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Introduction and objective

Acromegaly is generally characterized by
a growth hormone (GH)-secreting pitu-
itary adenoma [1]. Most of the patients
have been exposed to GH in supraphysio-
logical doses for years (7-10 years) before
the diagnosis is established [2]. Growth
hormone and insulin-like growth factor-
1 (IGF-1) play a major role in bone home-
ostasisbyincreasingbone massandlinear
bone growth [3]. The anabolic effects of
GH on bones are well-known [4]. Al-
though GH stimulates both osteoblastic
and osteoclastic activities, it particularly
increases bone formation [4-6]. Besides,
IGF-1 which mediates peripheral effects
of GH, increases bone formation by stim-
ulating osteoblasts [7]. Both bone for-
mation and resorption are increased in
acromegalic patients with excessive se-
cretion of GH [7, 8]. Interestingly, unlike
acromegaly, hypopituitary patients with
GH deficiency are known to have bone
loss [9]. However it has not been possible
to clearly explain yet the effects of GH
excess on bone mineralization.
Traditionally, acromegaly has been
known as a cause of secondary osteo-
porosis [10]. In the earlier studies, one
attempted to explain the pathogenesis
by hypercalciuria and negative calcium
balance [11, 12]. However, conflicting
data related to the anabolic effects of GH
on bone metabolism render the issue
more complicated. In patients with ac-
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tive acromegaly, increased cortical bone
mass, as well as increased, decreased
or unaffected trabecular bone mass de-
pending also on gonadal functions were
reportedin alimited number of studies in
medical literature [13-15]. An increased
trabecular bone mass was reported by
Scillitani et al. [16] in eugonadal patients
with active acromegaly. In acromegaly,
in addition to conflicting findings in
bone mineral density, it is not clear
whether or not the risk of fracture is
increased in bones exposed to excessive
amounts of GH/IGF-1.

In this study we aimed to assess
bone mineral density (BMD) in active
acromegalic patients with known high
GH and/or IGF-1 levels.

Materials and methods

Twenty-nine patients with newly di-
agnosed active acromegaly applying to
endocrinology outpatient clinic of Erzu-
rum Regional Training and Research
Hospital (mean age 46.10 + 13.27 years
and mean body mass index [BMI]:
2951 = 491 kg/m?) and 42 healthy
individuals of age and BMI matching
(mean age 40.35 £ 11.74 years; mean
BMI: 28.18 + 7.35 kg/m?) were in-
cluded into the study (@Table 1). All
patients presented with symptomatic
acromegaly. Baseline serum levels of
glucose, calcium, phosphorus, GH, IGF-
1, follicle-stimulating hormone (FSH),

luteinizing hormone (LH), estradiol,
progesterone, total testosterone, cor-
tisol, adrenocorticotrophic hormone
(ACTH), thyroid stimulating hormone
(TSH), dehydroepiandrosteron sulphate
(DHEA-S), and prolactin were mea-
sured. All the patients underwent oral
glucose tolerance test and GH suppres-
sion test after 12 h of fasting, performed
by the intake of 75 g of glucose between
8 and 9 oclock (0 min) in the morning
and during the oral glucose tolerance
testing, serum glucose and GH levels
were measured at 0, 30, 60, 90, 120 min.
The diagnosis of acromegaly was es-
tablished according to clinical findings
as well as IGF-1 levels higher than the
reference range adjusted for age and sex
as well as unsuppressed GH during GH
suppression test [17]. The GH values
were not suppressed to less than 1 ng/ml
in any patient in the acromegaly group
during the GH suppression test [17].
Serum prolactin levels were within nor-
mal range. At the time of oral glucose
tolerance test (OGTT), 3 patients had
diabetes mellitus; however, impaired glu-
cose tolerance was detected in 5 patients
in the acromegaly group. In addition,
all patients in the acromegaly group
had normal gonadal and adrenal func-
tions or received hormone replacement
therapy for the treatment of hypopitu-
itarism during the previous 6 months.
Other risk factors for secondary os-
teoporosis were ruled out. No patient
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Table1 Demographicdatain ourstudy population

Acromegaly group Control group p
n: 29 n: 42
Age 46.10 £ 13.27 4035+ 11.74 NS
Height (m) 1.65+1.10 1.63 +£0.08 NS
Weight (kg) 81.10+ 16.11 75.30+£19.27 NS
BMI (kg/m?) 29.51 +£4.91 28.18+7.35 NS

ACTH adrenocorticotrophic hormone, BMI body mass index, FSH follicle-stimulating hormone,
LH luteinizing hormone, NS not significant, OGTT oral glucose tolerance test

Table2 Hormonal and biochemical profiles in our study population

Acromegaly group Control group p

n: 29 n: 42
GH (ng/ml) 12.61+11.34 0.59£0.81 0.0001
IGF-1 (ng/ml) 676.47 £316.19 178.17 £57.11 0.0001
Cortisol (ug/dI) 11.90 £7.22 10.89 + 4.40 NS
PRL (ng/ml) 18.60 £ 19.52 10.88 + 8.50 NS
LH (mIU/ml) 6.90 £9.33 9.94+10.99 NS
FSH (mIU/ml) 16.68 +21.85 15.91£21.53 NS
E2 (pg/ml) 52.67 £47.51 93.64+115.56 0.047
TSH (mIU/1) 1.03 £0.82 1.34+£0.84 NS
Progesterone (ng/ml) 1.87 +£3.73 2.52+4.16 NS
DHEAS (ug/dl) 118.99 +£90.18 158.11+£115.18 NS
Ca (mg/dl) 9.26 £ 0.61 9.40£0.39 NS
P (mg/dl) 3.89+0.61 346 +0.54 NS
25-0OH vitamin D (ng/ml) 18.42 +22.64 18.94 +23.44 NS
Fasting glucose (mg/dl) 120.62 +70.72 93.06 + 18.34 0.02

sulphate, Ca calcium, P phosphorus

Normal range: TSH: 0.3-4.9 mIU/I; ACTH: 0-46 pg/ml; 25-OH vitamin D: >30 ng/ml
GH growth hormone, IGF-1 insulin like growth factor-1, LH luteinizing hormone, FSH follicle-stim-
ulating hormone, E2 estradiol, TSH thyroid stimulating hormone, DHEAS dehydroepiandrosteron

was taking any medication that might
influence the BMD. Those patients on
medication due to known osteoporosis,
patients on medications that might affect
bone metabolism, those with coexist-
ing endocrinological disorder such as
polycystic ovary syndrome, hyperthy-
roidism, hyperparathyroidism, patients
with a history of chronic alcohol con-
sumption, as well as patients with chronic
liver diseases and chronic renal diseases
were excluded from the study. A written
informed consent form was obtained
from each subject.

Anthropometric measurements

Body weights (kg) and heights (cm) were
measured without shoes. BMI was ex-
pressed as weight (kilograms) per height
(meters) squared.
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Dual energy x-ray absorptiome-
try (DXA)

In our study, the femur and lumbar ver-
tebral (L1-L4) BMD values were mea-
sured by DXA (Stratos-Dexa digital fast
beam whole body densitometer). The
patients were placed on the imaging ta-
ble in the supine position in accordance
with technique of DXA. The bone min-
eral density measurements of proximal
femur were obtained from various areas
including femur neck, intertrochanteric
area, trochanter, and Ward’s triangle. To-
tal femoral BMD was calculated by using
mean BMD of the femoral regions. Pos-
teroanterior images of the lumbar spine
vertebral bodies (L1-14) were calculated.
A t-score (the difference of standard de-
viation [SD], is calculated according to
the peak bone mass of young adults from

the same race and sex) and z-score (the
difference of standard deviation [SD], is
calculated in the healthy controls from
the same race, age, and sex). A t-score
between -1 and -2.5 SD is defined as
osteopenia. A t-score of <-2.5 SD is de-
fined as osteoporosis. Bone mineral den-
sity was calculated by dividing the bone
mineral content (BMC) to the estimated
areas of scanned images (BMD = BMC/
area [g/cm ?]).

Biochemical analysis

Serum levels of glucose, calcium, phos-
phorus, 25-OH vitamin D, GH, IGF-1
were measured at baseline conditions fol-
lowing 12 hours of fasting. Serum glucose
levels and GH secretion were evaluated
in the blood samples obtained at 30 min
intervals at 30, 60, 90 and 120 min. In
addition, hormone profiles were deter-
mined by the measurements of FSH, LH,
cortisol, progesterone, estradiol, cortisol,
TSH, prolactin, and DHEA-S in baseline
conditions at the 0 min of the OGTT.
All the blood samples were subsequently
centrifuged, the serum was separated and
the serum samples were stored at 20 °C
until analysis. Glucose levels were de-
termined by using enzymatic colorimet-
ric method (Beckman Coulter AU2700
plus). Serum total testosterone, pro-
gesterone, estradiol, cortisol, prolactin,
and DHEA-S levels were determined by
enzyme chemiluminescence (Siemens
IMMULITE 2000 xpi, Advia Centaur®
XP Immunoassay System). FSH, LH,
TSH, and 25-OH vitamin D levels were
determined by chemiluminescence as-
say (Siemens IMMULITE 2000 xpi, Ad-
via Centaur® XP Immunoassay System
[Siemens Medical Solutions Diagnos-
tics Tarrylown NY 10591-5097 USA]).
Serum human GH levels were measured
with enzyme chemiluminescence assay
by using Siemens IMMULITE 2000 xpi
(Diagnostic Products Corporation, Los
AngelesUSA). Serum IGF-1 levels were
measured with enzyme immunoassay
Siemens IMMULITE 2000 xpi (Siemens
Healthcare Diagnostics Inc., Los An-
geles, USA). Serum phosphorus levels
were measured through photometric UV
test by Beckman Coulter AU 2700 plus
(Beckman Coulter, Inc., Fullerton, ©



Abstract - Zusammenfassung

Copyright 2007 Beckman Coulter, Inc.
Printed in U.S.A.). Serum calcium levels,
however, were measured through pho-
tometric color test by Beckman Coulter
AU 2700 plus (Beckman Coulter, Inc.,
Fullerton, © Copyright 2007 Beckman
Coulter, Inc. Printed in U.S.A.).

Statistical analysis

SPSS statistics 17 was used for statistical
analysis. All of the results were expressed
as mean + standard deviation (SD). Dif-
ferences the between groups were tested
by independent student’s t test. The rela-
tionship between variables was evaluated
by Pierson’s correlation test. A p value
less than 0.05 was considered statistically
significant.

Results

The mean serum levels of GH and IGF-1
were 12.61 + 11.34 ng/ml and the serum
676.47 £316.19 ng/ml, respectively, inthe
acromegaly group. On the other hand,
the mean serum level of GH and IGF-1 in
the control group were 0.59 + 0.81 ng/ml
and 178.17 + 57.11 ng/ml, respectively.
Both serum GH levels (p = 0.0001) and
IGF-1 levels (p = 0.0001) were found sig-
nificantly elevated in acromegaly group.
The hormonal profiles of the study groups
are shown in @ Table 2. The gonadal sta-
tus in acromegaly group was not different
from control subjects.

The mean total hip BMD was deter-
mined as 1.01 + 0.16 g/cm?, t-score as
-0.33 + 1.16, z score as 0.08 £ 1.05; the
mean total L1-L4 BMD was found to
be 0.98 + 0.14 g/cm?, t-score —0.87 *
1.18, and z-score -0.28 + 1.30 in the
acromegaly group. The mean total hip
BMDwasdeterminedas1.00+0.08 g/cm?,
t-score as 0.17 * 0.84, z score as 0.39 *
0.83; the mean total L1-L4 BMD was
0.94 + 0.12 g/cm?, t-score -1.00 + 1.11,
and z-score -0.55 + 1.03 in the con-
trol group. Only total hip t-score was
determined to be significantly lower in
the acromegaly group compared to the
control group (p = 0.037). No statisti-
cally significant differences were found
between the other parameters. All DXA
results are shown in @ Table 3.
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Abstract

Objective. Growth hormone (GH) and insulin-
like growth factor-1 (IGF-1) play a major role
in bone homeostasis. In this study, we aimed
to assess bone mineral density (BMD) in active
acromegaly.

Materials and methods. A total of 29 patients
with active acromegaly (age 46.10 +

13.27 years; body mass index [BMI]: 29.51 +
4.91 kg/m?) and 42 healthy individuals
matched for age and BMI (age: 40.35 +

11.74 years; BMI: 28.18 + 7.35 kg/m?) were
included in the study. BMD was measured by
DXA.

Results. The mean levels of GH and IGF-

1 were found to be 12.61 + 11.34 ng/ml

and 676.47 + 316.19 ng/ml in acromegaly,
respectively, while the mean levels of GH and
IGF-1 were found to be 0.59 + 0.81 ng/ml (p =
0.0001) and 178.17 = 57.11 ng/ml (p = 0.0001)
in the control group, respectively. Only total
hip t-score was determined to be significantly
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lower in acromegaly compared to the control
group (p = 0.037). No significant differences
were found between the other parameters
in DXA and only a positive correlation was
found between IGF-1 levels and L1-L4 BMD
(r=0.259, p = 0.029).

Conclusions. Although GH and IGF-1 levels
were increased in acromegalic patients, no
significant difference was found in terms of
vertebral BMD. Only hip t-scores were found
to be lower in acromegalic patients, but this
low hip t-score did not reach the osteopenic
level. The positive correlation between IGF-1
and lumbar vertebral BMD suggested a more
prominent effect of IGF-1 on BMD compared
to GH.

Keywords
Acromegaly - Bone mineral density - Insulin
like growth factor-1 (IGF-1)

Zusammenfassung

Ziel. Wachtumshormon (,growth hormone”,
GH) und der insulindhnliche Wachstumsfaktor
1 (,insulin-like growth factor 17 IGF-

1) spielen eine wichtige Rolle bei der
Knochenhomdostase. Ziel dieser Studie war
es, die Knochenmineraldichte (,bone mineral
density”, BMD) bei aktiver Akromegalie zu
beurteilen.

Material und Methoden. Neunundzwanzig
Patienten mit aktiver Akromegalie (Alter:
46,10 + 13,27 Jahre; Body-Mass-Index [BMI]:
29,51 + 4,91 kg/m?) und 42 gesunde Personen
mit entsprechendem Alter und BMI (Alter:
40,35 + 11,74 Jahre; BMI: 28,18 + 7,35 kg/m?)
wurden in die Studie eingeschlossen. Die
BMD wurde mittels DXA gemessen.
Ergebnisse. Die mittleren GH- und IGF-1-
Serumspiegel bei Akromegalie betrugen
12,61 + 11,34 ng/ml bzw. 676,47 +

316,19 ng/ml, wéhrend die mittleren GH- und
IGF-1-Serumspiegel in der Kontrollgruppe bei
0,59 + 0,81 ng/ml (p = 0,0001) bzw. 178,17 =
57,11 ng/ml (p = 0,0001) lagen. Der T-Score
der Gesamthiifte war signifikant niedriger bei

Auswirkungen hoher Wachstumshormon- und IGF-1-
Serumspiegel auf die Knochenmineraldichte bei Akromegalie

Akromegalie im Vergleich zur Kontrollgruppe
(p = 0,037). Es wurden keine signifikanten
Unterschiede zwischen den anderen DXA-
Parametern gefunden, und zwischen den
IGF-1-Serumspiegeln und der BMD in L1-L4
wurde lediglich eine positive Korrelation
festgestellt (r = 0,259, p = 0,029).
Schlussfolgerungen. Obwohl bei Patienten
mit Akromegalie erh6hte GH- und IGF-1-
Serumspiegel festgestellt wurden, gab es
keine Hinweise auf signifikante Unterschiede
beziiglich der BMD der Wirbelsaule. Der
T-Score der Hiifte war bei Patienten mit
Akromegalie niedriger. Diese niedrigen
T-Score-Werte der Hiifte erreichten jedoch
kein osteopenisches AusmaR. Die positive
Korrelation zwischen IGF-1 und der BMD im
Lendenwirbelsdulenbereich zeigte, dass IGF-1
im Vergleich zu GH eine gréBere Auswirkung
auf die BMD hat.

Schliisselworter
Akromegalie - Knochenmineraldichte -
Insulindhnlicher Wachstumsfaktor 1 (IGF-1)
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Table 3  Results of DXA in our study population

Acromegaly group Control group p

n: 29 n: 42
Total femur BMD 1.01+0.16 1.00+0.08 NS
Total femur t-score -033+1.16 0.17+0.84 0.037
Total femur z-score 0.08 + 1.05 0.39+0.83 NS
Total lumbar BMD 0.98 £0.14 0.94+0.12 NS
Total lumbar t-score -0.87+1.18 -1.00£ 1.1 NS
Total lumbar z-score -0.28 +1.30 -0.55+1.03 NS
BMD bone mineral density, DXA dual energy X ray absorbsimetry
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Fig. 1 A Correlation graphic: The positive correlation was found between the serum IGF-1 levels and
total lumbar (L1-L4) BMD (r=0.259, p =0.029) in study population./GF-1 insulin like growth factor-1,

BMD bone mineral density

Using Pearson’s correlation analysis,
a positive correlation was only found be-
tween the serum IGF-1 levels and L1-1L4
BMD (r = 0.259, p = 0.029) in our study
population (B Fig. 1). No significant cor-
relation was found between the serum
GH levels and DXA parameters.

Discussion

GH and its peripheral modulator IGF-1
play major roles on bone mineralization.
Our study revealed that BMD was not af-
fected in patients with active acromegaly
apart from femoral mineral density. Al-
though our data indicated that only to-
tal hip t-score was statistically signifi-
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cantly lower in acromegaly compared to
the control group, this decrease was not
yet at the level of osteoporosis or os-
teopenia. Certain previous studies in
the medical literature reported increased
bone turnover [18] and decreased BMD
in acromegaly [19]; however, in a study
conducted by Mazziotti G et al. [20],
BMD was found normal in acromegalic
males. The presence of hypogonadism in
acromegalic patients may be due to the
difference between the studies. In our
study, hypogonadism was not present in
patients with acromegaly except three pa-
tients, and these patients took hormone
replacement therapy for atleast 6 months.

It is also well known that BMD is
not a good indicator of fracture risk
[21]. In spite of a normal BMD in
postmenopausal active acromegaly, the
development of asymptomatic vertebral
fractures has been reported earlier [22].
The negative influence on trabecular
bone in acromegaly was particularly
pointed out by Madeira M et al. [23];
however, no hip fracture was detected
in our study in spite of statistically sig-
nificantly decreased femoral t-score. In
a study investigating osteoporosis and
the prevalence of vertebral fracture in
acromegalic patients, Padova G et al.
[11] revealed the presence of osteoporo-
sis and osteopenia at a rate of 58-74 %,
by using DXA and quantitative ultra-
sound [11]. The results of that study
showed a decreased BMD in femoral
region. Ostepenia was reported for the
first time in that study, in a similar way
to our study. Padova G et al. [11] sug-
gested that this situation had developed
independently from the disease activity
or hypogonadism.

Inarestricted number of studies inves-
tigating fracture risk in acromegalic pa-
tients, vertebral fractures were detected
even in acromegalic patients with a nor-
mal t-score [11]. The vertebral fracture
risk in acromegaly was reported as 59 %
by Vassenaar et al. [24]. In this study,
the subgroup analysis also revealed that
the result developed independent from
BMD. Therefore, more advanced meth-
ods are required in the investigation of
bone metabolism in acromegaly. The
bone turnover rate is known to increase
in chronic GH/IGF-1 excess [11]. Fur-
thermore, bone resorption markers are
also known to increase relatively to bone
formation markers, and actually these
markers may be used in clinical prac-
tice in order to reflect the degree of bone
loss [11, 25]. In our study, bone turnover
markers could not be studied due to tech-
nical reasons.

Accordingtoour findings, we detected
only a slight decrease in femoral t-score
even no level of osteopenia. Chronic
and long-standing GH/IGF-1 excess in
acromegaly may lead to unfavorable
changes in the femoral microarchitec-
ture. Our findings may be speculated as
the requirement of further studies where



the cortical bone density of other bones
including femur is evaluated by using
histomorphometry, QTC, or MRI, even
if DXA may give a clue for fracture risk,
it cannot be used in the assessment of
bone quality.

Hiibsch et al. [26] reported that BMD
was found elevated in femoral neck and
Ward’s triangle due to the anabolic effects
of GH; however, osteoporosis was not de-
tected in the radiological examinations.
Nevertheless, in acromegaly, mineraliza-
tion may also vary among the bones.
When Jockenhovel et al. [27] evaluated
cortical and trabecular bones separately
in acromegalic patients by using periph-
eral CT and specific scanner (Stratec XCT
900), they found a prominent increase in
cortical BMD but no difference was found
in spinal BMD [27]. However different
they might be from other studies, cor-
tical bone measurements were obtained
from ultradistal radius in that study [27].
This situation may be explained by the
effects of GH/IGF-1 on osteoclasts. GH
stimulates both recruitment and activity
of osteoclasts. On the other hand, Ue-
land et al. [28] asserted an increase in
osteoclast like cells. Moreover, GH and
IGF-1 stimulate both osteoblasts and os-
teoclasts [28].

The unique positive correlation was
found between lumbal BMD and IGF-1
levels in our study suggesting the more
prominent role of IGF-1 in bone mineral
density in comparison to GH. The effects
of GH excess on the axial skeleton differ
from its effects on appendicular skeleton.
While the vertebral density has been re-
ported as reduced or unchanged, certain
studies have reported an increased min-
eralization at forearm bone [8, 11, 12,
29]. IGF-1 regulates the differentiation
of osteoclasts [30] and osteoblasts [31] at
the cellular level. Low BMD was reported
in mice with knock-out IGF-1 gene [32].
The detection of impaired chondrocyte
maturation and short femur length in
mice with deleted IGF-1 gene accentu-
ates the presence of the role of IGF-1
in chondrocyte differentiation [32]. The
role of IGF-1 in cortical bone may be
more important than its role in trabecu-
lar bone [33]. The osteoporotic fracture
risk was reported as 3.1-fold higher in
postmenopausal women with low IGF-

1 levels [34, 35]. However, one year of
treatment with low dose of IGF-1 did
not increase BMD in healthy postmeno-
posal women [34, 36]. In addition, it is
not clear that longer treatments or higher
doses might be beneficial. Further stud-
ies are required to be carried out for the
effects of chronic IGF-1 excess on cor-
tical and trabecular bone in acromegaly.
A better understanding of the issue may
render possible the development of new
agents concerning the GH/IGF-1 axis in
the treatment of osteoporosis.

Likewise, Perrini et al. [37] showed
that the decrease of GH levels with the age
resulted in the reduced bone mass. The
impaired GH axis may be important in
postmenopausal and senile osteoporosis
[11]. In acromegaly, the decrease of GH
and/or IGF-1 levels following the treat-
ment may influence bone mineralization
in a similar way. However, our study
was a cross-sectional study, and post-
treatment bone mineral density measure-
ments were not performed. Further stud-
ies are required on this issue. In addition,
somatostatin analogues administered in
the treatment of acromegaly may also
affect bone mineralization.

In conclusion, hip t-scores were found
to be lower in acromegalic patients in
comparison to the control patients.
Although GH and IGF-1 levels were
found elevated in acromegalic patients,
no difference was found between the
acromegalic patients and control pa-
tients in spinal BMD. However, the
positive correlation that was determined
between serum IGF-1 levels and lumbal
BMD suggested the more prominent
effect of IGF-1 on bone mineral density
in comparison to GH.
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