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Abstract

Purpose Patients with acromegaly have increased skeletal fragility. To date, dual-energy X-ray absorptiometry (DXA) and
vertebral morphometry are the recommended examinations to evaluate bone health in these patients, despite known limita-
tion. Calcaneal quantitative ultrasound (cQUS) is a less expensive and less invasive method to evaluate bone status com-
pared to DXA. We aimed to investigate bone status by cQUS in a cohort of patients with acromegaly and to evaluate its
ability to detect bone impairment.

Methods Observational cohort study including 56 patients with acromegaly (acromegaly group, AG) and 59 healthy sub-
jects matched for age, sex and BMI (control group, CG). DXA and cQUS assessment were performed in both AG and CG;
detailed clinical data were collected for the AG.

Results All cQUS parameters showed a good correlation with the DXA-derived T-score values (p<0.001) in both AG and
CG. The cQUS-derived T-score was not significantly different in the AG compared to the CG (AG: 0.40 [IQR -1.60 to 1.507;
CG: -1,30 [IQR -1.65 to 0.95], p= 0.068). The cQUS-derived T-score showed a good discriminatory ability for the presence
of osteopenia in the AG (AUC 0.833 [CI 0.721-0.945]). This discriminatory ability of the cQUS-derived T-score was similar
between the AG and the CG (p=0.325).

Conclusions cQUS parameters showed a good correlation with DXA evaluation in patients with acromegaly, comparable
to the observation in the general population. cQUS-derived T-score can accurately discriminate osteopenia in patients with
acromegaly.
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Abbreviations

AUC Area Under the Curve

BMD Bone Mineral Density

BSAP Bone Specific Alkaline Phosphatase
BUA Broadband Ultrasound Attenuation
CTX C-terminal telopeptide

cQUS calcaneal Quantitative Ultrasound
DXA Dual-energy X-ray Absorptiometry
DM Diabetes Mellitus

T4 free Thyroxine

GH Growth Hormone

HbAlc Glycated Haemoglobin

IGF-1 Insulin-like Growth Factor 1

PTH Parathyroid Hormone

ROC Receiver Operating Characteristic
SOS Speed of Sound

TSH Thyroid Stimulating Hormone
TBS Trabecular Bone Score

ULN Upper Limit of Normality

25(0OH)D  25-hydroxyvitamin D

Introduction

Acromegaly is a rare systemic endocrine disease, caused
in the vast majority of cases by a growth hormone (GH)-
secreting pituitary adenoma. The GH excess and the sub-
sequent increased secretion of insulin-like growth factor
1 (IGF-1) by the liver, contribute to multiple systemic
comorbidities and to a reduced quality of life [1, 2]. GH
and IGF-1 are both directly involved in bone metabolism,
and their long-lasting excess results in increased bone turn-
over and deterioration. Indeed, acromegaly patients have
increased skeletal fragility and a higher risk of vertebral
fractures compared to the general population [3—5]. More-
over, other factors such as hypogonadism and the presence
of diabetes mellitus (DM), which represent frequent comor-
bidities of acromegaly, can further increase fracture risk,
together with the presence of a suboptimal disease con-
trol [6, 7]. Data concerning bone mineral density (BMD)
assessed using dual-energy X-ray absorptiometry (DXA) in
patients with acromegaly are conflicting, and the associa-
tion between BMD values and the incidence of vertebral
fractures is debated [6]. However, the last Consensus State-
ment on the management of acromegaly comorbidities rec-
ommends to perform a DXA evaluation every 2 years and
a vertebral morphometry annually to assess the presence
of vertebral fracture [3]. In recent years, several methods
have been investigated in order to improve the assessment
of bone quality in patients with acromegaly. Among these,
the trabecular bone score (TBS), obtained from DXA scans,
has been demonstrated to provide additional information
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on bone microarchitecture; however, to date, it is mostly
used in research setting [8].

The calcaneal quantitative ultrasound (cQUS) is a less
expensive and more accessible method compared to DXA,
and it has been evaluated as a screening evaluation both in
post-menopausal women and in different conditions associ-
ated with bone fragility (e.g., chronic obstructive pulmonary
disease, type 2 diabetes mellitus [T2DM], and prostate can-
cer) [9-12].

Few studies, with limited sample size, have investigated
the cQUS in the setting of acromegaly [13, 14]. These stud-
ies were primarily conducted on patients with active acro-
megaly, and the reported treatments were limited to surgery
and/or radiotherapy.

In our study we aimed to investigate the bone status
using cQUS in a cohort of patients with acromegaly and to
compare the observed results with those obtained from the
standard DXA and TBS evaluations. Moreover, we aimed to
investigate the ability of cQUS to detect bone impairment in
patients with acromegaly.

Subjects and methods

Observational cohort study involving patients with acro-
megaly with active follow-up at a single tertiary center for
pituitary diseases (Endocrinology Unit, IRCCS Azienda
Ospedaliera Metropolitana, Genoa, Italy) between January
2023 and January 2025.

Diagnosis of acromegaly was made according to current
guidelines, as previously described [15].

Inclusion criteria were: age>18 years and the signed
informed consent to perform a DXA and cQUS evaluation.
Pregnancy status was excluded for women of childbearing
age. A total of 56 patients with acromegaly (acromegaly
group, AG) were included in the study.

Detailed clinical data were collected for all patients. In
particular, we collected data related to treatment modali-
ties for acromegaly, disease control and pituitary function,
as well as the presence of concomitant comorbidities that
impact bone health [16].

Hypogonadism was defined as irregular or absent men-
strual cycles in women and a total testosterone level below
264 ng/mL in men with associated symptoms [17].

Fifty-nine healthy subjects matched for age, sex and
BMI were enrolled as a control group (CG). Healthy sub-
jects were selected among volunteers with no known clini-
cal nor family history of osteoporosis or other bone-related
diseases. In more detail, subjects with diseases or clinical
conditions possibly leading to osteoporosis (hyperthyroid-
ism/thyrotoxicosis, hypercortisolism, primary or secondary
hyperparathyroidism, chronic renal failure, malabsorption,
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bedridden), as well as current or previous therapies that
can impact bone structure (glucocorticoids as anti-inflam-
matory/immunosuppressive therapy, GnRH analogues,
immunosuppressive drugs, antiretrovirals, anticoagulants,
anticonvulsants, pioglitazone) were excluded from the
study. The presence of uncontrolled DM (glycated haemo-
globin [HbAlc]>7.5%), active malignant neoplasms, and
previous traumas represented additional exclusion criteria.

The study was conducted in accordance with the recom-
mendations of the Declaration of Helsinki, and all patients
gave written consent to use clinical data for research pur-
poses. The study received approval from the Ethical Com-
mittee of Liguria Region (IRB number 245/2023).

Laboratory assessment

The following hormonal and biochemical parameters
were investigated in patients with acromegaly within three
months of the radiological bone assessment: fasting plasma
glucose, HbAlc, thyroid stimulating hormone (TSH), free
thyroxine (fT4), prolactin, total testosterone (men), estra-
diol (pre-menopausal women), sex-hormone binding globu-
lin, albumin, morning plasma cortisol, parathyroid hormone
(PTH), 25-hydroxyvitamin D [25(OH) vitamin D], electro-
lytes, creatinine, bone specific alkaline phosphatase (BSAP)
and C-terminal telopeptide (CTX).

Disease control was evaluated assessing IGF-1 values,
measured with a chemiluminescent immunometric assay
(Immulite 2000, Siemens Healthcare Diagnostics Products),
calibrated to the WHO 87/518 IS, as previously described
[18]. All the above-mentioned parameters were determined
by the routine automatic methods in use at the Medicine
Laboratory of our Institution (IRCCS Azienda Ospedaliera
Metropolitana, Genova, Italy).

Bone assessment

All patients with acromegaly and healthy controls under-
went bone densitometry [DXA Lunar full-Prodigy (GE
Lunar, Madison, WI, USA)] and quantitative BMD analy-
sis. BMD of the lumbar spine (L1-L4), femoral neck and
total hip was expressed in g/cm?. Based on DXA evaluation,
subjects were classified as having normal BMD and, in case
of bone impairment, as having osteopenia (T-score=—1.0 to
—2.4 SD in at least one of the considered sites) or osteoporo-
sis (T-score<—2.5 SD in at least one of the considered sites)
[19]. Body weight and height were also recorded, and body
mass index (BMI) was calculated. Bone status was also
qualitatively assessed using trabecular bone score (TBS)
analysis [iNsight Medimaps Panel (GE Healthcare Need-
ham, MA, USA, software version 3.0.0.15)], which was
calculated at each spinal DXA examination. We considered

TBS>1.350 as normal, TBS values between 1.200 and
1.350 as consistent with partially degraded microarchitec-
ture, while TBS values < 1.200 as degraded microarchitec-
ture [20]. The T-score modified by TBS was then calculated
as previously described [21].

Calcaneus quantitative ultrasound (cQUS) was performed
using an ultrasound scan (Osteosys BeeTLe, Caresmed)
according to a standardized protocol. Trained staff ensured
that participants were able to perform measurements on
both heels, except for heels with open wounds, injuries, or
metal implants. Daily quality control was performed using
a phantom according to the manufacturer’s guidelines. The
device measured the speed of sound (SOS) and broadband
ultrasound attenuation (BUA), which are indicators of bone
quality. In detail, SOS is mainly influenced by bone density
and elasticity and reflects both quantity and quality of the
bone. Higher SOS values generally reflect higher bone den-
sity and better elastic properties. Similarly, BUA is related
to bone mass and architecture, with higher values generally
reflecting a higher bone density and a more favourable bone
architecture [22, 23]. If there was no history of fractures or
other relevant foot disease, the left foot was examined (oth-
erwise the right foot was measured). The cQUS bone quality
index (BQI) was calculated by the instrument software, and
a cQUS T-score was derived from it [24]. The coefficient of
variation was 6.5% for BUA, 0.2% for SOS, and 2.8% for
BQIL

Statistical analysis

R version 4.4.0 was used for statistical analyses and to
draw figures. Quantitative data are presented as median and
interquartile range (IQR), while categorical variables are
presented as frequencies and percentages. Between group
comparisons were analysed by the Kruskal-Wallis test. Cor-
relations were performed using Spearman’s rho correlation
coefficient for ranks. The two-sided Chi-square test was
used to evaluate differences in cross-tables. To evaluate the
predictors of bone status (in particular DXA-derived T-score
and TBS values) in the AG we performed a multivariable
linear regression analysis and the stepwise selection based
on the Akaike Information Criterion (AIC) was applied.
We used the Receiver Operating Characteristic (ROC)
curve and the related area under the curve (AUC) to assess
the ability of cQUS parameters to identify osteopenia.
The presence of osteopenia was chosen as outcome vari-
able to investigate the reliability of cQUS since in patients
with acromegaly the DXA evaluation is still the gold stan-
dard for bone assessment (despite the known limitations).
Vertebral fractures were not considered as an appropriate
outcome variable for cQUS validation due to the low preva-
lence observed in our cohort. Comparison between the ROC

@ Springer



86 Page 4 of 11

Pituitary (2026) 29:86

curves was performed using the DeLong test. Furthermore,
the best-fitting cQUS-derived T-score e BQI values were
computed using the Youden index.

Sample size estimation was performed to determine the
number of patients required to detect a significant AUC
(>0.8) for cQUS parameters in discriminating the presence
of osteopenia defined by using DXA scan: assuming a two-
sided alpha of 0.1 and using a 1:1 ratio between acromegaly
patients and controls, the analysis indicated a minimum
requirement of 39 subjects per group. Differences were
taken to be statistically significant at p <0.05.

Results
Patients’ characteristics

We included 56 patients with acromegaly, 25 (45%)
females, median age at the time of study inclusion 59.0
years (IQR 52.0 to 64.8 years), and median BMI 26.0 kg/m>
(IQR 23.9 to 29.4 kg/m?). We compared the data of patients
with acromegaly with 59 healthy controls, matched for gen-
der (p=0.908), age (p=0.183), and BMI (p=0.383) (see
Table 1).

Table 1 Demographic and clinical data of patients with acromegaly and the control group

Data Patients Healthy controls p-value
(n=56) (n=59)

Sex (F; n,%) 25 (45%) 28 (47%) 0.908
Age (years) 59.0 (IQR 52.0-64.8) 58.0 (IQR 50.0-60.5) 0.183
BMI (kg/m?) 26.0 (IQR 23.9-29.4) 25.4 (IQR 23.3-29.4) 0.383
Hypogonadism/menopause (n, %) 25 (45%) 24 (41%) 0.810
Hypothyroidism (n, %) 13 (23%)*
Central adrenal insufficiency (n, %) 3 (5%)
Treatment modalities

Neurosurgery (n,%) 40 (71%)

Radiotherapy (n,%) 2 (4%)
Medical therapy 41 (73%)

Fg-SRL (n,%) 28 (53%)

PEG (n,%) 9 (16%)

CAB (n,%) 4 (7%)

Pasireotide (n,%) 9 (16%)

Biochemical values (last follow-up)

IGF-1 absolute (ng/L)
IGF-1 xXULN
Biochemical control® (n,%)

DXA data

L1-L4 BMD (g/cm?)

L1-L4 T-score

TBS

T-score modified by TBS
Femoral neck BMD (g/cm?)
Femoral neck T-score

Total femoral BMD (g/cm?)
Total femoral T-score

Bone mineral metabolism markers

PTH (ng/L)

25(0OH) vitamin D (ng/mL)
Calcium® (mg/dL)
Phosphorus (mg/dL)
BSAP (ug/L)

CTX (ng/ml)

172.0 (IQR 135.0- 203.0)
0.90 (IQR 0.73-1.17)
35 (63%)

1.14 (IQR 1.07-1.40)
-0.40 (IQR —1.00—1.58)
1.330 (IQR 1.240-1.380)
-1.30 (IQR—2.12 — -0.78)
0.94 (IQR 0.83-1.03)
-0.80 (IQR—1.70—0.03)
1.02 (IQR 0.90-1.10)
-0.40 (IQR — 1.10-0.50)

55.0 (IQR 41.5-66.8)
28.6 (IQR 6.72-31.4)
9.24 (IQR 9.24-0.55)
3.30 (IQR 3.00-3.70)

13 (IQR 10.8-16.9)
0.194 (IQR 0.080-0.280)

1.15 (IQR 1.06-1.29) 0.447
-0.50 (IQR — 1.10-0.65) 0.441
1.410 (IQR 1.360-1.470) p<0.001
-0.40 (IQR — 1.15-0.15) p<0.001
0.88 (IQR 0.79-0.98) 0.238
-1.10 (IQR~ 1.70 - -0.70) 0.075
1.03 (IQR 0.91-1.12) 0.648
-0.40 (IQR — 1.00-0.25) 0.871

Legend: F' females, SD standard deviation, BMI body mass index, fg-SRL first-generation somatostatin receptor ligand, PEG pegvisomant,
CAB cabergoline, IGF-1 insulin-like growth factor 1, ULN upper limit of normality range, PTH parathyroid hormone, BSAP bone- specific

alkaline phosphatase, CTX C-terminal telopeptide

2 of the 13 patients with hypothyroidism had central hypothyroidism; "Biochemical control has been defined as IGF-1 < 1.0 xULN.ccalcium
levels corrected for albumin levels. All continuous data are expressed as median and interquartile range
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The majority of patients (n=35, 63%) had a controlled
disease (defined as age-adjusted IGF-1 levels<1.0 XULN)
and the overall median IGF-1 xULN was 0.90 xULN (IQR
0.73 to 1.17).

Nine patients (16%) had T2DM; only two subjects had
uncontrolled glycaemic control at the time of DXA scan.
Considering the whole cohort of the AG, patients had a
median HbAlc of 5.8% [IQR 5.6 to 6.05%] and a median
plasma glucose of 96 mg/dL [IQR 89 to 104 mg/dL]).

Bone mineral metabolism and bone turnover markers
were in the normal range (Table 1), except for 25(OH)D
(median value 28.6 ng/mL, IQR 6.72 to 31.4 ng/mL). In
particular, six (11%) patients had 25(OH)D insufficiency
(i.e., 25(0OH) D<20 ng/mL [25]) and 45 (80%) patients
were supplemented with cholecalciferol. Of note, four (7%)
patients were treated with bone active drugs; in detail, three
patients were treated with bisphosphonates and one patient
with denosumab. Three patients (5%) had a history of ver-
tebral fractures. We could not perform a statistically sound
comparison of the DXA and cQUS values between patients
with and without a history of vertebral fractures, due to the
low number of events.

DXA scan data

As expected, we did not find a significant difference in the
BMD values and T-scores both at the lumbar and hip level
between AG and CG, whereas TBS values were signifi-
cantly lower in the AG compared to the CG (see Table 1).
According to the definition reported in the Method sec-
tion, 5 patients (9%) of the AG had osteoporosis, 28 (50%)
had osteopenia, and 23 (41%) had normal DXA values. In
the CG, by definition, no subject had osteoporosis, while
41 (70%) subjects had osteopenia and 18 (30%) had nor-
mal DXA values. When using the T-score modified accord-
ing to the TBS values, 12 (21%) patients of the AG had
osteoporosis, 28 (50%) had osteopenia and 16 (29%) had
normal DXA values; in the CG, by definition, no subject
had osteoporosis, 44 (75%) subjects had osteopenia and 15
(25%) had normal DXA values. The prevalence of osteope-
nia in the CG was higher than that reported in age-matched
samples from the general population (75% vs. 50%) [26,
27]. However, because individuals with osteoporosis, which
account for approximately 20-35% of the general popula-
tion, were excluded from our cohort, this may have artifi-
cially increased the proportion of osteopenia within the CG,
thereby limiting the direct comparability of these estimates.
As expected, the AG showed more frequently bone micro-
architecture impairment compared to the CG (p<0.001). In
particular, nine (16%) patients with acromegaly showed
degraded bone microarchitecture, 23 (41%) showed par-
tially degraded microarchitecture and 24 (43%) had normal

microarchitecture. On the other hand, within the CG no sub-
ject had degraded microarchitecture and the vast majority
of subjects (n=48, 81%) had normal microarchitecture. The
TBS-adjusted lumbar T-score was significantly lower in the
AG compared to the CG (AG: -1.30 [IQR—-2.12 to -0.78],
CG: -0.40 [IQR—1.15 to 0.15], p<0.001). Of note, in the
AG the TBS-adjusted lumbar T-score values were signifi-
cantly lower compared with the “standard” BMD-derived
T-score (p<0.001), while no difference was observed in the
CG between these two parameters (p=0.138, Fig. 1).

Of note, repeating the analysis excluding the three
patients with evidence of vertebral fractures at the mor-
phometry examination did not modify the results (data not
shown).

As previously reported, no DXA value correlated with
IGF-1 xULN values, and no statistically significant differ-
ence was observed between patients with controlled disease
and those with active disease. Moreover, we did not find a
significant impact of pituitary deficiencies, including hypo-
gonadism, on DXA values. All DXA values, except lum-
bar T-score, showed a negative correlation with BSAP (see
Supplementary Table 1).

cQUS data

All cQUS parameters showed a good correlation with the
DXA-derived T-score values (lumbar, femoral neck and
total hip sites) in both the AG and the CG (Table 2).

On the contrary, no correlation was observed between
cQUS parameters and TBS values in both groups. No
correlation was observed between lumbar T-score values
adjusted by TBS and cQUS parameters in the CG; how-
ever, in the AG we observed a significant positive correla-
tion between lumbar TBS-adjusted T-score values and both
cQUS-derived T-score (rho=0.300, p=0.029) and SOS
(rho=0.280, p=0.045, Table 2).

Similarly to standard DXA values, we did not find a sig-
nificant difference between the AG and the CG in the BQI
values (AG: 96.6 [IQR 79 to 134]; CG: 85.9 [IQR 77.1 to
103], p=0.091), as well as in the cQUS-derived T-score
(AG: 0.40 [IQR-1.60 to 1.50]; CG: -1,30 [IQR—1.65 to
0.95], p=0.068), although numerically higher values were
observed in the AG.

When data were stratified based on sex, male patients
in the AG (0.60 [IQR—0.60 to 2.10]) showed significantly
higher cQUS-derived T-score values compared to the CG
subjects (-0.70 [IQR—1.60 to 1.25], p=0.040) (Fig. 2B). On
the other hand, no significant differences were observed for
BQI values and cQUS-derived T-score between the AG and
the CG in female subjects (Fig. 2A-B).

We then analysed the two components determining the
cQUS BQI (namely, SOS and BUA). We did not observe

@ Springer



86 Page 6 of 11 Pituitary (2026) 29:86
[
NS
|
501 NS
|
L
2.5 xXK
@ Group
S
9 ==olc
— B AG
0.0 1
-2.51
L]
Lumbar T-score TBS-adjusted lumbar T-score
Measurement

Fig. 1 Difference in DXA-derived T-scores and TBS-adjusted DXA-derived T-scores between patients with acromegaly (acromegaly group, AG)

and healthy controls (control group, CG)

statistically significant differences in SOS values between
the AG (1560 m/s [IQR 1541 to 1575 m/s]) and the CG
(1531 m/s [IQR 1501 to 1582 m/s], p=0.790), irrespective
of subjects’ sex (Fig. 2C). As concern the BUA, we observed
significantly higher values in the AG (112.0 dB/MHz [IQR
77.6 to 126.0 dB/MHz]) compared to the CG (89.7 dB/MHz
[IQR 79.2 to 93.1], p=0.036). When stratifying by sex, this
difference was statistically significant only in male subjects
(AG: 123.6 dB/MHz [IQR 91.10 to 141.7] vs. CG: 92.8 dB/
MHz [IQR 82.5 to 96.95], p=0.005), whereas in female
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subjects the median values were almost superimposable
(AG: 85.3 dB/MHz [IQR 68.9 to 118.1] vs. CG: 84.4 dB/
MHz [IQR 79.2 to 90.4], p=0.970; Fig. 2D).

In the AG, no cQUS parameter correlated with IGF-1
xULN values, and no statistically significant differences
were observed in cQUS parameters between patients who
achieved disease control and patients with active disease.
Moreover, we did not find a significant impact of pituitary
deficiencies, including hypogonadism, on cQUS param-
eters. As concerns the specific bone markers, only BSAP
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Table 2 Correlation data between cQUS parameters and DXA-derived T-score, TBS and TBS-adjusted T-score

BQI cQUS-derived SOS BUA
T-score
Rho p-value Rho p-value Rho p-value Rho p-value
Acromegaly group (AG)
Lumbar T-score 0.430 <0.001 0.640 <0.001 0.540 <0.001 0.580 <0.001
TBS 0.190 0.170 0.270 0.055 0.240 0.090 0.210 0.140
TBS-adjusted lumbar 0.210 0.130 0.300 0.029 0.280 0.045 0.250 0.070
T-score
Total hip T-score 0.560 <0.001 0.570 <0.001 0.540 <0.001 0.420 0.002
Femoral neck T-score 0.620 <0.001 0.650 <0.001 0.610 <0.001 0.490 <0.001
Control group (CG)
Lumbar T-score 0.590 <0.001 0.570 <0.001 0.440 <0.001 0.310 0.015
TBS 0.150 0.240 0.210 0.110 0.071 0.590 0.090 0.500
TBS-adjusted lumbar 0.200 0.140 0.240 0.067 0.100 0.440 0.130 0.310
T-score
Total hip T-score 0.630 <0.001 0.770 <0.001 0.590 <0.001 0.510 <0.001
Femoral neck T-score 0.490 <0.001 0.700 <0.001 0.560 <0.001 0.440 <0.001

Legend: cQUS calcaneal quantitative ultrasound, BQI bone quality index, SOS speed of sound, BUA broadband ultrasound attenuation, 7BS
trabecular bone score. Statistically significant correlations are reported in bold

showed a negative correlation with all cQUS parameters
except cQUS-derived T-score, that showed a trend not
reaching statistical significance (Supplementary Table 1).

Predictive value of cQUS on DXA parameters

We included in multivariable linear regression analyses all
variables of clinical interest and those that showed statistically
significant correlations with DXA values: age, sex, presence
of hypogonadism, DM, controlled acromegaly and BSAP
values. Among the cQUS parameters, to optimize the number
of variables in the model, we chose to include in the multi-
variable linear regression analyses the cQUS-derived T-score,
as it showed the best overall performance (see Table 2).

In the AG, the final model to identify predictors of lum-
bar T-score retained cQUS-derived T-score and disease con-
trol, explaining about 40% of lumbar T-score variance (R”:
0396, adjusted RZ: 0.348, p=0.002; Table 3).

As concern femoral neck T-score, the model retained
cQUS-derived T-score, patients’ age and disease con-
trol, explaining 66% of the observed variance (R%: 0.668,
adjusted R?: 0.626, p<0.001; Table 3); similarly, for the
total hip T-score, the model retained cQUS-derived T-score,
patients’ age and sex, thus explaining 69% of variance (R:
0.687, adjusted R?: 0.648, p<0.001).

Finally, we evaluated the ability of cQUS parameters
to identify individuals with osteopenia, classified accord-
ing to DXA values, as detailed in the Method section. In
the AG, BQI values and the cQUS-derived T-score showed
good discriminatory ability for the presence of osteopenia
(BQIL: AUC 0.843 [CI 0.732—0.953]; cQUS-derived T-score:
AUC 0.833 [CI 0.721-0.945]), whereas SOS (AUC 0.776
[CI1 0.649-0.904]) and BUA (AUC 0.761 [CI 0.632-0.891])

values showed only an acceptable discriminatory ability
(Fig. 3A). The discriminatory ability for the presence of
osteopenia of cQUS-derived T-score and BQI was not sig-
nificantly different (p=0.754).

In the CG, all cQUS parameters, except the BUA,
showed a good discriminatory ability for the presence of
osteopenia. In detail, BQI had an AUC of 0.871 (CI 0.772—
0.971), cQUS-derived T-score 0.904 (CI 0.818-0.990), SOS
0.828 (CI0.723-0.933). The BUA had an AUC of 0.730 (CI
0.570-0.891).

Of note, the discriminatory ability of the cQUS-derived
T-score and BQI in predicting the presence of osteope-
nia was not significantly different between AG and CG
(»=0.325 and p=0.706, respectively, Fig. 3B and C).

The best cut-off to maximize accuracy in the AG was a
cQUS-derived T-score of -0.15, with a sensitivity of 68%
and a specificity of 90%.

Similarly, when evaluating the BQI, the best cut-off to
maximize accuracy in the AG was a BQI of 97.8, with a
sensitivity of 81% and a specificity of 86%.

As expected, the performance of cQUS parameters was
not satisfactory to predict a degraded TBS (AUC between
0.569 and 0.646) or a partially degraded TBS score (AUC
between 0.476 and 0.594) in both AG and CG.

Discussion

We investigated the relationship between cQUS param-
eters and DXA measurements in a cohort of patients with
acromegaly. cQUS has been shown to be an easy-to-use,
radiation-free, and affordable method in various conditions,
when compared to standard DXA evaluation [9-12, 28].

@ Springer
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Fig. 2 Difference in cQUS parameters between patients with acro-
megaly (AG) and healthy controls (CG), stratified by sex: panel A,
BUA; panel B, cQUS-derived T-score; panel C, SOS; panel D, BQL

To date, a standard DXA scan every 2 years, and a ver-
tebral morphometry, is recommended to evaluate the bone
status in patients with acromegaly [3, 29].

In our study we highlight that the cQUS evaluation has
a strong correlation with DXA-derived T-scores, with a
good performance in both the AG and the CG. In detail, we
found no difference between the AG and the CG in all cQUS
parameters except for BUA, which resulted significantly
higher in patients with acromegaly compared to the healthy
controls. Of note, after stratification based on sex, only
male patients with acromegaly showed significantly higher
cQUS-derived T-score values and BUA values compared to

@ Springer

Legend: cQUS, calcaneal quantitative ultrasound; BQI, bone quality
index; SOS, speed of sound; BUA, broadband ultrasound attenuation

male healthy controls. Two previous studies evaluated the
role of cQUS in patients with acromegaly, reporting con-
flicting results. Bolanowski and colleagues did not find any
difference between patients with acromegaly and healthy
controls, irrespective of the cQUS parameter investigated,
while Kastelan and colleagues found lower SOS, BUA and
BQI values in male patients with acromegaly compared to
controls [13, 14]. The discrepancy with our findings could
be due to multiple factors. First, our CG showed a higher
prevalence of subjects with osteopenia compared to avail-
able epidemiological data in the general population. This
could have affected our ability to detect small differences
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Table 3 Multivariable logistic regression to determine predictors of
TBS values and DXA-derived T-score (at different sites) in patients
with acromegaly

Dependent  Independent [ 95% CI p-value
variables variables (estimate)
Lumbar QUS T-score  0.688 0.327t0 1.050 <0.001
T-score Active -0.933 -2.240t0 0374  0.154
acromegaly
Femo- QUS T-score  0.313 0.102 t0 0.524 0.005
ral neck Age -0.069 -0.103 to <0.001
T-score -0.035
Active -0.555 -1.250t0 0.136  0.110
acromegaly
Total hip QUS T-score  0.329 0.127 to 0.530 0.003
T-score Age -0.058 -0.089 to <0.001
-0.027
Sex (F) -0.402 -1.010t0 0.207  0.186

Legend: cQUS calcaneal quantitative ultrasound. Statistically sig-
nificant correlations are reported in bold

between the two groups. Then, most of the patients included
in our cohort had a controlled disease (63%, overall median
IGF-1 0.90 xULN), while in the previous studies most
patients had an active disease. Disease activity may impact
cQUS measurements, as persistently elevated GH levels
cause sodium retention and therefore soft tissue swell-
ing [30, 31]. In particular, subcutaneous oedema, as well
as increased skin thickness, could lower both SOS and
BUA measurements, and therefore BQI and cQUS-derived
T-score, leading to false positive findings (i.e. evidence for
impaired bone status) [32, 33].

On the other hand, the higher values of cQUS-derived
T-score and BUA we observed in male patients with

A) B)

acromegaly compared to healthy subjects could be due to
the presence of osteoarthritis in patients with acromegaly
that could manifest with degenerative changes as well as the
development of osteophytes [34]. In line with previous stud-
ies evaluating DXA outcome in patients with acromegaly,
we did not observe a correlation between disease activity
and DXA parameters [8, 16]. Similarly, we did not find any
correlation between disease activity and cQUS parameters.

Noteworthy, the data from the previous reports investi-
gating the role of cQUS in patients with acromegaly cannot
be directly compared with the present study, due to the use
of different devices [35]. The Osteosys BeeTLE, used in the
current study, has been recently shown to have a strong cor-
relation with DXA-derived BMD and a promising diagnos-
tic accuracy in the general population [24].

Finally, we investigated the ability of cQUS, particularly
the cQUS-derived T-score, to detect osteopenia in patients
with acromegaly. In our cohort, the cQUS derived T-score
was a significant predictor of DXA-derived T-score and
showed a good discriminatory ability to identify patients
with osteopenia. The performance we observed in our
patients was superimposable to the one reported in the gen-
eral population and in patients with other diseases than acro-
megaly [10, 12, 24].

Our study has some limitations. First, as previously men-
tioned, the prevalence of osteopenia in the CG was higher
than expected. Since we excluded subjects with osteopo-
rosis from the CG, we could have artificially increased the
prevalence of osteopenia in this group. Nevertheless, the
high prevalence of mild bone impairment in the CG could
have impacted our ability of detecting differences in bone

C)

©QUS-derived T-score (AUC = 0.833)
------- BQI (AUC = 0.843)

S0S (m's) (AUC = 0.776)
BUA (dB/MH2) (AUC = 0.761)

cQUS-derived T-score

AG (AUC = 0.833) o
CG (AUC = 0.904)

AG (AUC = 0.843)
CG (AUC = 0.871)

1- Specificity
Fig.3 ROC curve showing the discriminatory ability of cQUS param-
eter to identify osteopenia in patients with acromegaly (Panel A); ROC
curve showing the discriminatory ability of cQUS-derived T-score
(panel B) and BQI (Panel C) to identify osteopenia in patients with

T
0s

1.- Specificity

1- specifcty

acromegaly (acromegaly group, AG) and healthy controls (control
group, CG). Legend: ROC, receiver operating characteristic; cQUS,
calcaneal quantitative ultrasound; BQI, bone quality index
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health parameters between the two groups (i.e. CG vs. AG).
Second, the relatively small sample size did not allow us to
perform a sub-analysis based on patients’ treatment or to
evaluate the fracture risk. In particular, in our cohort only
three out of 19 patients who performed vertebral morphome-
try, had evidence of vertebral fracture and therefore we could
not assess the discriminatory ability of cQUS in identifying
patients at risk of vertebral fracture. However, a recent longi-
tudinal study performed in a large cohort of post-menopausal
women, showed that cQUS could predict fractures indepen-
dently of DXA-derived BMD, TBS and FRAX [9]. There-
fore, further studies, with a larger sample size and a control
group with a lower prevalence of osteopenia, are needed to
evaluate this aspect in patients with acromegaly.

In conclusion, we demonstrated that cQUS parameters
showed a good correlation with all conventional DXA
parameters in patients with acromegaly. Furthermore,
cQUS-derived T-score was able to discriminate osteopenia
with a good accuracy in a cohort of patients with mildly
active/controlled acromegaly.
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