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Abstract

Summary In the CNHR study, 35% of postmenopausal women had osteoporosis by BMD or fragility fracture, and 4% had
both. Three men > 50 had osteoporosis by BMD or fragility fracture (33.3%; n=3/9). This suggests that close follow-up of
skeletal health is necessary in postmenopausal women, and men > 50 with chronic HypoPT.

Purpose Chronic hypoparathyroidism (HypoPT) has been associated with decreased bone turnover and abnormalities in
bone mineral density (BMD), microarchitecture, and strength. Current guidelines do not recommend systematic evaluation
of skeletal health in patients with chronic HypoPT. Our study assessed skeletal health in pre- and postmenopausal women
with chronic HypoPT and adult men.

Methods This prospective study enrolled adults with chronic HypoPT from the Canadian National Hypoparathyroidism
Registry. Clinical characteristics, bone fractures, biochemistry, and serum bone biomarkers were assessed at baseline. Skeletal
health evaluation included assessments of fragility fractures, BMD at lumbar spine (LS), femoral neck (FN), total hip (TH),
1/3 radial sites, trabecular bone score (TBS), and bone biomarkers.

Results We present the baseline data of the patients enrolled in the registry. We analyzed a total of 101 patients: 18 men, 35
premenopausal, and 48 postmenopausal women. The mean (SD) age at the onset of HypoPT was 40.7 (16.8) years, and the
average disease duration was 11.2 (8.6) years. The most common etiology was postsurgical (74.3% vs. 25.7% non-surgical).
Most patients received calcium supplements (89%) and active vitamin D (80%) at baseline. No fragility fractures or low
BMD were reported in premenopausal women. However, BMD at LS, FN, TH, and TBS were significantly lower in post-
menopausal compared to premenopausal women.

Conclusions Overall, 35% of postmenopausal women had osteoporosis by BMD or prior fragility fracture, and 4% had both.
Three men > 50 years had osteoporosis by BMD or fragility fracture (33.3%; n=3/9). This study suggests that close follow-
up of skeletal health is necessary in postmenopausal women with chronic HypoPT and men > 50 years.

Highlights

o Evaluate skeletal health in postmenopausal women with chronic HypoPT and men over the age of 50 years with
BMD and X-rays of the thoracic and lumbar spine.

e Monitor skeletal health with BMD in postmenopausal women and men over the age of 50 years with chronic
HypoPT.
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Introduction

Chronic hypoparathyroidism (HypoPT) is a rare endocrine
disorder characterized by hypocalcemia and hyperphos-
phatemia in the presence of low or inappropriately normal
serum parathyroid hormone (PTH), which is the principal
regulator of calcium and phosphate homeostasis [1-3].
The most common cause of chronic HypoPT is neck sur-
gery (approximately 75% of cases), resulting in injury to
the parathyroid glands or their blood supply [2, 4]. Non-
surgical causes of chronic HypoPT (approximately 25%
of cases) are frequently autoimmune, genetic, infiltrative,
functional, post-radiation, or idiopathic [1, 2]. Chronic
HypoPT has an estimated prevalence ranging from 6.4 to
37/100,000 person-years and an incidence reported to be
0.8 to 2.3/100,000/person-years [5].

The clinical presentation of chronic HypoPT is asso-
ciated with the effects of hypocalcemia and hyperphos-
phatemia on multiple systems, including renal, neu-
romuscular, neurologic, behavioral/psychiatric, and
cardiovascular systems [2]. Classic symptoms such as
muscle cramps, paresthesia, brain fog, irritability, and
depression are seen commonly. In severe cases, patients
may experience arrhythmias, laryngospasm, bronchos-
pasm, and seizures [2, 6, 7]. Long-term complications
associated with chronic HypoPT include renal impairment,
nephrocalcinosis, nephrolithiasis, cataracts, basal ganglia
calcifications, cardiac arrhythmias, ischemic heart disease,
and increased risk of infection [8—10]. Moreover, it has
been recently reported that non-surgical HypoPT is associ-
ated with increased mortality and additional morbidities
compared to the general population [11].

Chronic deficiency of PTH decreases bone turnover and
is associated with abnormalities in bone density, micro-
architecture, and possibly bone strength [7, 8, 12]. Several
studies have shown a reduction in bone resorption and
bone formation markers in patients with chronic HypoPT
[8, 13, 14] whereas bone mineral density (BMD) values

Fig. 1 Low-power view of
iliac crest bone biopsies from a A
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demonstrating the increase in

cancellous bone volume and
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with hypoparathyroidism (Gold-

ner trichome stain). Reproduced

with permission from Rubin

etal. [16]
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are usually higher in comparison to healthy eucalcemic
subjects of the same age and sex [7, 8]. An increase in
bone density in both cortical and cancellous compartments
in patients with chronic HypoPT has been noted in dual-
energy X-ray absorptiometry (DXA) studies and high-
resolution peripheral quantitative computed tomography
(HRpQCT) studies [15-19]; see Figs. 1 and 2 [16, 20].
However, when assessed by trabecular bone score (TBS),
bone microarchitecture appears to be degraded in patients
with chronic HypoPT regardless of BMD, as observed in
those with postsurgical chronic HypoPT [21].

Histomorphometric data in patients with chronic HypoPT
revealed reductions in bone mineralizing surface (58%),
bone formation rate (80%), and remodelling activation fre-
quency (54%) in comparison to eucalcemic age and sex-
matched controls [22]. The resorption depth appears to be
decreased, and the total resorption period is increased from
26 to 80 days, and in each remodelling cycle, more bone is
formed than removed [22].

A systematic review and meta-analysis involving seven
observational studies with a total of 1470 patients with
chronic HypoPT showed that the risk of vertebral fractures
is increased by twofold in patients with chronic HypoPT
compared to healthy controls (OR 2.22, 95% CI 1.23,
4.03, p=0.009, I?=49%, random-effects model) [23]. The
observed increased risk of vertebral fractures was only
noted in patients with non-surgical chronic HypoPT (OR
2.31,95% CI 1.32, 4.03, p=0.003, I>=3%, random-effects
model) [23].

Current international guidelines do not specifically rec-
ommend regular follow-up of skeletal health in chronic
HypoPT under conventional therapy [10]. Currently, there
is limited information regarding skeletal health in individu-
als of all ages with chronic HypoPT with a potential under-
estimation of the effects of ageing and menopause on the
skeleton.

New treatments of chronic HypoPT, such as PTH
analogues, long-acting PTH, or PTHR1 agonists, have
become recently available or are under development.
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Fig.2 Reconstructed uCT
images of cancellous bone from
a control (A) and a subject with
hypoparathyroidism (B). Note
the dense trabecular structure in
hypoparathyroidism. Repro-
duced with permission from
Rubin et al. [20]

Bone biomarkers and bone density data have recently been
obtained and demonstrate the short-term impact of these
treatments on bone turnover and bone density [24-26].
However, the long-term impact of drug therapy on skeletal
health, especially in postmenopausal women at increased
risk of bone fragility, remains unknown.

The aim of the present study was to systematically assess
skeletal health in individuals with chronic HypoPT and, spe-
cifically, in postmenopausal women who represent a signifi-
cant proportion of this population. The Canadian National
Hypoparathyroidism Registry (CNHR) was established in
2014 with the objective of collecting epidemiologic data in
Canadian patients with chronic HypoPT, including preva-
lence, management, treatment, and mortality [6]. The CNHR
database was utilized to (1) evaluate the effects of chronic
HypoPT on skeletal health in Canadian adults and (2) char-
acterize the demographics, etiology, biochemical profile,
symptom burden, and pharmacological management of this
patient population.

Methods
Study design and population

This was a prospective, observational cohort study that
included patients with chronic HypoPT from the CNHR.
Patients of the CNHR were recruited from McMaster Uni-
versity, Western University, University of Toronto, and
specialized academic as well as community centers across
Canada. This study was approved by the McMaster Uni-
versity ethics review board, Hamilton Integrated Research
Ethics Board, in 2014 [6].

We recruited adult men and women > 18 years of age
with chronic HypoPT, defined as low serum calcium in the
presence of low PTH levels for at least 6 months prior to

enrolment. Patients were receiving conventional therapy
(i-e., calcium supplements and active vitamin D) for at least
6 months prior to enrolment or conventional therapy and
PTH (1-34) or PTH (1-34) alone. Since PTH (1-84) is cur-
rently not available in Canada, patients treated with PTH
(1-84) were not included. We excluded patients with tran-
sient HypoPT (i.e., resolved within 6 months of surgery),
patients unable to provide informed consent, and patients
currently participating in an interventional clinical study
using an investigational drug. Patients with stable disease
attended regular follow-up visits every 6—12 months or
sooner if treatment adjustments were required.

Baseline assessment

The following data were collected at baseline: demograph-
ics, age of disease onset, etiology of chronic HypoPT, clini-
cal symptoms and comorbidities, history of bone fractures,
and current and previous treatments for chronic HypoPT.
Clinical laboratory tests included the following: serum
PTH, total and ionized calcium, phosphorus, albumin, 25
hydroxyvitamin D (25(OH)D), 1,25 dihydroxyvitamin D
(1,25(0OH),D), magnesium, thyroid stimulating hormone
(TSH), creatinine, estimated glomerular filtration rate
(eGFR; using the Chronic Kidney Disease Epidemiology
Collaboration equation), calcium X phosphate product, 24-h
urinary excretion of calcium and phosphorus, creatinine, and
sodium. The serum bone biomarkers (procollagen 1 N-ter-
minal propeptide [P1NP] and collagen type-I telopeptide
[CTX]) were also evaluated.

Areal bone mineral density, trabecular bone score,
and fracture assessment

All patients prospectively underwent a DXA assessment
evaluating BMD and TBS. The BMD study was completed
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by central analysis of DXA scans at four sites: lumbar spine
(L1-L4), femoral neck, total hip, and 1/3 radial sites. Oste-
oporosis in men > 50 years and postmenopausal women
was defined as T-score < —2.5. Low BMD was defined
as T-score< — 1 and> —2.5 in men > 50 years and post-
menopausal women. Individuals with a Z-score< —2 in
men < 50 years and premenopausal women were described
as having low BMD. Spine X-rays will be obtained prospec-
tively every 2 years, as vertebral fracture assessment (VFA)
is not consistently available at all collaborative centers.

Statistical analysis

Categorical variables are summarized as the number and
percentage of patients, and continuous variables are sum-
marized using descriptive statistics as number of patients
(n), mean, and standard deviation (SD). Correlation analy-
sis was conducted by calculating the Pearson’s correlation
coefficient where appropriate. All data were recorded and
anonymized for analysis using Microsoft Excel®. Analysis
was completed using SAS V9.4. A p-value of 0.05 was con-
sidered significant.

Results
Baseline characteristics

As of 29 February 2024, the study population consisted
of 101 patients with chronic HypoPT: 18 (18%) men and
83 (82%) women, of whom 35 (42%) were premenopau-
sal and 48 (58%) were postmenopausal women. This study
included patients treated with both conventional therapy and
PTH (1-34) (teriparatide). Our analysis specifically focused
on those receiving conventional therapy. We also conducted
a sensitivity analysis, which showed no significant differ-
ences between the group receiving conventional therapy
and the group receiving PTH (1-34) therapy. Therefore, all
patients remained in the final analysis. Baseline characteris-
tics for the study population and by subgroups are presented
in Table 1.

As expected, the most common etiology was postsurgical,
reported in 74.3% of patients (n="75). Of these, 46 cases
(61.3%) were associated with surgery for thyroid cancer,
while 29 cases (38.7%) were related to surgery for benign
thyroid or parathyroid disease. A non-surgical etiology was
reported in 25.7% (n=26) of patients, with 57.7% (n=15)
being idiopathic and 42.3% (n=11) associated with genetic
variants including CaSR, GATA3, GCM2, PTHR, and TBX1
genes. An autoimmune etiology (AIRE gene variant) was
identified in one patient (9.1%, n=1/11).

The most commonly reported symptoms were pares-
thesia in 44.6% of patients (n=45), numbness in 39.6% of
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patients (n=40), and muscle cramps in 33.7% of patients
(n=34). Fatigue and muscle spasm were reported in 16.8%
of patients (n=17). There was no significant difference in
serum calcium levels among participants with and without
paresthesia or numbness (see supplementary Tables 1 and
2). Less frequent symptoms were confusion (10%, n=10),
seizure (9%, n=9), depressed mood (3.0%, n=3), and laryn-
gospasm (1.0%, n=1).

Regarding comorbidities, hypothyroidism was the most
frequent (66%, n=67) followed by hypertension (31.7%,
n=232). Chronic kidney disease and cardiovascular dis-
ease were reported in 12% (n=12) and 9% (n=9) patients,
respectively. Less frequent comorbidities were osteoarthritis
(4.0%, n=4), chronic obstructive pulmonary disease (1.0%,
n=1), and hyperthyroidism (1.0%, n=1).

The majority of patients with chronic HypoPT were
receiving oral calcium supplements (89%; mean (SD) dose
2080 (1828) mg/day), calcitriol (80%; mean (SD) dose 0.7
(0.7) pg/day), LT4 (synthroid/levothyroxine) was adminis-
tered in 66.3% of patients (n=67) at a mean (SD) dose of
134.0 (89.0) pg/day, and oral magnesium supplement was
administered to 24.8% of patients (n=25) at a mean (SD)
dose of 968.4 (1135.4) mg/day. Cholecalciferol supplemen-
tation was taken by 65.4% of patients at a mean (SD) dose
of 2119.9 (1553.1) IU/day. In total, 11% of patients (n=11)
received PTH (1-34) (teriparatide) at a mean (SD) dose of
18.9 (8.0) pg/day. Only postmenopausal women were on
antiresorptive therapy for concomitant osteoporosis. Seven
were on bisphosphonate therapy (alendronate) (14.5%,
7/48), and 3 were on denosumab (6%, 3/48).

Biochemical profile according to menopausal status

The biochemical profile of premenopausal and postmenopausal
women with chronic HypoPT is shown in Table 2. Total and
corrected calcium, alkaline phosphatase (ALP), and 25(OH)D
were significantly higher in postmenopausal compared to pre-
menopausal women, whereas eGFR and TSH were significantly
lower in postmenopausal than in premenopausal women. We
found no statistically significant difference in serum calcium
levels, phosphorus, magnesium, and 25(OH)D levels among
men and postmenopausal women (see supplementary Tables 3
and 4). The bone biomarkers CTX and PINP were higher in
postmenopausal women; however, this was not statistically sig-
nificant in comparison to premenopausal women.

Hypercalciuria (> 7.5 mmol/day) was observed in 19
patients (18.8%), including 4 men, 6 premenopausal women,
and 9 postmenopausal women. The incidence of nephrolithi-
asis was 16.7% in the study population (n=10/60), mostly
affecting postsurgical chronic HypoPT and postmenopau-
sal women. The incidence of nephrocalcinosis was 8.3%
(n=5/60), and the majority of cases (n=4/5) were post-
menopausal women.
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Table 1 Basc.:li.ne Characte.ristics Etiology N N Mean+SD Minimum Maximum
of study participants by etiology
(N=101) Non-surgical 26  Age (yrs) 26 44.1+21.1 2200 85.00
Age at menopause (yrs) 6 49.1+7.6  35.00 56.00
Age of disease onset (yrs) 24 27.6+24.1 0.00 78.00
Duration of disease (yrs) 24 13.8+12.1 0.00 44.00
Duration of postmenopausal status (yrs) 5 18.4+12.2 2.00 34.00
BMI (kg/m2) 23 252+42 17770 35.70
Gender N %
Females 19  73.08
Males 7 26.92
Menopause status (female N=19)
Premenopausal 11 57.89
Postmenopausal 8 42.11
Age
Age 50 yrs or more 9 34.62
Age less than 50 yrs 17 65.38
Postsurgical 75 Age (yrs) 75 55.7+12.5 33.00 82.00
Age at menopause (yrs) 33 49.8+5.1  38.00 59.00
Age of disease onset (yrs) 74 45.0+10.7 24.00 71.00
Duration of disease (yrs) 73 10.3+7.0 0.00 32.00
Duration of postmenopausal status (yrs) 30  14.8+9.7 1.00 42.00
BMI (kg/m?) 64 30.1+85 16.50 56.20
Gender N %
Females 64  85.33
Males 11 14.67
Menopause status (female N =64)
Premenopausal 24 37.50
Postmenopausal 40  62.50
Age
Age 50 yrs or more 50  66.67
Age less than 50 yrs 25  33.33

Data are presented as mean +SD or n (%)

Further subgroup analyses by sex (women vs. men) and
etiology (non-surgical vs. postsurgical chronic HypoPT)
revealed a similar biochemical profile among subgroups,
with few statistically significant differences between sub-
groups (Supplementary Tables 5 and 6). Creatinine was sig-
nificantly lower among women in comparison to men, likely
due to sex-related variations, as men typically have higher
creatinine levels than women [27-29]. Men and women had
comparable eGFR, whereas 1,25(0OH),D was significantly
higher in women. Corrected serum calcium level was sig-
nificantly higher in patients with postsurgical compared with
non-surgical chronic HypoPT.

Skeletal health status (BMD and TBS)

In this study population of 101 patients with chronic
HypoPT, mean (SD) BMD values were as follows: 1.212
(0.225) gm/cm? at L1-L4 (n=85), 0.987 (0.192) gm/

cm? at femoral neck (n=88), 1.054 (0.207) gm/cm2 at
total hip (n=87), and 0.840 (0.134) gm/cm2 at 1/3 radius
(n=280). The TBS was within the normal range, with a
mean (SD) of 1.33 (0.15) (n=69) (TBS classification:
NR in postmenopausal women > 1.350, partially degraded
(1.200 < TBS < 1.350), or degraded TBS <1.200) [30, 31].

A correlation analysis of BMD and TBS among pre-
menopausal and postmenopausal women with chronic
HypoPT is presented in Table 3. Total hip, L1-L4, and
femoral neck BMD were significantly lower in postmeno-
pausal than in premenopausal women, whereas BMD val-
ues at 1/3 radius were similar between subgroups. TBS
was significantly lower in postmenopausal than premen-
opausal women (1.29 (0.16) vs. 1.41 (0.10); p=0.001).
For a comprehensive evaluation of skeletal health status
in this patient population, Z-scores and T-scores were also
assessed in premenopausal and postmenopausal women,
respectively (Table 3).
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Table 2 Biochemical variables and bone markers among premenopausal and postmenopausal women

Premenopausal women Postmenopausal women p-value

Mean +SD Range Mean +SD Range
Total calcium (mmol/L) 2.11+0.28 (n=35) 1.15-2.38 2.22+0.18 (n=48) 1.67-2.59 0.030
Corrected calcium (mmol/L) 2.03+0.26 (n=35) 1.15-2.42 2.14+0.17 (n=48) 1.53-2.49 0.023
Ionized calcium (mmol/L) 1.14+£0.09 (n=32) 0.95-1.27 1.15+0.11 (n=43) 0.80-1.39 0.437
Calcium phosphate product 2.74+0.63 (n=30) 1.40-4.09 2.93+0.52 (n=45) 1.58-4.30 0.149
Magnesium (mmol/L) 0.80+0.08 (n=32) 0.53-0.94 0.81+0.08 (n=48) 0.55-1.04 0.365
Phosphate (mmol/L) 1.35+0.23 (n=31) 0.77-1.82 1.36 £0.25 (n=46) 0.74-2.00 0.876
eGFR (mL/min) 94.63+18.35 (n=35) 46.00-120.00 73.94+£23.24 (n=48) 8.00-116.00 <0.0001
ALP (U/L) 65.58+28.45 (n=31) 13.00-151.00 77.89+£22.85 (n=45) 10.00-125.00 0.040
PTH (pmol/L) 1.71+1.90 (n=34) 0.30-11.20 1.77+1.09 (n=46) 0.30-4.30 0.845
TSH (mL/L) 3.78+4.65 (n=35) 0.01-18.80 1.88+2.24 (n=46) 0.02-9.38 0.018
25(OH)D (nmol/L) 90.08 +23.38 (n=33) 44.00-164.00 106.29 +25.89 (n=45) 54.00-162.00 0.006
1,25(OH)D (pmol/L) 98.05+37.42 (n=20) 36.00-171.00 104.26 +£39.69 (n=23) 23.00-216.00 0.602
CTX?® (ng/L) 242.41+214.37 (n=22) 65.00-1015.00 346.06 +£495.31 (n=36) 71.00-3051.00 0.358
PINP® (ug/L) 37.57+40.10 (n=23) 11.00-215.00 47.11+33.64 (n=34) 10.00-170.00 0.335
24 h Urine calcium (mmol/day) 6.00+6.56 (n=25) 0.26-30.40 4.84+3.55 (n=41) 0.53-14.61 0.356

1,25(0OH)D 1,25-dihydroxyvitamin D, 25(OH)D 25-hydroxyvitamin D, ALP alkaline phosphatase, CTX collagen type-I telopeptide, eGFR esti-
mated glomerular filtration rate, P/NP procollagen 1 N-terminal propeptide, PTH parathyroid hormone, TSH thyroid stimulating hormone. Bold
indicates statistically significant p-values

*Normal reference range of CTX in premenopausal women 136—-689 ng/L, postmenopausal women 177-1015 ng/L

®Normal reference range of PINP in premenopausal women 19-83 pg/L, postmenopausal women 16-98 ug/L

Table 3 BMD and TBS by menopausal status

Premenopausal women Postmenopausal women p-value
Mean +SD Range Mean +SD Range
Total hip BMD (gm/cm?) 1.077+0.69 (n=31) 0.736-1.476 0.974+0.202 (n=40) 0.669-1.416 0.025
Total hip Z-score® 0.870+1.286 (n=30) —1.500-3.400 - - -
Total hip T-score® - - —0.153+1.661 (n=40) —2.600-3.700 -
L1-L4 BMD (gm/cm?) 1.268 +0.155 (n=30) 0.992-1.538 1.136 +£0.232 (n=39) 0.738-1.753 0.009
L1-L4 Z-score* 0.983+1.188 (n=29) —1.000-3.100 - - -
L1-L4 T-score® - - —0.192+1.905 (n=39) —3.700-4.800 -
Femoral neck BMD (gm/cm?) 1.010+0.170 (n=32) 0.596-1.362 0.914+0.187 (n=40) 0.542-1.393 0.028
Femoral neck Z-score? 0.587+1.172 (n=31) —1.900-2.900 - - -
Femoral neck T-score® - - —0.420+1.594 (n=40) —2.900-4.700 -
1/3 radius BMD (gm/cm?) 0.842+0.106 (n=31) 0.582-0.990 0.791+0.121 (n=36) 0.483-0.958 0.077
1/3 radius Z-score® —0.037+0.773 (n=30) —1.900-1.200 - - -
1/3 radius T-score® - - —0.900+1.233 (n=36) —3.500-1.700 -
TBS score® 1.408 +0.102 (n=26) 1.089-1.622 1.288 +£0.155 (n=32) 0.968-1.562 0.001

BMD bone mineral density, L lumbar spine, TBS trabecular bone score, SD standard deviation. Bold indicates statistically significant p-values

#Z-scores were calculated in premenopausal women

bT_scores were calculated in postmenopausal women
“Degraded TBS is < 1.23, partially degraded is > 1.23 but<1.31, and normal TBS is > 1.31

Additionally, subgroup analyses of BMD and TBS by
sex (women vs. men) and etiology (non-surgical vs. post-
surgical chronic HypoPT) were performed (supplementary
Tables 7 and 8). Statistically significant differences were
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observed between men and women with chronic HypoPT
in BMD values at total hip, femoral neck, and 1/3 radius;
these values were consistently lower in women than in men.
The analysis of patients with non-surgical and postsurgical
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chronic HypoPT revealed comparable BMD values at all
sites between subgroups, but a significantly lower TBS in
postsurgical than in non-surgical patients.

Low BMD, osteoporosis, and fragility fractures

Overall, 11.9% of patients (n=12/101) reported a history
of fragility fractures, most of whom were postmenopau-
sal women (83.3%, n=10/12). The other 2 patients were
men > 50 years (16.7%, n=2/12). Location of fracture
was reported in 12 patients, including hip (n =4), verte-
brae (n=2), ribs (n=2), wrist (n=1), humerus (n=1),
and clavicle (n=2). The prevalence of fragility fractures in
postmenopausal women was 20.8% (n=10/48), and it was
22.2% (n=2/9) in men > 50 years. No fragility fractures
were reported in premenopausal women or men under age
50 years.

Low BMD was confirmed by T-score < — 1.0 and> —2.5
at any site in postmenopausal women and men > 50 years,
and by Z-score < —2 at any site in premenopausal women
and men < 50 years. Overall, 12 patients (11.9%, n=101)
showed low BMD, all of whom were postmenopausal
women. The prevalence of low BMD in postmenopausal
women was 25.0% (n=12/48). Low BMD was not present
in premenopausal women or men in this cohort.

In total, 15 postmenopausal women (31.3%, n=48) and 2
men > 50 years (22.2%, n=9) showed osteoporotic T-scores
(£—2.5) at any site. The distribution of patients with low
BMD and osteoporosis is presented in Fig. 3. The correla-
tion between the duration of disease and BMD variables has
been evaluated. The results indicate statistically significant
positive correlations between the duration of disease and
the absolute BMD in gm/cm? at the following sites: L1-L4

Fig. 3 Distribution of post-
menopausal women with low
BMD or osteoporosis. Low
BMD is defined as a T-score
>—2.5 and lower <—1.0 or
osteoporosis as defined by a
T-score <—2.5 at any one of
the following sites: lumbar
spine, femoral neck, total hip or
1/3 radial site

B Osteoporosis

Table 4 Correlation analysis between duration of disease and BMD

Variable N Correlation p-value
coefficient (r)

L1-L4 BMD (gm/cm?) 84 0.317 0.0034

Femoral neck BMD (gm/cm?) 87 0.272 0.0107

Total hip BMD (gm/cm?) 86 0.280 0.0090

1/3 radial BMD (gm/cm?) 79 0.091 0.4230

BMD (r=0.317, p=0.0034), femoral neck BMD (r=0.272,
p=0.0107), and total hip BMD (r=0.280, p =0.0090)
(Table 4). There was no correlation at the 1/3 radial site.

We further analyzed the proportion of patients with an
osteoporotic T-score at any site and/or fragility fracture.
In total, 19.8% of patients (n=20/101; 17 postmenopau-
sal women and 3 men > 50 years) had an osteoporotic
T-score or fragility fracture(s), whereas 4.0% patients
(n=4/101; all postmenopausal women) had both. Over-
all, 35% of postmenopausal women had osteoporosis by
BMD or fragility fracture, and 4% had both. Three men
over > 50 years had osteoporosis by BMD or fragility frac-
ture (33.3%, n=3/9).

None of the men under age 50 years had osteoporosis
or a prior fragility fracture.

Subgroup analysis of PTH (1-34) users
versus non-PTH users

The majority of the PTH (1-34) users were postmenopausal
women (80%), with an average age of 64 +16.2 years. The
primary etiology was postsurgical HypoPT (63.6%), and the

BMD Distribution in Postmenopausal Women with

Hypoparathyroidism

Normal BMD

44%

Low BMD [Normal BMD
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Table 5 Comparison of BMD
values between PTH (1-34)

Users and Non-PTH users

Table 6 Comparison of serum
calcium (total, corrected,

and ionized) levels between
PTH (1-34) users and non-PTH
users

Variable Group N Mean +SD Range p-value
L1-L4 BMD (gm/cmz) PTH (1-34) users 10 1.168 £0.361 0.815-1.920 0.511
Non-PTH users 75 1.218+0.203 0.738-1.516
Femoral neck BMD (gm/cmz) PTH (1-34) users 10 0.876 £0.193 0.630-1.256 0.050
Non-PTH users 78 1.002+0.189 0.542-1.393
Total hip BMD (gm/cm?) PTH (1-34) users 10 0.930+0.215 0.680-1.344 0.044
Non-PTH users 77 1.070+0.202 0.669-1.516
1/3 radius BMD (gm/cmz) PTH (1-34) users 9 0.757+0.141 0.483-0.976 0.050
Non-PTH users 71 0.851+0.131 0.491-1.212
Variable Group N Mean +SD Range p-value
Total calcium PTH (1-34) users 11 2.164 +0.157 1.920-2.380 0.987
Non-PTH users 90 2.162+0.230 1.150-2.590
Corrected calcium PTH (1-34) users 11 2.103+0.152 1.820-2.340 0.720
Non-PTH users 90 2.078+0.218 1.150-2.490
Tonized calcium PTH (1-34) users 11 1.142 +£0.096 0.990-1.260 0.950
Non-PTH users 80 1.140+0.104 0.800-1.390

average duration of chronic HypoPT was 17.1 +11.3 years.
All patients were treated with PTH (1-34). Dosage regi-
mens varied, with 36.4% receiving 20 mcg daily, and oth-
ers receiving less frequent doses in combination with con-
ventional therapy. In these patients the dose of PTH (1-34)
varied between 20 mcg 4-6 times per week and one patient
was only taking 10 mcg three times per week (9.1%). Addi-
tional details are provided in Supplementary Table 9. There
were no significant differences in BMD values at the lumbar
spine (L1-L4) between PTH (1-34) users and those solely
on conventional therapy (p=0.511). However, femoral neck
(p=0.050), total hip (p=0.044), and 1/3 radius (p=0.050)
BMD values were lower in PTH (1-34) users compared to
non-PTH users. Regarding serum calcium levels, Tables 5,
6 indicates no significant differences in serum corrected
calcium or ionized calcium between PTH (1-34) users and
non-PTH users.

Discussion

The main finding of this study is that a systematic assess-
ment of skeletal health in chronic HypoPT patients
receiving conventional therapy revealed significant bone
fragility in postmenopausal women compared to pre-
menopausal women with chronic HypoPT. Our study
revealed a high proportion of fractures and osteoporosis,
as measured by BMD criteria, in postmenopausal women
(35%) and men > 50 (33.3%). We also observed a high
prevalence of low BMD in postmenopausal women (25%).
The prevalence of osteoporosis by fragility fractures or

@ Springer

BMD is higher than reported in eucalcemic postmeno-
pausal women (35% vs. 21.1%, respectively) [32]. This
suggests that HypoPT may not provide skeletal protection
in this patient population as may have been previously
perceived. This baseline data from a prospective study of
101 patients from the CNHR provides a valuable compre-
hensive overview of the etiology, biochemical profile, and
skeletal health status of the adult chronic HypoPT popula-
tion in Canada. Overall, baseline demographic and clinical
characteristics of the population, as well as the prevalence
of postsurgical and non-surgical chronic HypoPT, were
consistent with published data from studies of patient reg-
istries conducted in North America, Europe, and Russia
[33-36].

Although most patients were receiving calcium and
active vitamin D supplements for the treatment of chronic
HypoPT, signs and symptoms of hypocalcemia were fre-
quently reported. In line with previous studies, this sug-
gests that the disease is not adequately controlled with con-
ventional therapy in a significant proportion of patients,
which can eventually lead to an increased burden of illness
and increased risk of long-term complications [33, 37-40].
Novel therapies for chronic HypoPT are aimed at restoring
normal PTH physiology, either by PTH replacement or
using PTHR1 agonists. Recent phase 2 and phase 3 clini-
cal trials evaluating palopegteriparatide (TransCon PTH)
have reported that this molecule effectively maintained
normocalcemia while providing independence from con-
ventional therapy and improving health-related quality of
life [24, 25]. The PTHR1 agonist (eneboparatide) has been
shown to maintain serum calcium within the target range



Osteoporosis International (2025) 36:673-684

681

while normalizing urinary calcium excretion and produc-
ing a balanced resumption of bone turnover in a phase 2
trial [26].

The biochemical profile analysis by menopausal status
revealed some differences between premenopausal and
postmenopausal women, yet both profiles were overall
comparable. The 25(OH)D levels were higher in postmeno-
pausal than premenopausal women, suggesting better sup-
plementation in the former, though both were maintained
within the target range between 75 and 125 nmol/L. On the
other hand, a significantly lower eGFR in postmenopausal
women was observed compared to premenopausal women
reflecting impairment of renal function with age. Notably,
postmenopausal women also had hypercalciuria and neph-
rolithiasis, which suggests that this population could be at
increased risk of renal complications. The serum ALP was
significantly higher (p =0.040) in postmenopausal women
in comparison to premenopausal women consistent with the
increased bone turnover expected postmenopause [41]. Our
data also revealed statistically significantly lower TSH levels
(p=0.018) in the postmenopausal women compared to the
premenopausal women within the normal reference range in
our cohort. This may be a confounding factor to the lower
BMD results observed in postmenopausal women.

Chronic HypoPT has been associated with BMD values
that are above average compared to age- and sex-matched
healthy subjects [42, 43]. Our study showed that nearly
12% of patients had a fragility fracture(s) and 83% of whom
were postmenopausal women, consistent with recently pub-
lished studies [14, 43, 44]. In the cross-sectional study of
Mendonca et al., an increased frequency of morphometric
vertebral fractures was shown in a small cohort of post-
menopausal women with chronic HypoPT compared with
age-matched healthy women [14]. More recently, a study
by Cipriani et al. revealed a higher prevalence of vertebral
fractures in postmenopausal women with chronic HypoPT
compared with age-matched healthy postmenopausal women
(16% vs. 7.5%) [43]. Of note, mean BMD values of postmen-
opausal women enrolled in our study are comparable to that
of postmenopausal women reported by Cipriani et al. [43].
Reported fracture rates were even higher (up to 31%, mainly
nonclinical morphometric) in a recent single-center study
involving postsurgical chronic HypoPT, mostly women with
a mean age of 64 years [44].

We previously assessed the risk of osteoporotic frac-
ture in the CNHR population and reported that approxi-
mately 14% of chronic HypoPT patients were at high risk
of major osteoporotic fracture [6]. In the current study with
a systematic assessment of BMD and TBS, we identified
25% of postmenopausal women with chronic HypoPT as
having low BMD and 31.3% have osteoporosis by BMD
criteria, whereas BMD was normal in all of the premeno-
pausal women. The prevalence of osteoporosis was higher

in postmenopausal women with chronic HypoPT than in
premenopausal women or men under age 50 years. Indeed,
almost all of the patients with osteoporosis at the lumbar
spine, femoral neck, or 1/3 radius were postmenopausal
women. These findings underscore a high prevalence of
osteoporosis and low BMD in postmenopausal women with
chronic HypoPT, suggesting that skeletal health is impaired
in this population.

The validity of TBS to estimate bone quality in chronic
HypoPT has been evaluated in numerous studies, espe-
cially related to postmenopausal osteoporosis. Cipriani
et al. reported that the mean TBS values in a chronic
HypoPT population of diverse etiology remained within
the normal range (1.44 +0.12), even when women were
divided into postmenopausal and premenopausal groups
[17]. In the study of Sakane et al., a population of postsur-
gical chronic HypoPT patients showed a normal mean TBS
value (1.39 +0.14), although one-third of the results were
below the normal range. Notably, abnormal TBS corre-
lated with osteopenia, type 2 diabetes mellitus, low-impact
fracture, and menopause [45]. Cipriani et al. reported TBS
scores in the “degraded” range in postmenopausal chronic
HypoPT and healthy women, suggesting predictability for
vertebral fracture [43] In the study of Saha et al., TBS
correlated with menopausal status and indicated degraded
bone microarchitecture in 50% of the postmenopausal
women [46]. In line with these data, postmenopausal
women with chronic HypoPT in this study exhibited a sig-
nificant reduction in mean TBS as compared to premeno-
pausal women, further suggesting impaired bone strength.

Our study has limitations, mainly related to the obser-
vational design of a registry study as well as the lack of a
control group. We are presenting the baseline data from
this study. Although some data are missing for certain
parameters, the CNHR is ongoing and will continue col-
lecting patient data for future analyses.

Further research will determine the impact of long-term
PTH, PTH analogues, and PTHR1 agonists on skeletal
health in patients with chronic HypoPT especially in post-
menopausal women and men over 50. Our study strongly
suggests that a systematic timely evaluation of skeletal
health by DXA assessment and spinal imaging would be
useful to better assess fracture risk and bone strength in
chronic HypoPT.

Conclusions

The results of the baseline data from this prospective cohort
study demonstrated significant bone fragility in postmen-
opausal women with chronic HypoPT of the CNHR, as
shown by a higher-than-expected proportion of low BMD,
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osteoporosis, and/or fragility fractures. Similarly, a large
percentage of men over the age of 50 years had osteoporosis
by BMD criteria or prior fragility fracture. These findings
suggest that, contrary to common belief, close follow-up of
skeletal health is necessary in postmenopausal women with
chronic HypoPT and men over the age of 50 years.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00198-025-07410-7.
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