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Abstract

Introduction Bone loss caused by primary hyperparathyroidism (PHPT) is an indication for parathyroidectomy (PTX).
However, whether adding bisphosphonates would be superior to PTX alone to increase bone mass remains unclear. We thus
aimed to compare the skeletal effects of the combination treatment of bisphosphonates and PTX with PTX alone.
Materials and methods In this retrospective analysis, bone mineral density (BMD) changes after 1 year of combination treat-
ment and PTX alone were compared. We also analyzed the correlation between changes in serum biochemical parameters
and BMD after 1 year of treatment in both groups.

Results The baseline characteristics of patients treated with PTX alone (n=24) and combination treatment (n=26) were
comparable. BMD significantly increased after 1 year of treatment in both groups (all p <0.001), and the increase in BMD at
the femur neck was higher in the PTX alone group than in the combination group (p=0.011). There was a decreasing trend
in serum alkaline phosphatase (ALP) levels in PTX alone compared to the combination treatment group (p =0.053). In the
study cohort, lower BMD and higher ALP levels at baseline were associated with higher 1-year BMD changes at all sites.
Interestingly, a significant association was found between changes in ALP and BMD at the femur neck in the PTX alone
group (p=0.003), but abolished in the combination group (p =0.946).

Conclusions There is no additional benefit of BMD in combination treatment with bisphosphonates and PTX over PTX
alone in osteoporotic patients with PHPT. Combined bisphosphonate treatment might interfere with the increase in bone
mass caused by PTX.
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Introduction
54 Sang Wan Kim Primary hyperparathyroidism (PHPT) is characterized by
swkimmd @snu.ac kr hypercalcemia and elevated parathyroid hormone (PTH)

levels. It can present as a wide spectrum of disease severity,
from asymptomatic to grave disease with multiple complica-
tions, including skeletal and renal manifestations, increased
incidence of cardiovascular disease, and neuropsychiatric
diseases [1, 2]. Of these, skeletal involvement is a significant
concern, as consistently increased PTH levels stimulate bone
resorption, resulting in low bone mineral density (BMD) and
subsequent fracture [3].
Bone disease of PHPT is characterized by an increase
) X in the activation frequency of bone multicellular units
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resorption are increased, leading to cortical bone loss. These
ultrastructural events account for the increase in markers of
bone turnover and changes in bone mass. Because of the
subsequently increased fracture risk, treatment approaches
to increase BMD have garnered attention over the past few
decades.

Currently, the only definitive treatment for PHPT is par-
athyroidectomy (PTX). PHPT patients with osteoporosis
fulfill the criteria for surgical treatment to effectively reduce
fracture risk [4-6], but those who refuse or are unable to
undergo PTX due to comorbidities receive medical treat-
ment as an alternative option [7, 8]. Biochemical param-
eters and BMD improved to a certain extent in patients who
received a combination of cinacalcet and antiresorptive
agents [9—12]. In a 10-year follow-up study investigating
fracture risk, however, patients treated with bisphosphonates
did not show superior results compared to the observation
group, whereas patients that have received PTX had reduced
fracture risk [13].

In clinical practice, a number of patients who undergo
PTX are already on bisphosphonates or receive bisphospho-
nates postoperatively for adjuvant skeletal effects. Patients
who were previously treated with bisphosphonates for osteo-
porosis may conjointly be diagnosed with PHPT and receive
PTX afterwards. Whether this combination therapy would
lead to an increased BMD compared to PTX alone, however,
remains to be elucidated. In this study, we aimed to compare
the combined effects of bisphosphonates and PTX compared
to PTX alone.

Materials and methods
Patients

We retrospectively analyzed patients admitted to Seoul
National University Hospital and Seoul Metropolitan Gov-
ernment Boramae Medical Center between January 2001
and June 2020. Patients were eligible for analysis if they had
received a diagnosis of both PHPT and osteoporosis.
PHPT was diagnosed biochemically as hypercalcemia
with high or inappropriately normal PTH levels. Patients
with relatively normal serum calcium levels of 10.5 mg/
dL or less were also diagnosed with primary hyperparathy-
roidism if they had an elevated PTH level after all known
causes of secondary hyperparathyroidism were excluded.
Osteoporosis was diagnosed if the BMD T score measured
by dual-energy X-ray absorptiometry (DXA) scans was
— 2.5 or less, in the lumbar spine (LS), femur (FN), or total
hip (TH). Patients with previous fragility fractures were also
defined as having osteoporosis regardless of baseline BMD.
Patients who did not have baseline DXA scans or fol-
low-up data were excluded from the analysis. Patients who

were treated with other osteoporosis drugs and those who
had received bisphosphonate treatment for one or more
years prior to PTX were also excluded. We additionally
excluded patients with chronic kidney disease with a
baseline estimated glomerular filtration rate of less than
45 mL/min/1.73 m?, and patients concomitantly diagnosed
with malignancy. This is because the diagnosis of true
PHPT may be obscured, and bisphosphonate may be used
for purposes other than the treatment of osteoporosis for
the latter, such as correcting hypercalcemia secondary to
paraneoplastic syndrome.

Patients who received PTX alone were classified as
group 1, and those who received bisphosphonate treat-
ment for less than 6 months before PTX or were initi-
ated within 6 months of PTX were designated as group 2.
For clarity, only patients who used bisphosphonates for 1
year or longer were included. This study was conducted in
accordance with the ethical standards of the Declaration
of Helsinki and the national and international guidelines.
This study was approved by the Institutional Review Board
of Seoul National University Hospital (approval number:
H-1306-101-499).

Outcome measurements

As regards clinical data, we reviewed the electronic medi-
cal records: sex, age, height, weight, menopause, diabetes
mellitus, hypertension, cigarette smoking, alcohol con-
sumption, history of fracture, family history of fracture,
history of stone, and prescribed bisphosphonates and cal-
cium/vitamin D supplements.

Laboratory parameters including serum calcium, ion-
ized calcium, phosphorus, C-telopeptide, alkaline phos-
phatase (ALP), blood urea nitrogen, serum creatinine,
glucose, 25-hydroxyvitamin D3, and PTH levels were
evaluated. Serum 25-hydroxyvitamin D3 concentration
was measured by Diels—Alder derivatization and ultra-
high-performance liquid chromatography—tandem mass
spectrometry using Xevol'Q (Waters, Milford, MA, USA).
The circulating concentration of intact PTH in serum was
measured by an electrochemiluminescence immunoassay
on the Modular Analytics E170 platform (Roche, Man-
nheim, Germany).

DXA (Prodigy™, Lunar, GE Medical Systems, Madi-
son, WI, USA) was performed at the LS, FN, and TH to
assess BMD. The change in BMD during the follow-up was
assessed as follows: [current BMD (g/cmz) — baseline BMD
(g/cm?)] x 100/baseline BMD (g/cm?).

The primary outcome was the change in BMD during
the first year of follow-up. Secondary outcomes included
changes in BMD over 2 years of follow-up and changes in
biochemical parameters.
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Statistical analyses

Baseline characteristics are presented as the mean + stand-
ard deviation or number (%). Pearson’s Chi-squared tests
were used to compare categorical variables, and independ-
ent ¢ tests were used for normally distributed continuous
variables. Normality of the data was examined with Kol-
mogorov—Smirnov test and Shapiro—Wilk test. For con-
tinuous variables that did not follow normal distribution,
Mann—Whitney tests were performed.

Follow-up BMD data and biochemical parameters in
each group were compared with baseline values using
paired ¢ tests, and changes in outcome variables by treat-
ment groups were assessed using a generalized estimat-
ing equation. Correlational analysis was performed on
potential variables to identify the relevant predictors of
BMD change over the first year of follow-up. All statistical
analyses were performed using SPSS version 25 (Statisti-
cal Package for the Social Sciences, IBM Corporation,
Armonk, NY, USA). A two-sided p value of less than 0.05
was considered statistically significant.

Results
Baseline characteristics

A total of 447 patients from Seoul National University
Hospital and Seoul Metropolitan Government Boramae
Medical Center between January 2001 and June 2020
were screened. Of these, 93 patients did not have baseline
DXA data, 44 patients did not receive PTX and 29 patients
were diagnosed with malignancy or CKD. After excluding
patients who did not meet the criteria for the duration of
perioperative bisphosphonate treatment, and those who did
not have adequate follow-up data, 50 patients were finally
eligible for analysis. There were 24 patients who received
PTX alone and 26 patients who received the combination
treatment of both PTX and bisphosphonates (Supplemen-
tary Fig. 1). The choice of bisphosphonate treatment is
listed in Table 1.

The mean age of patients in both groups were
62.1 +£9.9 years, and 85.1% were women. The clinical and
demographic characteristics of both treatment groups were
well balanced with respect to age, sex, menopausal status,
underlying comorbidities, baseline BMD, and laboratory
parameters (Table 1). Patients in the combination group
had shorter stature, weighed less, and had a higher propor-
tion of calcium and/or vitamin D supplements at baseline.
The proportion of normocalcemic PHPT were similar in
both groups.

@ Springer

Longitudinal change in BMD and biochemical
parameters

At 1 year after treatment, BMD significantly increased at
LS, FN, and TH compared to baseline BMD in both groups
(group 1: 16.17+15.56%, 12.87 +£12.79%, 12.22 + 11.81%,
group 2: 15.56 +17.63%, 6.62 +5.25%, 7.64 £5.41% for LS,
FN, and TH, respectively; Table 2, Fig. 1). The extent of
BMD increment was not different between the two groups,
except for in FN, where group 1 had a higher increase in
1-year BMD compared to group 2 (group 1: 0.682+0.104
vs. 0.766 +0.122 g/cm?, group 2: 0.639 +0.079 vs.
0.679 +£0.068 g/cmz, respectively; p for interaction 0.009,
Table 2). This trend remained consistent 2 years after treat-
ment in both groups (Supplementary Table 1). Within group
2, no significance difference was observed between the
patients who received before or after PTX. Further inves-
tigation revealed no interaction between initial hypercalce-
mic status and BMD change (p for interaction 0.810, 0.386,
0.720 for LS, FN, and TH, respectively; Table 2, Supple-
mentary Table 1).

In terms of the biochemical parameters, serum calcium,
ionized calcium, phosphorus, PTH, and ALP normalized,
and C-telopeptide decreased substantially 1 year after
treatment in both groups (Table 2). In the study cohort, a
decreasing trend was observed in serum ALP levels in group
1 compared to group 2 (p=0.053). There was no significant
difference in the extent of change in any of the other bio-
chemical parameters between the treatment groups.

Association between change in BMD
and biochemical parameters

Next, we performed correlation analysis to explore param-
eters that may be associated with 1-year BMD changes.
Lower baseline BMD was significantly associated with
higher BMD change (%) at 1 year after treatment at
all measured sites (Spearman’s correlation coefficient
r=-0.376,—-0.467,—0.430, p=0.007, 0.001, 0.002 at LS,
FN, and TH, respectively; Table 3, Fig. 2).

Higher serum ALP at baseline was also strongly associ-
ated with BMD increase at 1 year (r=0.336, 0.437, 0.570,
p=0.022, 0.004,<0.001 at LS, FN, and TH, respectively;
Table 3). When we performed analysis separately by treat-
ment groups, the association remained significant only in
group 1 (group 1: r=0.608, p=0.003; group 2: r=0.042,
p=0.864; Table 4). Similarly, serum PTH initially revealed
an association with BMD change at the FN site only
(r=0.244, 0.447, 0.215, p=0.107, 0.004, and 0.162 at LS,
FN, and TH, respectively, Table 3); no significant associa-
tion was noted for group 2, but an association was noted for
high baseline PTH in FN and TH sites for group 1 (Table 4).
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Table 1 Baseline characteristics

n Parathyroidectomy n Combination p value

n 24 26
Age at diagnosis 61.4+9.8 60.5+9.9 0.766
Female 17 (70.8) 24 (92.3) 0.069
Postmenopausal women 14 (82.4) 17 (89.5) 0.650
Height (cm) 158.5+7.5 153.5+7.3 0.023
Weight (kg) 57.8+8.0 53.7+6.4 0.049
Body mass index (kg/m?) 229+3.7 229+3.0 0.936
Diabetes mellitus 2(8.3) 4(15.4) 0.669
Hypertension 8 (33.3) 13 (50.0) 0.233
Cigarette smoker 2(8.3) 0(0.0) 0.235
Alcohol 6 (25.0) 3 (12.0) 0.289
Steroid 1(4.2) 1(3.8) 1.000
History of fracture 4(16.7) 5(19.2) 1.000
Family history of fracture 1(6.7) 1(5.6) 1.000
History of stone 8 (33.3) 8 (30.8) 0.846
Ca/D supplement 4(16.7) 20 (83.3) <0.001

Elemental Ca (mg) 3383+1514 340.9+219.6 0.985

Vitamin D3 (IU) 1000.0+141.4 1050.0+531.8 0.832
Normocalcemic PHPT 3 (12.5) 6(23.1) 0.467
Baseline BMD (g/cm2)

Lumbar spine 24 0.763 +0.076 26 0.734+0.108 0.281

Femur neck 24 0.682+0.104 26 0.639+0.079 0.275

Total hip 24 0.714+0.115 26 0.681+0.094 0.124
Laboratory parameters

Ca (8.8-10.5 mg/dL) 24 11.2+2.4 26 11.0+1.1 0.096

iCa (1.05-1.35 mmol/L) 22 1.58+0.18 21 1.53+0.15 0.189

P (2.5-4.5 mg/dL) 24 2.5+0.7 25 2.6+0.5 0.636

PTH (15-65 pg/mL) 23 243.7+203.9 23 188.4+186.5 0.156

C-telopeptide (0-0.32 ng/mL) 19 1.08+0.91 15 0.77+0.62 0.259

25(0OH) Vitamin D (>30 ng/mL) 21 18.5+10.6 22 17.3+10.1 0.734

ALP (30-115TU/L) 22 191.0+216.7 24 105.7+46.5 0.301

BUN (10-26 mg/dL) 24 142+4.6 25 13.1+5.1 0.422

Cr (0.70-1.40 mg/dL) 24 0.75+0.19 25 0.81+0.28 0.326

Glucose (70-110 mg/dL) 24 117.6+£47.9 26 113.7+40.0 0.753
Bisphosphonates

Alendronate (70 mg/week) NA 9 (34.6)

Risedronate (35 mg/week) NA 12 (46.2)

Ibandronate (150 mg/month) NA 2(7.7)

Pamidronate (15 mg iv) NA 3(11.5)

Data are means =+ SD or n (%).Alcohol: three or more units of drink per day; steroid: long term systemic
corticosteroid therapy (=5 mg of prednisolone or equivalent), for 3 months or longer

p < 0.05 are in bold

PHPT primary hyperparathyroidism, NA not applicable

Higher baseline C-telopeptide was associated with
BMD increase in LS and TH, and was marginally sig-
nificant in the FN area (r=0.534, 0.348, 0.619, p=0.001,

0.055,<0.001 at LS, FN, and TH, respectively; Table 3).
C-telopeptide demonstrated a high correlation with BMD
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Table 2 Changes of parameters upon treatment

n Parathyroidectomy pvalue n Combination p value p for interaction
Baseline 1 year Baseline 1 year
BMD (g/cm?)
Lumbar spine 24 0.763+0.076 0.885+0.122 <0.001 26  0.734+0.108 0.835+0.077 <0.001 0.104
Femur neck 24 0.682+0.104 0.766+0.122 <0.001 26  0.639+0.079 0.679+0.068 <0.001 0.009
Total hip 24 0.714+0.115 0.798+0.133 <0.001 25 0.680+0.096 0.729+0.086 <0.001 0.079
BMD (% change)
Lumbar spine 24 16.17+15.56 26 15.56+17.63 0.88970.8107
Femur neck 24 12.87+12.79 26 6.62+5.25 0.03470.386"
Total hip 24 12.22+11.81 25 7.64+5.41 0.09270.720
Laboratory parameters
Ca (mg/dL) 22 112+2.4 9.0+0.6 0.001 26 11.0+1.1 9.1+04 <0.001 0.819
iCa (mmol/L) 7 1.58+0.18 1.19+£0.05 0.001 7 1.53+0.15 1.24+£0.04 0.001 0.394
P (mg/dL) 22 2.5+0.7 32405 <0.001 26 2.6+0.5 3.3+0.6 <0.001 0.438
PTH (pg/mL) 16  243.7+203.9 43.7+334 0.002 18  188.4+186.5 41.6+42.4 <0.001 0.159
C-telopeptide (ng/mL) 14 1.08+0.91 0.20+0.14 0.005 11 0.77+0.62 0.15+£0.07 0.013 0.151
25(0OH) Vitamin D (ng/mL) 17 18.5+10.6 28.9+13.7 0.001 15 17.3+10.1 29.8+9.4 0.001 0.853
ALP (IU/L) 18  191.0+216.7 68.2+33.3 0.001 23 105.7+46.5 57.7+£18.8 <0.001 0.053
BUN (mg/dL) 22 142+4.6 16.5+5.7 0.06 25 13.1+5.1 162+4.3 0.003 0.631
Cr (mg/dL) 22 0.75+0.19 0.80+0.20 0.111 25 0.81+0.28 0.83+0.22 0.701 0.370
Glucose (mg/dL) 19 117.6+£479 1053225 011 26 113.7£40.0 108.5+25.2 0.492 0.939
Data are means +SD
p < 0.05 are in bold
Tp for independent t test of BMD (%) change in parathyroidectomy group versus combination group
p for the interaction between treatment groups and initial hypercalcemic status
a Lumbar Spine b Femur Neck C Total Hip
1.000 . o 1.000 - - 1.000 o -
v e : £ - B
3 0.800 > ) / e / z‘:crou;i? 4 PTX and bisphospt
2 2 o100 _ . ) 2
@ o.700 ) o
0 T 0.600 0.600 T
0.000-1— . . 0.000-L— ; . 0.0001— . .
0 1 2 0 1 2 0 1 2

Fig.1 Changes in BMD according to treatment with parathyroid-
ectomy alone or in combination with bisphosphonates. a Lumbar
spine, b Femur neck, ¢ Total hip. BMD, bone mineral density; PTX

change for both group 1 and group 2, even when assessed
discretely (Table 4).

Discussion
In this retrospective cohort study, we investigated the skel-
etal effects of PTX and PTX combined with bisphosphonate

treatment in osteoporotic patients with PHPT. BMD was
significantly improved in both patients who received PTX
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parathyroidectomy. Data are presented as the mean + SEM. *p <0.05,
##p <0.01, and ***p <0.001 versus baseline value. *p <0.05, versus
treatment groups

alone and in those treated with PTX and bisphosphonates.
Combined bisphosphonate treatment, however, did not con-
fer additional benefits regarding BMD 1 year after PTX.
Previous studies have demonstrated a significant increase
in BMD following parathyroidectomy. Due to the heteroge-
neity of PHPT patients undergoing PTX, the extent of BMD
gain varies greatly, with one prior meta-analysis reporting
a mean BMD change of 4.2% at LS and 3.5% at FN 1 year
after PTX [5, 14-17]. The extent of postoperative increase
in BMD is greater in patients with more severe disease and



Fig.2 Changes of serum parameters according to treatment with
parathyroidectomy alone or in combination with bisphosphonates.
a Calcium, b phosphorus, ¢ PTH, d C-Telopeptide, e 25(OH) Vita-

is positively correlated with preoperative serum biochemis-
try, such as calcium, PTH, and bone turnover markers. The
majority of studies have evaluated the BMD response of
PHPT patients in general, but not in PHPT patients with
osteoporosis. Silverberg et al. [18] demonstrated a marked
increase in BMD in PHPT patients with low preoperative
BMD, which may explain the considerably higher BMD
increase in the present study.
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Table3 Correlation analysis BMD change (%) n Lumbar spine Femur neck Total hip
Coefficient p value Coefficient p value Coefficient p value
Arthropometric measures
Height (cm) 50 0.155 0.283 0.174 0.253 0.056 0.700
Weight (kg) 50 -0.010 0.944  —-0.037 0.811 —0.089 0.545
Baseline BMD (g/cm?) 50 -0.376 0.007 —0.467 0.001 -0.430 0.002
Laboratory parameters
Ca (mg/dL) 48 0.119 0.411 0.073 0.632 0.048 0.744
iCa (mmol/L) 14 0.303 0.048 0.211 0.197 0.048 0.761
P (mg/dL) 48 —-0.254 0.075  -0.152 0.320 -0.074 0.615
PTH (pg/mL) 44 0.244 0.107 0.447 0.004 0.215 0.162
C-telopeptide (ng/mL) 25 0.534 0.001 0.348 0.055 0.619 <0.001
25(0OH) Vitamin D (ng/mL) 32 —0.062 0.697 0.078 0.640  —0.087 0.587
ALP (IU/L) 41 0.336 0.022 0.437 0.004 0.570 <0.001
BUN (mg/dL) 47  -0.267 0.063 0.015 0922  -0.187 0.204
Cr (mg/dL) 47  —0.045 0.761 0.266 0.081 —0.042 0.778
Glucose (mg/dL) 45 0.262 0.066 0.157 0.302 0.224 0.091
p < 0.05 are in bold
a b c
12.0 4.0 300
. 2
= 110 = 35 . rou|
3 E £ 200 (GPTXPaI10ne)
E 100 g 30 ) Group 2
£ e & (Combined PTX and bisphosph )
3 - b
S 90 £ 25 E 1004
S 8
8.0 T 20
0.0T T ; ! 0.0-1— 1 01— T 1
0 1 2 1 0 1 2
Year Year Year
d e f
1.500 = * — 40.04 bl 300
-
jury E
E )
o £ 3004
£ 1,000 a = 200-|
> =
% E 20.04 §'
& 0.500 i < 100
; g 10.04
o vy
0.000 T T 1 o 0.0 T T 0 T T 1
0 1 2 0 1 0 1 2
Year Year Year

min D, f ALP. ALP Alkaline phosphatase, PTX parathyroidectomy.
Data are presented as the mean+SEM. *p<0.05, **p<0.01, and
*#%p <0.001 versus baseline value

In our study, BMD was significantly improved at all
measured sites in both groups 1 year after PTX. A remark-
able increase in BMD at sites of the spine and hip, which
mainly occurs during the first 6-12 months after PTX,
reflects rapid refilling of the extensive remodeling space and
the subsequent matrix mineralization [19]. Indeed, there was
an average BMD increase of 15% at 1 year and 20% within
4 years after PTX in patients with spine bone loss [20]. No
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difference was noted between the two treatment groups at LS
or TH, but a higher extent of BMD increase was observed
at FN in group 1 compared to group 2 1 year after PTX. We
also monitored serum parameters following PTX, of which
the postoperative 1-year difference between the groups was
marginally significant regarding serum levels of ALP only.
There was more substantial serum ALP reduction in group
1, and a positive correlation was observed between baseline
serum ALP and BMD increase.

The main increase in BMD following PTX seems to arise
from a decrease in bone turnover, causing refilling of the
remodeling spaces with increased mineralization. A high
bone turnover status such as PHPT provokes an alteration in
the activation frequency of BMU, subsequently resulting in
a decrease in the lifespan of BMU [21]. Conversely, PTX or
antiresorptive agents, which cause a remarkable reduction in
the rate of bone remodeling, prolong the lifespan of BMU,
allowing time for complete secondary mineralization [22].

In addition, there might be a transient postoperative
uncoupling of the bone resorption and bone formation phase,
resulting in an ‘anabolic window’ after PTX. Bone resorp-
tion markers, such as serum carboxy-terminal crosslinks of
collagen and urinary deoxypyridoline, rapidly decline within
the first 1-3 months after PTX, while bone ALP and osteo-
calcin, which are markers of bone formation, decline more
gradually within 6 months [19]. Another study revealed that
in iliac bone biopsy taken before and after PTX in secondary
hyperparathyroidism, de novo osteoid formation and mineral
apposition at trabecular sites are enhanced, with complete
reversal of prior bone resorption within 12 weeks following
PTX [23]. This suggests that modeling-based bone forma-
tion contributes to the initial increase in bone volume fol-
lowing parathyroidectomy.

Intriguingly, bisphosphonates significantly blunted osteo-
blast activity in rats [24]. A more recent study also revealed
that bisphosphonates might impede osteoprogenitor recruit-
ment required to initiate bone formation at bone remodeling
sites [25]. Thus, the use of bisphosphonates in conjunction
with PTX may precipitate in further reduction of bone for-
mation than PTX alone, in which bone resorption is scrupu-
lously coupled to bone formation. Bisphosphonates may also
interfere with the suppression of expected bone remodeling
accompanied by PTX. This result is supported by a previous
study that demonstrated a decrease in serum ALP 6 months
immediately after alendronate treatment, but not in the suc-
ceeding 6 months, whereas serum ALP steadily declined
throughout the 12 months following PTX in patients with
PHPT [26].

There are several limitations in this study. First, gener-
alizability was constrained by the retrospective nature of
this study with a small sample size. Second, only bisphos-
phonates were evaluated in combination with PTX; use of
other antiresorptive agents, such as denosumab, has been

reported to not only increase BMD efficaciously in lieu of
PTX, but also to improve trabecular bone score [12, 27]. As
denosumab does not seem to affect the onset of bone forma-
tion at the remodeling site, further studies are warranted to
examine the additional effect of denosumab in combination
with PTX in the treatment of PHPT with bone loss. Third,
radius BMD was not routinely measured in our institution,
and cortical bone and trabecular bone were not differentially
assessed in this study. Although area BMD is a prevalent
measure to assess bone strength, BMD alone is often insuf-
ficient to predict future fractures [28]. The recent advent of
high-resolution peripheral quantitative computed tomogra-
phy (HRpQCT) has demonstrated not only decreased corti-
cal perimeter, but also lower trabecular volume in PHPT
patients, both of which improved through 2 years following
PTX [29]. It would be valuable to implement comprehensive
measures such as HRpQCT with a longer follow-up to esti-
mate skeletal microstructure in the future to predict fracture
outcomes more precisely.

In conclusion, antiresorptive agents may be a feasible
option in patients with PHPT who are unable or unwilling
to undergo PTX, but combined perioperative use of bispho-
sphonates in patients who receive PTX may mitigate the
desired skeletal effects. In patients with PHPT accompanied
by bone loss, initiation of bisphosphonates shortly before or
after PTX may not be warranted.
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