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ABSTRACT

Bone involvement is a common clinical feature in acromegalic patients, though previous studies gave divergent
results possibly because of the different gonadal status of the patients studied. To study the influence of estrogen
milieu in these patients, we evaluated 23 acromegalic patients with active disease, subdivided into two groups:
menstruating and amenorrheal patients, comparable for duration and activity of disease. Forty-two matched
women served as controls. Skeletal involvement was studied by measuring: (a) the main biomarkers of bone
turnover: serum alkaline phosphatase total activity (AP), bone GLA protein (BGP), serum carboxy-terminal
propeptide of type I collagen (PICP), serum type I cross-linked N-telopeptide (ICTP), and urinary pyridinoline and
deoxypyridinoline corrected for creatinine (Pyr/Cr, D-Pyr/Cr) and urinary calcium/creatinine ratio (Ca/Cr); (b)
bone mineral density (BMD), as measured by quantitative computed tomography both at lumbar spine and distal
radius, and by dual X-ray absorptiometry both at lumbar spine and at three femoral sites (Ward’s triangle,
femoral neck, and great trochanter). AP, BGP, ICTP, Pyr/Cr, D-Pyr/Cr were significantly higher in patients than
in controls, independent of the menstrual pattern. Higher PICP levels were found in the whole group and in
menstruating acromegalics when compared with control women; no difference was found in amenorrheal patients,
who in turn showed higher urinary Ca/Cr values. When patients were considered all together, BMD at spine,
femoral neck, and trochanter was higher than in controls. In contrast, when the gonadal status was taking into
account and, menstruating and amenorrheal subjects were considered separately, BMD at spine, but not in other
sites, was significantly higher in menstruating patients than in controls. In contrast, no difference of BMD values
at any site was observed between amenorrheal patients and controls. The mean BMD Z scores allowed us to detect
an unequal involvement of different skeletal sites. Our results show that bone turnover is increased in acromegalic
women and suggest that GH anabolic effect on bone is more evident in the presence of estrogens and that different
skeletal sites may be affected differently by hormone excess. (J Bone Miner Res 1997;12:1729–1736)
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INTRODUCTION

GROWTH HORMONE (GH) is an important factor in the
regulation of both bone growth and metabolism during

lifespan.(1–3) GH anabolic effects on bone have been mainly
investigated in in vitro studies(4–12); these effects are di-
rect(7–10) and mediated by insulin like growth factors.(4,11,12)

Moreover, clinical studies have provided information to
improve our understanding of the role of GH on bone in
both physiological and pathological conditions.(1,13–22) The
progressive decline in GH secretion is considered to be
among the factors contributing to age-related and post-
menopausal bone loss,(18,23–25) and some authors have sug-
gested that GH may play a role in the treatment of
osteoporosis.(1,3,13–17)

Skeletal involvement is a common clinical feature in
acromegalic patients. Previous studies, based on the mea-
surement of biochemical markers of bone metabolism, have
shown an increased bone turnover in such patients.(26–29)

However, data regarding bone mass are still conflict-
ing.(28 –34) The different gonadal status from different
series of patients might be a possible explanation of these
divergent results: GH excess could not prevent the adverse
effect of estrogen deficiency on the skeleton. To test this
hypothesis, the present study on the pattern of skeletal
involvement in female acromegalic patients with different
gonadal milieu has been performed.

MATERIALS AND METHODS

Patients

Twenty-three female acromegalic patients, aged 29–70
years (mean age 45.3 6 12.6 years), body mass index (BMI)
20.8–34.6 (mean BMI 27.9 6 4.4) with active disease were
studied. They were selected out of a larger series of 67
patients followed up in our Center, with the aim to study
two groups which differed only in the gonadal status. In all
patients, GH values were above 2 ng/ml after oral glucose.
Fasting plasma insulin-like growth factor 1 (IGF-I) and
insulin-like growth factor binding protein 3 (IGFBP-3) lev-
els were above the normal range. The estimated duration of
the disease was 6.5 6 5.1 years. Four patients had previ-
ously undergone surgery, while none had undergone radio-
therapy. Two patients were under treatment with bro-
mocriptine. No patient had renal or hepatic impairment;
prolactin, thyroid, and cortisol hormone levels were normal.
No patient had any other diseases nor consumed substances
affecting bone metabolism.

The sample was divided into two groups. The first (group
A) included 11 subjects, aged 29–50 years (mean age 38.8 6
7.3 years), BMI 20.9–34.0 (mean 28.6 6 4.1 years) with
either regular bleedings or only minor abnormalities of
menstrual cycles (more than six cycles/year). The second
(group B) included 12 patients, aged 30–70 years (mean age
52.6 6 12.5 years), BMI 20.8–34.6 (mean 27.8 6 4.8) with
secondary amenorrhoea lasting for more than 2 years
(range 2–20 years, mean 8.2 6 6.3). The mean estimated
duration of the disease did not differ in the two groups
(A 5 5.3 6 2.1 years vs. B 5 7.3 6 6.4 years; p 5 NS).

Forty-two women, matched for age (range 30–71 years,
mean 48.8 6 11.6 years), BMI (range 21.4–35.0, mean
27.8 6 4.7), and menstrual history, served as controls. All
subjects had normal physical examinations and routine lab-
oratory tests and were not taking medications known to
influence bone metabolism. They were divided into two
groups with different gonadal status: the first (group An)
included 18 subjects, aged 30–51 years (mean 40.2 6 7.2
years), BMI 21.4–30.7 (mean 26.2 6 3.2) with normal men-
strual cycle; the second (Bn) included 24 subjects, aged
30–71 years (mean 55.3 6 9.9), BMI 21.5–35.0 years (mean
28.9 6 5.2) with a situation of hypogonadism lasting for
more than 2 years (range 2–29 years, mean 10.0 6 8.9), due
to postmenopausal status (21 subjects) or to secondary
untreated amenorrhea (three subjects with secondary hy-
pothalamic amenorrhea, who served as controls for two
young amenorrheal acromegalic patients). No significant
difference in BMI was observed among the four groups of
subjects. Serum prolactin levels were in the normal range
and did not differ between postmenopausal subjects and
subjects with secondary hypothalamic amenorrhea (data
not shown). In both amenorrheal patients and controls,
serum estradiol levels were below 10 pg/ml and did not
differ between the two groups.

Biochemical determinations

Serum and urinary samples (fasting spot urine) of pa-
tients and controls were collected after an overnight fast
and stored at 270°C until assayed. In all patients, serum
total calcium (Ca), phosphorus (P), creatinine (Cr), and
alkaline phosphatase total activity (AP) were determined by
a multichannel autoanalyzer. In acromegalic patients, se-
rum IGF-I was evaluated by radioimmunoassay (RIA) after
acid-ethanol extraction (Nichols Institute Diagnostics, San
Juan Capistrano, CA, U.S.A.), serum IGFBP-3 by RIA
(Nichols Institute Diagnostics, BT Wychen, The Nether-
lands), and serum GH by immunoenzymometric assay (Eu-
rogenetic Italy, Turin, Italy). Intra- and interassay CVs were
3 and 8.4% for IGF-I, 4.8 and 6.2% for IGFBP-3, and 2.9
and 4.6% for GH, respectively. Sensitivity was 0.1 ng/ml for
GH, 13.5 ng/ml for IGF-I and 0.25 ng/ml for IGFBP-3,
respectively.

Bone GLA protein (BGP) was measured by immunora-
diometric assay (IRMA) for the intact molecule (ELSA-OST-
NAT, CIS BioInternational, Gif-Sur-Yvette, France); intra-
and interassay CVs were 3.8 and 4.7%, respectively, and the
sensitivity was 0.3 ng/ml.

In all control subjects and in 14 patients (7 from group A
and 7 from group B), collagen metabolic by-products were
assessed. Serum carboxy-terminal propeptide of type I col-
lagen (PICP) was determined by RIA (PICP RIA Kit,
Orion Diagnostica, Espeo, Finland); the intra- and interas-
say CVs were 3.2 and 5.1%, respectively, and the sensitivity
was 0.34 mg/ml. Serum type I cross-linked N-telopeptide
(ICTP) was also measured by RIA (Telopeptide ICTP,
Orion Diagnostica); the intra- and interassay CVs were 4.8
and 6.5%, respectively, and the sensitivity was 0.34 ng/ml.

In all subjects, urinary calcium, total pyridinoline (Pyr),
and deoxypyridinoline (D-Pyr) excretions were also evalu-
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ated and corrected for urinary creatinine (Ca/Cr, Pyr/Cr,
and D-Pyr/Cr, respectively). Urinary Pyr and D-Pyr were
measured by fluorometric detection after reverse phase
high pressure liquid chromatography (HPLC) utilizing a
commercial Kit (Bio-Rad Laboratories, Italy). The urine
samples were prepared for HPLC by acid hydrolysis, fol-
lowed by separation on a cellulose column. The intra- and
interassay CVs were 5.4 and 9.2% for Pyr, 6.6 and 12.3% for
D-Pyr, respectively.

Bone densitometry

In all subjects, bone mineral density (BMD) was evalu-
ated at axial and appendicular skeletal sites with different
composition in cortical and trabecular tissue by means of
different devices. Spinal BMD was evaluated by both single-
energy quantitative computed tomography L1–L4 (QCT)
(Toshiba CT Xpeed; Toshiba Medical Systems Division,
Tokyo, Japan) that selectively measures trabecular true
density (in vivo precision 1.8%) and by dual X-ray absorp-
tiometry L2–L4 (DXA; Norland XR-26; Norland Instru-
ments, Fort Atkinson, WI, U.S.A.) that assesses BMD of
total vertebral bodies (in vivo precision 1.0%) in 21 patients
(11 from group A and 10 from group B) and in all controls.
Radial BMD was measured by peripheral QCT (Stratec
XCT 960; Stratec Medizintechnik GmbH, Pforzheim, Ger-
many) in 18 patients (9 from group A and 9 from group B)
and in 24 controls (10 from group An and 14 from group
Bn); the last equipment (in vivo precision 1.2%) allows the
measurement either of an integrated value (pQCT) or of

trabecular (pQCTt) and cortical (pQCTc) BMD, sepa-
rately, at an ultradistal site of the nondominant arm. BMD
was finally evaluated by DXA at three femoral sites: neck
(NECK), Ward’s triangle (WT) and great trochanter
(TROCH) (in vivo precision, respectively, 2.1, 3.5, and
2.4%) in 20 patients (10 from group A and 10 from group
B) and in 26 normal subjects (12 in group An and 14 in
group Bn).

Statistical analysis

The results are described as mean 6 SD. For each vari-
able, normality of distribution was tested with the “W sta-
tistic.” Mean comparisons between the whole groups of
patients and controls were made using t-test for unpaired
data. The two-way analysis of variance (ANOVA) test was
performed to evaluate the possibility of interaction of GH
excess with the estrogen milieu. Thereafter, because this
interaction was not found, ANOVA among the four groups
was made using the one-way ANOVA test; when significant
differences were found, the Bonferroni’s t-test for multiple
comparisons was performed. The associations between vari-
ables were tested by Pearson’s product moment correlation;
stepwise multiple regression was performed to find out
possible correlations between indices of disease activity
(i.e., GH and IGF1) and the other variables. To compare
the values of bone mass measured at various skeletal sites
with different devices in females of varying ages, individual
BMD values were normalized by relating them to those of
the reference population of our Center(35) and expressed as

TABLE 1A. CA, P, CR, AND CA/CR RATIOS IN ALL PATIENTS AND CONTROLS

Patients Controls Level of significance

Ca (mg/dl) 9.2 6 0.4 9.2 6 0.5 NS
P (mg/dl) 4.3 6 0.7 3.6 6 0.4 p , 0.0001
Cr (mg/dl) 0.77 6 0.08 0.91 6 0.12 p , 0.0001
Ca/Cr (mg/mg) 0.23 6 0.17 0.15 6 0.06 p , 0.05

Results are mean 6 SD.

TABLE 1B. CA, P, CR, AND CA/CR RATIOS IN AMENORRHEAL AND MENSTRUATING PATIENTS

AND CONTROLS

Patients Controls

Group A Group B Group An Group Bn

Ca (mg/dl) 9.0 6 0.3 9.4 6 0.3 9.1 6 0.5 9.2 6 0.4
P (mg/dl) 4.3 6 0.6 4.3 6 0.7 3.6 6 0.4 3.7 6 0.4
Cr (mg/dl) 0.78 6 0.09 0.76 6 0.08 0.89 6 0.08 0.92 6 0.14
Ca/Cr (mg/mg) 0.15 6 0.09 0.31 6 0.20 0.15 6 0.05 0.15 6 0.05

Results are mean 6 SD. Group A, menstruating patients; Group B, amenorrheal patients; Group An,
menstruating controls; Group Bn, amenorrheal controls.

Ca: A vs. B p , 0.05
P: A vs. An p , 0.05
Cr: B vs. Bn p , 0.01
Ca/Cr: A vs. B p , 0.05 B vs Bn p , 0.01
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SD units (or Z-transform), the distribution of which is
centered on a mean of 0 with an SD of 1. Mean Z score
values were then compared. Probability values of less than
0.05 were considered significant.

RESULTS

GH, IGF-I, and IGFBP-3

In all patients, fasting GH levels (mean of at least three
daily determinations for each patient) were 23.1 6 26.6
ng/ml (range 2.8–115.6 ng/ml). IGF-I values were 1212 6
462 ng/ml (range 520–2018 ng/ml), and IGFBP-3 levels
were 8.4 6 3.6 mg/l (range 4.9–18.9 mg/l). These parame-
ters were not different between the two groups (GH group
A mean 19.3 6 16.8, range 2.8–51.7 ng/ml vs. group B mean
26.8 6 33.5, range 3.4–115.6 ng/ml; IGF-I group A mean
1199 6 502, range 520–1940 ng/ml vs. group B mean 1231 6
440, range 780–2018 ng/ml; IGFBP-3 group A mean 8.8 6
4.3, range 4.9–18.9 mg/l vs. group B mean 7.9 6 2.8, range
5.6–13.6 mg/l).

Serum Ca, P, Cr, and urinary Ca excretion

As shown in Tables 1A and 1B, serum Ca levels were not
different between all patients and controls, but in amenor-
rheal patients they were significantly higher than in men-
struating ones. Serum P levels were significantly higher in
patients than in controls. Serum Cr values were significantly
lower in the whole group of patients and in amenorrheal
ones than in respective controls. Finally, fasting urinary
Ca/Cr levels were significantly higher in the whole group of
patients than in controls; no statistical difference was found
between menstruating controls and group A patients, while
Ca/Cr levels were significantly higher in amenorrheal acro-
megalic women than in both menstruating patients and
amenorrheal controls (Tables 1A and 1B).

Markers of bone turnover

As shown in Table 2A, AP, BGP, PICP, ICTP, Pyr/Cr,
and D-Pyr/Cr levels were significantly higher in patients
than in controls. BGP, ICTP, Pyr/Cr, and D-Pyr/Cr levels in
each subgroup of patients were significantly higher than in
appropriate controls. PICP levels in patients of group A was

TABLE 2B. MAIN BIOCHEMICAL MARKERS OF BONE TURNOVER IN AMENORRHEAL AND

MENSTRUATING PATIENTS AND CONTROLS

Patients Controls

Group A Group B
Group

An
Group

Bn

AP (U/l) 166 6 31 230 6 80 130 6 27 167 6 35
BGP (ng/ml) 14.3 6 7.6 18 6 11 3.8 6 2.2 7.6 6 2.9
PICP (mg/l) 125 6 27 129 6 46 88 6 25 120 6 50
ICTP (mg/l) 9.6 6 3.1 7.5 6 1.5 3.0 6 0.6 4.6 6 1.6
Pyr/Cr (pmol/pmol cr) 159 6 63 180 6 59 64 6 12 83 6 23
D-Pyr/Cr (pmol/pmol cr) 26 6 7 33 6 14 14 6 3 16 6 4

Results are mean 6 SD. Group A, menstruating patients; Group B, amenorrheal patients; Group An,
menstruating controls; Group Bn, amenorrheal controls.

AP: An vs. Bn p , 0.01;
BGP: A vs. An p , 0.01; B vs. Bn p , 0.05; An vs. Bn p , 0.001
PICP: A vs. An p , 0.05;
ICTP: A vs. An p , 0.01; B vs. Bn p , 0.01; An vs. Bn p , 0.01
Pyr/Cr: A vs. An p , 0.01; B vs. Bn p , 0.001; An vs. Bn p , 0.05
D-Pyr/Cr: A vs. An p , 0.001; B vs. Bn p , 0.01;

TABLE 2A. MAIN BIOCHEMICAL MARKERS OF BONE TURNOVER IN ALL PATIENTS AND CONTROLS

Patients Controls Level of significance

AP (U/l) 200 6 69 151 6 36 p , 0.01
BGP (ng/ml) 16.3 6 9.5 6.0 6 3.2 p , 0.0001
PICP (mg/l) 127 6 36 105 6 43 p , 0.05
ICTP (mg/l) 8.6 6 2.6 3.9 6 1.4 p , 0.0001
Pyr/Cr (pmol/pmol cr) 170 6 60 75 6 21 p , 0.0001
D-Pyr/Cr (pmol/pmol cr) 30 6 11 15.0 6 4.0 p , 0.0001

Results are mean 6 SD.

1732 SCILLITANI ET AL.



significantly higher than in appropriate controls, while no
difference was found between amenorrheal patients and
their control group (Tables 2A and 2B).

Bone mass

In the whole group of patients, spinal BMD as measured
by both QCT and DXA was significantly higher than in
respective controls (Table 3A), whereas radial BMD was
not significantly different, even when trabecular (pQCTt)
and cortical (pQCTc) bone density were separately consid-
ered (Table 3A). In all patients, femoral BMD was signif-
icantly higher than in respective controls at NECK and
TROCH sites, whereas no significant difference was found
at WT (Table 3A).

When subjects were divided with respect to gonadal sta-
tus, menstruating patients showed higher BMD at the spine,
as measured by DXA, than controls. In contrast, BMD
values at any site were not significantly different in amen-
orrheal patients as compared with control subjects. More-
over, when only acromegalic patients were considered,

menstruating subjects showed higher bone mass measured
at spine by QCT, but not in other skeletal sites, than am-
enorrheal subjects (Table 3B).

Z-score values showed an unequal pattern of the BMD
measured at various skeletal sites (Fig. 1). As shown in
Table 4B, in the whole group of acromegalics and in men-
struating patients, the comparison of BMD Z scores of
different sites showed that trabecular bone density is in-
creased at the spine when compared with the forearm, while
cortical bone Z values showed similar behavior at different
sites. Moreover, the comparison of Z values of the forearm
showed that BMD is increased at cortical bone with respect
to trabecular bone in acromegalic patients.

Correlations

In the whole sample of acromegalics, P and Ca/Cr values
were directly correlated with GH and IGF-I. On the con-
trary, Cr values were inversely correlated with both GH and
IGF-I levels.

BGP, ICTP, and Pyr/Cr values showed a significant pos-

TABLE 3A. BMD VALUES OF ALL PATIENTS AND CONTROLS MEASURED AT DIFFERENT SKELETAL SITES

Patients Controls Level of significance

QCT (mg/cm3) 216 6 75 170 6 46 p , 0.01
DXA (g/cm2) 1.10 6 0.23 0.94 6 0.14 p , 0.01
pQCT (mg/cm3) 384 6 96 358 6 89 NS
pQCTt (mg/cm3) 158 6 68 169 6 51 NS
pQCTc (mg/cm3) 569 6 126 513 6 113 NS
WT (g/cm2) 0.87 6 0.23 0.81 6 0.13 NS
NECK (g/cm2) 0.96 6 0.18 0.83 6 0.12 p , 0.02
TROCH (g/cm2) 0.93 6 0.35 0.73 6 0.09 p , 0.02

Results are mean 6 SD.

TABLE 3B. BMD VALUES OF AMENORRHEAL AND MENSTRUATING PATIENTS AND CONTROLS

MEASURED AT DIFFERENT SKELETAL SITES

Patients Controls

Group A Group B Group An Group Bn

QCT (mg/cm3) 258 6 55 170 6 68 205 6 37 143 6 32
DXA (g/cm2) 1.18 6 0.15 1.00 6 0.27 1.02 6 0.12 0.88 6 0.13
pQCT (mg/cm3) 401 6 98 368 6 97 385 6 86 339 6 89
pQCTt (mg/cm3) 175 6 61 140 6 73 197 6 45 149 6 45
pQCTc (mg/cm3) 584 6 129 553 6 130 537 6 124 496 6 106
WT (g/cm2) 0.98 6 0.19 0.76 6 0.25 0.88 6 0.10 0.76 6 0.13
NECK (g/cm2) 1.05 6 0.15 0.86 6 0.16 0.88 6 0.13 0.79 6 0.09
TROCH (g/cm2) 0.99 6 0.33 0.87 6 0.37 0.76 6 0.07 0.71 6 0.10

Results are mean 6 SD. Group A, menstruating patients; Group B, amenorrheal patients; Group An,
menstruating controls; Group Bn, amenorrheal controls.

QCT: A vs. B p , 0.05; An vs. Bn p , 0.001
DXA: A vs. An p , 0.05; An vs. Bn p , 0.01
QCT, lumbar vertebral trabecular spine L1–L4 BMD; DXA, lumbar vertebral integral spine L2–L4

BMD, pQCT, integral ultradistal forearm BMD; pQCTt, trabecular ultradistal forearm BMD; pQCTc,
cortical ultradistal forearm BMD; WT, Ward’s Triangle BMD; NECK, femoral neck BMD; TROCH,
femoral great trochanter BMD.
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itive correlation with GH, but not with IGF-I. No correla-
tion was found between GH, IGF-1, IGFBP-3 levels, and
BMD measured at various sites. Stepwise multiple regres-
sion did not reach statistical significance, probably because
of the sample size.

DISCUSSION

Several studies have reported the anabolic effect of GH
on bone.(1,3,13–17,21) In vitro studies have shown that GH
can act both directly and indirectly on osteoblasts.(3–11)

Biochemical and histomorphometrical studies have re-
vealed that GH increases bone turnover,(19,20,33,34) the ef-
fect being higher for bone formation than for resorp-
tion.(1,15,36) Moreover, studies on GH-deficient children
showed an anabolic effect of GH on bone: the administra-
tion of substitutive therapy in prepubertal age caused
higher linear growth and bone mass in these patients.(21)

Also, in adults, GH deficiency has been shown to be asso-
ciated with lower BMD levels,(22,37) but the effects of GH
treatment on bone mass in these subjects are discor-
dant.(13,38–43) Studies on animal models showed that GH
supplementation increases BMD(36) and could counteract
the negative effect of the lack of estrogen on BMD.(44)

Several studies have shown an increased bone turnover
rate in acromegalic patients,(26–29,33,34) whereas data on
BMD are conflicting.(28–32) This could be due to the small
size of the samples studied, which included both male and
female acromegalic patients, not always with active disease.
Therefore, potential misleading factors, in particular go-
nadal status, could have influenced such results.

To limit the possible influence of such factors, we en-
rolled for this study only female patients with active acro-
megaly. They were divided into two groups with different
gonadal status but comparable as regards activity and du-
ration of the disease.

The results of our study, in accordance with previous
reports,(26–29) show that in acromegaly bone turnover is

increased; in fact the markers of both bone formation and
resorption are significantly higher than those of the control
subjects. The increase of bone turnover seems to be depen-
dent on a direct consequence of the chronic GH excess
since several markers of bone remodeling are correlated to
GH levels rather than to IGF-1 levels. This finding is con-
sistent with a direct action of GH on bone tissue, as sug-
gested by the demonstration of GH receptors on osteo-
blasts.(9,10) GH also induces a local skeletal production of
IGF-I, that is not entirely reflected by its total serum con-
centration.(45) Bone turnover markers did not significantly
differ between menstruating and amenorrheal patients.
This finding suggests that, at least in a small sample, GH
excess is the predominant factor in determining the accel-
erated bone turnover, possibly concealing the effects of
different estrogen milieu.

However, fasting urinary calcium excretion (Ca/Cr) was
significantly increased in amenorrheal versus menstruating
patients but not in amenorrheal versus menstruating con-
trols. This finding, in the presence of the same degree of
disease activity in the two groups of patients, suggests that
calcium balance may be more negative when the lack of
estrogens is associated with an increased bone turnover as
that induced by GH excess.

Our data demonstrate that GH excess is associated with
increased BMD at spine. This finding is due to the differ-
ence of BMD between patients and controls observed in
menstruating but not in amenorrheal subjects, suggesting,
therefore, that the anabolic effect of GH excess is evident in
the presence of normal estrogen levels.

The finding that our acromegalic patients showed lower
creatinine levels than controls, could suggest that the glo-
merular filtration rate may have an influence on BMD.
However, when compared with controls, serum creatinine
levels were significantly reduced only in amenorrheal pa-
tients, whose BMD was not increased, but not in acrome-
galic menstruating patients, having higher BMD. These
present data indicate, therefore, that there is no association
between lower serum creatinine levels and higher BMD.

FIG. 1. Mean Z values of BMD levels
measured at different skeletal sites: all
patients (white square), group A (diago-
nal line square), group B (black square).
Results are mean 6 SD. Group A, men-
struating subjects; Group B, amenor-
rheal subjects; QCT, lumbar vertebral
trabecular spine L1–L4 BMD; DXA,
lumbar vertebral integral spine L2–L4
BMD; pQCT, integral ultradistal fore-
arm BMD; pQCTt, trabecular ultradistal
forearm-BMD; pQCTc, cortical ultradis-
tal forearm BMD; WT, Ward’s Triangle
BMD; NECK, femoral neck BMD;
TROCH, femoral great trochanter
BMD. Significant p values are illustrated
in Table 4B.

1734 SCILLITANI ET AL.



Our data clearly demonstrate that the anabolic effect of
GH excess is present only at spine level but not in other
sites of similar bone composition such as forearm and WT.
Similarly, also in cortical bone, a different effect of GH
excess was observed in different sites, BMD being increased
in TROCH and NECK but not in forearm. However, since
the positive effect of GH excess on TROCH and NECK was
lost when subjects were analyzed by ANOVA according to
their gonadal status, caution is needed in the interpretation
of these data. The divergent effects of GH excess on dif-
ferent skeletal sites characterized by similar tissue compo-
sition are indicated also by the comparison of the mean Z
score values of BMD of several skeletal sites (Table 4B and
Fig. 1).

These findings suggest a regional site-specific sensitivity
of cortical and trabecular bone to GH excess possibly due to
a different mechanical loading; this phenomenon becomes
more evident in the presence of estrogens. Moreover, the
different mean Z values of cortical and trabecular bone
measured at forearm suggest that GH excess may exert
divergent effects on either trabecular or cortical tissue of
the same skeletal site. Finally, we did not find any signifi-
cant correlation between parameters of disease activity
and BMD, possibly because changes in bone turnover
induced by disease may not immediately result in BMD
modifications.

In conclusion, our data demonstrate that GH excess in-
creases bone turnover and that the anabolic effect of GH is
more evident in the presence of estrogens. Moreover, tra-
becular and cortical bone show different sensitivity to GH
excess at various skeletal sites.
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16. Wüster C 1993 Growth hormone and bone metabolism. Acta
Endocrinol 128 (Suppl 2):14–18.

17. Slootweg MJ 1993 Growth hormone and bone. Horm Metab
Res 25:335–347.

18. Corpas E, Harman SM, Blackman MR 1993 Human growth
hormone and human aging. Endocr Rev 14:20–39.

19. Brixen K, Nielsen HK, Mosekilde L, Flyvbjerg A 1990 A short
course of human growth hormone treatment stimulates osteo-
blasts and activates bone remodeling in normal human volun-
teers. J Bone Miner Res 5:609–618.

20. Marcus R, Butterfield G, Holloway L, Gilliland L, Baylink DJ,
Hintz RL, Sherman BM 1990 Effects of short-term adminis-
trations of recombinant human growth hormone to elderly
people. J Clin Endocrinol Metab 70:519–527.

TABLE 4A. MEAN Z SCORE VALUES OF BMD OF DIFFERENT

SKELETAL SITES IN ACROMEGALIC PATIENTS

All patients Group A Group B

QCT 1.86 6 3.42 3.15 6 3.82 0.44 6 2.33
DXA 1.23 6 2.31 2.11 6 2.35 0.26 6 1.94
pQCT 0.57 6 1.70 0.90 6 1.71 0.24 6 1.73
pQCTt 20.76 6 1.52 20.49 6 1.44 21.02 6 1.63
pQCTc 1.11 6 1.51 1.33 6 1.59 0.90 6 1.49
WT 0.71 6 1.99 1.65 6 1.99 20.22 6 1.56
NECK 1.66 6 2.20 2.92 6 2.11 0.38 6 1.48
TROCH 1.68 6 3.21 2.25 6 2.98 1.12 6 3.49

TABLE 4B. COMPARISON BETWEEN MEAN BMD Z SCORES OF

DIFFERENT SKELETAL SITES IN ACROMEGALIC PATIENTS

All patients Group A Group B

QCT vs. pQCTt p , 0.005 p , 0.01 NS
DXA vs. WT NS NS NS
NECK vs. pQCTc NS NS NS
TROCH vs. pQCTc NS NS NS
pQCTc vs. pQCTt p , 0.001 p , 0.05 p , 0.02

BONE INVOLVEMENT IN FEMALE ACROMEGALIC SUBJECTS 1735



21. Saggese G, Baroncelli GI, Bertelloni S, Cinquanta L, Di Nero
G 1993 Effects of long-term treatment with growth hormone in
bone and mineral development in children with growth hor-
mone deficiency. J Pediatr 122:37–45.

22. Rosén T, Hansson T, Granhed H, Szucs J, Bengtsson B-Å 1993
Reduced bone mineral content in adult patients with growth
hormone deficiency. Acta Endocrinol (Copenh) 129:201–206.

23. Rudman D 1985 Growth hormone, body composition and
aging. J Am Geriatr Soc 33:800–807.

24. Kelijman M 1991 Age-related alterations of the growth hor-
mone/insulin-like-growth-factor I axis. J Am Geriatr Soc 39:
295–307.

25. Romagnoli E, Minisola S, Carnevale V, Scarda A, Rosso R,
Scarnecchia L, Pacitti MT, Mazzuoli G 1993 Effect of estrogen
deficiency on IGF-I plasma levels: Relationship with bone
mineral density in perimenopausal women. Calcif Tissue Int
53:1–6.

26. Halse J, Gordeladze JO 1981 Total and non-dialyzable urinary
hydroxyproline in acromegalics and control subjects. Acta En-
docrinol 96:451–457.

27. De la Piedra C, Larranaga ECJ, Castro N, Horcajada C, Ra-
pado A, Herrera Pombo JL 1988 Correlation among plasma
osteocalcin, growth hormone, and somatomedin C in acromeg-
aly. Calcif Tissue Int 43:44–45.

28. Ezzat S, Melmed S, Endres D, Eyre DR, Singer FR 1993
Biochemical assessment of bone formation and resorption in
acromegaly. J Clin Endocrinol Metab 76:1452–1457.

29. Kotzmann H, Bernecker P, Hübsch P, Pietschmann P,
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