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ABSTRACT

Objective. The effects of normocalcemic hyperparathyroidism (NHPT) on bone
remain unclear. The objective of this study was to evaluate differences in the
trabecular bone score (TBS) in NHPT patients and asymptomatic hypercalcemic

hyperparathyroidism (HHPT) patients.

Methods. We performed a prospective study which enrolled consecutive
patients with asymptomatic HPT (NHPT and HHPT) with a follow-up = 1 year at
the University Hospital of Valladolid, Spain. Metabolic phosphocalcium plasma
and urine parameters were evaluated in = 2 determinations during follow up to
classify patients as NHPT patients or asymptomatic HHPT patients. A control
group was enrolled during the same period. TBS and bone mineral density

(BMD) were evaluated.

Results. 39 patients with asymptomatic HPT (24 with NHPT and 15 with
HHPT) and 24 controls were recruited. NHPT patients and HHPT patients had a
similar age, vitamin D level, TBS, and areal BMD (all sites). Asymptomatic HPT
patients had significantly higher parathyroid hormone (PTH) and calcium levels
and significantly lower TBS and areal BMD at all sites (all p<0.05) than controls.
A significant negative relationship between TBS and PTH level was found in
asymptomatic HPT patients (r=-0.320, p= 0.043), which remained significant

after adjustment for age, sex and BMI.

Conclusions. There was no difference in the TBS between NHPT and HHPT
patients. However, there was a reduction in the TBS in patients with
asymptomatic HPT that was related to PTH levels but had no repercussion on
bone mass. Higher levels of PTH seem to be responsible for this alteration in

microarchitecture texture.
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Abbreviations

aBMD = Areal bone mineral density; BMD = Bone mineral density ; BMI
Body mass index; DXA = Dual-energy X-ray absorptiometry; HHPT
hypercalcemic hyperparathyroidism; HPT = hyperparathyroidism; HR-MRI =
High-resolution magnetic resonance; HR-pQcT = high-resolution peripheral
quantitative computed tomography ; NHPT = Normocalcemic
hyperparathyroidism; PTH = Parathyroid hormone; TBS = Trabecular bone
score.
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INTRODUCTION

Normocalcemic hyperparathyroidism (NHPT) is a form of asymptomatic
hyperparathyroidism (HPT) characterized by total and ionized calcium within
normal limits, associated with consistently elevated parathyroid hormone (PTH)
levels, and with secondary causes of elevated PTH ruled out (1,2). NHPT has
been associated with a high prevalence of osteoporosis, both densitometric and
as reflected by a higher number of fragility fractures, although these data may
be subject to bias (3,4), since osteoporosis is on of the reasons why PTH is
tested. NHPT patients show no overt skeletal disease but dual-energy X-ray
absorptiometry may detect evidence of bone involvement. Despite the
preferential involvement of cortical bone, an increased rate of vertebral fractures
has been reported in patients with NHPT, but no increase in the risk of femur
and femoral neck fractures (5). This is due to trabecular microarchitectural
deficits (4). The trabecular number, thickness, connectivity, and bone geometry

may be important determinants of bone strength (6)

TBS is a texture parameter derived from DXA imaging and correlates with 3D
bone microarchitecture parameters, such as connectivity density and trabecular
number and negatively with trabecular separation (7). Other methods of
evaluating microarchitecture, such as high-resolution peripheral quantitative
computed tomography (HR-pQcT) and high-resolution magnetic resonance
(HR-MRI) are more expensive and difficult to perform in clinical practice (8). To
our knowledge, no data are available on the clinical utility of TBS in assessing
skeletal involvement in patients with NHPT. The objective of this study was to
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evaluate differences in the TBS in NHPT and asymptomatic hypercalcemic

hyperparathyroidism (HHPT) patients.

PATIENTS AND METHODS
Patients and procedure

We performed a prospective study which enrolled consecutive patients with
asymptomatic HPT (NHPT or HHPT). Patients were followed for = 1 year at the
University Hospital of Valladolid, Spain, during which intact plasma PTH, 25-
hydroxyvitamin D (25vitD), and serum total calcium were analyzed in at least

two determinations.

NHPT was defined as persistently normal total, albumin-corrected, and ionized
serum calcium concentrations and consistently elevated PTH levels. HHPT was
defined as consistently elevated or unsuppressed PTH and at least one
determination of total, albumin-corrected, or ionized serum calcium above the
upper reference limit, without clinical manifestations. Asymptomatic
hyperparathyroidism includes NHPT and HHPT. Secondary causes of elevated
PTH were ruled out, including renal disease (glomerular filtration rate <
60ml/min), vitamin D deficiency (25VitD < 30 ng/ml), genetic disorders such as
familial hypocalciuric hypercalcemia, other metabolic bone diseases and
thiazide diuretic, lithium or bisphosphonate treatment. Secondary elevation of
PTH and symptomatic HHPT patients were excluded from the study. The control

group was composed of men and postmenopausal women matched for age and
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body mass index (BMI) with asymptomatic HPT patients. Control subjects had

normal levels of total serum calcium and PTH. Clinical fractures were evaluated

The study was carried out at the Endocrinology and Nutrition Research Centre
(IEN), and University Hospital of Valladolid, Spain. It was performed according
to the guidelines laid down in the Declaration of Helsinki and all procedures
were approved by the local Ethics Committee. Written informed consent was
obtained from all patients. A standardized questionnaire was used to collect
clinical and laboratory data. Clinical features were recorded after patients visited

the hospital. The privacy and confidentiality of the data collected was ensured.

Methods

Biochemical studies were measured in fasting conditions and included: intact
PTH (reference range, 10-65 pg/ml), total serum calcium (reference range, 8.
5-10. 5 mg/dl), total serum phosphorus, 25vitD (reference range 3—70 ng/ml).
Calcium and creatinine were measured in urine 24 hours. Areal bone mineral
density (aBMD) was assessed by dual-energy X-ray absorptiometry (Prodigy,
IDXA, GE-Lunar, General Electrics Healthcare, USA) at the lumbar spine (L1-
L4), proximal femur, and femoral neck. The aBMD T-score and Z-score were
evaluated at the three sites. The TBS was evaluated at the lumbar spine (L1-L4)

using TBSiNsight®v2.1 (Med-Imaps, Merignac, France).
Statistical Analysis

The results are expressed as means and standard deviation (SD). The
distribution of variables was analyzed using the Kolmogorov-Smirnov test.
Quantitative variables with a normal distribution were analyzed using the two-
tailed Student’s-t test. The Chi square test was used to evaluate qualitative
variables. Multivariate multiple linear regression was used to evaluate the
contribution of PTH, age, sex and BMI in predicting TBS levels. A p-value < 0.05

was considered statistically significant. All analyses were carried out using the
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Statistical Package for Social Sciences (SPSS) version 20. 0 (SPSS, Chicago,
IL, USA)

RESULTS

We included 39 patients with asymptomatic HPT (24 NHPT and 15 HHPT). The
control group was composed of 24 patients matched for age, sex, and BMI with
asymptomatic HPT patients. All subjects were Caucasian. Table 1 shows the

characteristics of the three groups. There were no clinical fractures.

NHTP and HHPT patients were similar in terms of age, BMI, and gender
distribution. NHPT patients had significantly-lower PTH (p=0.003) and total
serum calcium (p=0.001) levels but higher total serum phosphorus (p=0.04) and
vitamin D (p=0.01). No significant differences were found in 24-hour urine
calcium (218 £ 121 mg vs 252 £ 178 mg) or in the urine calcium/creatinine ratio
(0.26 £ 0.13 vs 0.31 £ 0.15). No significant differences in TBS or aBMD (all
sites) were found between NHTP and HHPT patients.

Asymptomatic HPT patients and control subjects were similar in terms of
vitamin D levels and total serum phosphorus. Asymptomatic HPT patients had
significantly-higher PTH and total serum calcium levels (p<0.0001 and 0.013,
respectively). Asymptomatic HPT patients had significantly lower TBS values
(p<0.0001) and aBMD values at all sites (p=0.04, 0.001 and 0.01 at the spine,
femoral neck and total hip, respectively). Of asymptomatic HPT patients, 31%
were classified as osteoporotic (T-score<-2.5SD) compared with 0% of controls.
Likewise, 41% of asymptomatic HPT patients had a TBS lower than 1.200,
degraded microtexture, compared with 4% of controls (p= 0.043). A significant
positive relationship between TBS and lumbar aDXA (r=0.529, p= 0.008) was
found in controls but not in asymptomatic HPT patients (r=0.319, p=0.098).

There was no correlation between hip DXA and TBS in either group.

A significant negative relationship between PTH and TBS was observed in
asymptomatic HPT patients (r=-0. 329, p=0. 043) but not in the control group.

There wasn’t a significant relationship between PTH and spine aDXA ( r= -
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0.289, p= 0.136 ) and hip aDXA ( r=0.097, p=0.642 ). After adjustment for age,
sex and BMI, the correlation between TBS and the PTH level remained stable
and significant (3 = -0. 370, p = 0. 011).

DISCUSSION

Our results show there was no difference in the TBS between NHPT and HHPT
patients. There was a reduction in the TBS in patients with asymptomatic HPT
which was linked to the PTH level but had no repercussion on bone mass.
There was no relationship between TBS and lumbar and hip aDXA.

PTH acts on osteoblasts by increasing the production of RANKL and inhibiting
the synthesis of osteoprotegerin (3), increasing bone turnover and being
responsible for the alterations in microarchitecture observed in patients with
asymptomatic HPT. In patients with hyperparathyroidism, extirpation of the
abnormal parathyroid gland reduces PTH, normalizes serum calcium and
markers of bone turnover, and is associated with an increase in BMD and
normalization of the microarchitecture (9). TBS has been proposed as an
indirect index of bone microarchitecture that is simple and easy to perform in
clinical practice (10). Studies with new HRpQcT techniques have shown a
deterioration in the cortical and trabecular microstructure in patients with
primary HPT that resulted in decresed whole-bone stiffness and trabecular
stiffness (11). However, these techniques are expensive and not available in all
hospitals. Therefore, a technique such as TBS, which is simple to perform using
conventional DXA, identifies deterioration of bone microarchitecture. Our results
showed no differences in the TBS in patients with NHPT and HHPT but a
reduction in asymptomatic HPT patients (NHPT and HHPT) compared with
controls. There are no previous studies of the TBS in patients with NHPT, and
very few studies have analyzed the role of the TBS in patients with HHPT. A
case-control study of 73 patients diagnosed with primary HPT by Romagnoli et
al (12) found a reduction in TBS. TBS allowed the differentiation of patients
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without and with vertebral fracture, whose values were even lower. Similar
results were obtained by Eller-Vainicher et al (13), who observed an
improvement in TBS after surgery. Silva et al (14) evaluated the correlation
between TBS and HRpQcT in 22 postmenopausal women with primary HPT.
TBS correlated with whole bone stiffness and all HRpQCT indices, except for
trabecular thickness and trabecular stiffness at the radius, and with all indices of
trabecular microarchitecture, except trabecular thickness. Our results in patients
with NHTP are similar to those described in these studies.

However, some studies have compared bone alterations between NHPT and
HHPT patients. The used procedures were DXA and the prevalence of
fractures. The prevalence of osteoporosis and osteopenia was similar, with no
differences in DXA values (15-18). Only the study by Amaral et al (18) found
that patients with NHPT had higher BMD values in the distal radius. All patients
with HHPT had higher levels of PTH and serum calcium, in agreement with our
results. There may be two possible explanations for these results: first, that
NHPT is a mild initial form of HHPT, and second that there is resistance to PTH

in the renal and bone target organs (19)

Globally, patients with asymptomatic HPT had lower TBS levels than the control
group, even though there were no differences in lumbar DXA. The International
Society for Clinical Densitometry (ISCD) has determined that this procedure is
associated with the risk of vertebral and hip fracture and greater osteoporotic
fracture, although there is no evidence on its therapeutic indication in solitary
(20). Our patients had a reduction in aBMD and TBS, which was similar in
NHTP and HHPT patients although the latter group had a significantly higher
level of PTH. The increase in PTH might explain the reduction in aBMD and
TBS due to the increase in bone remodeling.

Patients with HHPT are characterized by a lower bone mass at the cortical level
with preservation of trabecular BMD (21), as confirmed by histomorphometric
studies. Typically, bone loss is greater in the forearm, where there is a
predominance of cortical bone, and is lower in the lumbar column, where

trabecular bone predominates (21). However, our patients had a low BMD at
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both cortical and trabecular sites. Moreover, clinically, an increased risk of
forearm and vertebral fractures was observed (22, 23). It may be that the TBS is
more sensitive in the evaluation of bone damage in the asymptomatic forms of
hyperparathyroidism. Our results showed no differences in lumbar DXA
between patients and controls. However, the TBS was lower in patients with
asymptomatic PTH. Studies with a larger sample size are necessary to
determine the role of TBS in the management of these patients.

The main limitations of our study are the small sample size and the lack of data
on fractures. However, no patient reported a history of osteoporosis-related
(non-traumatic) or during follow clinical fractures. Moreover, BMD was not
measured in the 33% radius. The main strength of the study is the diagnosis of

NPHPT, with two determinations of calcium at a one year interval.

In conclusion, there was no difference in the TBS between NHPT and HHPT
patients. However, there was a reduction in the TBS in patients with
asymptomatic HPT that was possibly related to PTH levels but had
repercussion on bone mass. Higher levels of PTH seem to be responsible for

this alteration in microarchitecture texture.
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Tabla 1. Characteristics of patients with normocalcemic hyperparathyroidism (

NHPT ), hypercalcemic hyperparathyroidism ( HHPT ) and control group

NHPT (24) |HHPT (15) Control ( 24)
Age (years) 66 =13 64 +12 6312
Gender Ratio 20/4 12/3 21/3
( Female/Male )
BMI 26+4 27+5 26 £ 6.
PTHi ( pg/ml) 98 + 22° 134 + 49 25 + 20°°
25-hidroxy vitamin D 27 +11 25+18 19+14
(ng/ml)
serum calcium (mg/dl) | 9.5 +0.4¢ 10.6 £ 0.6 9.4+0.3°
Serum phosphorus 3.4+05 3.02+0.6 3.6 +0.59
(mg/dl)
TBS 1.228 £ 0.1 1.221+0.1 1.328+0.1"
z-score TBS -0.60+0.47 |-0.76 £1.14 -0.52+1.18
TBS < 1.200 37 % 40 % 4 %
(Degraded )
L1-L4 DXA ( g/cm?) 1.004+0.17 |0.999 +0.2 1.100 +0.16
Femoral neck (g/cm®) |0.754+0.07 |0.793 +0.01 0.841 +0.07¢
Total hip ( g/cm?) 0.822+0.11 | 0.850+0.10 0.909 + 0.09'
Osteoporosis % 29 % 33% 0%™

a) NHPT vs HHPT p= 0.003; b) NHPT vs control p= 0.0001; c) HHPT vs control
p=0.0001 d) NHPT vs HHPT p= 0.0001 e) HHPT vs control p= 0.0001

f) NHPT vs HHPT p= 0.026 g) HHPT vs control p= 0.026

h) AHPT vs control p= 0.001, i) AHPT vs control p= 0.001 j) AHPT vs control p=

0.0001 k) AHPT vs control p= 0.002; 1) AHPT vs control p= 0.03; m) AHPT vs

control p= 0.001



	Article File
	Table 1

