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Abstract 

Context: Acromegalic patients have an increased vertebral fracture (VFx) risk due to 
bone quality reduction, independently of bone mineral density (BMD).
Objective: The aim of the study is to describe bone quality in acromegaly, measured by 
trabecular bone score (TBS), a noninvasive index for assessing bone microarchitecture.
Methods: We collected data from 18 patients (13 female, age 56.2 ± 15  years) newly 
diagnosed with acromegaly. Thirty-six age- and sex-matched healthy controls were also 
recruited. Pituitary function, bone and calcium-phosphorous metabolism, and BMD at 
spine and femur and TBS (by dual-energy x-ray absorptiometry) were assessed in acro-
megalic patients at diagnosis and 12 months after the achievement of insulin-like growth 
factor 1 (IGF-1) normalization.
Results: At diagnosis, BMD and the VFx prevalence were comparable between 
patients and controls (28.3 ± 5.9 vs 27.6 ± 3.7 and 11% vs 8.3%), whereas TBS was 
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significantly lower in acromegalic patients (1.20 ± 0.13 vs 1.30 ± 0.06; P < .001) and 
carboxyterminal telopeptide (CTX) and osteocalcin were significantly higher compared 
to controls (707 ± 365.7 vs 371 ± 104.1 pg/mL; P = .001 and 31.6 ± 15.4 vs 17.0 ± 5.7 ng/
mL; P = .001, respectively). One year after IGF-1 normalization, a significant reduction 
of bone turnover indexes was observed in the group of acromegalic patients surgi-
cally cured (osteocalcin decrease of 61.2%, CTX decrease of 60.3%) compared to the 
ones controlled by medical therapy (osteocalcin decrease of 39%, CTX decrease of 
40.7%; P = .01 and P = .001, respectively). Despite these findings, no TBS or BMD vari-
ations were observed.
Conclusion: Acromegalic patients have impaired bone quality despite normal density. 
Achieving normal growth hormone secretion rapidly leads to the normalization of bone 
turnover.

Key Words: acromegaly, TBS, bone metabolism, osteoporosis

Acromegaly is a systemic disease characterized by chronic 
exposure to high growth hormone (GH) and insulin-like 
growth-factor 1 (IGF-1) serum levels. Both these hormones 
regulate bone metabolism through life, promoting longitu-
dinal bone growth and mass acquisition during childhood 
and preserving bone mass and calcium homeostasis during 
adulthood [1].

In acromegaly, the chronic exposure to elevated GH and 
IGF-1 concentrations leads to an increase in bone turnover 
with a negative calcium balance [1-4]. Published data on 
bone mineral density (BMD) in acromegaly are very het-
erogeneous, with reports both of decreased and increased 
BMD [5, 6].

Importantly, acromegalic patients seem to have a higher 
vertebral fracture (VFx) risk regardless of BMD, suggesting 
that GH chronic excess may alter bone quality besides bone 
density [7-12].

Bone quality can be directly assessed by transiliac crest 
bone biopsy or by computed tomography (CT) study (high-
resolution peripheral quantitative computed tomography, 
HRpQCT, or high-resolution-cone beam computed tomog-
raphy, HR-CBCT) [13, 14] and magnetic resonance imaging 
[15-17]; but these techniques are invasive and not routinely 
available. The trabecular bone score (TBS) is a new, gray-
level, textural measure that can be extracted from the 2-di-
mensional lumbar spine dual-energy x-ray absorptiometry 
(DXA) image to estimate trabecular microstructure. TBS 
is useful, in addition to BMD, to determine patients’ frac-
ture risk [18-22]. The relationship between TBS texture and 
3-dimensional microarchitecture parameters has been con-
firmed in several in vivo studies, reporting a significant cor-
relation between TBS and bone histology parameters, such 
as trabecular space and number and trabecular connective 
density [21, 23, 24]. A higher TBS value may relate to a 
better skeletal texture, reflecting a strong, fracture resistant 
microarchitecture, whereas a lower one may reflect weak, 

fracture-prone bone microarchitecture. Several studies have 
reported a link between TBS and fracture risk independ-
ently of BMD in primary and secondary osteoporosis and 
after pharmacological treatment [18, 22, 25, 26].

The aim of this study is to describe bone density and 
quality, as measured by TBS, in acromegalic patients and 
to assess the effect of disease control on these parameters.

Material and Methods

Participants

We screened data from all (n = 27) patients newly diag-
nosed with acromegaly due to a pituitary adenoma at our 
center between December 2012 and 2015. Acromegaly was 
diagnosed on the basis of failure of suppression of GH to 
less than 0.4 µg/L during a standard oral glucose tolerance 
test (OGTT), in association with serum IGF-1 levels greater 
than the normal age- and sex-adjusted range. OGTT was 
performed after an overnight fast and collecting blood sam-
ples at 0, 30, 60, 90, and 120 minutes [27].

Based on thinly sliced magnetic resonance imaging or 
CT scanning of the sellar region, with and without contrast 
enhancement, a macroadenoma was defined as a pituitary 
tumor with a maximum diameter greater than or equal to 
10 mm and a microadenoma as a pituitary tumor with a 
maximum diameter of less than 10 mm.

Exclusion criteria at time of diagnosis of acromegaly 
were 1) diagnosis of multiple endocrine neoplasia type 1; 
2) current or past history of secondary forms of osteopor-
osis, such as isolated hyperparathyroidism, hypogonadism 
(with the exception of menopausal state), bowel diseases, 
hyperthyroidism, chronic renal failure, alcoholism or 
eating disorders, hematological, and rheumatologic dis-
eases; 3) current or past treatments affecting bone metab-
olism (ie, glucocorticoid treatments, medical therapies for 
osteoporosis). Eventually, after meeting exclusion criteria, 
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we enrolled 18 acromegalic patients (13 women, age 
56.2 ± 15 years).

Thirty-six nonacromegalic individuals from our out-
patient clinics for endocrinological disease with no impact 
on bone metabolism (ie, thyroid nodes), matched for age, 
sex, menopausal state, smoking habits, and body mass 
index (BMI) to the patient group were selected as controls 
on the basis of the same exclusion criteria used for the 
acromegalic participants.

As per our protocols, to normalize vitamin D (25OHD) 
levels, all patients with 25OHD concentration below 30 ng/
mL (SI units 74.8 nmol/L) received cholecalciferol supple-
mentation. An oral bolus of 100 000  IU or 300 000  IU 
of cholecalciferol was administered to patients with 
25OHD levels between 10 and 30 ng/mL (SI units 24.9-
74.8 nmol/L) and below 10 ng/mL (SI units 24.9 nmol/L), 
respectively. Subsequently, in all patients a cholecalciferol 
supplementation of 50 000 IU monthly and 400 IU daily 
was recommended [28], and in those with a calcium intake 
of less than 1000 mg/day also an oral calcium carbonate 
supplementation (500 mg/day or 1000 mg/day in patients 
with an estimated calcium intake above or below 500 mg/
day, respectively) was prescribed [29, 30].

The study protocol was approved by the Fondazione 
IRCCS Ca’ Granda Ospedale Maggiore Policlinico Ethical 
Committee (protocol No. 1755).

All patients signed an informed consent to participate 
in the study according to the indications for Good Clinical 
Practice.

Study Protocol

We recorded and analyzed data from patients at 2 standard 
points: at the diagnosis of acromegaly and 12 months after 
the achievement of cure or control of the disease.

Patients were considered cured after achievement of normal 
serum IGF-1 levels, sex- and age-standardized, in association 
with nadir GH after OGTT below 0.4 mcg/L without con-
comitant use of medical therapy. Biochemical control was de-
fined as the presence of normal serum IGF-1 levels and basal 
GH levels (mean of at least 3 samples) below 1 mcg/L during 
medical therapy with somatostatin analogues (SSAs) [27].

The data of matched controls were analyzed only at the 
study enrollment.

Pituitary function was assessed both at diagnosis and 
follow-up by measuring basal hormone levels (IGF-1, thy-
roid and gonadal function) or by both basal and dynamic 
testing (GH, adrenal function). Hypopituitarism was de-
fined for each axis as follows: hypoadrenalism, by low 
morning cortisol (< 5 mcg/dL/SI units 138 nmol/L) and/or 
an insufficient response to an adrenocorticotropin stimu-
lation test (peak cortisol < 18 μg/dL/SI units 500 nmol/L); 

hypothyroidism, by low free plasma thyroxine with normal 
or low plasma thyrotropin levels; GH deficiency (GHD) 
by insufficient response to growth hormone–releasing hor-
mone plus arginine test (adjusted by BMI) performed in pa-
tients with IGF-1 below the 50th percentile in the age- and 
sex-matched range [31], and hypogonadism, by low serum 
total testosterone in the presence of low or inappropriately 
normal serum luteinizing hormone and follicle-stimulating 
hormone in men and by amenorrhea or by low or 
normal luteinizing hormone and follicle-stimulating hor-
mone in women of menopausal age. The presence of 
hyperprolactinemia was documented. Hyperprolactinemia 
was defined as prolactin levels higher than 15 mcg/L in men 
and 25 mcg/L in women.

Both at diagnosis and the end of the follow-up we evalu-
ated parathyroid hormone (PTH), 25OHD, serum, and 
24-hour urinary calcium, serum and 24-hour urinary phos-
phate, carboxyterminal telopeptide (CTX), osteocalcin 
and total alkaline phosphatase (ALP) levels, BMD by DXA 
(Hologic Discovery, software version 13.3:3; Hologic) at 
lumbar spine (LS, precision 1.0%), femoral neck (FN, pre-
cision 1.8%), and total femur (precision 1.7%) and TBS 
automatically calculated from the DXA lumbar scan [20]. 
LS TBS was derived for each DXA examination using TBS 
iNsight software (Medimaps SASU). The mean value of the 
vertebrae from L1 to L4 was calculated, and vertebrae af-
fected by fracture were excluded DXA from analysis [18, 
20]. TBS data were reported as absolute value and classi-
fied as grade 1 (TBS ≥ 1.350, normal), grade 2 (TBS 1.200-
and 1.350, mildly decreased), and grade 3 (TBS ≤ 1.200, 
frankly decreased) reduction [18-32].

VFx were diagnosed on visual inspection using the 
semiquantitative visual assessment (SQ) previously described 
by Genant and colleagues, and fractures assessed on lateral 
thoracolumbar spine radiographs were defined in the presence 
of a greater than 20% reduction in anterior, middle, or pos-
terior vertebral height: 13 vertebrae (from thyroxine to L4) 
were evaluated visually and classified as intact (SQ grade 0) or 
as having mild (20%-25% compression), moderate (25%-
40% compression), or severe (> 40% compression) deformity 
(SQ grades 1, 2, and 3, respectively) [33].

Radiographic fracture scoring was assessed by an indi-
vidual scorer who is part of our dedicated team of endo-
crinologists expert in bone metabolism. In the longitudinal 
scoring the x-rays were individually evaluated and, because 
of the study design, the scorer was not blinded.

Outcomes of the study were to assess bone mineral 
and quality, as measured by TBS, and prevalence of VFx 
in active acromegalic patients. We analyzed these data in 
a cross-sectional evaluation (primary outcome) and in a 
longitudinal evaluation after disease control or cure (sec-
ondary outcome).
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Hormonal Assays

GH was assayed with a chemiluminescence method 
(Immulite 2000, Siemens Medical Solutions Diagnostics) with 
a detection limit of 0.01  mg/L. Standards were calibrated 
to the World Health Organization international standard IS 
98/574. IGF-1 levels were measured by a chemiluminescent 
immunometric assay (Immulite 2000 IGF-I; Siemens Medical 
Solutions Diagnostics), with an intra-assay and interassay co-
efficient of variation of 2.9 and 7.4%, respectively. Standards 
were calibrated to the World Health Organization inter-
national standard IRR87/518. IGF-1 values were compared 
with those from an appropriate age- and sex-adjusted range 
and expressed as SD scores (SDS) as previously described [28].

Serum and urinary calcium, albumin, and phosphate 
were measured by standard colorimetric techniques. Serum 
intact PTH was measured by electrochemiluminescence 
immunoassay (normal values, 15-65  pg/mL). The serum 
25OHD concentration was measured by chemilumin-
escent immunoassay (normal values ≥ 30  ng/mL/SI 
units 74.8  nmol/L). Serum osteocalcin (normal values, 
5-65  ng/mL) was measured by the Invitrogen human 
Osteocalcin Enzyme Amplified Sensitivity Immunoassay 
(Life Technologies) and serum CTX was determined by 
the Serum CrossLaps enzyme-linked immunosorbent 
assay (Immunodiagnostic System Ltd) according to the 
manufacturer’s assay procedure.

Statistical Analysis

Data are expressed as mean ± SD) unless otherwise stated. 
Statistical analysis was carried out using paired or unpaired 
2-tailed t  test as appropriate. Categorical variables were 
compared by Fisher exact test or chi-square test as appro-
priate. Logistic analysis was carried out by SPSS (version 
17.0). P values less than .05 were considered statistically 
significant.

Results

Patient Demographics and Pituitary Function at 
Baseline

As shown in Table 1, 72% of patients were female and 
the mean age at diagnosis was 56.2 ± 15  years. The es-
timated duration of the disease prior to diagnosis was 
8.5 ± 7.2  years. Neuroradiological imaging revealed a 
macroadenoma in 55.5% of cases. At diagnosis GH con-
centration was 16.1 ± 47.4  mcg/L while the mean nadir 
GH after OGTT was 13.5 ± 38.6 mcg/L. The mean IGF-1 
serum levels were 656 ± 251  ng/mL (6.8 ± 4.1  SDS). No 
concomitant hypersecretions were observed. Pituitary de-
ficiencies were found in 3 patients (16.6%), all presenting 

with hypoadrenalism. Fifty-four percent (6/13) of female 
patients were postmenopausal and none of them under-
went hormonal replacement. Five patients (28%) were 
diagnosed with diabetes at diagnosis. All patients were in 
optimal glycemic control without medical therapy (average 
glycated hemoglobin A1c, 6.6 ± 0.6% SI units 49 mmol).

As per the inclusion criteria of the study, controls were 
recruited by age, sex, BMI, smoking habit, and menopausal 
state matched to patient’s group. No significant differences 
in terms of alteration of glucose metabolism were observed 
between control individuals and patients.

Cross-sectional study
The clinical and biochemical characteristics of patients and 
controls are reported in Table 1. Age, sex distribution, BMI, 
PTH, serum phosphate, ALP, vitamin D, spinal and femur 
BMD and of VFx were comparable between patients and 
controls. In particular, 2  patients showed VFx (1 patient 
with a grade 1 anterior wedge deformity in L1, and 1 pa-
tient with 2 fractures, a grade 1 anterior wedge deformity 
in L1, and a grade 2 anterior wedge deformity in D12).

At variance were serum and urinary calcium levels, 
osteocalcin, and CTX, whereas TBS was lower in patients 
than in controls. The prevalence of patients with a TBS 
grade 3 reduction was higher in patients than in controls 
(Fig. 1). In the whole group of patients, the logistic regres-
sion analysis showed that the presence of acromegaly and 
age was inversely associated with TBS grade 3 regardless of 
sex, BMI, and gonadal status (Table 2).

The 2 acromegalic patients with prevalent VFx at diag-
nosis were older than acromegalic patients without frac-
tures, while no significant differences were observed in 
terms of BMI, diagnostic delay, hormonal and glycemic 
status, smoking habits, calcium metabolism, and BMD be-
tween acromegalic patients with and without VFx (data 
not shown).

Prospective observational study
Twelve patients out of 18 underwent transsphenoidal 
surgery as a first treatment for acromegaly. Six patients 
(33.3%) were cured after surgery. Among the 6 patients 
not cured by surgery, 2 patients (11%) needed a second sur-
gical approach, and subsequent radiosurgery with Gamma 
Knife. All patients not cured by surgery started SSA therapy.

The remaining 6 patients (33.3%) began SSA therapy 
as a first treatment for acromegaly. In summary, 6 patients 
(33.3%) were cured of acromegaly by surgery and 12 pa-
tients (66.7%) were controlled in therapy with SSA. Four 
out of 6 patients cured were female (67%), and 9 out of the 
12 patients controlled were female (75%).

After surgery 2 patients developed new pituitary deficits. 
One patient developed hypoadrenalism, hypothyroidism, 
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and hypogonadism, and one patient GHD plus diabetes in-
sipidus. All pituitary deficits were replaced with the excep-
tion of GHD.

All diabetic patients maintained optimal glycometabolic 
control at last follow-up (average glycated hemoglobin A1c, 
5.9 ± 1.2%). No new diagnosis of diabetes occurred.

In acromegalic patients, 1  year after the biochemical 
cure or control of disease, we observed a reduction of bone 
turnover indexes (even though a statistically significant dif-
ference was not reached for ALP) and serum phosphorus 
levels, whereas urinary phosphorous levels increased (see 
Table 1). On the contrary, BMI, mean TBS values, BMD, 
serum and urinary calcium and 25OHD levels did not vary. 
Interestingly, 3 patients improved their TBS value, moving 
from grade 3 to grade 2 (Fig. 2). No other relevant fractures 
were reported.

The comparison of baseline and end of follow-up data 
between cured patients and controlled individuals is re-
ported in Table 3. The changes in PTH, calcium 25OHD, 
serum and urinary calcium, ALP, TBS, and BMD between 
baseline and the end of follow-up were not significant 
and were not different between cured and controlled pa-
tients. The 2 groups also did not differ for incident VFx, 
BMI, and IGF-1 levels at baseline and end of follow-up. 
At variance, we found that osteocalcin and CTX levels de-
creased significantly in cured patients but not in controlled 
ones: osteocalcin showed a 61.2% decrease in cured pa-
tients from diagnosis to last follow-up (35.1 ± 17.9  ng/
mL vs 13.6 ± 3.4 ng/mL, P = .01) and a 39% decrease in 
controlled patients (30.9 ± 16.1  ng/mL vs 18.8 ± 6.6  ng/
mL, P = .06); CTX showed a decrease in cured patients of 
60.3% from diagnosis to last follow-up (719 ± 166.4 pg/

Table 2. Factors independently associated with a trabecular bone score grade 3 in the whole group of patients assessed by 

logistic regression analysis

OR 95%CI P

Acromegaly, yes/no 7.40 1.47-37.2 .015
Age, y 1.08 1.02-1.14 .008
BMI 0.89 0.78-1.02 .113
Female sex 1.03 0.09-10.83 .976
Hypogonadism, yes/no 0.29 0.38-2.34 .245

Values in bold are statistically significant analysis (P < .05).
Abbreviations: BMI, body mass index; OR, odds ratio.

Figure 1. Trabecular bone score (TBS) value at diagnosis: grade of TBS expressed as a percentage of total in patients and controls.
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mL vs 285.5 ± 109.3 pg/mL, P = .001) and in controlled pa-
tients of 40.7% (684.8 ± 394.8 pg/mL vs 405.1 ± 202.8 pg/
mL, respectively, P = .07).

The only patient with documented postsurgical GHD 
showed stable parameters at last follow-up (data not 
shown).

Figure 2. Trabecular bone score (TBS) grade at diagnosis and 12 months after cured or controlled definition in acromegalic patients. Grades of TBS 
are expressed as a percentage of total number of patients.

Table 3. Calcium-phosphorus metabolism at diagnosis and 12 months after acromegaly remission

Cured patients (N = 6) Controlled patients (N = 12)

 Baseline Follow-up P Baseline Follow-up P

IGF-1 SDS 6.36 ± 5.0 –0.48 ± 0.74 .007 6.58 ± 4.1 0.46 ± 0.52 .001
Age, y 60.6 ± 14.9  NA 53.6 ± 7.0  NA
Sex, F % 4 (66.6)  NA 9 (75)  NA
PTH 58.3 ± 28.2 46.4 ± 28.1 .6 49.3 ± 25.5 39.9 ± 21.3 0.4
Serum calcium 9.15 ± 0.24 9.23 ± 0.35 .4 9.27 ± 0.28 9.27 ± 0.39 .9
Serum phosphorus 3.8 ± 0.47 2.9 ± 0.42 .005 4.0 ± 0.5 3.4 ± 0.2 .01
25-hydroxyvitamin D 17.1 ± 10.5 27.7 ± 12.6 .14 20.1 ± 17.1 27.8 ± 15.1 .3
24-h urinary calcium, g/kg/24 h 3.6 ± 3.5 2.7 ± 2.6 .67 2.7 ± 1.9 1.15 ± 0.85 .07
24-h urinary phosphorus, g/L 0.4 ± 0.1 0.9 ± 0.4 .03 0.9 ± 0.4 0.8 ± 0.3 .03
Osteocalcin 35.1 ± 17.9 13.6 ± 3.4 .01 30.9 ± 16.1 18.8 ± 6.6 .06
CTX 719.1 ± 166.4 285.5 ± 109.3 .001 684.8 ± 394.8 405.1 ± 202.8 .07
ALP 74.1 ± 24.5 62.2 ± 22.3 .42 65.1 ± 0.5 57.2 ± 19.8 .49
LS BMD, T score –1.15 ± 1.27 –1.05 ± 1.17 .9 –0.2 ± 1.2 –0.2 ± 1.07 .9
FN BMD, T score –0.13 ± 1.31 –0.15 ± 1.3 .9 –0.8 ± 0.9 –0.85 ± 0.94 .9
FT BMD, T score 0.43 ± 1.2 0.5 ± 1.08 .9 –0.08 ± 1.1 –0.07 ± 1.1 .9
TBS Z score –3.0 ± 2.4 –2.9 ± 2.3 .9 –1.9 ± 1.7 –1.63 ± 1.8 .7
TBS 1.170 ± 0.17 1.170 ± 0.15 .9 1.197 ± 0.1 1.230 ± 0.13 .5
VFx 1 (16.6) 1 (16.6) 1 1 (8.3) 2 (16.6) 1

Data are expressed in mean ± SD (range) or absolute number (percentage). Significant P less than or equal to .005. Values in bold are statistically significant anal-
ysis (P < .05).
Abbreviations: ALP, alkaline phosphatase; BMD, bone mineral density; CTX, carboxyterminal telopeptide; F, female; FN, femoral neck; FT, femoral total; IGF-1, 
insulin like growth factor 1; LS, lumbar spine; NA, not applicable; PTH, parathyroid hormone; SDS, SD score; TBS, trabecular bone score; VFx, vertebral fractures.
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Discussion

Bone reabsorption and formation are coupled processes to 
maintain bone homeostasis and, in both, GH and IGF-1 
are involved [1, 28, 34]. In acromegaly, chronic exposure 
to elevated GH and IGF-1 concentrations leads to increase 
bone turnover and negative calcium balance. A  recent 
meta-analysis showed that biochemical markers of bone 
formation and bone resorption increased in active acro-
megaly, with bone resorption being more enhanced than 
bone apposition. Moreover, some authors pointed out that 
a disproportion in bone resorption in relation to bone for-
mation could reflect the degree of observed bone loss. [1, 
35-37]. Our study further confirms this evidence, showing 
a significant difference in markers of bone turnover (CTX 
and osteocalcin), which resulted higher in active acromeg-
alic patients compared to controls.

The impact of GH and IGF-1 on bone turnover ap-
peared clearly in our data, according to previous published 
data stating the improvement of bone turnover indexes 
after IGF-1 normalization [7, 38]. Indeed we showed that, 
after normalization of GH and IGF-1 levels, bone turnover 
markers significantly decreased.

Interestingly, we found that patients controlled by med-
ical therapy were less likely to normalize bone turnover 
compared to patients cured by surgery. To explain these 
findings, we can hypothesize that a complete cure of the 
disease leads to a physiological hormonal balance that may 
be not comparable to the biochemical control obtained by 
medical therapy. Moreover, a direct effect of SSAs on bone 
metabolism cannot be excluded.

This hypothesis is also supported by the study by Rubeck 
and colleagues showing that, despite similarly normalized 
IGF-1 serum levels, SSA treatment was associated with less-
suppressed GH levels compared with surgery alone [39]. 
The authors explained this discordance through the specific 
suppression of hepatic IGF-1 production by SSAs [39]. In 
fact, treatment with SSAs reduces not only pituitary GH se-
cretion, but also hepatic IGF-1 production. This secondary 
effect may result in biochemical IGF-1 normalization despite 
persistent disease activity induced by circulating GH, which 
can have an effect on bone metabolism [39]. Furthermore, 
another study demonstrated that the rapid fall of GH levels 
after transphenoidal surgery was associated with a rapid 
decline in bone turnover markers [40].

In acromegalic patients, the increase of bone resorption 
associated with GH renal effects induces bone loss and skel-
etal fragility [1]. In the present study, we did not observe a 
significant alteration in BMD in our population, as previ-
ously reported [36]. In acromegaly, BMD is affected by sev-
eral factors such as morphological and volumetric skeletal 
changes. Moreover, DXA is not able to discriminate between 

cortical and trabecular bone. GH has an opposite effect on 
these tissues, exerting an anabolic role on the former and a 
catabolic effect on the latter [36]. Nevertheless, in our series 
we did not find significant differences in BMD among the 
different skeletal segments examined.

Previous studies demonstrated that, regardless of BMD 
values, acromegalic patients have an increased prevalence 
of morphometric VFx and a higher fracture risk compared 
to controls [8-11]. Disease duration is the main predictor of 
fracture risk, and patients with uncontrolled disease have 
a 3-fold greater risk than controlled or treated patients 
[11]. Other studies reported an increased VFx risk after 
GH normalization due to the onset of pituitary deficien-
cies, especially hypogonadism and GHD [11, 41]. In our 
population morphometric VFx were comparable between 
acromegalic patients and controls. One year after biochem-
ical normalization, we did not find new fractures or signifi-
cant BMD variations. As suggested by previous studies, a 
longer follow-up is probably needed to evaluate the effects 
of treatment and disease control on BMD and VFx [11, 
40]. However, in the present study only 1 out of 18 pa-
tients (5.6%) experienced an incidental fracture, a figure 
that is definitely lower than that recently reported (33%) 
[42]. As in other forms of secondary osteoporosis, acro-
megalic patients seem to have an increased VFx risk that is 
not entirely explained by the reduction of BMD, suggesting 
that, besides bone density, the chronic GH excess may alter 
also bone quality. This hypothesis has been demonstrated 
in vivo by 2 recent studies conducted with HRpQCT and 
HR-CBCT showing a reduction in trabecular density and 
a deterioration of bone microarchitecture in acromegalic 
patients [10, 12]. Published data on TBS in acromegaly 
are few. A recent Korean series evaluated TBS in 33 newly 
diagnosed acromegalic patients showing that LS TBS was 
lower in acromegalic patients than in controls, in particular 
in hypogonadal patients [43]. In a Norwegian longitu-
dinal study of 48 patients, TBS was significantly decreased 
12 months after treatment [44]. In our study, we evaluated 
both cross-sectional and prospective data. As in the Korean 
series, we found that acromegalic patients had a signifi-
cantly lower TBS than the control population. In addition, 
we were able to demonstrate that acromegaly is associated 
with a reduced TBS regardless of age, sex, BMI, and go-
nadal status. This finding reinforces the idea that the in-
creased fracture risk in acromegaly is due to a reduction of 
bone quality, as indirectly measured by TBS. Nevertheless, 
we observed that TBS did not change 12 months after dis-
ease remission in contrast to the Norwegian series [44].

The present study has several limitations mainly due 
to the small sample size and to the short duration of the 
follow-up. Indeed, these 2 aspects did not allows us to 
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estimate the effect of the curing of acromegaly on the risk of 
incident fractures and on possible changes of bone quality.

Notwithstanding these considerations, our data 
confirm that acromegalic patients have impaired bone 
quality as measured by TBS in the presence of normal 
bone density, which is also consistent with the HRpQCT 
findings. Achieving hormonal control, bone turnover 
indexes improve. They improve rapidly and more sig-
nificantly in cured patients than in individuals con-
trolled with SSA therapy. Conversely, a longer follow-up 
may be needed to detect significant variation of bone 
mass and quality.
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