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ABSTRACT
Raloxifene is the first selective estrogen receptor modulator reg-

istered for the prevention and treatment of postmenopausal osteo-
porosis. In addition to direct effects on bone cells, estrogen and ralox-
ifene may act indirectly via changes in hormonal homeostasis.
However, the menopause-related decrease in serum insulin-like
growth factor I (IGF-I) and the increase in insulin or glucose are not
always reversed by estrogen replacement. Especially orally admin-
istered estrogen was reported to decrease serum IGF-I levels. Un-
derstanding the effects of estrogens and raloxifene on the GH-IGF
axis and insulin-glucose homeostasis are important because of their
link to bone metabolism and cardiovascular health.

We investigated the effects of raloxifene on the GH-IGF-I axis and
insulin-glucose homeostasis in a cross-sectional study in the third
year of the Multiple Outcomes of Raloxifene Evaluation trial, a double
blind, placebo-controlled, prospective study in postmenopausal
women with osteoporosis (T-score of 22.5 or less or at least two
moderate vertebral fractures). Patients with diabetes mellitus were
excluded from this additional study. A fasting blood sample was
obtained (0 h), and women received an sc injection of 0.05 mg recom-
binant human GH (Humatrope)/kg BW. The second blood sample was
obtained 24 h later (24 h). GH, IGF-I, IGF-binding protein-3 (IGFBP-
3), insulin, and glucose were measured. Group characteristics were
tested by nonparametric ANOVA. The dose-response to raloxifene
was tested by linear regression models, with age and body mass as
covariates.

Seven women were taking placebo, 16 were taking raloxifene (60
mg/day), and 9 were taking raloxifene (120 mg/day). Patients from the
60 mg raloxifene group were the oldest (mean 6 SD, 64.4 6 4.2 vs.
69.3 6 6.9 and 63.3 6 5.9 yr for placebo, 60 mg/day raloxifene, and 120
mg/day raloxifene, respectively; P 5 0.05). Compared with placebo
users, patients taking raloxifene had higher body mass index (24.7 6
1.7 vs. 25.0 6 3.1 and 28.8 6 5.8 kg/m2; P 5 0.03). At 0 h, raloxifene
use was associated with lower IGF-I/IGFBP-3 ratio (4.3 6 0.7 vs. 2.9 6
0.7 and 3.0 6 0.7 nmol/mg; P 5 0.001) and insulin/glucose ratio (13.7 6
5.2 vs. 11.9 6 5.9 and 9.5 6 2.3 pmol/mmol; P 5 0.04). Similarly,
raloxifene use was associated with lower IGF-I/IGFBP-3 and insulin/
glucose ratios at 24 h (P 5 0.01 and 0.07). Glucose, GH, and IGFBP-3
levels were similar among the groups (0.12 , P , 0.67).

In conclusion, raloxifene use is associated with decreased serum
IGF levels and insulin/glucose ratio before and 24 h after one rhGH
injection in nondiabetic postmenopausal women with osteoporosis.
Therefore, raloxifene may decrease liver sensitivity to GH. Other
explanations are increased clearance or increased tissue sensitivity to
IGF-I or insulin. The raloxifene-induced increases in bone mineral
density do not appear to be mediated by reversing the age- and
menopause-related decreases in IGF-I levels. The results of this small
cross-sectional study need confirmation by longitudinal studies.
(J Clin Endocrinol Metab 86: 2763–2768, 2001)

RALOXIFENE IS the first selective estrogen receptor
modulator that has been registered for the prevention

and treatment of postmenopausal osteoporosis (1). In addi-
tion to direct effects on bone cells, estrogen and raloxifene
may act indirectly via changes in hormonal homeostasis,
contributing to overall risks and benefits. The effects of es-
trogens on the GH-insulin-like growth factor (GH-IGF) axis
and insulin-glucose homeostasis have aroused interest for
many years, mainly because of their link to bone metabolism
and cardiovascular health (2–5).

IGF-I is abundant in the skeleton; it enhances osteoblast
function and increases bone formation (6). In postmeno-
pausal women, IGF-I is positively related to bone mineral

density (BMD) at the spine and hip (4, 5), whereas serum GH
levels correlate positively with endogenous estradiol levels
(7). GH stimulates bone growth and remodeling through
interaction with specific GH-binding sites and indirectly via
IGFs. Besides a direct action on the skeleton, GH effects on
bone and mineral metabolism may also involve intestinal
calcium absorption (8, 9), 1a-hydroxylation of 25-hydroxyvi-
tamin D, and muscle strength (10). The IGFs in blood and
other compartments are bound to specific binding proteins
(IGFBPs) that modulate IGF-I action. IGFBP-3 is the most
abundant IGFBP in the circulation (11).

The GH-IGF axis is strictly related to the insulin-glucose
homeostasis. Hypoglycemia is a strong stimulator of GH
secretion, and insulin is necessary for the GH-stimulated
IGF-I production in the liver (12) that is responsible for 95%
of circulatory IGF-I. In contrast, GH impairs insulin action on
the liver and glucose incorporation by tissues (13). Finally,
IGF-I down-regulates insulin (14, 15), glucagon (16), and GH
secretion (negative feedback) (17).
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Loss of ovarian function is associated with lower serum
GH and IGF-I and with higher insulin levels. The latter may
be due to alterations in pancreatic secretion (18) and in the
clearance of circulating insulin (18, 19). An increasing time
interval after menopause is associated with a reduction in
insulin sensitivity (20). Depending on chemical formulation,
dose, and route of administration, estrogen may reverse
some of those changes. Although transdermal estrogen
might increase IGF-I levels (21–23) without having an effect
on insulin (24, 25), orally administered estrogen was reported
to decrease both serum IGF-I (21, 26–28) and insulin (29–31).

We studied the effects of the selective estrogen receptor
modulator, raloxifene (60 and 120 mg/day), on GH-IGF and
insulin-glucose homeostasis before and after a single sc in-
jection of recombinant human GH (rhGH). This ancillary
study was performed in the third year of the Multiple Out-
comes of Raloxifene Evaluation (MORE) trial (1, 32), a double
blind, placebo-controlled, prospective study of 7705 post-
menopausal women with osteoporosis (T-score of 22.5 or
less or at least 2 moderate vertebral fractures). We hypoth-
esized that, similar to oral estrogen, raloxifene treatment is
associated with decreased responsiveness to GH expressed
by lower spontaneous IGF-I and insulin levels and with an
attenuated response to rhGH injection.

Materials and Methods

At the baseline of the MORE trial, the women were at least 2 yr after
menopause, or in case of hysterectomy, had serum FSH levels greater
than 30 IU/L and serum estradiol levels less than 73 pmol/L. Patients
with a history of metabolic bone disease, malignancy, or insulin-depen-
dent diabetes mellitus were excluded. Their mean age was 66.5 yr, and
their mean body mass index (BMI) was 25.2 kg/m2. After enrolment,
patients were randomly allocated to three treatment groups: placebo, 60
mg raloxifene/day, and 120 mg raloxifene/day.

The present additional study was performed in our study center in
the third year of follow-up. Patients eligible for the main protocol and
not using any glucose-lowering medication were asked to volunteer for
this study. The minimal sample size was based on a cross-sectional study
involving older women, off (n 5 7) or on (n 5 6) estrogen replacement,
where the magnitude of the group difference in IGF-I at 0 and 24 h was
estimated at, respectively, 3.4 and 5.7 sem in the nontreated group (26).
All volunteers participated in our study. During the recruitment and the
test, the allocation to treatment groups was unknown because the study
was still double-blinded. The study protocol was approved by the ethical
review board of the Academic Hospital, Vrije Universiteit (Amsterdam,
The Netherlands).

Thirty-two women were included after giving informed consent. At
the time of this additional study the women were 66.6 6 6.6 yr old, had
a mean BMI of 26.0 6 4.1 kg/m2, and had fasting glucose levels of up
to 6.7 mmol/L. After an overnight fast, a blood sample was obtained,
and each patient received a single sc injection of recombinant human GH
(rhGH; Humatrope, provided by Elli Lilly & Co., Indianapolis, IN; 0.05

mg/kg BW). After 24 h, following an overnight fast, a second blood
sample was obtained. Serum samples were stored frozen in small ali-
quots and were only thawed once directly before assay.

Plasma glucose (millimoles per L) was assessed colorimetrically ac-
cording to the hexokinase principle from heparinized blood using a
Hitachi 747 apparatus (Roche, Tokyo, Japan). The measurements of
serum GH, IGF-I, IGFBP-3, and insulin were performed using commer-
cially available immunoassays. GH (milliunits per L) was measured by
immunocolorimetric assay (Sorin Biomedica, Sallugia, Italy). IGFBP-3
(milligrams per L) and IGF-I (nanomoles per L) were measured by
immunoradiometric assay (Diagnostic Systems Laboratories, Inc., Web-
ster, TX), the latter after acid extraction to remove binding protein.
Insulin (picomoles per L) was assessed in nonhemolytic samples using
a highly specific immunoradiometric assay (Biosource Technologies,
Inc., Fleurus, Belgium). The intraassay coefficients of variation were:
GH, 4% or less; IGF-I, 4% or less; IGFBP-3, 4% or less; and insulin, 5%
or less. The interassay coefficients of variation were: GH, 16% or less;
IGF-I, 11% or less; IGFBP-3, 12% or less; and insulin, 7% or less. All
specimens from a single participant were run in the same assay batch.

Statistics was determined using SAS 6.12 software (SAS Institute, Inc.,
Cary, NC). The group differences in patient characteristics were tested
using nonparametric ANOVA (Kruskall-Wallis test). The effectiveness
of rhGH injection was determined by paired t test. After running the
preliminary Spearman correlation analysis, lower serum IGF-I levels at
0 and 24 h after rhGH injection correlated with higher age (P 5 0.003),
as expected. There was a borderline significant positive correlation be-
tween age and serum insulin levels (P 5 0.10). BMI correlated at 0 h with
IGF-I and insulin levels as well as with several responses to rhGH
injection, expressed as a percentage of the spontaneous value (GH,
IGF-I/IGFBP-3 ratio, glucose, and insulin/glucose ratio: P # 0.10).

Based on these results, to determine whether there was an association
between raloxifene use and study variables, linear regression models
were used in which raloxifene treatment was a continuous main pre-
dictor, and age and BMI were covariates. This was done for 0 and 24 h
measurements as well as for the difference between 0 and 24 h (D). The
relationships were considered significant at P , 0.05 and borderline
significant at P , 0.10. The P values are reported without adjustment for
multiple comparisons. All data are expressed as the mean 6 sd.

Results

Patients from the 60 mg raloxifene group were the oldest
(P 5 0.05; Table 1). Interestingly, patients using 120 mg/day
raloxifene tended to be heavier than placebo users (P 5 0.06),
but this also was true at randomization (P 5 0.06). The BMI
and glucose changes from randomization to the additional
study were not different between patients using raloxifene
and those using placebo (P 5 0.25 and 0.24).

The rhGH injection resulted in suppression of endogenous
GH (P 5 0.002; Fig. 1). The treatment groups did not differ
with regard to GH levels before and 24 h after rhGH injection
(P 5 0.54 and 0.59; Table 2). As expected, the injection of
rhGH resulted at 24 h in significant increases in IGF-I (P ,
0.001), IGFBP-3 (P , 0.001), and IGF-I/IGFBP-3 ratio (P ,
0.001). Before and 24 h after rhGH injection, IGF-I levels were

TABLE 1. Group characteristics in the third year of raloxifene (RLX) or placebo (PBO) treatment

PBO RLX 60 RLX 120 P

No. 7 16 9
Age (yr) 64.4 6 4.2 69.3 6 6.9 63.3 6 5.9 0.05
BMI (baseline MORE; kg/m2) 25.5 6 2.6 24.6 6 2.7 28.8 6 5.1 0.06
BMI (3rd yr; kg/m2) 24.7 6 1.7 25.0 6 3.1 28.8 6 5.8 0.06
D BMI (3rd yr–0; kg/m2) 20.8 6 1.3 0.5 6 1.8 0.04 6 1.3 0.25
Glucose (baseline MORE; mmol/L) 5.2 6 0.4 5.3 6 0.6 5.4 6 0.7 0.95
Glucose (3rd yr; mmol/L) 5.0 6 0.3 5.2 6 0.4 5.1 6 0.6 0.24
D Glucose (3rd yr–0; mmol/L) 0.3 6 0.3 0.1 6 0.5 0.3 6 0.4 0.55

D, The change from randomization to the beginning of the ancillary study. Data are expressed as the mean and SD. Differences between groups
were tested using nonparametric ANOVA (Kruskal-Wallis).
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progressively lower with increasing raloxifene dose (P 5
0.001 and 0.002). Also, the absolute IGF-I change (D) from 0
to 24 h was lower in the raloxifene groups compared with
that in placebo users (P 5 0.020). The treatment groups were
similar with regard to IGFBP-3 (0 h, 24 h, and D: P . 0.66).
Consequently, the IGF-I/IGFBP-3-ratio at 0 and 24 h and the
change in IGF-I/IGFBP-3 ratio were lower in raloxifene than
in placebo users, confirming findings for IGF-I (P 5 0.001,
0.002, and 0.022, respectively).

The data for insulin-glucose homeostasis are presented in
Table 3. As expected, the injection of rhGH resulted in sig-
nificant increases in insulin (P , 0.001), glucose (P , 0.001),
and insulin/glucose ratio (P , 0.001). The insulin/glucose

ratio at 0 h was lower in patients using raloxifene than in
placebo users (P 5 0.036). The treatment groups were similar
with regard to blood glucose at 0 and 24 h and to blood
glucose change from 0 to 24 h (P 5 0.58, 0.50, and 0.12). In
final linear regression models, the associations between age,
BMI, and insulin or IGF remained unchanged.

Discussion

To our knowledge, this is the first study reporting the
effects of raloxifene on responsiveness to GH. Compared
with patients using placebo, those using raloxifene had lower
serum IGF-I, IGF-I/IGFBP-3 ratio, insulin, and insulin/glu-
cose ratio both before (0 h) and 24 h after (24 h) an injection
of rhGH. This was also true for the difference from 0 to 24 h.
Concerning IGF-I, similar findings were reported for oral
estrogen (21, 26–28), transdermal estrogen given at high dose
(33), or oral tamoxifen (34, 35). In contrast, transdermal es-
trogen given at low dose may increase IGF-I levels (21–23)
and thus reverse menopause-related changes (4, 36). The
observed relations between raloxifene treatment and fasting
serum levels of insulin and glucose place raloxifene in be-
tween the oral and transdermal regimens. Regardless of ef-
fects on insulin sensitivity, most oral estrogen regimens de-
crease both insulin and glucose levels (29–31), whereas
transdermal estrogen does not induce significant changes
(24–25).

If real, the observed association between raloxifene and
lower serum IGF-I could be the result of a decreased hepatic
sensitivity to GH (26, 27, 37). Other explanations are that
raloxifene might alter the clearance of IGF-I or that raloxifene
might act at the tissue level, for example by enhancing the
expression of IGF-I receptors (38, 39). Also, the reduction in
serum IGF-I may not parallel the local production of IGF-I in
bone or elsewhere. This is conceivable when, besides the low
IGF-I levels, increased GH levels are observed. All estrogen
replacement regimens that decrease serum IGF-I are associ-
ated with increases in serum GH (22, 27, 40). It is generally
believed that this increased GH secretion is the result of
diminished feedback by IGF-I (41). However, estrogen in-
teraction with GH secretion at other levels, such as the hy-
pothalamus, cannot be excluded (42–44). In our study the
difference in IGF-I levels between raloxifene and placebo
users was not accompanied by any significant difference in
GH levels, which may be due to the small sample size and
differences in BMI (45).

What the decreased liver sensitivity to GH might mean
with regard to insulin sensitivity is uncertain. IGF-I attenu-
ates the induction of insulin resistance by GH, so the de-
creased hepatic sensitivity to GH will result in a decreased
rather than in an increased insulin sensitivity. However,
although oral estrogen is believed to decrease liver sensitiv-
ity to GH, the insulin sensitivity was impaired only when
treatment with alkylated estrogens or conjugated equine es-
trogens at 1.25 mg/day was studied (20, 29–31, 46–48).

We observed lower fasting serum insulin and insulin/
glucose ratio in patients using raloxifene compared with
placebo users. This finding cannot be attributed to a high BMI
in patients using 120 mg raloxifene, because obesity is a risk
factor for impaired insulin sensitivity and higher serum in-

FIG. 1. GH stimulation test in the third year of treatment with pla-
cebo (PBO; n 5 7), 60 mg raloxifene (R60; n 5 16), or 120 mg raloxifene
(R120; n 5 9) during the MORE study. Before the test, a fasting blood
sample was obtained (0 h), and the women received an sc injection of
0.05 mg rhGH (Humatrope)/kg BW. The second blood sample was
obtained 24 h later (24 h). The results are expressed as the mean and
SD. The trend between raloxifene dose and outcome variables was
tested in linear regression models with age and BMI as covariates (see
Tables 2 and 3). Overall changes were determined by t test for paired
samples, with no adjustments for treatment.
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sulin levels (49). Although fasting insulin has been postu-
lated as a reliable marker of insulin resistance (50), functional
studies should be performed to demonstrate improvement or
deterioration of insulin action. The euglycemic insulin-
glucose clamp technique is considered the most representa-
tive method of assessing insulin sensitivity in humans. Re-
cently, it was reported that the insulin/glucose ratio was not
correlated to the measurement of insulin sensitivity during
the euglycemic insulin clamp (51). Besides possible effects on
insulin action, the estrogen-related changes in insulin levels
are a net effect of increased hepatic clearance of insulin (47),
enhanced pancreatic insulin secretion in response to glucose
(47), and, especially in the case of alkylated estrogens,
changes in glucagon and cortisol levels (20).

The present study has some limitations. Age and BMI were
unequally distributed, as the study drug allocation was
blinded at the time of rhGH injection, and preliminary
matching of the groups for age and BMI was not performed.
Although the study subjects were randomized at baseline in
the MORE study, this additional study is not randomized.

Because the rhGH dose was based on body weight (26, 52),
the observed effects could be biased by obesity. For this
reason the statistical testing was performed after simulta-
neous adjustment for age and BMI. On the other hand, high
BMI would result in rhGH overdose and thus enhanced
response, but the response of the 120 mg raloxifene group
with the highest BMI was similar to that of the 60 mg ralox-
ifene group. Also, one would expect higher insulin in the
more obese patients of this group than in the placebo group
(4). Moreover, a recent study suggests that IGF-I levels in
postmenopausal women are related to age and not to body
composition (41).

The results of our study cannot be extrapolated to pre-
menopausal women or to women without osteoporosis. The
fact that all women had osteoporosis may have induced a
bias because of possible abnormalities in the GH-IGF-I axis
in patients with osteoporosis.

The sample size of this additional study was based on the
expected differences in IGF-I levels (26), and the resulting
power was probably too low for demonstrating statistically

TABLE 2. Somatotropic axis in postmenopausal women with osteoporosis after treatment for 2 yr with raloxifene (RLX) or placebo (PBO)

PBO RLX 60 RLX 120 P

No. 7 16 9
GH (0 h; mU/L) 5.2 6 5.0 8.3 6 8.1 6.0 6 2.6 0.541
GH (24 h)

mU/L 2.2 6 3.3 3.3 6 1.5 3.3 6 2.0 0.585
D GH mU/L 23.0 6 5.0 25.1 6 8.2 22.8 6 3.2 0.459

IGF-I (0 h; nmol/L) 16.4 6 4.2 11.5 6 2.8 10.8 6 2.4 0.001
IGF-I (24 h)

nmol/L 35.1 6 9.3 24.2 6 5.0 24.8 6 5.5 0.002
D IGF-I (nmol/L) 18.8 6 6.1 12.7 6 3.6 13.9 6 3.8 0.020

IGFBP-3 (0 h; mg/L) 3.8 6 0.5 4.0 6 0.5 3.7 6 3.7 0.860
IGFBP-3 (24 h)

mg/L 4.3 6 0.5 4.4 6 0.5 4.2 6 0.5 0.970
D IGFBP-3 (mg/L) 0.5 6 0.2 0.4 6 0.2 0.4 6 0.2 0.660

IGF-I/IGFBP-3 (0 h; nmol/mg) 4.3 6 0.7 2.9 6 0.7 3.0 6 0.7 0.001
IGF-I/IGFBP-3 (24 h)

nmol/mg 8.1 6 1.5 5.5 6 1.1 6.0 6 1.3 0.002
D IGF-I/IGFBP-3 (nmol/mg) 3.8 6 1.0 2.6 6 0.8 3.0 6 0.8 0.022

The results are expressed as the mean and SD. Fasting values before (0 h) and 24 h after (24 h) a single sc rhGH injection. The change from
0 to 24 h (D) was significant for each variable (P # 0.002, by paired t test). The association between study variables and raloxifene was tested
in linear regression models in which raloxifene treatment was a continuous main predictor, and age and BMI were covariates (P is the value
for trend).

TABLE 3. Insulin and glucose homeostasis in postmenopausal women with osteoporosis during the third year of treatment with
raloxifene (RLX) or placebo (PBO)

PBO RLX 60 RLX 120 P

No. 7 16 9
Insulin (0 h; pmol/L) 69.3 6 29.9 62.2 6 32.0 48.9 6 15.5 0.058
Insulin (24 h)

pmol/L 150 6 114 114 6 95 89 6 30 0.063
D Insulin (pmol/L) 80.3 6 101.3 52.1 6 65.6 39.7 6 18.5 0.098

Glucose (0 h; mmol/L) 5.0 6 0.3 5.2 6 0.4 5.1 6 0.6 0.579
Glucose (24 h)

mmol/L 6.0 6 0.8 5.7 6 0.5 5.7 6 0.9 0.503
D Glucose (mmol/L) 0.9 6 0.7 0.5 6 0.4 0.6 6 0.4 0.121

Insulin/glucose (t 5 0) pmol/mmol 13.7 6 5.2 11.9 6 5.9 9.5 6 2.3 0.036
Insulin/glucose (24 h)

pmol/mmol 23.9 6 15.1 19.5 6 14.6 15.5 6 4.5 0.073
D Insulin/glucose (pmol/mmol) 10.2 6 12.5 7.5 6 9.1 6.0 6 3.3 0.160

The results are expressed as the mean and SD. Fasting values before (0 h) and 24 h after (24 h) a single sc rhGH injection. The change from
0 to 24 h (D) was significant for each variable (P # 0.002, by paired t test). The association between study variables and raloxifene was tested
in linear regression models in which raloxifene treatment was a continuous main predictor, and age and BMI were covariates (P is the P value
for trend).
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significant differences in other variables. The small sample
size and the method of patient selection could also be re-
sponsible for the fact that the distribution over the treatment
groups was not representative of the whole MORE popula-
tion; the majority of patients had been assigned to 60 mg
raloxifene. Although the number of patients in the placebo
and 120 mg raloxifene groups were comparable, a drug-
related reason for participation in the study must be con-
sidered. Repeating the measurements in a longitudinal set-
ting could decrease the intersubject variance. Studies of
integrated GH production or GH secretion pattern could
provide more information about the raloxifene-related
changes in GH secretion.

The IGF-I generation test has been postulated as a conve-
nient method for assessing responsiveness to GH. The single
rhGH injection was reported to elevate circulating IGF-I lev-
els, with the peak concentration at 24 h after the injection (26).
We extended this test to fasting insulin and glucose levels.
The complaints of headache and dizziness described by oth-
ers led us to use half of the reported dose (26). However, the
test resulted in significant changes in all assessed parameters,
suggesting that the injected dose was sufficient (52).

In summary, according to this small cross-sectional study
in nondiabetic women with osteoporosis, patients using
raloxifene, compared with those using placebo, had lower
IGF-I levels and insulin/glucose ratios before and after a
single rhGH injection. If real, such an association could be
due to a decreased hepatic sensitivity to GH. Other mech-
anisms could be a change in the clearance of or the tissue
sensitivity for IGF-I or insulin. The raloxifene-induced in-
creases in BMD do not appear to be mediated by reversing
the age- and menopause-related decreases in IGF-I levels.
These observations need to be confirmed by further
investigations.
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12. Böni-Schnetzler M, Binz K, Mary JL, Schmid C, Schwander J, Froesch ER.
1989 Regulation of hepatic expression of IGF I and fetal IGF binding protein
mRNA in streptozoticin-diabetic rats. FEBS Lett 251:243–256.

13. Møller N, Butler PC, Antsiferov M, Alberti KGMM. 1989 Effects of growth
hormone on insulin sensitivity and forearm metabolism in normal man. Dia-
betologia. 32:105–110.

14. Hussain MA, Schmitz O, Mengel A, et al. 1993 Insulin-like growth factor I
stimulates lipid oxidation, reduces protein oxidation, and improves insulin
sensitivity in humans. J Clin Invest. 92:2249–2256.

15. Rennert NJ, Caprio S, Sherwin RS. 1993 Insulin-like growth factor I inhibits
glucose stimulated insulin secretion but does not impair glucose metabolism
in normal humans. J Clin Endocrinol Metab. 76:804–806.

16. Boulware SD, Tambourlane WV, Mathews LS, Sherwin RS. 1992 Diverse
effects of insulin-like growth factor I on glucose, lipid, and amino-acids. Am J
Physiol 262:E130–E133.

17. Hartman MJ, Clayton PE, Johnson ML, et al. 1993 A low-dose euglycemic
infusion of recombinant human insulin-like growth factor I rapidly suppresses
fasting-enhanced pulsatile growth hormone secretion in humans. J Clin Invest.
91:2453–2462.

18. Walton C, Godsland IF, Proudler AJ, Wynn V, Stevenson JC. 1993 The effects
of the menopause on insulin sensitivity, secretion and elimination in non-
obese, healthy women. Eur J Clin Invest. 23:466–473.

19. Proudler AJ, Felton CV, Stevenson JC. 1992 Ageing and the response of
plasma insulin, glucose and C-peptide concentration to intravenous glucose in
postmenopausal women. Clin Sci. 83:489–494.

20. Godsland IF. 1996 The influence of female sex steroids on glucose metabolism
and insulin action: human studies. J Intern Med. 240(Suppl 738):25–60.

21. Ho KK, Weissberger AJ. 1992 Impact of short-term estrogen administration
on growth hormone secretion and activation: distinct route-dependent effects
on connective and bone tissue metabolism. J Bone Miner Res. 7:821–827.

22. Weissberger AJ, Ho KKY, Lazarus L. 1991 Contrasting effects of oral and
transdermal routes of estrogen replacement therapy on 24-hour growth hor-
mone secretion, insulin-like growth factor I, and GH-binding protein in post-
menopausal women. J Clin Endocrinol Metab. 72:374–781.

23. Slowinska-Srzednicka J, Zgliczynski S, Jeske W, et al. 1992 Transdermal
17b-estradiol combined with oral progesteron increases plasma levels of in-
sulin-like growth factor I in postmenopausal women. J Endocrinol Invest.
15:533–538.

24. O’Sullivan AJ, Ho KKY. 1995 A comparison of the effects of oral and trans-
dermal estrogen replacement on insulin sensitivity in postmenopausal women.
J Clin Endocrinol Metab. 80:1783–1788.

25. Duncan AC, Lyall H, Roberts RN, et al. 1999 The effect of estradiol/proge-
stagen preparation on insulin sensitivity in healthy postmenopausal women.
J Clin Endocrinol Metab. 84:2402–2407.

26. Lieberman SA, Mitchell AM, Marcus R, Hintz RL, Hoffman AR. 1994 The
insulin-like growth factor I generation test: resistance to growth hormone with
ageing and estrogen replacement therapy. Horm Metab Res. 26:229–233.

27. Dawson-Hughes B, Stern D, Goldman J, Reichlin S. 1986 Regulation of
growth hormone and somatomedin-C secretion in postmenopausal women:
effects of physiological estrogen replacement. J Clin Endocrinol Metab.
63:424–432.

28. Kelly JJ, Rajkovic IA, O’Sullivan AJ, Sernia C, Ho KKY. 1993 Effects of
different oral oestrogen formulations on insulin-like growth factor-I, growth
hormone and growth hormone binding protein in post-menopausal women.
Clin Endocrinol (Oxf). 39:561–567.

29. Lindheim SR, Duffy D, Kojima T, Vijod MA, Stanczyk FZ, Lobo RA. 1994
The route of administration influences the effect of estrogen on insulin sen-
sitivity in postmenopausal women. Fertil Steril. 62:1176–1180.

30. Lobo RA, Pickar JH, Wild RA, Walsh B, Hirvonen E for the Menopause
Study Group. 1994 Metabolic impact of adding medroxyprogesterone acetate
to conjugated estrogen therapy in postmenopausal women. Obstet Gynecol.
84:987–995.

31. Espeland MA, Hogan PE, Fineberg SE, Howard G, Schrott H, Waclawiw MA,
Bush TL for the PEPI Investigators. 1998 Effects of postmenopausal hormone
therapy on glucose and insulin concentrations. Diabetes Care. 21:1589–1595.

32. Cummings SR, Eckert S, Krueger KA, et al. 1999 The effects of raloxifene on
risk of breast cancer in postmenopausal women. JAMA. 281:2189–2197.

33. Friend KE, Hartman ML, Pezzoli SS, Clasey JL, Thorner MO. 1994 Both oral
and transdermal estrogen replacement increase GH release in postmenopausal
women–a clinical research center study. J Clin Endocrinol Metab.
81:2250–2256.

34. Pollak M, Costantino J, Poluchronakos C, et al. 1990 Effects of tamoxifen on
serum insulinelike growth factor levels in stage I breast cancer patients. J Natl
Cancer Inst. 82:1693–1697.

35. Corsello SM, Rota CA, Della Casa S, et al. 1998 Effect of acute and chronic
administration of tamoxifen on GH response to GHRH and on IGF-1 serum
levels in women with breast cancer. Eur J Endocrinol. 139:309–313.

RALOXIFENE DECREASES IGF-I AND INSULIN/GLUCOSE RATIO 2767

 by on November 12, 2009 jcem.endojournals.orgDownloaded from 

http://jcem.endojournals.org


36. Bellantoni MF, Vittone J, Campfield AT, Bass KM, Harman M, Blackman
MR. 1996 Effects of oral versus transdermal estrogen on the growth hormone/
insulin-like growth factor axis in younger and older postmenopausal women:
a clinical research center study. J Clin Endocrinol Metab. 81:2848–2858.

37. Ho KKY, O’Sullivan AJ, Weissberger AJ, Kelly JJ. 1996 Sex steroid regulation
of growth hormone secretion and action. Horm Res. 45:67–73.

38. Huynh H, Nickerson T, Pollak M, Yang X. 1996 Regulation of insulin-like
growth factor I receptor expression by the pure anti-estrogen ICI 182780. Clin
Cancer Res. 2:2037–2042.

39. Westley BR, Clayton SJ, Daws MR, Molloy CA, May FE. 1998 Interactions
between the oestrogen and insulin-like growth factor signalling pathways in
the control of breast epithelial cell proliferation. Biochem Soc Symp. 63:35–44.

40. Moe KE, Prinz PN, Larsen LH, Vitiello MV, Reed SO, Merriam GR. 1998
Growth hormone in postmenopausal women after long-term oral estrogen
replacement therapy. J Gerontol. 53A:B117–B124.

41. O’Connor KG, Tobin JD, Harman SM, et al. 1998 Serum levels of insulin-like
growth factor-I are related to age and not to body composition in healthy
women and men. J Gerontol. 53:M176–M182.

42. Devesa J, Lois N, Arce V, Diaz MJ, Lima L, Tresguerres JAF. 1991 The role
of sexual steroids in the modulation of growth hormone (GH) secretion in
humans. J Steroid Biochem Mol Biol. 40:165–173.

43. Shah N, Evans WS, Veldhuis JD. 1999 Actions of estrogen on pulsatile,
nyctohemeral, and entropic models of growth hormone secretion. Am J
Physiol. 45:R1351–R1357.

44. Bellantoni MF, Harman SM, Cho D, Blackman MR. 1991 Effects of progestin-

opposed transdermal estrogen administration on GH and IGF-I in postmeno-
pausal women of different ages. J Clin Endocrinol Metab. 72:172–178.

45. Veldhuis JD, Iranmanesh A, Ho KKY, Walters MJ, Johnson ML, Lizarralde
G. 1991 Dual defects in pulsatile growth hormone secretion and clearance
subserve the hyposomatropism of obesity in man. J Clin Endocrinol Metab.
72:51–59.

46. Lindheim SR, Presser SC, Ditkoff EC, Vijod MA, Stanczyk FZ, Lobo RA.
1993 A possible bimodal effect of estrogen on insulin sensitivity in postmeno-
pausal women and the attenuating effect of added progestin. Fertil Steril.
60:664–67.

47. Cagnacci A, Soldani R, Carriero PL, Paoletti AM, Fioretti P, Mellis GB. 1992
Effects of low dosis of transdermal 17b-estradiol on carbohydrate metabolism
in postmenopausal women. J Clin Endocrinol Metab. 74:1396–1400.

48. Polderman KH, Gooren LJ, Asscheman H, Bakker A, Heine RJ. 1994 Induc-
tion of insulin resistance by androgens and estrogens. J Clin Endocrinol Metab.
79:265–271.

49. Barrett-Connor E, Schrott H, Greendale G, et al. 1996 Factors associated with
glucose and insulin in healthy postmenopausal women. Diabets Care.
19:333–340.

50. Laakso M. 1993 How good a marker is insulin level for insulin resistance? Am J
Epidemiol. 137:959–965.

51. Matsuda M, Defronzo RA. 1999 Insulin sensitivity indices obtained from oral
glucose tolerance testing: comparison with the euglycemic insulin clamp.
Diabetes Care. 22:1462–1470.

52. Arvat E, Ceda G, Ramunni J, et al. 1998 The IGF-I response to very low rhGH
doses is preserved in human ageing. Clin Endocrinol (Oxf). 49:757–763.

2768 OLEKSIK ET AL. JCE & M • 2001
Vol. 86 • No. 6

 by on November 12, 2009 jcem.endojournals.orgDownloaded from 

http://jcem.endojournals.org

