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ABSTRACT
GH production in healthy women is about thrice that in men. Yet

insulin-like growth factor I (IGF-I) levels are similar, suggesting
a lower responsivity to GH in women. In untreated GH-deficient
adults, basal IGF-I levels are reportedly lower in females than in
males, and the therapeutic recombinant human GH (rhGH) dose
required to achieve optimal IGF-I levels is higher in the former,
suggesting a pivotal role of estrogens on rhGH requirement in
GH-deficient patients. We, therefore, analyzed our 2-yr data on the
effect of rhGH on serum IGF-I in 77 GH-deficient patients (33 men,
mean 6 SD age, 37.2 6 13.8 yr; 44 women, mean 6 SD age, 36.9 6
11.9 yr) with due attention to gender differences and to the effects
of sex hormone replacement. Of the 44 women, 33 had estrogen
substitution. Of the 33 men, 23 were on androgen replacement.
Patients (11 premenopausal women and 10 men) not on hormonal
replacement were eugonadal.

Basal IGF-I levels in untreated GH-deficient women were signif-
icantly lower than in men (8.8 6 0.7 nmol/L vs. 12.2 6 0.9 nmol/L; P ,
0.01), despite similar basal GH levels. The daily rhGH dose per kg
body weight required to normalize IGF-I in women was higher than
in men, the difference being statistically significant at all time points
(P , 0.05–0.01). The IGF-I increase (D) per IU GH/dayzkg over the
24-month period was about twice higher in men than in women. Also
calculated on a weight basis, rhGH responsivity (rhGH responsivity 5

(DIGF1(nmol/L)/dose (IU/day/kg)) was higher in men than in women
at all time intervals (P , 0.05–0.01).

Estrogen replacement in women significantly increased rhGH re-
quirement. The rhGH dose per kg body weight required in estrogen-
substituted women was significantly higher than in nonestrogen-
substituted women (P , 0.01 at t 5 18 and 24 months, respectively).
In women on estrogen substitution, rhGH responsivity plateaued
from 6 months on, whereas in eugonadal women without estrogen
substitution the responsivity for rhGH increased over time. In men,
the reverse was true; rhGH responsivity increased over time in men
on androgen substitution, but plateaued in men without androgen
substitution.

The mechanisms underlying this gender difference are not known.
Differential influences of estrogens and androgens on the expression
of the GH receptor gene and IGF-I messenger RNA may be operative.

The present study confirms short-term data published in the lit-
erature on a sex difference in rhGH dose requirement in GH-deficient
patients. It furthers extends the data by demonstrating that this sex
difference in GH responsivity persists and changes during the 24
months of the study. Moreover, it shows that estrogen replacement
blunts the IGF-I response to rhGH in women, whereas in men with
androgen substitution the responsivity increases over time, thus
bearing a risk of undertreatment in women and overtreatment in
men. (J Clin Endocrinol Metab 85: 1121–1125, 2000)

DURING CHILDHOOD, secretion of GH shows no dif-
ference between boys and girls (1). However, at pu-

bertal age differences can be found between both sexes, in-
tegrated GH concentrations in young menstruating women
being higher than in young men (2). At the adult age there
is still a marked difference between both genders. Most stud-
ies show that GH secretion is higher in women than in men,
both under basal conditions (3, 4) and after stimulation (5, 6).
van den Berg et al. (4) reported that the mean daily GH
production was thrice greater in women than in men, largely
due to an amplitude-specific divergence in the pulsatile
mode of GH secretion. This gender difference is closely re-
lated to estrogen secretion and possibly influenced by serum

testosterone, as well (7). Indirect evidence for estrogen in-
fluence on GH secretion also can be derived from the fact that
during the late follicular phase of the menstrual cycle integrated
GH concentrations are higher than during the early follicular
phase and luteal phase (8). Furthermore, oral estrogen admin-
istration has been shown to increase integrated GH concentra-
tion both in healthy pre- and postmenopausal women by virtue
of a lesser negative feedback due to lowered serum insulin-like
growth factor I (IGF-I) concentration (9).

Despite higher GH levels in healthy adult women com-
pared with healthy adult men, no gender difference in basal
serum IGF-I concentrations has been demonstrated (10, 11).
Remarkably, however, where estrogen administration low-
ers IGF-I concentrations in healthy women, in men a direct
positive correlation between serum testosterone and IGF-I
levels has been reported (12), compatible with a gender dif-
ference in IGF-I control caused by sex steroids.

In contrast to healthy men and women, IGF-I levels in
GH-deficient adults are lower in women than in men (13–15).

Received April 24, 1999. Revision received August 17, 1999. Accepted
December 1, 1999.

Address correspondence and requests for reprints to: J. P. T. Span,
M.D., University Hospital Nijmegen, St. Radboud, Department of In-
ternal Medicine, Division of Endocrinology, P.O. Box 9101, 6500 HB
Nijmegen, The Netherlands. E-mail: J.Span@aig.azn.nl.

0021-972X/00/$03.00/0 Vol. 85, No. 3
The Journal of Clinical Endocrinology & Metabolism Printed in U.S.A.
Copyright © 2000 by The Endocrine Society

1121

 by on December 12, 2006 jcem.endojournals.orgDownloaded from 

http://jcem.endojournals.org


Furthermore, Burman et al. (13) and Drake et al. (15), in rather
short studies (9 and 3 months, respectively), observed a gen-
der difference in recombinant human GH (rhGH) require-
ment, women needing higher rhGH doses and longer time
than men to achieve the same clinical effects and IGF-I levels.
Unexpectedly, however, in the GH-deficient women no sta-
tistically significant effect of estrogen substitution on IGF-I to
rhGH responsiveness was found (13, 15). This may be due
partly to the small number of women studied, the rather
short treatment period, or to the substitution method used
(13, 15). In the rhGH-deficient men the effect of androgen
substitution on rhGH requirement was not evaluated at all.
This knowledge prompted us to: 1) analyze our data on
serum IGF-I-titrated rhGH treatment in a large cohort of 77
GH-deficient adults not only to confirm the presence of a
gender difference in rhGH requirement after short-lasting
GH replacement, but also to assess its persistence after more
prolonged rhGH treatment; and 2) extend literature data on
this gender difference by evaluating the effect of sex hor-
mone substitution on IGF-I responsiveness to rhGH in
women and also in men.

Subjects and Methods
Patients

Seventy-seven patients (33 men, age 37.2 6 13.8 yr (mean 6 sd); 44
women, age 36.9 6 11.9 yr) suffering from GH deficiency, were included
in this analysis. GH deficiency was diagnosed when an arginine test
revealed a peak GH concentration below 10 mU/L (16). Thirty-three
women and 23 men received sex hormonal substitution therapy. Three
of the women, all over 50 yr of age, received transdermal estrogen
replacement, and the remaining 30 had oral estrogen substitution. Most
men received parental androgen substitution (n 5 19), whereas only four
had oral replacement therapy. None of the men had transdermal sub-
stitution. Twenty-one patients (11 premenopausal women and 10 men)
were eugonadal.

Due to pituitary pathology, most patients had multiple pituitary
deficiencies and additionally received adequate hormonal replacement
therapy. Pituitary pathology was idiopathic (multiple or isolated) in 19
patients and was caused by pituitary adenoma in 23 patients; cranio-
pharyngioma in 13 patients; congenital lesions in 7 patients; cerebral
tumors (meningioma, epipharinx carcinoma, germinoma, rhabdomyo-
sarcoma, and medulloblastoma) in 7 patients; Sheehan’s disease in 2
patients; trauma in 2 patients; and empty sella, meningitis, histocytosis
X, and agenesis of the septum pellucidum each in 1 patient. Most pa-
tients had been treated surgically with or without subsequent radiation
therapy. Duration of GH deficiency varied from 1–36 yr. All patients
signed an informed consent to the protocol, which was approved by the
University Hospital Ethical Committee.

Patients were treated with rhGH (Genotropin, Pharmacia-Upjohn; or
Humatrope, Eli Lilly & Co.) in varying doses. The treatment goal was
to achieve an IGF-I concentration falling within the age-corrected normal
range (mean 6 2 sd) for our laboratory (11). To reach this goal, the rhGH
dose was adjusted at every visit. The time interval between the visits was
6 months. Treatment duration was 24 months. Serum IGF-I values were
measured every 6 months. GH was measured by direct RIA using the
WHO standard for human GH 80/505. The interassay coefficient of
variation (CV) was 9.2, 7.8, 5.0%, and 6.0% at GH concentrations of 4.7,
10.6, 20.8, and 53.5 mE/L (11). IGF-I was determined by an in-house RIA.
The intra-assay CV, expressed as the relative duplicate CV at concen-
trations between 5 and 50 nmol/L, was 5.7%. The interassay CV was
9.4% at a level of 8.4 nmol/L, 4.1% at 29.8 nmol/L, and 6.5% at an IGF-I
concentration of 41.7 nmol/L (17).

Responsivity to rhGH was defined as the quotient of the rhGH-
induced DIGF-I (nmol/L) and the dose (IU/dayzkg) used in the same
period. Or in formula: rhGH responsivity 5 ~DIGF1 (nmol/L)/dose
(IU/day/kg)) (DIGF-I 5 change of IGF-I from baseline; dose 5 dose
used during the last 6 months).

Statistics

Values mentioned are means 6 sem, except for the age were mean 6
sd is used. The unpaired Student’s t test was used to evaluate differences
found between two groups.

Results
Serum GH and IGF-I levels before rhGH therapy

No difference in baseline- or arginine-stimulated serum
GH levels could be demonstrated between GH-deficient men
and women. In both men and women, basal GH levels were
less than 2 mU/L. After arginine provocation a slight in-
crease in GH concentration was seen in a minority of the
patients (maximum serum GH concentration, 4 mU/L).
Baseline serum IGF-I levels, however, were significantly
lower in women than in men (8.8 6 0.1 vs. 12.2 6 1.0 nmol/L,
P , 0.01). Women on estrogen substitution had similar IGF-I
levels as those without sex steroid substitution. The same
was true for men with or without androgen therapy.

Effects of gender on rhGH dose, serum IGF-I concentration,
and rhGH responsivity

rhGH dose. The rhGH dose per kg body weight (IU/dayzkg)
required in all women was significantly higher than that for
men at all time intervals (P , 0.05–0.01). In men, both on and
without androgen substitution, the dose required decreased
over time, the difference between 6 months and 24 months
being statistically significant (P , 0.05), whereas it plateaued
in women (Fig. 1).

After the titration phase, the daily rhGH dose required to
normalize IGF-I levels in women, both on and without re-
placement therapy, remained virtually unchanged. In men,
the dose required decreased over time, from 1.73 6 0.16
IU/day at t 5 6 months to 1.31 6 0.23 IU/day at t 5 24
months (P , 0.05) (Fig. 1). Although the daily rhGH dose
required to normalize IGF-I in women was higher than in
men over the whole treatment period, the difference reached
statistical significance only after 24 months of therapy (2.05 6
0.23 IU/day for women against 1.31 6 0.23 IU/day for men;
P , 0.05).

Serum IGF-I levels and rhGH responsivity. As mentioned
earlier, baseline serum IGF-I levels were significantly
lower in women than in men (P , 0.01). After starting
rhGH treatment, IGF-I levels increased in both men and
women (from baseline to 6 months, P , 0.01). After this
initial increase, however, no further rise occurred either in
men or in women.

The increase in rhGH responsivity (i.e. the increase of IGF-I
per dose rhGH corrected for weight) over time was more
pronounced in men than in women, the difference being
statistically significant (P , 0.05 at t 5 6 and t 5 24 months
and P , 0.01 at 12 and 18 months) (Fig. 2) at all time intervals.
This was due partly to the fact that rhGH responsivity vir-
tually remained unchanged over time in women (P . 0.10),
but almost doubled in men (difference between t 5 6 and 18
months; P , 0.01) (Fig. 2).
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Effects of sex hormonal substitution on rhGH dose, serum
IGF-I concentration, and rhGH responsivity

Estrogen replacement in women: rhGH dose. As mentioned ear-
lier, 33 of 44 women received estrogen substitution (30 oral
and 3 transdermal estrogen substitution) and 11 eugonadal
women did not. Baseline IGF-I levels were virtually similar
in both groups (9.4 6 0.9 vs. 7.0 6 1.6 nmol/L, P . 0.10). The
weight-corrected rhGH dose required to achieve adequate

IGF-I levels was at all time intervals higher in the estrogen-
treated women than in the women without estrogen substi-
tution, but the difference was only statistically significant at
18 months (0.038 6 0.003 vs. 0.028 6 0.005 IU/dayzkg) and
24 months [0.033 6 0.001 vs. 0.024 6 0.001 IU/dayzkg (P ,
0.05)].

After 6 months of treatment, the mean daily dose for
women using estrogens was 2.17 6 0.18 IU/day and for
women without estrogens was 1.59 6 0.26 IU/day, being
statistically significant (P , 0.01). During the whole treat-
ment period of 24 months this difference remained statisti-
cally significant (P , 0.05). At 24 months, the daily rhGH
doses were 2.50 6 0.25 IU/day and 1.50 6 0.18 IU/day,
respectively.

Exclusion of the data from the three women on transder-
mal estrogen replacement did not change the outcome of the
analysis (data not shown).

Serum IGF-I levels and rhGH responsivity. In response to rhGH,
serum IGF-I initially increased equally in both groups of
estrogen-substituted and nonsubstituted women. From 6
months onward, however, IGF-I levels plateaued in the es-
trogen-substituted women, but increased in the women
without estrogen, although this difference never reached
statistical significance (P . 0.10). At all time intervals from
12 months on there was a tendency (P , 0.10) to lower IGF-I
increments in the estrogen-treated group.

The difference in rhGH responsivity between substituted
and nonsubstituted women was statistically significant (P ,
0.01 both at 18 and 24 months). In women without estrogen
substitution, responsivity to rhGH almost doubled over time
(P , 0.05 for the change from t 5 6 months to t 5 24 months).
In the women on estrogen substitution the rhGH responsiv-
ity plataued from 6 months on (Fig. 3).

Again the exclusion of the data from the three women on

FIG. 1. Mean (6SEM) total daily rhGH dose and rhGH dose corrected for weight in GH-deficient men and women.

FIG. 2. Mean (6SEM) rhGH responsivity in GH-deficient men and
women during treatment.
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transdermal estrogen replacement did not change the out-
come of the analysis (data not shown).

Androgen replacement in men: rhGH-dose. After 6, 12, 18, and
24 months of treatment, the daily rhGH dose per kg body
weight required to achieve adequate IGF-I levels was not
statistically significant different between men with and with-
out testosterone replacement. The same holds for the daily
doses of rhGH in both groups of men (data not shown).

Baseline serum IGF-I levels in both groups were similar
(12.0 6 1.0 nmol/L in the androgen-substituted men vs.
12.9 6 2.3 nmol/L in the eugonadal men (P . 0.10).

rhGH responsivity, however, doubled over time in the
androgen-substituted group of men (increase from 6–24
months, P , 0.01), not in the men without androgen sub-
stitution, reflecting an increase of rhGH responsivity by ex-
ogenous androgen therapy during continued rhGH admin-
istration (Fig. 3).

Discussion

The present study revealed an overt sex difference in rhGH
requirement in GH-deficient adults, persisting for 24 months.
To achieve similar IGF-I increments, higher rhGH doses were
needed in women than in men. This gender difference was
even more pronounced as GH-deficient men achieved higher
IGF-I increments than women at lower daily rhGH doses
corrected for weight. Using standardized rhGH doses for
GH-deficient women and men, Burman, et al. (13) found a
similar sex difference in IGF-I responsivity to rhGH in GH-
deficient adults, treated for 9 months. This gender difference
in IGF-I responsivity was accompanied by a more pro-
nounced loss of body fat, fall in total and low-density li-
poprotein cholesterol, and in bone turn over in men than in
women on rhGH therapy (13). Very recently Drake et al. (15)
also reported a gender difference in IGF-I responsivity to

rhGH in GH-deficient adults treated for 3 months, the daily
dose being 50% higher in females than in males. The time to
achieve the maintenance dose was also significantly longer
in women. The data in the present study indicate that the
gender difference in rhGH requirement persists even after 24
months of rhGH treatment.

Obviously differences in estrogen concentrations have
been incriminated as a possible underlying cause for the
gender difference in rhGH requirement. Estrogens report-
edly have distinct effects on the somatotropic axis (compare
Introduction). A reduction in IGF-I levels during oral estrogen
replacement has been observed in healthy postmenopausal
women (18), whereas Holloway et al. (19) found a blunted
effect of rhGH on metabolic indices and body composition
changes in healthy postmenopausal women receiving estro-
gens as compared with women without estrogen substitu-
tion. These data are in line with the idea that due to a first
pass effect of estrogens the IGF-I synthesis in the liver is
diminished. Indeed, after estrogen administration, a de-
crease in the expression of GH receptor gene and IGF-I mes-
senger RNA has been found in laboratory animal hepato-
cytes (20, 21). Therefore, it was remarkable that in contrast to
healthy women Burman et al. (13), in a rather small group of
adult GH-deficient women with (n 5 8) and without (n 5 7)
estrogen replacement, did not find a difference in rhGH-
induced IGF-I concentration between both groups. After 3
months of treatment, Drake et al. (15) also failed to demon-
strate such a difference both in median rhGH doses and IGF-I
increment in response to rhGH in GH-deficient women sub-
divided by gonadal status and use of estrogen replacement.

In contrast, in the present study in a larger group of GH-
deficient adults treated for a longer period of 24 months, an
overall difference in IGF-I responsivity to rhGH was found
between women with and without estrogen replacement.

FIG. 3. Mean (6SEM) rhGH responsivity in GH-deficient women and men with and without sex hormone substitution.
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Estrogen significantly blunted the IGF-I response to rhGH,
IGF-I levels plateaing from 6 months on after the initial
increase. The discrepancy of our results with those of both
other studies may reside in the longer treatment period and
the larger number of GH-deficient women in our study.

In our cohort of adult GH-deficient males, the group not
receiving androgen replacement had lower rhGH respon-
sivity than men on androgen replacement over the whole
time period. At 18 months and 24 months the difference was
statistically significant. Unlike estrogen replacement in
women, which blunted the IGF-I response to rhGH, in the
androgen-treated males a steady increase in IGF-I respon-
sivity was observed over the 24-month treatment period,
compatible with an androgen-induced rise in rhGH respon-
sivity over time induced by exogenous androgens. This find-
ing is in line with observations of other authors reporting
increases in circulating IGF-I levels in response to androgens
in eugonadal men (12), hypogonadal men (22), and in boys
with delayed puberty (23, 24). The changes in rhGH respon-
sivity over time in men and women as mentioned above
indicate that there is a risk of overtreatment of men, espe-
cially men on sex hormone replacement, and undertreatment
of women, especially women on estrogen substitution. The
mechanism by which androgens increase IGF-I responsivity
to rhGH are not known. In castrated rabbits the expression
of the GH receptor gene in the liver not only has been re-
ported to decrease after estrogens, but rather to increase after
testosterone.

Summarizing, a gender difference in rhGH dose require-
ment and IGF-I responsivity to rhGH in GH-deficient adults
was observed in line with recent literature. The present study
further extends these data, demonstrating that this gender
difference persists after longer times of rhGH therapy (24
months) and that estrogen replacement in GH-deficient
women blunts the IGF-I response to rhGH, whereas in men
androgens increase the responsivity to rhGH over time. This
may be associated with a risk of overtreatment of men, es-
pecially those on androgen substitution, and undertreatment
of women, especially those on estrogen substitution.
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