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ABSTRACT bioelectrical impedance. 
The aim of the present trial was to study the individual respon- 

siveness to GH treatment in terms of body composition and to search 
for possible predictors of the response in GH-deficient adults. 

Sixty-eight patients (44 men and 24 women) with a mean age of 

During the placebo control period, serum IGF-I, LBM, and TBW 
increased (P < O.OOl), whereas BF decreased (P < 0.001) and serum 
GHBP was unchanged in the erouu treated with GH comaared with 
the patients treatedvwith placzbo. kiter 12 months of GH ireatment, 
the individual changes in BF ranged from -12.5 to 4.3 kg and from 
-4.5 to 10.1 kg in LBM. Age (P < 0.05) and baseline GHBP level 
(P < 0.01) were inversely correlated with the increase in LBM. The 
GH-induced increment in IGF-I and TBW was greater in men than in 
women (P < 0.011, whereas the decreases in BF were similar in men 
and women. 

44.3 (1.2) $r and verified GH deficiency participated in a 2-phase 
treatment trial with an initial randomized. double blind. nlacebo- 
controlled, g-month period, followed by an ‘open treatment period, 
thereby ensuring all patients 12 months of GH treatment. 

Recombinant human GH was administered SC daily at bedtime, 
with a target dose of 12 wg/kgday. GHBP was measured by ligand- 
mediated immunofunctional assay, and serum insulin-like growth 
factor I (IGF-I) was determined by RIA after acid-ethanol extraction, 
using a truncated IGF-I analog as the radioligand. Lean body mass 
(LBM) and body fat (BF) were determined by dual energy x-ray ab- 
sorptiometry, and total body water (TBW) was determined by 

This trial demonstrates the variability in responsiveness to GH 
administration in GH-deficient adults. The best response to GH was 
obtained in younger patients with low GHBP levels. Furthermore, 
men responded better than women. (J Clin Endocrinol Metab 81: 
1575-1581, 1996) 

G H DEFICIENCY in adults is associated with impaired 
psychological well-being, abnormal body composi- 

tion, metabolic abnormalities (l), and increased cardiovas- 
cular mortality (2). Several of these abnormal features tend 
to normalize during GH treatment (1). It has long been 
known that there is a considerable variability in the response 
to GH treatment in GH-deficient children (3), whereas less is 
known about the variation in GH responsiveness in GH- 
deficient adults. The clinical impression from the accumu- 
lating experience of treating GH-deficient adults indicates a 
highly individual variability in GH responsiveness. Several 
factors, such as gender, age, and whether the GH deficiency 
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began in childhood or in adult life, could influence the re- 
sponse to GH treatment. Furthermore, serum GH-binding 
protein (GHBP), which is a high affinity binding protein (4, 
5) suggested to be produced by proteolytic cleavage of the 
extracellular domain of the GH receptor (6,7), may reflect the 
tissue level of GH receptors and the responsiveness to GH. 
GHBP prolongs the biological half-life of GH and decreases 
the distribution volume of GH in the body (8); in GH-treated 
GH-deficient children, GHBP levels correlated positively 
with the increment in serum insulin-like growth factor I 
(IGF-I) and growth velocity (9). Hence, serum GHBP levels 
may have a regulatory effect on GH responsiveness during 
GH treatment in adults with GH deficiency. 

In the present study, we demonstrate the individual re- 
sponsiveness to GH in terms of body composition changes 
and search for possible predictors of the variable response to 
GH treatment in GH-deficient adults. 

Patients 

Subjects and Methods 

Sixty-eight adults with known pituitary deficiency and a mean age of 
44.3 i 1.y (tse) yr from 3 referral centers in Sweden participated: 
Sahlgrenska University Hospital, GGteborg (25 patients); MalmG Uni- 
versity Hospital, Malmij (23 patients); and Karolinska Hospital, Stock- 

1575 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/81/4/1575/2875423 by guest on 23 April 2024



JOHANNSSON ET AL. JCE & M . 1996 
VolSl.No4 

holm (20 patients). The mean duration of pituitary deficiency was 15.2 
t 1.1 yr, and it was most frequently caused by pituitary tumors (Table 
1). The diagnosis of GH deficiency was based upon a maximum peak GH 
response of less than 10 mIU/L during a stimulation test performed 
within 5 yr before inclusion in this study, using insulin hypoglycemia 
in 25 subjects, glucagon in 22, clonidine in 19, and arginine in 2 subjects. 
The mean peak response was 1.11 t 0.15 mIU/L (range, 0.00-6.00). All 
adults with childhood-onset pituitary deficiency were retested before 
entering the trial. One center (Karolinska Hospital) also used a low 
serum IGF-I concentration as a screening test for GH deficiency. When 
required, patients received adequate and stable replacement therapy 
with glucocorticoids (cortisone acetate, 10-37.5 mg/day), thyroid hor- 
mone (levothyroxine, 0.1-0.2 mg/day), gonadal steroids, and desmo- 
pressin for at least 6 months before inclusion in the study. Replacement 
therapy was kept constant during the study period in all patients except 
1 man, for whom the levothyroxine dosage was increased from 0.05 to 
0.15 mg/day after 6 months of GH treatment due to low free T, con- 
centrations. 

dent diabetes mellitus after 3 months of active treatment, a 35-yr-old 
woman discontinued treatment after 1 month because of peripheral 
edema and musculoskeletal pain, and an 18-yr-old woman was excluded 
because of noncompliance. During the period of open treatment, a 
53-yr-old man from the placebo group discontinued treatment after 6 
months of GH therapy because he experienced no positive effects. Thus, 
65 patients were available for analysis after the 6-month placebo-con- 
trolled period, and 64 patients were available after the 12-month treat- 
ment. 

Body composition 

Body weight was measured to the nearest 0.1 kg using a Stathmos 
balance in the morning after fasting overnight and after the patient had 
urinated. Body height was measured to the nearest 0.01 m. The body 
mass index (BMI) was calculated as body weight (kilograms) divided by 
height (meters) squared. 

Study protocol 

The study was designed as a two-phase treatment trial, with an initial 
randomized, placebo-controlled, double blind, 6-month period, fol- 
lowed by a period of open treatment for 6 or 12 months, thereby ensuring 
all patients a total treatment period of 12 months with GH. Informed 
consent was obtained from each patient before the study. The study was 
approved by the ethics committees of the Karolinska Institute and the 
Medical Faculties at the University of Goteborg and the University of 
Lund and by the Swedish Medical Products Agency. 

During the first 4 weeks of treatment, in both the placebo-controlled 
period and the period of open treatment, the daily GH dose was 6 pg/kg 
(0.125 IU/kgweekX and the target dose thereafter was 12 pg/kg (0.25 
IU/kgweek). The dose was reduced in the event of side-effects, and as 
a result, the mean dose of GH was reduced after both 6 and 12 months 
of treatment compared with the target dose at 1 month. The dose re- 
duction was similar in men and women as well as in patients with 
childhood and adult-onset pituitary deficiency. Recombinant human 
GH (Genotropin, Pharmacia, Uppsala, Sweden) was used. The placebo 
vials contained the same vehicle as the GH vials and were visually 
indistinguishable. 

Body composition was determined by bioelectrical impedance (BIA) 
and dual energy x-ray absorptiometry (DEXA). DEXA was performed 
using a whole body scanner (Lunar DPX, Scanexport Medical, Helsing- 
borg, Sweden) according to a standard procedure described previously 
(10). The same type of calibration phantom (Lunar) was used at all 
participating centers. The coefficient of variation (CV) was 4% for body 
fat (BF) and 1.6% for lean body mass (LBM) (10). BIA was measured in 
the supine position using BIA-101 equipment (RJL System, Detroit, MI) 
according to the manufacturer’s instructions. A 50-kilohertz, 800-mi- 
croampere current was applied. Total body water (TBW) was calculated 
from equations supplied by the manufacturer based on comparisons 
with densitometry in a normal population. The BIA measurements had 
a day to day CV of 1.7% (11). 

Biochemical assays 

Blood samples were drawn in the morning after an overnight fast. 
Serum IGF-I was determined by RIA after acid-ethanol extraction. A 
truncated IGF-I analog Ides-(l-31 recombinant human IGF-II was used 
as a radioligand to minimize the influence of IGF-binding proteins (12). 
The level of detection was 20 pg/L, and the intra- and interassay CVs 
were 3.1% and lO.O%, respectively. 

The patients were studied on an out-patient basis. At the start and 
every subsequent 6 months, physical and laboratory examinations were 
performed, including determination of body composition. In addition, 
the patients were given a physical examination and safety laboratory 
investigation every 3 months. 

Serum GHBP was measured using a ligand-mediated immunofunc- 
tional assay (LIFA), as described previously (13). The detection range in 
the LIFA was 15.6-1000 pmol/L, and the intraassay CV was 7.3%. 

Statistical methods 

During the 6-month placebo-controlled treatment period, 3 patients 
discontinued treatment: a 31-yr-old man developed noninsulin-depen- 

All descriptive statistical results are presented as the mean and SEM. 
Fisher’s permutation test was used to compare both baseline values and 

TABLE 1. Characteristics of the cohort of 68 patients with GH deficiency included in the study 

Patient characteristics All GH group Placebo 
gl‘OUP 

Men W0men Adult onset Childhood 
onset? 

No. of subjects (male/female) 
Mean age (yr)” 
Known duration of pituitary deficiency (yr) 
Causes of pituitary deficiency 

Nonsecreting adenoma 
Prolactinoma 
Craniopharyngioma 
Idiopathic 
Others 

Hormonal replacement therapy 
Cortisone acetate 
Levothyroxine 
Gonadal steroids 
Isolated GH deficiency 

Z.3 (1.2) 
34 (18/16)b 
44.7 (1.8) 

15.2 (1.1) 16.3 (1.5) 

31 15 
8 3 

13 9 
9 4 
7 3 

34 (2618) 
43.8 (1.8) 
14.lf1.7) 

15 
5 
5 
5 
4 

44 
44.1(1.5) 
14.4 (1.4) 

14 
7 

12 
6 
5 

61 31 30 41 
61 33 28 40 
63 32 31 41 

3 1 2 1 

::.6 (2.1) 
16.7 (2.0) 

16 
1 
2 
3 
2 

20 
21 
22 

2 

47 (29/l@ 
47.6 (1.41d 
11.5 (1.2Y 

25’ 
7 
7 
2 
6 

21 (15/6) 
36.9 (1.6) 
23.4 (1.6) 

43 18 
43 18 
45 18 

1 2 
Desmooressin 19 11 8 13 6 13 6 

a Onset of pituitary deficiency before the age of 20 yr. 
b P < 0.05 us. placebo group in terms of the number of men and women. 
’ Values are expressed as the mean (SEMI. 

d P < 0.001 us. the group with childhood-onset GH deficiency. 
e P < 0.05 us. the group with childhood-onset in terms of the causes of pituitary deficiency. 
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individual differences in response to GH treatment in the various sub- 
groups of patients. Fisher’s test of paired comparisons was used to test 
for differences between baseline and 6 and 12 months values during the 
12-month open treatment period. When significant differences between 
subgroups were found at baseline, the influence of these differences on 
the treatment response was tested using Mantel’s test. Correlations 
between GHBP, IGF-I, BMI, and age at baseline and the treatment 
response measured by DEXA were sought using Pitman’s test. Where 
statistical significance was obtained, Pearson’s correlation coefficient 
was calculated. If more than one baseline variable reached significance, 
these variables were tested simultaneously using a standard multiple 
regression analysis. A two-tailed P < 0.05 was considered significant. 

Results 

During the placebo-controlled treatment period, serum 
IGF-I, LBM, and TBW increased, and BF decreased in the 
GH-treated patients compared with those in the placebo- 
treated patients (Table 2). These changes persisted during the 
12 months of open treatment (Table 3). No significant change 
occurred in the GHBP concentration in the GH-treated group 
compared with the placebo group (Table 2), whereas after 12 
months of treatment in the entire treatment group, the serum 
GHBP concentration decreased by 7% compared with the 
baseline value (Table 3). 

The individual responsiveness to GH treatment varied, as 
demonstrated in Table 3 and Fig. 1. The average GH dose of 
11 2 0.2 ,ug/kgday (range, 6-13) during the 12 months of 
treatment correlated with the increment in serum IGF-I con- 
centration (r = 0.40; P < O.Ol), but not with the changes in 
BF (r = -0.12; P = NS) and LBM (r = 0.14; P = NS). 

There was a positive correlation between the baseline BMI 
and the change in BF between baseline and 12 months (r = 
0.28; P < 0.05) of GH treatment. Both the baseline GHBP 
concentration (r = -0.36; P < 0.01) and age (r = -0.25; P < 
0.05) correlated inversely with the change in LBM. Both cor- 
relations persisted in a multiple regression analysis using 
change in LBM as dependent variable (Fig. 2). Furthermore, 
both baseline BMI (r = -0.40; P < 0.001) and baseline GHBP 
concentrations (r = -0.47; P < 0.001) correlated negatively 

with the change in the lean/fat ratio. However, when in- 
cluded in a multiple regression analysis using change in the 
lean/fat ratio as the dependent variable, only the GHBP 
concentration continued to be significantly correlated with 
the increase in lean/fat ratio (Fig. 3). However, no correlation 
was found between the baseline GHBP levels and the change 
in the serum IGF-I concentration (r = 0.14; P, NS). The base- 
line serum IGF-I concentration did not correlate with the 
treatment response, measured as the increments in IGF-I (r 
= 0.02; P, NS) and LBM (r = 0.06; P, NS) and the decrease 
in BF (r = 0.12; P, NS). Eight patients (five men and three 
women; mean age, 43.0 ? 3.0 yr) did not respond to GH 
treatment in terms of the expected changes in body compo- 
sition. Although demonstrating an increase in serum IGF-I 
concentration from 68 + 8 to 268 + 24 pg/L (P < 0.01) after 
12 months of treatment, BF increased from 31.1 Ifr 2.9 to 32.9 
? 3.0 kg (P < 0.05), and LBM and TBW were unchanged. 
Compared with the responders, this group of patients had 
higher BMI (30.4 t 1.6 us. 25.5 + 0.8 kg/m*; P < 0.05) and 
tended to have increased GHBP concentrations (416 ? 53 VS. 
311 f 21 pmol/L; P = 0.09) at baseline. 

At baseline, a positive correlation was found between the 
serum GHBP concentration and both BMI (r = 0.55; P < 
0.001) and BF (r = 0.57; P < 0.001; Fig. 4A), but not between 
GHBP and LBM (r = 0.16; P = NS), IGF-I (r = 0.15; P = NS), 
or age (r = 0.04; P = NS). After 12 months of GH treatment, 
a positive correlation was found between the GH-induced 
decrease in BF and the decrease in GHBP (r = 0.38; P < 0.05) 
between baseline and 12 months (Fig. 4B). 

Adult- vs. childhood-onset pituitary deficiency 

Before treatment, patients with childhood-onset disease 
had lower serum IGF-I concentration (40 + 5 VS. 64 2 5 pg/L; 
P<0.05),bodyheight(1.66~0.02vs.1.73+0.01m;P~0.01), 
LBM (44.8 2 2.5 vs. 51.2 2 1.7 kg; P < 0.05), and TBW (36.4 
? 1.8 7~. 42.0 + 1.2 kg; P < 0.05) than patients with adult- 
onset disease, whereas the BF mass and serum GHBP con- 

TABLE 2. Serum IGF-I, GH-binding protein (GHBP), and body composition in adults with GH deficiency treated with rhGH (n = 32) or 
placebo (n = 33) for 6 months 

Variable Group Baseline 6 months Mean changes 

Serum IGF-I (IJ-g/L) GH 57 (7) 211 (18) 157 (17)” 
Placebo 62 (6) 60 (5) -2 (3) 

GHBP (pmol/L) GH 309 (26) 300 (28) -10 (19) 
Placebo 333 (32) 342 (30) -38 (39) 

Body mass index (kg/m’) GH 27.8 (1.2) 27.4 (1.2) -0.4 (o.2)b 
Placebo 26.0 (0.8) 26.2 (0.8) 0.2 (0.2) 

Body fat (kg) GH 26.4 (2.0) 23.9 (2.1) -2.6 (0.4)” 
Placebo 23.0 (1.3) 23.4 (1.5) 0.4 (0.3) 

Lean body mass (kg) GH 46.8 (2.2) 48.8 (2.2) 2.0 (0.3)” 
Placebo 51.4 (1.8) 51.7 (1.8) 0.3 (0.2) 

Total body water (kg) GH 38.9 (1.6) 40.6 (1.7) 1.6 (0.3)” 
Placebo 41.6 (1.4) 41.8 (1.4) O.l(O.2) 

Values are expressed as the mean @EM). 
a P < 0.001 compared with changes in the placebo-treated group. 
b P < 0.05 compared with changes in the placebo-treated group. 
’ P < 0.05 compared with changes in the placebo-treated group. 
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TABLE 3. Serum IGF-I, GH-binding protein (GHBP), and body composition in 64 adults with GH deficiency treated with rhGH for 12 
months 

Variable Baseline 6 months 

Dose rhGH @g/kg * day) 
IGF-1 (pLR/L) 
GHBP (pmol/L) 
Body mass index (kg/m21 

Body fat (kg) 
Lean body mass (kg) 
Lean/fat ratio 
Total body water (kg) 

12 (0.00)” 
56 (4) 

324 (20) 
27.0 (0.7) 

25.0 (1.2) 
49.2 (1.4) 

2.23 (0.11) 
40.2 (1.1) 

2:: ;g$ b 

296 (20) 
26.7 (0.7) 

22.3 (1.3)b 
51.2 (1.5)b 

2.78 (0.17jb 
42.4 (l.l)b 

Values are expressed as the mean &EM). 

a The mean dose of rhGH at 1 month of treatment. 
b P < 0.001 compared with baseline levels. 
’ P < 0.05 compared with baseline levels. 

centration were similar in the 2 groups. However, when the 
difference in height between the groups was taken into con- 
sideration using Mantel’s test, only the difference in serum 
IGF-I concentration remained significant between the groups 
(P < 0.05). However, this difference could be explained by 
the fact that 13 of 21 patients with childhood-onset pituitary 
deficiency were included at the center using a lower serum 
IGF-I concentration as a screening method for GH deficiency. 
During the 12-month treatment period, the increase in serum 
IGF-I concentration and the changes in body composition 
were similar in the 2 groups (data not shown). 

Men vs. women 

At baseline, LBM, lean/fat ratio, and TBW were higher in 
men than in women, but BF values were similar in the two 
groups (data not shown). The increase in the serum IGF-I 
concentration (227 2 15 US. 151 5 17 Fg/L; P < 0.01) and TBW 
(2.3 ? 0.3 US. 0.9 2 0.3 kg; P < 0.01) after 12 months of GH 
treatment was more pronounced in men, even after making 
adjustments for gender differences in body composition at 
baseline. The changes in BF and LBM, however, were similar 
in men and women. The GHBP concentration at baseline and 
the change in GHBP in response to treatment were similar for 
both genders. 

Discussion 

Variability in the response to GH treatment in GH-defi- 
cient adults has been suspected, but not previously docu- 
mented. This trial was, therefore, conducted to describe the 
individual responsiveness to GH treatment and to search for 
possible predictors of the response in a heterogeneous group 
of GH-deficient adults. To summarize, a highly individual 
responsiveness to GH administration in GH-deficient adults 
was found, which was explained to some extent by differ- 
ences in baseline BMI, baseline serum GHBP levels, age, and 
gender. Patients with a high BMI, thus, experienced a lower 
reduction in BF, and patients with low baseline GHBP levels 
demonstrated the most marked increase in LBM and lean/fat 
ratio. Younger patients displayed a more marked increase in 
LBM, whereas the GH-deficient men experienced a more 
pronounced increase in serum IGF-I concentration and TBW 
than the women. 

The serum GHBP concentration was similar in our group 

12 months 

10 (0.3)b 
254 (131b 
300 (20) 
27.0 (0.8) 

23.0 (1.4)b 
51.5 (1.5)b 

2.73 (0.17jb 
42.0 (l.l)b 

Changes 

Mean 

19: i$ 

-24 (11) 
O.Ol(O.17) 

-2.0 (0.4) 
2.4 (0.3) 
0.51(0.09) 
1.8 (0.2) 

Range 

-22 -8.8 to to 398 1.9 

-254 to 181 
-4.1 to 3.7 

- 12.5 to 4.3 
-4.5 to 10.1 
-0.25 to 3.26 
-2.2 to 6.7 

A 
20 

15 
t 
2 

'Z 
g 

% 10 

2 

5 

0 

B 

d 
-60 -40 -20 

- 
- 

BF; %change from baseline 

LBM; %change from baseline 

FIG. 1. Variability in body composition changes in response to GH 
treatment in 64 adults with GH deficiency. The response to treatment 
is expressed as the percent changes after 12 months of GH treatment 
compared with baseline in BF (A) and LBM (B) assessed by DEXA. 
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FIG. 2. The correlation among age, baseline GHBP concentration, 
and change in lean body mass (A LBM) in 64 GH-deficient adults 
treated with GH for 12 months. The equation for the regression line 
is A LBM = 6.935 - 0.006 X GHBP - 0.06 X age (r = 0.43; P < 0.01). 
A, Correlation between GHBP at baseline and A LBM when age is 
kept constant at 45 yr. B, Correlation between age and A LBM when 
GHRP is kept cnnstant, at 320 pm&L. 

of GH-deficient adults to the levels previously described in 
normal adults (14). The positive association between BMI 
and GHBP levels previously described in both adults (15) 
and normal boys (16) was also found in this group of GH- 
deficient adults. However, as BMI is a function of both height 
and weight, and body weight is composed of both BF and 
LBM, the level of GHBP could be associated with BF, LBM, 
or both. Our results, however, only showed a correlation 

4- 

3- 

2- 

l- 

O- 

-11 
100 200 300 400 500 600 700 

GHBP baseline; pmolll, 

FIG. 3. The correlation between serum GHBP concentration at base- 
line and changes in lean/fat ratio (A Lean/Fat ratio) in 64 GH-deficient 
adults treated with GH for 12 months. The equation for the regression 
line is A lean/fat = 1.202 - 0.002 X GHBP (r = -0.47; P < 0.001). 

between BF and GHBP. This can be demonstrated in patients 
with acromegaly, who have decreased BF, increased LBM 
(17), and lower levels of serum GHBP than healthy adults 
(14) despite having a high BMI (17). Furthermore, the rela- 
tionship between the reduction in BF and the slight reduction 
in GHBP levels during GH treatment suggests that the de- 
crease in the serum GHBP concentration in response to GH 
administration merely reflects the decrease in the amount of 
BF. Previous studies have also suggested the importance of 
nutritional factors to GHBP levels (15, 18). As the liver is 
presumed to be the primary site of GHBP synthesis (19), it 
is conceivable that the production of GHBP from the liver is 
increased in response to adiposity, possibly through some 
common metabolic pathway, such as insulin (20-22). An 
alternative explanation could be that the GHBP produced by 
the adipose tissue is a major contributor to the circulating 
levels of GHBP. This is supported by the fact that GH re- 
ceptor expression in adipose tissue in the rat is higher than 
that in muscle tissue (23). Moreover, although the abundance 
of the GH receptor is greater in liver than in fat, the total body 
fat mass is higher than the liver mass. 

To date, this is the largest reported treatment trial describ- 
ing the previously documented changes in body composition 
in response to GH administration in GH-deficient adults (1). 
Interestingly, patients with a higher BMI experienced a less 
pronounced reduction in BF in response to GH administra- 
tion. This observation contradicts a previous study of CH- 
deficient children that demonstrated a positive correlation 
between baseline BMI and the response to GH treatment in 
terms of growth velocity and serum IGF-I increment (24). 
Furthermore, in the present trial, an inverse relationship was 
found between the baseline serum GHBP concentration and 
the increase in LBM and lean/fat ratio in response to GH 
treatment. This is also in contrast to a previous finding in 
GH-treated, GH-deficient children (9), in whom the baseIine 
GHBP levels correlated positively with the response to GH 
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FIG. 4. The correlation between serum GHBP concentration and BF 
in 64 GH-deficient adults treated with GH for 12 months. A, Corre- 
lation between baseline serum GHBP concentration and baseline BF. 
The equation for the regression line is BF = 13.905 + 0.03392 X 
GHBP (r = 0.55; P < 0.001). B, Correlation between changes in serum 
GHBP concentration (A GHBP) and changes in BF (A BF). The equa- 
tion for the regression line is A BF = -1.685 + 0.013 X A GHBP (r 
= 0.38;P < 0.05). 

administration in terms of growth velocity and IGF-I incre- 
ment. However, in children with idiopathic short stature, no 
significant correlation between GHBP levels and growth re- 
sponse to exogenous GH was found (25). The present results, 
however, are in line with in vitro experiments that demon- 
strate a dampening effect by GHBP on GH binding to cells 
and on GH-dependent IGF-I production (26,27). These dis- 
crepancies could be explained by the different effects of 
GHBP, acting as a competitor to the GH receptor for the 
binding of GH and prolonging the circulating half-life of GH 

(8). Furthermore, different subjects, tissues, and end points 
might explain the converse effect of serum GHBP on the 
response to GH administration. 

The apparent differences in body composition between 
subjects with adult- and childhood-onset GH deficiency at 
baseline were explained by the lower body height in the 
adults with childhood-onset disease. The GHBP levels and 
response to GH treatment in terms of body composition and 
serum IGF-I concentration were, however, similar in patients 
with childhood- and adult-onset GH deficiency, indicating 
that the GHBP/GH receptor environment does not differ 
significantly between these groups. 

The observed gender difference in body composition at 
baseline is the same as that in healthy adults (28), but a 
gender difference in the response to GH in GH-deficient 
adults has not been described previously. The importance of 
gonadal steroids on body composition is well known (29). 
Thus, the different response to GH in GH-deficient men and 
women is most likely explained by different interactions 
between GH US. estrogens and androgens, respectively, on 
body composition. The less pronounced increase in serum 
IGF-I seen in women could be an effect of the previously 
described IGF-I-lowering properties of estrogen (30,31). Tes- 
tosterone treatment increases serum IGF-I concentrations in 
normal men and in men with isolated hypogonadotropic 
hypogonadism (32,33). However, this increment is probably 
mediated through increased endogenous GH secretion in 
subjects with intact pituitaries (33) and, therefore, cannot 
explain the gender differences in IGF-I in this study. This is 
further supported by a study of hypophysectomized rats that 
demonstrated no effect on IGF-I gene expression or serum 
IGF-I concentration during testosterone administration (34). 

This study demonstrates that the level of GHBP was de- 
pendent on the amount of BF both before and during GH 
treatment and, thus, demonstrates the importance of taking 
account of body composition when studying serum levels of 
GHBP in various clinical conditions. Moreover, this study 
describes a considerable variability in responsiveness to GH 
in GH-deficient adults in terms of body composition, which 
was explained to some extent by the serum GHBP level, BMI, 
age, and gender. This study, therefore, emphasizes the im- 
portance of considering each patient individually during GH 
replacement therapy. 

Acknowledgments 

We are indebted to Anders Odt%, Ph.D., and Helen Johansson for 
statistical advice; to Lena Wiren, Anne Rosen, Ingrid Hansson, Gertrud 
Ahlqvist, Marianne Lundberg, and Kerstin Sjoblom for skillful technical 
support; and to Genentech for kindly providing the reagents for the 
GHBP assay. The GH and placebo preparations were supplied by Phar- 
macia (Stockholm, Sweden). 

References 

De Boer H, Blok G-J, Van der Veen EA. 1995 Clinical aspects of growth 
hormone deficiency in a$&. Endocr Rev. 16:63-86. 
Ros& T, Bengtsson B-A. 1990 Premature mortality due to cardiovascular 
diseases in hypopituitarism. Lancet. 336285-288. 
Aceto Jr T, Frasier SD, Hayles AB, et al. 1972 Collaborative study of the effects 
of human growth hormone in growth hormone deficiency. I. First year of 
therapy. J Clin Endocrinol Metab. 35~483-496. 
Baumann G, Stolar MW, Ambum K, et al. 1986 A specific growth hormone- 
binding protein in human plasma: Initial characterization. J Clin Endocrinol 
Metab. 62134-141. 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/81/4/1575/2875423 by guest on 23 April 2024



INDIVIDUAL RESPONSIVENESS TO GH THERAPY 

5. Herington AC, Ymer S, Stevenson J. 1986 Identification and characterization 
of suecific bindine oroteins for growth hormone in normal human sera. J Clin 
In&. 77:1817-1%3. 

6. Leung DW, Spencer SA, Cachianes G, et al. 1987 Growth hormone receptor 
and binding protein: purification, cloning and expression. Nature. 330:537- 
‘id? 
I  _ I .  

7. Trivedi B, Daughaday WH. 1988 Release of growth hormone binding protein 
from IM-9 lymphocytes by endopeptidase is dependent on sulfhydryl group 
inactivation. Endocrinology. 1232201-2206. 

8. Baumann G, Shaw MA, Buchanan TA. 1989 In viva kinetics of a covalent 
growth hormone-binding protein complex. Metabolism. 38:330-333. 

9. Martha Jr PM, Reiter EO, Divila N, et al. 1992 Serum growth hormone 
(GH)-binding protein/receptor: an important determinant of GH responsive- 
ness. J Clin Endocrinol Metab. 751464-1469. 

10. Mazess RB, Barden HS, Bisek JP, et al. 1990 Dual-energy x-ray absorptiometry 
for total-body and regional bone-mineral and soft-tissue composition. Am J 
Clin Nutr. 51:1106-1112. 

11. Brummer R-JM, Rosen T, Bengtsson Bd. 1993 Evaluation of different meth- 
ods of determining body composition, with special reference to growth hor- 
mone-related disorders. Acta Endocrinol (Copenh). 128(Suppl2):30-36. 

12. Bang P, Eriksson U, Sara V, et al. 1991 Comparison of acid ethanol extraction 
and acid gel filtration prior to IGF-I and IGF-II radioimmunoassays: improve- 
ment of determinations in acid ethanol extracts by the use of truncated IGF-1 
as radioligand. Acta Endocrinol (Copenh). 124620-629. 

13. Carlsson LMS, Rowland AM, Clark RG, et al. 1991 Ligand-mediated im- 
munofunctional assay for quantitation of growth hormone-binding protein in 
human blood. J Clin Endocrinol Metab. 731216-1223. 

14. Mercado M, Carlsson L, Vitangcol R, et al. 1993 Growth hormone-binding 
protein determination in plasma:a comparison of immunofunctional and 
growth hormone-binding assays. J Clin Endocrinol Metab. 761291-1294. 

15. Hochberg Z, Hertz P, Colin V, et al. 1992 The distal axis of growth hormone 
(GH) in nutritional disorders: GH-binding protein, insulin like growth factor-1 
(IGF-I), and IGF-I receptors in obesity and anorexia nervosa. Metabolism. 
41:106-112. 

16. Martha Jr PM, Rogol AD, Blizzard RM, et al. 1991 Growth hormone-binding 
protein activity is inversely related to 24-hour growth hormone release in 
normal boys. J. Clin Endocrinol Metab. 73175-181. 

17. Bengtsson B-A, Brummer R, EdOn S, et al. 1989 Body composition in acro- 
megaly. Clin Endocrinol(Ox0.30:121-130. 

18. Counts DR, Gwirtsman H, Carlsson LMS, et al. 1992 The effect of anorexia 
nervosa and refeeding on growth hormone-binding protein, the insulin-like 
growth factors (IGFs), and the IGF-binding proteins. J Clin Endocrinol Metab. 
75~762-767. 

19. Baumann G. 1994 Growth hormone-binding proteins: state of the art. J En- 
docrinol. 141:1-6. 

20. Mercado M, Molitch ME, Baumann G. 1992 Low plasma growth hormone 
binding protein in IDDM. Diabetes. 41:605-609. 

21. Clayton KL, Holly JMP, Carlsson LMS, et al. 1994 Loss of the normal rela- 
tionship between growth hormone, growth hormone-binding protein and 
insulin-like growth factor-1 in adolescents with insulin-dependent diabetes 
mellitus. Clin Endocrinol(Ox0. 41:517-524. 

22. Kelly PA, Djiane J, Postel-Vinay M-C, et al. 1991 The prolactin/growth 
hormone receptor family. Endocr Rev. 12:235-251. 

23. Tiong TS, Herington AC. 1991 Tissue distribution, characterization, and reg- 
ulation of messenger ribonucleic acid for growth hormone receptor and serum 
binding protein in the rat. Endocrinology. 1291628-1634. 

24. Martha Jr PM, Reiter EO, Diivalia N, et al. 1992 The role of body mass in the 
response to growth hormone therapy. J Clin Endocrinol Metab. 75:1470-1473. 

25. Attie KM, Carlsson LMS, Rundie AC, et al. 1995 Evidence for partial growth 
hormone insensitivity among patients with idiopathic short stature. J Pediatr. 
In press. 

26. Lim L, Spencer SA, McKay P, et al. 1990 Regulation of growth hormone (GH) 
bioactivity by a recombinant human GH-binding protein. Endocrinology. 127: 
1287-12891. 

27. Mannor DA, Winer LM, Shaw MA, et al. 1991 Plasma growth hormone 
(GH)-binding proteins: effect on GH binding to receptors and GH action. J Clin 
Endocrinol Metab. 73:30-34. 

28. Moore FD, Olesen KH, McMurrey JD, et al. 1963 The body cell mass, and its 
supporting environment. In: Body composition in health and disease. Phila- 
delphia, London: Saunders; 58-153. 

29. Sjiistriim L, Alpsten M, Andersson B, et al. 1993 Hormones, body composition 
and cardiovascular risk. In: Ellis KJ, Eastman JD, ed. Human body composition. 
New York: Plenum Press; 233-243. 

30. Weissberger AJ, Ho KY, Lazarus L. 1991 Contrasting effects of oral and 
transdermal routes of estrogen replacement therapy on 24-hour growth hor- 
mone (GH) secretion, insulin-like growth factor 1, and GH-binding protein in 
postmenopausal women. J Clin Endocrinol Metab. 72374381. 

31. Kelly JJ, Rajkovic IA, O’Sullivan AJ, et al. 1993 Effects of differential oral 
oestrogen formulations on insulin-like growth factor-l, growth hormone and 
growth hormone binding protein in post-menopausal women. Clin Endocrinol 
(Oxf). 39561-567. 

32. Hobbs CJ, Plymate SR, Rosen CJ, et al. 1993 Testosterone administration 
increases insulin-like growth factor-1 levels in normal men. J Clin Endocrinol 
Metab. 77776-779. 

33. Liu L, Merriam GR, Sherins RJ. 1987Chronic sex steroid exposure increases mean 
plasma growth hormone concentration and pulse amplitude in men with isolated 
hypogonadotropic hypogonadism. J Clin Endocrinol Metab. 64651-656. 

34. Phillip M, Palese T, Hernandez ER, et al. 1992 Effect of testosterone on 
insulin-like growth factor-l (IGF-I) and IGF-I receptor gene expression in the 
hypophysectomized rat. Endocrinology. 130:286%2870. 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/81/4/1575/2875423 by guest on 23 April 2024


