replacement. Two had received the 
most recent testosterone implant 3 months before entering the study, the 
remaining 9 had received an im injection of testosterone esters within the 
2 weeks preceding the study. None of the women had received sex 
steroid replacement therapy during the 5-yr period preceding the study. 
All patients with ACTH deficiency were receiving replacement therapy 
with hydrocortisone (n = 9), cortisone acetate (n = 5), or prednisolone 
(n = 2), and those with TSH deficiency were receiving T4. 

Twenty-four control subjects, 17 men between 60.8-87.5 yr of age, 
were recruited from a panel of normal volunteers (Table 2). Exclusion 
criteria consisted of a history of diabetes mellitus, current treatment with 
psychotropic medication, treatment for thyroid disease, or abnormal 

460 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/81/2/460/2649335 by guest on 20 August 2022



TA
BL

E 
1.

 C
lin

ica
l 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

24
 p

at
ie

nt
s 

st
ud

ie
d 

Pa
tie

nt
 

IlO
. 1 

70
.8

 
2 

66
.7

 
3 

63
.8

 
4 

69
.0

 
5 

85
.8

 
6 

66
.0

 
7 

69
.1

 
8 

64
.9

 

9 
66

.6
 

10
 

65
.9

 
11

 
61

.7
 

12
 

62
.9

 
13

 
63

.0
 

14
 

64
.2

 
15

 
73

.3
 

16
 

68
.0

 
17

 
83

.4
 

18
 

78
.5

 

19
 

60
.0

 

20
 

61
.1

 
21

 
65

.8
 

22
 

64
.3

 

23
 

64
.6

 
24

 
68

.8
 

SC
!X

 

M M M M M M F F M F F M M M M F M F F M M F M M 

BM
I 

29
.1

 
23

.8
 

28
.5

 
26

.5
 

27
 

31
 

23
.7

 
22

.6
 

Di
ag

no
sis

 

N
on

fu
nc

tio
ni

ng
 

ad
en

om
a 

N
on

fu
nc

tio
ni

ng
 

ad
en

om
a 

N
on

fu
nc

tio
ni

ng
 

ad
en

om
a 

N
on

fu
nc

tio
ni

ng
 

ad
en

om
a 

C
ra

ni
op

ha
ry

ng
io

m
a 

N
on

fu
nc

tio
ni

ng
 

ad
en

om
a 

N
on

fu
nc

tio
ni

ng
 

ad
en

om
a 

G
us

hi
ng

’s 
di

se
as

e 

Tr
ea

tm
en

t 
No

. 
of

 a
dd

itio
na

l 
de

fs
 

Se
x 

st
er

oi
d 

re
pla

ce
m

en
t 

Ad
di

tio
na

l 
m

ed
ica

tio
n 

S.
 X

RT
 

FS
H

. 
LH

. 
AC

TH
. 

TS
H 

Y
 

Be
nd

ro
flu

az
id

e.
 

ra
ni

tid
in

e 
S;

 X
RT

 
S,

 X
RT

 
S,

 X
RT

 
S,

 X
RT

 
S,

 X
RT

 
S,

 X
RT

 
XR

T 

FS
H

; 
LH

; 
AC

TH
; 

TS
H 

FS
H

, 
LH

, 
AC

TH
 

FS
H

, 
LH

 
FS

H
, 

LH
, 

AC
TH

, 
TS

H,
 

AD
H

 
FS

H
, 

LH
, 

AC
TH

, 
TS

H 
FS

H
, 

LH
, 

AC
TH

, 
TS

H 

30
.9

 
N

on
fu

nc
tio

ni
ng

 
ad

en
om

a 
33

.1
 

M
en

in
gi

om
a 

37
.3

 
N

on
fu

nc
tio

ni
ng

 
ad

en
om

a 
31

.8
 

N
on

hm
ct

io
ni

ng
 

ad
en

om
a 

27
.8

 
N

on
fu

nc
tio

ni
ng

 
ad

en
om

a 
29

.7
 

FS
H

-s
ec

re
tin

g 
ad

en
om

a 
31

.5
 

Pr
ol

ac
tin

om
a 

S,
 X

RT
 

XR
T 

S,
 X

RT
 

S,
 X

RT
 

S S,
 X

RT
 

FS
H,

 
LH

, 
AC

TH
, 

TS
H 

FS
H.

 
LH

 
FS

H;
 

LH
, 

AC
TH

 
FS

H,
 

LH
, 

AC
TH

, 
TS

H 
FS

H
, 

LH
, 

AC
TH

, 
TS

H,
 

AD
H

 
FS

H
, 

LH
, 

AC
TH

, 
TS

H 

N
il 

C
op

ro
xa

m
ol

 
N

il 
N

il 
N

il 
Co

am
ilo

zid
e,

 
slo

w 
K,

 r
an

itid
in

e 
N

ife
di

pi
ne

, 
at

en
ol

ol
, 

be
nd

ro
flu

az
id

e,
 

as
pi

rin
 

N
il 

25
.6

 
M

en
in

gi
om

a 
XR

T 
25

.7
 

N
on

fu
nc

tio
ni

ng
 

ad
en

om
a 

S,
 X

RT
 

27
.3

 
N

on
fu

nc
tio

ni
ng

 
ad

en
om

a 
S,

 X
RT

 
FS

H
, 

LH
, 

AC
TH

, 
TS

H 
FS

H
, 

LH
 

26
.8

 
N

on
fu

nc
tio

ni
ng

 
ad

en
om

a 

29
.5

 
FS

H
-s

ec
re

tin
g 

ad
en

om
a 

S,
 X

RT
 

29
.7

 
Pr

ol
ac

tin
om

a 
S,

 X
RT

 

FS
H

, 
LH

 

LH
, 

AC
TH

 
FS

H
, 

LH
, 

AC
TH

, 
TS

H 

22
.7

 
N

on
fu

nc
tio

ni
ng

 
ad

en
om

a 
S,

 X
RT

 
FS

H
, 

LH
 

N
 

Y
 

Y
 

N
 

31
.2

 
N

on
fu

nc
tio

ni
ng

 
ad

en
om

a 
S,

 X
RT

 
FS

H
, 

LH
, 

AC
TH

, 
TS

H 
25

.6
 

N
on

fu
nc

tio
ni

ng
 

ad
en

om
a 

S,
 X

RT
 

FS
H

, 
LH

, 
AC

TH
, 

TS
H 

B 

At
en

ol
ol

 
En

al
ap

ril 
N

il 
N

il 
As

pi
rin

, 
ni

co
um

al
on

e,
 

br
om

oc
rip

tin
e”

 
N

il Sa
nd

oc
al

 
Am

ilo
rid

e,
 

vo
lta

ro
l, 

co
pr

ox
am

ol
, 

hy
dr

oc
hl

or
ot

hi
az

id
e 

Is
os

or
bi

de
, 

m
on

on
itr

at
e,

 
as

pi
rin

, 
co

am
ilo

fiu
se

, 
be

za
fib

ra
te

 
N

il 
N

ife
di

pi
ne

, 
as

pi
rin

, 
si

m
va

st
at

in
, 

as
pi

rin
, 

br
om

oc
rip

tin
e”

 
R

an
itid

in
e,

 
bi

so
pr

ol
ol

, 
ga

vi
sc

on
, 

co
pr

ox
am

ol
 

N
ife

di
pi

ne
 

N
il 

Se
x 

st
er

oi
d 

re
pl

ac
em

en
t 

in
 t

he
 m

en
 

co
ns

is
te

d 
of

 a
 d

ep
ot

 
pr

ep
ar

at
io

n 
of

 te
st

os
te

ro
ne

 
es

te
rs

 e
ve

ry
 3

 w
ee

ks
 

ap
ar

t 
fro

m
 p

at
ie

nt
 

3,
 w

ho
 

to
ok

 t
es

to
st

er
on

e 
un

de
ca

no
at

e 
or

al
ly

, 
an

d 
pa

tie
nt

s 
2 

an
d 

20
, w

ho
 r

ec
ei

ve
d 

te
st

os
te

ro
ne

 
im

pl
an

ts
 

(8
00

 a
nd

 6
00

 m
g,

 r
es

pe
ct

iv
el

y)
 

ev
er

y 
6 

m
on

th
s.

 
Al

l 
pa

tie
nt

s 
wi

th
 

AC
TH

 
de

fic
ie

nc
y 

we
re

 r
ec

ei
vi

ng
 

st
an

da
rd

 
st

er
oi

d 
re

pl
ac

em
en

t. 
D

 B
ro

m
oc

rip
tin

e 
wa

s 
st

op
pe

d 
4 

we
ek

s 
be

fo
re

 
th

e 
pa

tie
nt

 
wa

s 
st

ud
ie

d.
 

Tr
ea

tm
en

t 
wa

s 
ei

th
er

 
su

rg
er

y 
(S

) 
or

 r
ad

io
th

er
ap

y 
(X

RT
). 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/81/2/460/2649335 by guest on 20 August 2022



462 TOOGOOD, O’NEILL, AND SHALET JCEt-sM.1996 
Vol81~No2 

TABLE 2. Clinical characteristics of the controls Statistics 

Control Sex Age BMI Medication Results are quoted as medians (range). The area under the curve of 
each GH profile (AUC) was calculated using a trapezoidal method, 
recording serum GH values below the limit of the assay as 0.4 pg/L. 
Comparisons of individual parameters were made between groups us- 
ing the Mann-Whitney U test. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 

M 

iti 
F 
F 
M 

iti 

iii 
M 
M 
M 
M 
M 

; 

f 
M 

EI 

M 
F 

75.9 28.4 
74.6 25.4 
65.6 21.8 
62.4 33 
63.9 20.9 
70.6 28.7 
66.0 24.9 
82.0 23.8 
73.1 24.3 
76.6 25.5 
65.0 27.9 
68.2 29.4 
65.4 26.5 
69.4 30.3 
70.6 28.6 
74.8 26.4 
71.6 21.8 
71.1 21.8 
65.9 37 
61.8 25.9 
87.4 20.1 
75.2 33.9 

68.1 25.7 
24 71.3 26.2 

Aspirin 
Nil 
Nil 
Nil 
Aspirin 
Nil 
Nil 
Nil 
Aspirin, atenolol, nifedipine 
Aspirin, oxybutynin 
Nil 
Nil 
Nil 
Atenolol, bendrofluazide, aspirin 
Nil 
Nifedipine 
Quinine 
Ranitidine 
Warfarin, enalapril, digoxin 
Ran&dine 
Omeprazole, calcium carbonate 
Nifedipine, digoxin, dipyridamole, 

warfarin 
Nil 
Diclofenac sodium 

thyroid function tests. The controls were matched with the patients for 
age and BMI. None of the women had received estrogen replacement 
therapy within a year of entering the study. 

Study protocol 

The study was approved by the South Manchester Area Health Au- 
thority ethics committee. All subjects gave written consent before en- 
tering the study. 

Patients and controls were admitted to the ward at 0800 h on day 1 
after having eaten their normal breakfast. A cannula was inserted into 
a forearm vein and kept patent with heparinized saline. Blood samples 
were drawn every 20 min for 24 h. There was no restriction on activity 
within the ward. A standard hospital diet was consumed until midnight 
on day 1, when oral intake was restricted to water only. Meal times w&e 
middav. 1730 h. and 2200 h on dav 1. At 0900 h on dav 2. blood was 
drawn’for serum GH and IGF-I estimation. Arginine hydrochloride was 
given iv over 30 min. The dose of arginine used was 20 g/m’ (23). Blood 
was drawn at 30-min intervals for a total of 150 min for measurement 
of serum GH. The arginine stimulation test was chosen for two reasons. 
Firstly, we were not prepared to perform an insulin tolerance test in the 
controls, and secondly, it has been stated that the GH response to 
arginine does not decline with age (24). 

All samples were separated, and serum was kept at -20 C until the 
assays were performed. 

GH and IGF-I assays 

The serum GH measurement was performed using an in-house two- 
site immunoradiometric assay. The samples were assayed in duplicate. 
The reference preparation used was NIBSC 80/505. The interassay co- 
efficients of variation were 8.8%, 5.5%, and 6.5% for mean GH concen- 
trations of 3.5,9.6, and 25 pg/L; the intraassay coefficient of variation 
for a mean GH of 13.5 pg/L was 3%. The limit of detection for this assay 
was 0.4 fig/L. 

Serum iGF-I was measured, after acid-alcohol extraction, by an in- 
house IUA. The samples were assayed in duplicate as a single batch. The 
reference preparation used was NIBSC 87/518. The intraassay coeffi- 
cients of variation for mean IGF-I concentrations of 46, 246, and 706 
ng/mL were 11.3%, 6.5%, and 4.7%, respectively. The sensitivity of this 
assay was 14 ng/mL. 

P < 0.05 was considered statistically significant. 

Results 

The two groups were matched for BMI [median (range), 
28.2 (22.6-37.3) in the patients rx. 26.1 (20.1-37.0) in the 
controls]. The controls were slightly, but significantly, older 
than the patients 170.6 (60.8-87.5) DS. 66.0 (61.0-85.7) yr; 
P = 0.04; Table 21. 

Fifteen of the subjects with pituitary disease had no evi- 
dence of stimulated or spontaneous GH secretion (Figs. 1 and 
2). Severe hypopituitarism (GH deficiency plus 2 or 3 addi- 
tional anterior pituitary hormone deficiencies) was present in 
14 of the 15 subjects with undetectable GH secretion com- 
pared with 2 of 9 subjects with detectable GH secretion (2 
= 9.8; P = 0.0017). One patient had detectable GH during the 
24-h profile, but not during the arginine stimulation test, and 
1 subject had a minimal GH response to arginine of 0.5 kg/L 
but no evidence of spontaneous GH secretion. All 24 controls 
showed detectable levels of GH spontaneously and in re- 
sponse to arginine (Fig. 2). 

The median (range) AUC of the GH profile (AU&J was 
less than 9.6 (<9.6-20.0) pg/L*24 h and 18.5 (10.7-74.4) pg/ 
L-24 h in the patients and controls, respectively (P < 0.0001; 
Fig. 2a). The median peak serum GH after arginine stimu- 
lation (Fig. 2b) was less than 0.4 (<0.4-7.7) pg/L in the 
patients and 8.0 (1.6-37.0) pg/L in the controls (P < 0.0001). 
Median serum IGF-I concentrations (Fig. 2~1 in the patients 
were 102 ng/mL (<14-162) and 147 ng/mL (65-255) in the 
controls (P = 0.0002). 

There was a highly significant correlation between the 
AU% and the peak GH response to arginine (r = 0.71; 
P < 0.0001) in the 33 subjects who had demonstrable GH 
secretion in the 24-h profile or the arginine stimulation test 
(Fig. 3). Serum IGF-I levels in these 33 subjects did not cor- 
relate with the AU& curve or with the stimulated peak GH 
response to arginine. 

Discussion 

This study has shown that adults over the age of 60 yr with 
hypothalamic-pituitary disease are markedly GH deficient 
compared with normal individuals matched for BMI. Despite 
careful attempts at matching the controls with the patients 
for age, the controls were slightly, but significantly, older 
than the patients. The latter adds further weight to our find- 
ing of reduced GH secretion in the patients. The biological 
significance of this difference in GH secretion is demon- 
strated by the lower serum IGF-I levels found in the patients. 

Fifteen members of the patient group had no evidence of 
detectable GH secretion during the 24-h profile or the arginine 
stimulation test; all of the controls had detectable GH secretion 
during both. Although our study used a conventional immu- 
noradiometric assay rather than an ultrasensitive assay for GH 
estimation, the results demonstrate a considerable and signif- 
icant difference in GH secretion between elderly patients with 
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FIG. 1. Twenty-four-hour GH profiles 
and arginine stimulation tests. W, The 
30-min arginine infusion. a, The profile 
from 15 patients; b, patient 15; c, pa- 
tient 16; d, patient 8; e, 68-yr-old male 
control, BMI 29.4; f,  65-yr-old male con- 
trol, BMI 21.8; g, 62-yr-old female con- 
trol, BMI 33; h, 63-yr-old female control, 
BMI 20.9. 
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hypothalamic-pituitary disease and normal elderly controls. 
The use of an ultrasensitive GH assay, however, would allow 
us to determine with greater detail differences in GH levels 
between the patients and the controls and provide information 
that might help in the diagnosis of GH deficiency for an indi- 
vidual in this age group. 

There is a degree of overlap for both the AUCGH and the 
peak GH response to arginine between the patient and con- 
trol groups. Those patients who had some evidence of re- 
sidual GH secretion were less likely to have panhypopitu- 
itarism, in keeping with our previous finding that the 
severity of GH deficiency is related to the severity of hy- 
popituitarism (25). Three of the eight patients who demon- 
strated spontaneous GH secretion exhibited no additional 
pituitary hormone deficit. Patient 8 is of particular interest. 
Despite receiving hypothalamic-pituitary irradiation (20 Gy 
in eight fractions over 11 days) for the treatment, and ulti- 
mately the cure, of Gushing’s disease 10 yr previously, she 
has maintained normal pituitary function, including appar- 
ently normal GH secretion. Whether the other two patients 
with spontaneous GH secretion and no other pituitary hor- 
mone deficit are truly GH deficient or whether the low cir- 
culating GH levels reflect the age-related decline is not cer- 
tain at the present time. These patients do, however, have 
undisputed hypothalamic-pituitary disease, and their results 
highlight the difficult dilemma of diagnosing organic GH 
deficiency in an elderly individual. 

The reduction in GH secretion that occurs with age has 
been quantified as approximately 14%/decade from the age 
of 20 yr on (20). The first change that occurs is in the reduction 
of GH secretion during the day; the majority is produced 
during sleep (11). With increasing age, the amount of GH 
secreted during sleep declines (15); the number of GH se- 

. (4 
z . 04 
I I I I I I 

0900 1500 21cnl 0300 0900 

Time 

cretory bursts (20) and the amplitude and the duration of the 
GH pulses also decrease (19). It has been reported that the 
spontaneous nocturnal GH peak is absent in the elderly (12) 
and that there is no significant GH secretion over 24 h in a 
proportion of the elderly subjects studied (11). The concen- 
tration of circulating IGF-I declines with age (26), which 
reflects the age-related fall in GH secretion. 

Whether stimulated GH secretion declines with age is less 
clear. Kalk et al. (27) reported that there was no difference 
between the peak GH response to an insulin tolerance test 
(ITT) in a group of healthy old people and a group of young 
people. Other studies have shown that the GH response to 
hypoglycemia is reduced in the elderly (28,29). In one study, 
52% of subjects were found to have a reduced peak GH 
response during an IIT compared with young controls, and 
20% had a response consistent with a diagnosis of GH de- 
ficiency (28). Similar confusion exists when other GH secre- 
tagogues are used in the elderly, for example GH-releasing 
hormone (GHRH). Some researchers found no relationship 
between the GH response to GHRH and age (30), whereas 
others reported a reduction in the GH response to GHRH 
with increasing age (16,30,31). 

The biochemical definition of GH deficiency in adults is 
controversial at the present time. The ITT is considered the 
gold standard investigation for the diagnosis of GH defi- 
ciency in adults (5). The ITT is, however, unpleasant for the 
patient and carries a considerable risk, especially in an eld- 
erly group, in which ischemic heart disease is more common. 
In our institute we have opted to use an alternative stimu- 
lation test to assess GH secretion in subjects over 60 yr of age. 
In this study we chose the arginine stimulation test, which 
has provided a reliable assessment of GH secretion in this age 
group. In the 16 patients with undetectable spontaneous GH 
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FIG. 2. a, AUC Gn; b, peak serum GH attained during the arginine 
stimulation test; c, serum IGF-I levels in patients and controls. Bars 
represent medians. 
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FIG. 3. The relationship between AUC, and the peak GH response 
to arginine in 33 patients and controls who had evidence of either 
spontaneous GH secretion, a response to arginine stimulation, or 
both. 

secretion, only 1 had a GH response to arginine; in the other 
32 patients and the controls, there was a good correlation 
between the stimulated GH peak response to arginine and 
spontaneous GH secretion. 

In this study of the elderly, serum IGF-I levels were lower 
in the patients with GH deficiency than in the normal con- 
trols. In adults between the ages of 20-60 yr with GH de- 
ficiency, however, the usefulness of IGF-I to reflect GH de- 

ficiency appears to vary with the severity of GH deficiency 
and the age of the patients (2-5). In a group of young adults 
(mean age, 26.5 yr) with childhood-onset GH deficiency, 
serum IGF-I was below the age-related normal range in 96% 
(2). In an older set of patients, however, Hoffman et al. (5) 
reported that only 30% of the GH-deficient patients (mean 
age, 45 yr) had an IGF-I concentration below the range found 
in age- and BMI-matched controls. In our own center, 69% of 
65 patients with GH deficiency (mean age, 35.1 yr) had a 
serum IGF-I concentration more than 2 SD below the age- 
related mean (4), whereas in the present study, only 21% of 
elderly patients had a serum IGF-I level below the range 
found in the elderly controls. Thus, it would appear that with 
increasing age, IGF-I estimation becomes less reliable for 
diagnosing GH deficiency in adults. The loss of sensitivity 
with the use of IGF-I estimation for detecting GH deficiency 
in the elderly is similar to that seen in the very young child 
(32); both ends of the age spectrum are associated with low 
IGF-I levels in normal subjects. 

Studies of GH therapy are currently being carried out in 
normal elderly people to determine whether GH therapy can 
reverse the effects of aging. For example, GH supplementa- 
tion in the normal elderly causes a reduction in fat mass and 
an increase in lean body mass (33,34). The dose of GH used 
in these studies has been similar to that used in younger 
adults with GH deficiency and has been associated with a 
considerable number of side-effects, including hyperglyce- 
mia, carpal tunnel syndrome, and gynecomastia. It is worth 
noting that the dose of GH replacement therapy used in 
young adults with GH deficiency is less than half of that used 
in GH-deficient children. It is, therefore, likely that adults 
over the age of 60 yr with hypothalamic-pituitary disease will 
require a further reduction in GH dose if physiological re- 
placement is desired. 

This study provides strong evidence that adults over 60 yr 
of age with hypothalamic-pituitary disease have GH defi- 
ciency, which is distinct from the decline in GH secretion 
associated with aging. The benefits of GH therapy in these 
patients need to be determined. 
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