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Abstract

Purpose Patients with hypoparathyroidism are at risk of vertebral fractures (VFs) despite high bone mineral density (BMD).
We investigated this paradox by assessing trabecular bone score (TBS) and hip structural analysis (HSA) in non-surgical
chronic hypoparathyroidism (cHypoPT) with and without VFs.

Methods 152 cHypoPT patients (age 40.2 + 13.4 years, M: F=81:71) with a median follow-up of 8 (2-13) years were
assessed for BMD, VFs, TBS, and HSA and compared with 152 healthy controls. VFs at T,—L, were assessed by Genant’s
method. Average serum total calcium and phosphorus during follow-up were assessed.

Results The lumbar spine and hip BMD were higher by 25.4 and 13.4% in cHypoPT than controls (P <0.001). Paradoxi-
cally, VFs (30.9 vs.7.9%), including multiple (12.5 vs. 2.6%) were higher in cHypoPT (P <0.001). Though overall average
TBS (1.411 £0.091) was normal in cHypoPT, 25.4% of the females had subnormal TBS, more in post than pre-menopausal
women (52.3 vs. 14%, P=0.002) and as compared to males (6.1%, P=0.001). TBS correlated with menopausal status and
follow-up serum calcium—phosphorus product. For every gm/cm? rise in BMD, TBS increase was only 0.227 in cHypoPT
compared to 0.513 in controls. Frequency of VFs increased with declining TBS (P=0.004). HSA was comparable between
cHypoPT with and without VFs. 23.4% of cHypoPT with VFs had subnormal TBS.

Conclusion 31% of cHypoPT patients had VFs. TBS indicated degraded bone microarchitecture in 50% of the post-men-
opausal cHypoPT women. However, TBS has limitations to detect abnormal bone microarchitecture in cHypoPT as only
one-fourth of patients with VFs showed low TBS.
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Introduction in type 2 diabetes, Cushing’s disease, and acromegaly has

been explained by their poor bone microarchitecture [5-7].

Patients with hypoparathyroidism have a high bone mineral
density (BMD), which is further increased during long-
term follow-up [1-3]. Paradoxically, these patients are at
increased risk for vertebral fracture (VFs), especially post-
menopausal women or those on antiepileptic medications [3,
4]. Interestingly BMD is not a significant predictor for VFs
in hypoparathyroidism [3, 4]. A parallel situation observed
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Yamamoto et al. showed that poor spinal microarchitecture,
as indicated by ‘trabecular bone score’ (TBS), was a more
dominant factor for predicting VFs in type 2 diabetes than
the decreased BMD [5]. TBS is a non-invasive tool assessing
bone microarchitecture and predicts fragility separate from
BMD [8-10].

There are only two studies to date assessing the rela-
tionship of TBS with VFs in hypoparathyroidism [4, 11].
Sakane et al. observed overall a high TBS in hypoparathy-
roidism, but a low TBS in six patients with a fragility frac-
ture [11]. In contrast, Cipriani et al. observed low TBS in
post-menopausal hypoparathyroid women with no difference
in patients with and without VFs [4]. A variable relationship
between TBS and VFs could be due to a limited number of
patients assessed. We have been investigating a large cohort
of patients with non-surgical chronic hypoparathyroidism
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(cHypoPT) for their etio-pathogenesis [12—19]. Their unique
skeletal features including the occurrence of parathyroid
spondyloarthropathy, higher BMD, and increased risk of
VFs were described earlier [2, 3, 17]. Here, we assessed the
relationship between TBS and VFs in a cohort of 152 male
and female patients with cHypoPT. We also assessed hip
structure analysis (HSA) for bone strength and its relation
to VFs.

Materials and methods

The study participants were 152 patients with cHypoPT
attending endocrine clinics of the All India Institute of
Medical Sciences (Delhi, India) from 2017 to 2020. These
patients were part of a larger cohort of 250 patients with
cHypoPT being enrolled and managed since 1998. The diag-
nosis of hypoparathyroidism was based on hypocalcemia
with low or inappropriately normal serum intact parathyroid
hormone (iPTH) [20, 21]. Various biochemical parameters,
including serum total calcium, phosphate, creatinine, pres-
ence of cataract, intracranial calcification, and seizures,
were recorded for each patient at their initial presentation
[16]. Patients were prescribed 0.5 to 1.0 pg of alfacalcidol/
day, along with 1.0 to 2.0 gm of elemental calcium. The
daily dose of alfacalcidol was increased to a maximum of
3.0 pg to achieve optimal calcemic control [22]. None of
them were on phosphate binders, magnesium supplements,
or thiazides. They were followed up at three-month inter-
vals to monitor serum total calcium and phosphorus and
urine calcium excretion. Patients with postsurgical hypopar-
athyroidism were not part of the study cohort. None of the
patients included had clinical features of autoimmune poly-
endocrinopathy candidiasis ectodermal dystrophy. Morning
fasting serum cortisol and plasma ACTH were normal in all.

Pregnant or lactating women, patients aged < 20 years,
and those with BMI > 37 kg/m? were not included. Several
patients included in this study had participated in our earlier
studies related to BMD and VFs in cHypoPT [2, 3]. Aver-
age serum total calcium, phosphate, and their product and
presence of intracranial calcification, cataract, and coexistent
autoimmune illnesses were noted from their clinical records.
Patients were called on a pre-scheduled date for measure-
ment of BMD, TBS, VF assessment (VFA), and HSA [10,
23-25]. Biochemical parameters were measured on the same
day.

Bone mineral density
BMD was measured using dual-energy X-ray absorptiometry
(DXA) (Discovery A 84,023; Hologic Inc., MA, USA) at the

lumbar spine (L,—L,), left hip, and non-dominant forearm,
following guidelines of the International Society for Clinical
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Densitometry (ISCD) [10]. The precision was measured by
testing BMD twice in a set of 30 healthy controls using the
ISCD precision tool (www.iscd.org). The coefficient of vari-
ation (CV) of the precision error at the lumbar spine, hip,
neck of the femur, and total forearm was 0.69, 1.73, 1.40,
and 1.12%, respectively. The CV at 95% confidence for the
least significant change at the corresponding sites was 1.9,
4.8, 3.9, and 3.1% respectively. Lumbar vertebrae showing
fractures were excluded from the BMD analysis. Z scores for
lumbar BMD were analyzed for cHypoPT patients < 50 years
of age.

Trabecular bone score

TBS was measured using iNsight software (version 3.0.2.0,
Med-Imaps, Bordeaux, France) installed on a DXA machine
and calibrated with a TBS-specific phantom. It analyzes the
gray-level texture using pixels of the DXA images of the
L,-L, spine obtained by scanning time of 30 s per patient.
TBS represents the average TBS of L;-L, and is a unit-less
measurement without gender effect [9]. If a lumbar verte-
bra was excluded during BMD analysis, the corresponding
vertebra was also excluded from the TBS. The TBS > 1.310
reflects denser trabeculae with good microarchitecture con-
nectivity. TBS < 1.230 indicates degraded microarchitecture
with higher susceptibility to VFs. A score between 1.310 and
1.230 indicates partially degraded microarchitecture with a
moderate risk of VFs [4, 9]. The CV for TBS was 1.39%,
with the least significant change at 95% confidence being
0.038.

Assessment of vertebral fracture

VFs were assessed with patient in the supine position and
rotation of the arm of the DXA machine. The VFA software
calculated the deformity and severity of VFs based on six
points marked on the anterior, posterior, and middle of the
superior and inferior surface of each vertebra. These points
were reviewed by an expert radiologist to exclude develop-
mental variation, degenerative changes, and syndesmophytes
[3, 17]. Wedge and biconcave deformities were calculated
from the ratios of anterior and posterior heights of the ver-
tebrae. Crush deformity was calculated using ratios of ante-
rior, mid, and posterior heights of the adjacent vertebrae.
The severity of VFs was graded as per Genant’s method,
with grade 1 deformity being 20 to 24.9% reduction, grade
2=251039.9%, and grade 3 =40% or more [26]. VFA was
limited to T, to L, vertebrae to maximize the stability of the
results. T, to T vertebrae were not analyzed because of their
poor visualization in several patients due to overlapping with
scapula and ribs [23, 27].
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Hip structural analysis (HSA)

The hip structure analysis (HSA) assessed bone strength
based on its geometric properties of the hip region using the
APEX software of the DXA machine. The regions assessed
were: (1) narrowest part of the femoral neck (NN), (2) femo-
ral shaft (FS) at 2.0 cm distal to the midpoint of the lesser
trochanter, and (3) inter-trochanter (IT). These three areas
have differing cortical bone content of 60, 100, and 70%,
respectively [24]. Cross-sectional area (CSA), cross-sec-
tional moment of inertia (CSMI), cortical thickness (CTh),
section modulus (SM), and bucking ratio (BR) were meas-
ured at each region [24]. Briefly, CSA indicates the total
bone surface area after subtracting the area of voids, spaces,
and marrow cavity. The CSMI indicates mass in the center
of bone proportional to its structural rigidity. SM (Z) indi-
cated the bending stress in a cross section at the maximum
distance from the neutral axis. BR represented the ratio of
the outer radius of the bone to the wall thickness in a tubular
cross section. Bone with high BR indicates lower cortical
stability. Thus, a higher value of CSA, CSMI, and SM but
lower BR would be advantageous against fracture [24]. The
CVs of these variables in the current study at NN were 2.1,
4.8, 3.6%, and 3.8%, respectively.

To understand the association of TBS with serum total
calcium, phosphorus, and their product, the values were ana-
lyzed (1) during current study, (2) at initial presentation to
the endocrine clinic, and (3) during follow-up.

The average of various biochemical parameters during
follow-up was calculated using measurements available for
each patient from their initial enrollment in the endocrine
clinics till the present study.

Controls

Controls were selected from a large number of healthy
subjects undergoing DXA to assess TBS and its relation-
ship with vitamin D status at our center from 2019 to 2021.
Subjects with a history of diabetes mellitus, blood glu-
cose value> 7.8 mmol/L, and TSH > 10.0 uIU/ml were not
included. Gender and age-matched controls (+two for <50
years and + 5 years for those > 50 years) were included in a
1:1 ratio with cHypoPT patients. Their mean iPTH, serum
total calcium, and phosphorus were within the normal range.

The study was approved by Institute Ethics Committee
(IECPG-170/19.04.2018). Written consent was obtained
from patients and controls after an explanation of the study
purpose and investigations.

Biochemical parameters

The serum total calcium and inorganic phosphorus were
measured on Hitachi 917, Roche, Germany (normal range

2.03 to 2.60 mmol/L and 0.81 to 1.45 mmol/L, respectively).
The intra-assay and inter-assay coefficients of variation
were 3.5 to 5.0%. Serum iPTH was measured by chemilu-
minescence (Elecsys-2010, Roche, Germany; normal range,
15-65 ng/L). Serum 25(OH) D was measured by chemilumi-
nescence (LAISON, DiaSorin, Inc., MN) with the coefficient
of variation being 2.9-5.5%.

Statistical analysis

Data are presented as mean + SD, median with interquartile
range (IQR), and frequencies (%). The Student’s ¢ test was
performed for intergroup comparison of continuous vari-
ables with normal distribution. Mann—Whitney U test was
performed for parameters that were not normally distributed.
Fisher’s exact test was carried out to assess differences in
the frequencies. The linear trend in the proportion of cases
with VFs in the ordered categories of TBS was examined by
a nonparametric trend test. Multivariable regression analy-
sis was performed for VFs and TBS using relevant factors
found to be significant in the univariate analysis, i.e., gen-
der, duration of illness from the onset of symptoms, use of
anticonvulsant at any time, age at current study, BMI, BMD
lumbar spine, TBS, menopausal status, serum 25(OH)D,
average serum total calcium, phosphorus and serum cal-
cium—phosphorus product during follow-up. All analyses
were performed using SPSS, version 20.0 IBM, Armonk,
NY). A two-tailed P value <0.05 was considered significant.

Results

One hundred and seventy two patients with cHypoPT
attended the endocrine clinics during the study period. 20
of them were not assessed for TBS due to: age <20 years
or>75 yearrs (n=16), and severe spine deformity,
BMI > 37 kg/m?,> 2 lumbar vertebrae fractured, and preg-
nancy (n=1 each for all). Finally, 152 patients (males 81,
F=171) were analyzed. Their clinical and biochemical char-
acteristics at the initial presentation are shown in (Table 1).
Twenty-one females were post-menopausal, and 24 males
were > 50 years of age in the current study (Table 1). Over-
all, 58 patients had used anticonvulsants for seizures, which
were withdrawn in 21 of them in the past [28]. Fifteen
patients had primary hypothyroidism but were euthyroid on
thyroxine. Four patients were on a gluten-free diet for celiac
disease. Other coexistent autoimmune illnesses were alope-
cia areata, alopecia totalis, vitiligo, and pulmonary alveolar
proteinosis (n=1, each) [29].

The mean age and BMI of the 152 controls (39.3+12.2
years and 25.8 + 3.76 kg/m?) were comparable to that of the
cHypoPT group (P=0.57 and 0.06). The mean serum total
for calcium, phosphorus, and intact PTH of controls was in
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Table 1 Clinical and

c ) o Characteristic cHypoPT Controls P
biochemical characteristics
of patients with non-surgical (n=152) (n=152)
e e W@
Age at present study (year) 40+13 39+12 0.57
Postmenopausal females (1, %) 21/71 (29.6) 15/71 (21.1) 0.33
Duration of menopause (year) 99+5.7 7.0+4.1 0.11
BMI (Kg/m?) 249+4.38 25.8+3.8 0.06
Age at onset of symptoms (year) 25+13 - -
Duration of illness (year) 15+9 - -
Median duration of follow-up (year) 8 (2.0-13) - -
Basal ganglia calcification (n, %) 103/151(68.2) - -
Cataract (n, %) 101/148 (68.2) - -
Seizures (n, %) 89/152 (58.6)
#Renal complication
Nephrocalcinosis (2, %) 9/147 (6.1) -
Renal calculi (n, %) 8/144 (5.4)
GFR <60 ml/1.73 m? 19/143 (13.3)
Serum total Ca at initial presentation (mmol/L) 1.38+£0.25 - -
Serum PO4 at initial presentation (mmol/L) 2.20+0.45 -
Current serum albumin (gm/L) 47+4 46 +4 0.24
Serum 25(OH)D (nmol/L) 86.11+45.48 42.93+28.45 <0.001
Current serum iPTH (ng/L) 8.0+8.0 55.6+23.7 <0.001
Median (IQR) 5.7 (2.8-10.3) 51.9 (23.7-69.5)
Current serum total Ca (mmol/L) 1.83+0.33 2.33+0.13 <0.001
Current serum PO, (mmol/L) 1.71+£0.32 1.20+0.16 <0.001

2Assessed in 2019 (referencet# [16])

normal range (2.33 +0.13 mmol/L, 1.20+0.16 mmol/L, and
55.6 +£23.7 ng/L, respectively).

BMD and VFA in hypoparathyroidism and controls

The mean BMD at the lumbar spine, total hip, femoral
neck, and trochanter was significantly higher in cHypoPT
than in the controls (Table 2). The average BMD at lumbar
spine and hip was higher by 25.4 and 13.4% in cHypoPT
(P<0.001 for both). The mean BMD values at the three
forearm regions were comparable between cHypoPT and
controls.

None of the cHypoPT patients had Z score < — 2.0. In
contrast, 17 of the 152 controls (11.2%) had Z score <— 2.0
(P<0.001). Paradoxically, the prevalence of VFs was higher
in cHypoPT than controls (30.9 vs. 7.9%, P<0.001). Fre-
quency of multiple VFs was also higher in cHypoPT than
controls (12.5 vs. 2.6%, P <0.001).

@ Springer

TBS in hypoparathyroidism and controls

The mean TBS was higher in cHypoPT than controls
(1.411+0.091 vs. 1.334+0.093, P <0.001, Table 2). The
mean age at presentation to the clinic was higher in cHy-
poPT patients with degraded TBS than those with normal
TBS (37.4+14.9 vs. 31.6 +11.4 years, P=0.03). How-
ever, the median duration of illness was comparable in
cHypoPT patients with and without degraded TBS [13.5
(10-23) vs. 13.2 (9-19) years, P=0.61].

The mean TBS was significantly less in females than
the males with cHypoPT (1.386+0.102 vs. 1.434+0.074,
P =0.002). Postmenopausal cHypoPT women tended to
have lower mean TBS than the pre-menopausal cHy-
poPT (1.343 +0.122 vs. 1.404 +0.088, P=0.047, Fig. 1).
15.1% of the cHypoPT patients had degraded or par-
tially degraded microarchitecture. The frequency of such
degraded microarchitecture was higher in females than in
males with cHypoPT (25.4 vs. 6.1%, P=0.001). The pro-
portion of degraded and partially degraded microarchitec-
ture was also high in post than pre-menopausal cHypoPT
(52.3 vs. 14.0%, P=0.002). In contrast, the mean TBS
and frequency of degraded TBS were comparable between
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Ta.ble 2 Corpparison of bone Characteristic cHypoPT Controls P
mineral density, trabecular
bone score, hip-structural- (n=152) (n=152)
gnalysis anQ Vertebralh fractures BMD (g/cm?)
in non-surgical chronic
hypoparathyroidism (cHypoPT) L1-4 AP spine 1.232+0.229 0.982+0.116 <0.001
and controls Femoral neck 0.922+0.178 0.783+0.110 <0.001
Trochanter 0.756+0.134 0.665+0.072 <0.001
Total hip 1.040+0.161 0.917+0.103 <0.001
Ultradistal-forearm 0.457+0.078 0.450+0.061 0.41
Mid-forearm 0.610+0.075 0.611+0.060 0.85
Proximal-forearm 0.716+0.082 0.703 +£0.069 0.14
Total forearm 0.588+0.072 0.584 +£0.058 0.62
Trabecular bone score
Mean=+SD 1.411+0.091 1.334+0.093 <0.001
<1.230 (n, %) 7 (4.6) 23 (15.1)
1.230—1.310 (n, %) 16 (10.5) 35 (23.0)
>1.310 (v, %) 129 (84.9) 94 (61.8) <0.001
Hip structural analysis at neck
Sub-periosteal width (cm) 3.266+0.358 3.271+0.358 0.9
Endocortical width (cm) 2.820+0.360 2.905+0.370 0.045
Cross sectional area (cm?) 3.533+0.896 2.956+0.484 <0.001
Cross sectional moment of inertia (cm®) 3.104+1.320 2.631+0.922 <0.001
Section modulus (cm?®) 1.740+0.584 1.463+0.393 <0.001
Cortical thickness (cm) 0.223+0.047 0.185+0.029 <0.001
Bucking ratio 8.230+2.174 9.980+2.363 <0.001
Vertebral fractures
Number of subjects with fractures (n, %) 47/152 (30.9) 12/152 (7.9) <0.001
Number of patients with
No fractures 105 (69.1) 140 (92.1)
With Single fractures 28 (18.4) 8(5.3)
With Multiple fractures 19 (12.5) 4(2.6) <0.001
Number of patients® with
Grade 1 fractures 27 (17.8) 9(5.9)
Grade 2 fractures 17 (11.2) 3 2.0
Grade 3 fractures 3(2.0) 0(0.0) <0.001

*Patients with multiple fractures of different grades were shown against the higher grade

males cHypoPT < 50 years and > 50 years (1.443 +0.068
vs. 1.412+0.086, P=0.09 and; 3.5 vs. 12.5%, P=0.15).

Hip structural analysis in hypoparathyroidism

The mean CSA and CTh were higher, whereas BR was lower
in the cHypoPT than the controls at NN, IT, and FS (P <0.01
for all sites, data for NN shown in Table 2). The mean CSMI
and SM were higher in the cHypoPT group at the NN and
IT region (P <0.01). The mean neck—shaft angle was com-
parable between cHypoPT and the controls (127.0°+6.1°
vs. 125.9°+5.8°, P=0.10). However, there was no signifi-
cant difference in various HSA parameters at all sites in the
cHypoPT group with and without VFs. Similarly, HSA was
comparable between pre- and post-menopausal cHypoPT.

Factors determining TBS in hypoparathyroidism

On univariate regression analysis, TBS showed a signifi-
cant inverse association with female gender (P=0.001),
post-menopausal status (P <0.001) and calcium—phospho-
rus product during follow-up (P =0.03). There was signifi-
cant correlation between TBS and lumbar spine BMD in
the cHypoPT (r=0.568, P <0.001) and controls (r=0.639,
P <0.001). There was no significant association of TBS with
age at the current study, BMI, duration of illness, use of anti-
convulsant, and follow-up serum total calcium and phospho-
rus and serum 25(OH)D measured during the current study.

On multivariable regression analysis, menopausal status
and higher calcium—phosphorus product during follow-up
were the significant determinants of subnormal TBS in
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Fig. 1 Box plot graph showing comparison of TBS in A males and
females and B pre-menopausal versus post-menopausal women with
non-surgical chronic hypoparathyroidism

cHypoPT (P <0.01 and 0.02, Table 4). For every 5 year
increase in duration of menopause, the risk of impaired
TBS (< 1.310) increased by fivefold. For every 1 mmol%/
L? increase in mean follow-up serum calcium—phosphate
product, the odds of impaired TBS increased by 9.1-fold.
Lumbar BMD was the significant positive predictor of TBS
(P <0.001). Linear regression showed that for every gm/cm?
rise in lumbar spine BMD, the TBS increased by 0.513 in
controls but only 0.227 in cHypoPT.

Factors determining VFs in hypoparathyroidism

The mean TBS, frequency of degraded TBS, HSA in cHy-
poPT with (n=47) and without (n=105) VFs are given
in (Table 3). The proportion with degraded and partially
degraded TBS tended to be higher in patients with VFs than
without VFs (23.4 vs. 11.4%, P=0.08). The difference in
proportion with degraded TBS between patients with and
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without VFs was more apparent when only grade 2 and 3
VFs were considered, excluding milder grade 1 (35.0 vs.
11.6%, P=0.01). There was a linear trend of increased fre-
quency of VFs with a decrease in TBS (P =0.04, Fig. 2).
This linear trend was more significant when only moderate
and severe VFs were considered (P=0.004). Though uni-
variate analysis showed significantly lower total and mid-
forearm BMD in cHypoPT patients with VFs, these were
not the significant determinants of VFs on multivariable
regression analysis. Menopausal status was the only signifi-
cant predictor of VFs in cHypoPT. For every 5 year increase
in the duration of menopause, the risk of vertebral fracture
increased by 1.6-fold (Table 4).

Discussion

Seeman et al. in 1982, first reported increased BMD of the
lumbar spine in patients with surgical hypoparathyroidism
[30]. Subsequently, a similar increase in BMD was also
observed in cHypoPT [2]. Interestingly, Rubin et al. and
Gafini et al. observed poor bone microarchitecture on histo-
morphometry in chronic hypoparathyroidism [31, 32]. The
overall impact of increased BMD but poor microarchitecture
on VFs is an area of current interest [1, 3, 33-35].

This study showed that with an average of 23% higher
lumbar BMD, one-third of cHypoPT had VFs. These frac-
tures were clinically asymptomatic and more prevalent in
post-menopausal women. Though lumbar spine BMD and
TBS showed a good correlation, the latter provided more
information on bone health in cHypoPT. This was indicated
by normal BMD Z scores in all the cHypoPT but degraded
bone microarchitecture in 15.1% of the cHypoPT group
which increased to 50% of post-menopausal cHypoPT. The
present study also revealed a high prevalence of VFs (42.9%)
in post-menopausal females. The overall trend of increasing
VFs with a decreasing TBS further supported the role of
poor TBS in the VFs in cHypoPT. Previously, Sakane et al.
reported a similar low prevalence of osteoporosis on BMD
(2.9%) but subnormal TBS in up to 30% of hypoparathyroid
cases [11]. Iglesias et al. also observed lower TBS in post-
surgical hypoparathyroidism [36]. In contrast, Cipriani et al.
reported high TBS in hypoparathyroidism with comparable
TBS between pre- and post-menopausal women [37]. The
lack of differences in the TBS between pre- and post-men-
opausal hypoparathyroid cases observed by Cipriani et al.
could be due to an age gap of only eight years between pre-
and post-menopausal women compared to the 23 years in
the present study [37].

This study also showed that males had higher TBS with
a four-fold lower prevalence of degraded TBS than females.
However, unlike females, they showed no age-related decline
in TBS after 50 years. There is no previous study assessing
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Table 3 Clinical, biochemical

arameters. BMD. TBS and Characteristic With VFs Without VFs
EISA in cH;/poPT 7with and (n=47) (n=105)
without VFs Age (year) 42+12 40+14
M:F (n) 19:28 62:43
BMI (kg/m?) 254447 24.7+4.8
Age at onset of symptoms (year) 25+12 26+13
Age at presentation to the clinic (year) 32.8+10.8 324+12.7
Duration of illness (year) 17+9 14+9
Basal ganglia calcification (1, %) 35/46 (76.1) 68/105 (64.8)

Cataract (n, %)
Seizures (n, %)
Current serum total Ca (mmol/L)
Current serum PO, (mmol/L)
Current serum albumin (gm/L)
Current serum iPTH (ng/L)
Median (IQR)
Serum 25(OH)D (nmol/L)
Serum iPTH at initial presentation (ng/L)
Median (IQR)
Serum total Ca at initial presentation (mmol/L)
Serum PO4 at initial presentation (mmol/L)
Ca-PO4 product at initial presentation (mmol*/L2)
Ca/PO4 ratio at initial presentation
On anticonvulsants (n, %)
“Postmenopausal females (1, %)
Follow-up serum total Ca (mmol/L)
Follow-up serum PO4 (mmol/L)
Follow-up serum Ca-PO4 product (mmol%/L?)
Follow-up serum Ca/PO4 ratio
Follow-up 25(OH)D (nmol/L)
Mean BMD, g/cm?2
L1-4 AP spine
Total hip
Femoral neck
Trochanter
*Total forearm
Ultra-distal forearm
*Mid-forearm
Proximal forearm
Trabecular bone score
Mean+SD
<1.230 (n, %)
1.230-1.310 (n, %)
>1.310 (n, %)
Hip structural analysis at neck
Sub-periosteal width (cm)
Endocortical width (cm)
Cross sectional area (cm?)
Cross sectional moment of inertia (cm*)
Section modulus (cm?)
Cortical thickness (cm)

Bucking ratio

32/47 (68.1)
28/47 (59.6)
1.88+0.30
1.71+0.36
4743
79+6.8

5.9 (3.3-10.7)
91.10+45.18
79+73

5.0 (3.0-12.4)
1.40+0.25
2.20+0.45
3.04+0.76
0.67+0.20
10 (21.3)
12/28 (42.9)
1.85+0.15
1.78+0.26
3.29+0.45
1.08+0.23
86.36+34.20

1.247+0.216
1.037+0.170
0.922+0.196
0.759+0.142
0.570+0.078
0.444 +0.084
0.591+0.079
0.697 +0.096

1.408+0.109
4(8.5)
7(14.9)

36 (76.6)

3.229+0.342
2.780+0.323
3.544+1.014
3.027+1.489
1.720+0.679
0.225+0.051
8.121+2.037

69/101 (68.3)
61/105 (58.1)
1.80+0.33
1.71£0.32
47+4
8.03+8.5
5.6(2.7-8.9)
83.87+45.68
79+84
6.04 (2.6-8.8)
1.35+£0.23
2.20+£0.45
2.93+0.63
0.65+0.19
27 (25.7)
9/43 (20.9)
1.85+£0.20
1.78 £0.26
3.24+0.36
1.08+£0.23
84.12+27.71

1.225+0.235
1.043+£0.157
0.922+0.170
0.755+0.132
0.596 +0.068
0.463+0.075
0.619+0.072
0.725+0.074

1.413+0.082
3(2.9)

9 (8.6)

93 (88.6)

3.282+0.366
2.838+0.376
3.527+0.843
3.138+1.244
1.749+£0.540
0.222+0.044
8.278 +2.240

4P value for M:F ratio=0.04; postmenopausal females=0.01; BMD total and mid forearm=0.04 and 0.03.

P values for other parameters are not significant

@ Springer



1784

Journal of Endocrinological Investigation (2022) 45:1777-1786

60

50

= e ) P =0.004
S W38 ® 4
= 40
=
> .
g 30 w79 <+ @+ VFsGrade 2 &3
> @25
Q o eofl+ VFsGrade 1,2 &3
S 20
) .
= ot
=3
210 ®'10.1
=

0

> 1310 1.310 to 1.230 <1.230

Trabecular bone score

Fig.2 A hypothetical trend of increasing frequency of vertebral frac-
tures with increasing abnormalities in trabecular bone score in non-
surgical chronic hypoparathyroidism (P=0.04 if grade 1, 2 and 3 are
included; P=0.004 if patients with severe grade, i.e., 2 and 3 verte-
bral fractures included)

the relationship between TBS and VFs including a wide age
spectrum of cHypoPT, i.e., young and old males and females
with cHypoPT.

Thus, the trend of bone fragility in cHypoPT better indi-
cated by abnormal TBS than BMD is akin to that reported
in type 2 diabetes, endogenous or exogenous Cushing syn-
drome, and acromegaly [5-7, 38—40]. Vinolas et al. observed
an association of bone fragility fractures in Cushing’s dis-
ease with low TBS rather than BMD [6]. Calatayud et al.
observed normal lumbar BMD in 73% of patients with acro-
megaly but normal TBS in only 38% of them [7]. Similarly,
Hong et al. observed lower TBS in acromegaly patients than
in healthy controls despite comparable BMD values [38].

In this study, menopausal years and higher calcium—phos-
phorus product during follow-up were significant deter-
minants of subnormal TBS in cHypoPT. Lower TBS in
post-menopausal cHypoPT could reflect deteriorating bone
microarchitecture due to declining estrogen levels. The
inverse relation of calcium—phosphorus product with TBS
indicates the possible effect of excess serum phosphate on
TBS and thus the importance of better serum phosphate

control in the management of hypoparathyroidism. However,
this needs to be further assessed as serum phosphate alone
was not the significant predictor of TBS.

The present study revealed another interesting aspect of
bone health in cHypoPT, i.e., a nearly 50% lower rise in
TBS with rising BMD in cHypoPT than in healthy controls.
Though the current study was not designed to investigate
this lower rise of TBS in cHypoPT, it could reflect their
low bone turnover and inappropriate trabecular minerali-
zation due to PTH deficiency in hypoparathyroidism [41].
Regression analysis of VFs revealed a significant association
with menopausal status but not with TBS. However, both
menopausal status and calcium—phosphorus product during
follow-up were the significant determinants of TBS. This
indicated a complex interlink of multiple factors determining
the VFs in cHypoPT.

This study also analyzed HSA in cHypoPT and its rela-
tionship with VFs. There is only one previous case—control
study on HSA in 31 hypoparathyroidism females [42]. Park
et al. observed high CSA and CTh and low BR in hypopar-
athyroidism at the femoral neck and trochanter region. Par-
adoxically, at the femoral shaft, CSA and CTh were low
whereas BR was high [42]. The above study did not assess
VFs in hypoparathyroidism. In the present study, the mean
CSA and CTh were higher, and BR was lower in cHypoPT
than in controls at all sites. However, parameters of HSA
were comparable between patients with and without VFs or
with menopausal status. The lack of correlation of HSA with
VFs in cHypoPT could either be due to the different content
of cancellous and cortical bone at vertebral and hip regions.
While vertebral bone is 75% trabecular and 25% cortical,
this ratio in the femoral head is 50:50 [43]. It is possible
that higher CSA and CTh at the hip might be advantageous
to patients with hypoparathyroidism against hip fractures.
There is no systematic information to date on the prevalence
of hip fractures in hypoparathyroidism.

The limitation of this study was the inability to include
controls with matched serum 25(OH)D values who were
using calcium and vitamin D therapy for a long duration akin
to that of the cHypoPT group. However, serum 25(OH)D

Table 4 Multivariable logistic regression to assess factors independently associated with degraded trabecular bone score and vertebral fractures

Trabecular bone score

Characteristics Odds ratio 95% C.1 P-value
Duration menopause per 5 year 5.04 1.99-12.73 0.001
Lumbar- spine BMD (0.1gm/cm?) 0.23 0.11-0.45 <0.001
Follow-up serum CaxPO, (mmol*/L?) 9.1 1.37-60.41 0.02
Vertebral fracture

Characteristics Odds ratio 95% C.1 P- value
Duration menopause per 5 year 1.58 1.04-2.40 0.03
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was not a significant determinant of TBS or VFs in cHypoPT
in this study. Besides, all the patients in this study were on
conventional therapy and their calcemic control was inter-
mittently suboptimal [20, 44]. A subset of patients was also
using anticonvulsants for control of hypocalcemic seizures.
The relationship between intermittent calcium control, sei-
zures, related injury, antiepileptic therapy, and TBS could
not be analyzed in the present study due to limited number of
such cases and variability in the long-term calcemic control.
Theoretically, all these factors could enhance the risk of VFs
in hypoparathyroidism.

Thus, the present study showed that despite high BMD,
patients with cHypoPT had a four-fold higher prevalence of
VFs. TBS was subnormal in 50% of the post-menopausal
cHypoPT women and one-fourth of the cHypoPT cases with
VFs. Thus, impaired TBS provides a biological basis for
increased VFs in cHypoPT, at least in one-fourth of cases.
However, TBS has a limitation to detect abnormal bone
microarchitecture in cHypoPT as the majority of patients
with VFs had normal TBS.
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