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Impaired geometry, volumetric density, and microstructure
of cortical and trabecular bone assessed by HR-pQCT in both sporadic
and MEN1-related primary hyperparathyroidism
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Abstract
Summary This study evaluated bone features of PHPT using HR-pQCT. The results showed both cortical and trabecular bones
were significantly impaired in PHPT patients. Male and female PHPT patients suffered similar damages in bone. HR-pQCT
indices were not observed to differ in MEN1 and sporadic PHPT patients.
Introduction High-resolution peripheral quantitative CT is a novel imaging technique used to separately assess trabecular and
cortical bone status of the radius and tibia in vivo. Using HR-pQCT, we aimed to evaluate bone features of primary hyperpara-
thyroidism patients in a Chinese population and reveal similarities and differences in bone features in multiple endocrine
neoplasia type 1–related PHPT and sporadic PHPT patients in the Chinese population.
Methods A case-control study was designed. In 58 PHPT patients and 58 sex- and age-matched healthy controls, the distal radius
and tibia were scanned using HR-pQCT. Areal bone mineral density (aBMD) was also determined in PHPT patients using dual-
energy X-ray absorptiometry (DXA).
Results In comparison with controls, PHPT patients were observed to exhibit reduced volumetric BMD at the cortical and
trabecular compartments, thinner cortices, and more widely spaced trabeculae. Significant differences were still observed when
comparing data of female and male patients with age-matched controls separately. MHPT patients (n = 11) were found to have
lower aBMD Z-scores in the lumbar spine, trochanteric region, and total hip compared with sporadic PHPT patients (n = 47),
while no differences were observed in HR-pQCT indices between the two groups. In multiple linear regression models, no
significant correlations were identified between PTH and HR-pQCT indices. However, height was found to positively correlate
with HR-pQCT-derived trabecular indices at both the radius and tibia.
Conclusions PHPTaffects geometry, volumetric density, and microstructure in both the cortical and trabecular bones in both male
and female Chinese patients. MHPT patients were observed to have reduced aBMD as determined by DXA in the lumbar spine
and hip in comparison with sporadic PHPT patients. However, HR-pQCT indices were not observed to differ.

Keywords Bone microstructure . Bone volumetric density . High-resolution peripheral quantitative CT . Multiple endocrine
neoplasia type 1 . Primary hyperparathyroidism

Introduction

Primary hyperparathyroidism (PHPT) is a common endocrine
disorder that is characterized by hypercalcemia combinedwith
inappropriate elevated serum parathyroid hormone (PTH)
levels. Bone is considered to be one of the most common
target organs that is damaged by chronic, persistent excess
PTH. PHPT patients have been classically considered to ex-
perience preferential bone loss in the cortical bone with a
relative preservation of the trabecular bone. This observation
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has always been interpreted as anabolic effects of PTH on the
trabecular bone and catabolic effects on the cortical bone, as
demonstrated using DXA [1–4] and histomorphometry [5–7].
However, these results do not explain the increased risk of
fracture at vertebral sites (vertebrae, approximately 3-fold),
which are enriched in the trabecular bone, as well as
nonvertebral sites (forearm, approximately 2-fold) PHPT in
patients [8]. High-resolution peripheral computed tomogra-
phy (HR-pQCT) represents a novel approach for the non-
invasive assessment of both cortical and trabecular bone re-
garding bone geometry, volumetric densi ty, and
microarchitecture at the distal radius and tibia. Previous stud-
ies [9–11] using HR-pQCT have demonstrated that not only
the cortical but also the trabecular bone were adversely affect-
ed by excess PTH. Currently, two studies using HR-pQCT
have reported improvements in both the cortical and trabecu-
lar bone following parathyroidectomy [11, 12]. However, cur-
rent HR-pQCT data regarding PHPT are limited to Caucasian
females. Because bone involvement was observed to be more
common and more severe in Chinese PHPT patients com-
pared with that in Caucasians [13], and bone microstructural
differences were observed in Chinese American women ver-
sus Caucasian women in HR-pQCT studies [14, 15], HR-
pQCT data from Chinese patients with PHPT are needed. In
addition, HR-pQCT data of male PHPT patients are also
required.

Multiple endocrine neoplasia type 1 (MEN1) is an autoso-
mal dominant syndrome that is characterized by the occur-
rence of multifocal neoplasias in two or more endocrine or-
gans, and accounts for approximately 70% of hereditary
PHPT cases [16]. Skeletal manifestations of MEN1-related
PHPT (MHPT) are not exactly identical to those of sporadic
PHPT. This is perhaps due to different clinical characteristics,
including earlier disease onset, milder biochemical presenta-
tion, and an increased frequency ofmultiglandular parathyroid
hyperplasia instead of parathyroid adenoma [17]. However,
the involvement of other endocrine organs which also affect
bone metabolism in MEN1 results in an increased complexity
of skeletal manifestations in MHPT. Data regarding skeletal
manifestations ofMHPTwere primarily based on aBMDmea-
sured using DXA, which produced inconsistent results
[17–20]. In these studies, lower or similar BMD values of
lumbar spine (LS) and femoral neck (FN) were observed in
MHPT patients compared with sporadic PHPT patients
[17–19]. Comparative data regarding bone features as
assessed by HR-pQCT between MHPT and sporadic PHPT
patients remain to be carried out.

In the present study, we evaluated bone geometry, volumet-
ric density, and microarchitecture using the second-generation
HR-pQCT in both female and male PHPT patients in order to
generate data regarding bone features of PHPT in the Chinese
population. In addition, we compared bone structural indices
between MHPT and sporadic PHPT patients in order to

identify similarities and differences of bone effects in these
two different disease conditions. In addition, correlations be-
tween clinical data and HR-pQCT indices were evaluated in
order to understand the effect of clinical characteristics on
bone parameters.

Subjects and methods

Subjects and clinical investigation

A case-control study was designed. One hundred and eight
consecutive patients with PHPT were referred to the
Department of Endocrinology of Peking Union Medical
College Hospital (PUMCH) from November 2016 to August
2017. Ninety-two patients underwent parathyroidectomy.
Patients that had used bisphosphonates, glucocorticoids, or
other drugs known to influence bone metabolism, and had a
history of prior parathyroidectomy were excluded from this
study. Based on the foregoing criteria, 17 patients were ex-
cluded: 14 cases for reasons of using medications
(bisphosphonates, 13; corticosteroids, 1) and 3 cases for hav-
ing a history of prior parathyroidectomy. The remaining 75
patients were invited, of whom 58 agreed to participate in the
study. Thus, the final study consisted of 58 PHPT patients.
Clinical data, including age, gender, weight, height, course
of disease, clinical manifestations, and biochemical indices,
were obtained from medical chart reviews. In our cohort,
MEN1was routinely screened in PHPT patients and clinically
diagnosed if the presence of two or more major MEN1-
associated endocrine tumors was confirmed and the MEN1
mutation was detected. Sporadic PHPT was defined as cases
presenting with isolated PHPT and a lack of family history.
Asymptomatic PHPT is defined as hyperparathyroidism in the
absence of specific symptoms or signs that results from hy-
percalcemia or PTH excess.

The 58 controls used in this study were selected from the
healthy database of HR-pQCT in our center, which came from
a population-based study of HR-pQCT in the mainland
Chinese population (641 normal individuals recruited from
communities in Beijing between the year of 2015 and 2017).
Healthy controls were matched for sex and age, with an age
span of 10 years, and possessed no history of PHPTor fragility
fractures. Biochemical markers, including liver and renal
functions, serum calcium, phosphorus, alkaline phosphatase,
and PTH levels were determined to be within normal ranges in
control subjects. All control subjects included were free of
other diseases or drugs known to influence bone metabolism.
The present study was approved by the Ethics Committee of
Peking Union Medical College Hospital. Written informed
content was obtained from all subjects, and this study was
carried out according to the principles defined in the
Declaration of Helsinki.
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Biochemical measurements

Blood samples were drawn in a fasting state. Biochemical
tests were performed within 1 week of DXA and HR-pQCT
scan. Serum calcium, serum ionized calcium, serum phos-
phate, alkaline phosphatase (ALP), 25-hydroxyvitamin D
(25OHD), parathyroid hormone (PTH), and β-C-terminal
telopeptide region of collagen type 1 (β-CTX) were all tested
in the Department of Clinical Laboratory of Peking Union
Medical College Hospital by standard methods.

Dual-energy X-ray absorptiometry

BMD was determined using DXA (GE-Lunar, USA) at the
lumbar spine (L1–L4) and right hip (femoral neck, trochanter-
ic region, and total hip) in all PHPT patients in this study. The
coefficient of variations (CV) of measurements was 0.9% for
lumbar spine, 1.6% for femoral neck, and 0.7% for total hip.
Z-scores (age- and sex-matched comparison in SD units) and
T-scores (comparison from the mean BMD value in a healthy
young reference population, in SD units) of BMD were cal-
culated using the normal reference database from our center
[21]. According to the International Society for Clinic
Densitometry (ISCD) criteria, T-scores lower than − 2.5 at
any site indicate osteoporosis, and Z-scores lower than − 2.0
were defined as reduced BMD.

High-resolution peripheral quantitative computed
tomography

The nondominant distal radius and tibia were measured using
the second-generation HR-pQCT system (Xtreme CT II,
Scanco Medical AG, Brüttisellen, Switzerland). At each site,
3-dimensional (3D) bone images of 10.2 mm in the axial
direction were obtained, with a voxel size of 61 μm. An
anteroposterior scout view was utilized to define the measure-
ment region. The reference line was manually placed at the
endplate of the radius and tibia. A stack of 168 parallel CT
slices was obtained, with the first CT slice 9 mm and 22 mm
proximal to the reference line for the radius and tibia, respec-
tively. X-ray photon attenuation data were then converted to
equivalent hydroxyapatite (HA) densities. An automated
threshold-based algorithm was used to separate the cortical
and trabecular compartments. Images were manually graded
for motion artifacts on a scale of 1 (no motion artifact) to 5
(extreme motion artifact). No images had a grade of 4 or 5;
thus, all images were included [22].

The parameters were as follows: indices of bone geometry
included total bone area (Tt.Ar), trabecular area (Tb.Ar), cor-
tical area (Ct.Ar), and cortical perimeter (Ct.Pm). Indices of
volumetric density included total volumetric BMD
(Tt.vBMD), trabecular volumetric BMD (Tb.vBMD), and
cortical volumetric BMD (Ct.vBMD). Indices of bone

microarchitecture included trabecular bone volume fraction
(BV/TV), trabecular number (Tb.N), trabecular thickness
(Tb.Th), trabecular separation (Tb.Sp), cortical thickness
(Ct.Th), and cortical porosity (Ct.Po).

Statistical analysis

All statistics were carried out using SPSS software version
17.0 (SPSS, Chicago, USA). Continuous variables, including
normally distributed variables and non-normally distributed
variables, are presented as the mean ± standard deviation
(SD) and median (range), respectively. Between-group differ-
ences were analyzed using independent-samples t tests for
normally distributed variables, while the Mann-Whitney U
test was carried out in the case of non-normally distributed
variables. Categorical variables were presented as percentages
and were compared using the Pearson χ2 test or Fisher exact
test, as appropriate. Covariance analysis was used for age
adjustment. Spearman correlation test and multiple linear re-
gression analysis were used to examine the correlations be-
tween the clinical data and the HR-pQCT indices. In the case
of all analyses, p values < 0.05 were considered to be statisti-
cally significant.

Results

Demographic, clinical, and biochemical characteristics

The 58 patients with PHPT (41 females and 17 males) were
included, with a mean age of 49.9 ± 15.1 years. There were 26
postmenopausal women in both the PHPT group and the con-
trol group. In the PHPT group, the median course of disease
was 3.0 (0.08,34) years; 5 cases suffered fragility fractures
with a incidence of 8.6% (5/58). Serum calcium and PTH
levels in the PHPT group were 2.80 ± 0.28 mmol/L (normal
range 2.13–2.70 mmol/L) and 171.6 (39.0, 1891.5) pg/mL
(normal range13–65 pg/mL), respectively. The average serum
25OHD level was 13.58 ± 6.45 ng/mL, and 90% (52/58) of
cases had vitamin D deficiency (25OHD below 20 ng/mL).

Among the 58 patients included in this study, 11 cases were
clinically and genetically diagnosed as MEN-1, 9 of them
were probands. All of the MEN1 patients were found to pres-
ent with PHPT. Among these patients, there were a total of
eight with pancreatic neuroendocrine tumors, four with
prolactinoma, and three with non-functional pituitary
adenoma.

Comparisons of clinical characteristics and bone
indices between PHPT patients and healthy controls

As depicted in Table 1, PHPT patients were observed to be
comparable with healthy controls in respect to age, sex,
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weight, height, and body mass index (BMI). In regard to the
indices assessed using HR-pQCT, for the geometry, PHPT
patients had reduced Ct.Ar (p < 0.001) in the radius and in-
creased Tb.Ar (p = 0.021) in the tibia compared with controls.
For the vBMDmeasurements, reduced Tt.vBMD, Tb.vBMD,
and Ct.vBMD (all p < 0.001) were found in both the radius
and t ib i a in PHPT pat i en t s . For the t rabecu la r
microarchitecture, PHPT patients had reduced BV/TV, Tb.N
and increased Tb.SP (all p < 0.001) in both radius and tibia.

For the cortical microarchitecture, Ct.Th was lower in both
radius and tibia in PHPT patients compared with controls
(p < 0.001 and p = 0.009, respectively), whereas Ct.Po was
similar between the two groups. Representative 3D images
of the distal radius and tibia in PHPT patients in comparison
with control subject are shown in Fig. 1.

In an effort to provide further data regarding skeletal fea-
tures of male patients, we compared male patients with age-
matched healthy controls. Considering the effect of meno-
pausal status on bone, we also separately compared premen-
opausal female patients and postmenopausal female patients
with age and menopausal status–matched controls. These re-
sults are depicted in Supplement Table 1, 2 and 3. Bone indi-
ces in male and premenopausal/postmenopausal female pa-
tients showed approximately similar abnormalities as in the
general population. The percentage comparisons of HR-
pQCT results in the male and the whole female group relative
to age-matched controls were depicted in Fig. 2.

Comparisons of clinical characteristics, biochemical
indices, aBMD, and bone indices between MHPT
and sporadic PHPT patients

As shown in Table 2, MEN-1 patients were found to be youn-
ger than sporadic PHPT patients (p = 0.005). No differences
were observed in sex, height, weight, BMI, course of disease,
biochemical indices, or incidence of asymptomatic PHPT be-
tween these two groups. As depicted in Table 2, BMD Z-
scores of the trochanteric region, the total hip, and the lumbar
spine were found to be significantly lower in MHPT patients
compared with those in sporadic PHPT patients (p = 0.047,
p = 0.042, and p = 0.042, respectively). In regard to the HR-
pQCT parameters, no significant differences of indices of
bone geometry, vBMD, and microarchitecture were observed
between the two groups following adjustment by age
(Supplement Table 4).

Correlations between clinical characteristics
and HR-pQCT indices in sporadic PHPT patients

The results from the Spearman correlation analysis is shown
in Supplement Table 5. Age and sex were found to correlate
with the majority of the HR-pQCT indices. PTH levels were
found to positively correlate with Ct.Ar at the radius and
Ct.Th at the tibia (r = 0.275 and r = 0.290, respectively,
p < 0.05). No significant correlations were observed between
BMI or serum 25(OH)D level and HR-pQCT indices.

Multiple linear regression analyses were carried out in or-
der to further study these correlations in sporadic PHPT pa-
tients (n = 47). The results are depicted in Table 3. Aging was
found to negatively correlate with Tb.vBMD, BV/TV in the
radius and Tt.vBMD, and BV/TV in the tibia. Height was
observed to be a positive predictor for Tb.vBMD, BV/TV,

Table 1 Comparisons of clinical characteristics and HR-pQCT indices
between PHPT patients and healthy controls

PHPT Controls P value
N = 58 N = 58

Index
Gender (female/male) 41/17 41/17 1.000
Age (years) 49.9 ± 15.1 50.6 ± 15.7 0.804
Height (cm) 163.0 ± 7.97 165.0 ± 8.39 0.203
Weight (kg) 62.9 ± 10.7 64.3 ± 12.0 0.551
BMI (kg/m2) 23.58 ± 3.12 23.52 ± 3.40 0.930

Radius
Geometry
Tt.Ar (mm2) 261.77 ± 66.19 271.19 ± 74.22 0.472
Ct.Ar (mm2) 52.87 ± 12.54 64.72 ± 15.12 < 0.001
Tb.Ar (mm2) 212.54 ± 63.52 220.57 ± 81.20 0.554
Ct.Pm (mm2) 68.79 ± 10.96 69.58 ± 10.48 0.692

Volumetric BMD
Tt.vBMD (mg/cm3) 247.96 ± 71.33 317.85 ± 64.55 < 0.001
Ct.vBMD (mg/cm3) 845.62 ± 93.50 922.27 ± 54.28 < 0.001
Tb.vBMD (mg/cm3) 98.52 ± 44.88 129.17 ± 44.54 < 0.001

Microarchitecture
BV/TV 0.146 ± 0.057 0.192 ± 0.063 < 0.001
Tb.N (mm−1) 1.02 ± 0.27 1.27 ± 0.24 < 0.001
Tb.Th (mm) 0.216 ± 0.017 0.225 ± 0.018 0.010
Tb.Sp (mm) 1.06 ± 0.50 0.786 ± 0.178 < 0.001
Ct.Th (mm) 0.934 ± 0.232 1.095 ± 0.172 < 0.001
Ct.Po (%) 0.6(0.1, 4.5) 0.5(0.1, 2.1) 0.346

Tibia
Geometry
Tt.Ar (mm2) 710.36 ± 147.67 722.92 ± 136.08 0.635
Ct.Ar (mm2) 103.78 ± 22.43 109.58 ± 30.08 0.241
Tb.Ar (mm2) 611.83 ± 147.14 538.78 ± 185.74 0.021
Ct.Pm (mm2) 103.86 ± 11.86 98.67 ± 15.98 0.050

Volumetric BMD
Tt.vBMD (mg/cm3) 213.28 ± 55.35 262.42 ± 59.54 < 0.001
Ct.vBMD (mg/cm3) 833.13 ± 96.12 889.94 ± 75.51 < 0.001
Tb.vBMD (mg/cm3) 105.01 ± 42.21 138.85 ± 43.17 < 0.001

Microarchitecture
BV/TV 0.177 ± 0.053 0.217 ± 0.059 < 0.001
Tb.N (mm−1) 1.020 ± 0.277 1.234 ± 0.231 < 0.001
Tb.Th (mm) 0.239 ± 0.027 0.245 ± 0.019 0.120
Tb.Sp (mm) 1.088 ± 0.445 0.817 ± 0.158 < 0.001
Ct.Th (mm) 1.191 ± 0.277 1.323 ± 0.261 0.009
Ct.Po(%) 2.3(0.7, 6.3) 1.9(0.7, 8.9) 0.613

Data are shown as the mean ± SD or median (range)

P values < 0.05 are shown in italics

Tt.Ar, total bone area; Tb.Ar, trabecular area; Ct.Ar, cortical area; Ct.Pm,
cortical perimeter; Tt.vBMD, total bone volumetric BMD; Tb.vBMD,
trabecular volumetric BMD; Ct.vBMD, cortical volumetric BMD; BV/
TV, trabecular bone volume fraction; Tb.N, trabecular number; Tb.Th,
trabecular thickness; Tb.Sp, trabecular separation; Ct.Th, cortical thick-
ness; Ct.Po, cortical porosity
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Tb.N, Tt.Ar, and Tb.Ar and a negative predictor for Tb.Sp at
the both the radius and tibia. Male gender was determined to
be a positive predictor for Ct.Ar at both the radius and tibia.
The course of the disease was found to only positively corre-
late with Tb.Sp and to negatively correlate with Tb.N at the
radius. No significant correlations were observed between
PTH levels and HR-pQCT indices in these models. When
multiple linear regression analyses were examined in female
sporadic PHPT patients (n = 33, Supplement Table 6), only
height and course of disease were found to have significant
correlations with some HR-pQCT indices. No significant

correlations were observed between PTH levels or menopause
status and HR-pQCT indices in the models studied here.

Discussion

HR-pQCT is as an advanced bone imaging technique that
provides an in vivo assessment of bone features of both corti-
cal and trabecular bones, separately. In this study, we utilized
HR-pQCT to study skeletal effects of PHPT in the Chinese
population, and the effect of gender differences on bone

Fig. 1 Representative HR-pQCT
images from a PHPT patient (a.F/
38 years) and control subject (b.F/
40 years)

Fig. 2 Percentage comparisons of HR-pQCT indices in male and female
group relative to controls in radius (a) and tibia (b). *Represents
significant differences between cases and controls (p < 0.05).
#Represents significant differences for comparisons of the percentage
difference between male and female (p < 0.05). Tt.Ar, total bone area;
Tb.Ar, trabecular area; Ct.Ar, cortical area; Ct.Pm, cortical perimeter;

Tt.vBMD, total bone volumetric BMD; Tb.vBMD, trabecular
volumetric BMD; Ct.vBMD, cortical volumetric BMD; BV/TV,
trabecular bone volume fraction; Tb.N, trabecular number; Tb.Th,
trabecular thickness; Tb.Sp, trabecular separation; Ct.Th, cortical
thickness; Ct.Po, cortical porosity
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features was first studied in PHPT patients using HR-pQCT.
In addition, to our knowledge, this represents the first pilot
study carried out to compare bone features between MHPT
and sporadic PHPT patients using HR-pQCT.

In the current study, structural indices demonstrated that
both cortical and trabecular bones were significantly impaired
in PHPT patients, with reduced volumetric BMD observed at
the cortical and trabecular compartments, thinner cortices, and
more widely spaced trabeculae. The results also demonstrated
that the radius and tibia were almost equally damaged in
PHPT patients. However, the previous two studies that
assessed the bone involvement in female PHPT patients using
HR-pQCT showed greater abnormalities in the radius com-
pared with the tibia [9, 10]. In addition to a limited sample

size, site-specific differences in mechanical loading have been
considered to represent one of the factors involved in the dif-
ference between the radius and tibia [9]. Mechanical stimuli is
a promoting factor for PTH-mediated bone formation [23, 24].
Therefore, the radius, a non-weight-bearing site, is generally
found to be adversely affected more than the tibia, a weight-
bearing site [9, 10]. Nevertheless, this difference observed
between the radius and tibia was not observed in our findings.
Due to the prevalence of lower BMI, less exercise, and a more
severe PHPT phenotype in the Chinese population compared
with the Caucasian population, the protection of mechanical
loading in the tibia in the Chinese population could be less
obvious compared with the Caucasian population [15]. Our
study also identified a significant increase in Tb.Ar along with

Table 2 Comparisons of clinical
characteristics, biochemical
indices, and aBMD between
MHPT and sporadic PHPT
patients

MHPT SHPT P value
N = 11 N = 47

Index

Age (y) 38.64 ± 15.25 52.57 ± 13.99 0.005

Sex (female/male) 8/3 33/14 1.000

Course of disease (year) 3 (0.08,34) 3 (0.08,22) 0.321

Height (cm) 163.72 ± 7.35 162.86 ± 8.16 0.770

Weight (kg) 63.22 ± 12.95 62.93 ± 10.37 0.941

BMI (kg/m2) 22.91 ± 3.65 23.73 ± 3.01 0.437

Asymptomatic PHPT (n, %) 6 (54.5%) 18 (38.3%) 0.325

Biochemical indices

Serum TCa (mmol/L) 2.75 ± 0.13 2.81 ± 0.31 0.526

Plasma iCa (mmol/L) 1.42 ± 0.06 1.41 ± 0.18 0.779

Serum P (mmol/L) 0.83 ± 0.21 0.86 ± 0.14 0.612

Serum PTH (pg/mL) 141.5 (78.7,245.7) 185.2 (39.9,1891.5) 0.207

Serum ALP (U/L) 122 (57,190) 110.5 (54,1096) 0.599

Serum β-CTX (ng/mL) 1.21 ± 0.46 1.20 ± 0.82 0.961

Serum 25(OH)D (ng/mL) 11.65 ± 3.37 14.03 ± 6.93 0.297

Areal BMD

FN T-score − 1.8 (− 3.1,0.7) − 1.4 (− 3.5, 0.7) 0.218

FN Z-score − 1.7 (− 2.5, 1.6) − 0.8 (− 3.0, 1.3) 0.054

Trochanter T-score − 1.8 (− 2.8, 1.6) − 1.0 (− 3.4, 0.5) 0.060

Trochanter Z-score − 1.7 (− 2.9, 1.8) − 0.8 (− 2.9, 1.3) 0.047

Total hip T-score − 1.6 (− 2.9, 1.3) − 1.1 (− 3.3,0.6) 0.052

Total hip Z-score − 1.6 (− 2.8, 1.6) − 0.8 (− 3.2,0.9) 0.042

LS(L1-L4) T-score − 2.0 (− 3.0, 1.7) − 1.2 (− 5.2,0.8) 0.498

LS(L1-L4) Z-score − 1.8 (− 2.5, 1.9) − 0.3 (− 2.7, 2.3) 0.042

T-scores < − 2.5or Z-scores < − 2.0 (n, %) 6 (54.5%) 16 (34.0%) 0.302

Continuous variables are shown as the mean ± SD or median (range); categorical variables are shown as
percentages

TCa, total serum calcium; iCa, ionized calcium; P, phosphorus; PTH, intact parathyroid hormone; ALP, alkaline
phosphatase; β-CTX:C-terminal cross-linking telopeptide; 25(OH)D:25-hydroxy vitamin D

Normal reference ranges for indexes: serum TCa: (2.13–2.70) mmol/L; plasma iCa: (1.08–1.28) mmol/L; serum
P(mmol/L): 0.81–1.45; serum PTH: (13–65)pg/mL; serum ALP: (30–120)U/L; Serum 25(OH)D: > 30 ng/mL

FN, femoral neck; LS, lumbar spine

Values in boldface indicate statistically significant difference with p <0.05
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an insignificantly reduction in Tt.Ar and Ct.Ar at the tibia in
PHPT patients, which has been considered to be a reflection of
endocortical resorption (trabecularization) [9, 11]. In contrast
to significantly reduced cortical vBMD, we did not observe a
significant increase in Ct.Po in PHPT patients, similarly with
the results in previous study [9, 10]. The inability to demon-
strate difference in Ct.Po could be due to an inferior resolution
of HR-pQCT to capture Ct.Po and a lack of power given the
relatively small sample size.

When analyzing male and female data separately, we ob-
served significant abnormalities in both cortical and trabecular
indices in both groups. These results indicated that male and
female PHPT patients suffered similar damages in bone fea-
tures, with even the majority of the variations of these indices
observed to be similar between male and female patients.
Numerous previous studies demonstrated that male patients
with PHPT were more commonly asymptomatic [25, 26]. In
regard to bone involvement, the majority of aBMD studies
demonstrated that osteoporosis was less common in male pa-
tients [25–28], despite one study that showed male patients
presenting with higher serum calcium and PTH levels in com-
parison with female patients [25]. The differences observed
between our results and previous studies could be related to
racial differences, disease severity, and different evaluation
technologies. Nevertheless, the limited sample size (17 males)
should also be taken into consideration.

In the present study, the aBMD Z-scores of lumbar spine,
trochanteric region, and total hip in MHPT patients were
found to be significantly lower than in sporadic PHPT pa-
tients. The results are consistent with that from previous

studies that have shown severe trabecular bone mineral loss
in MEN1 [17–20]. Numerous previous studies have demon-
strated that there is no correlation between PTH and BMD in
MEN1 patients [17, 19], in contrast to the inverse correlation
observed in sporadic PHPT patients [17]. Therefore, increased
severity of bone loss in MHPT patients could be partially
attributed to the combination of other endocrine dysfunction
components, including hyperprolactinemia, hypercortisolism,
hypogonadism, and GH deficiency, which also exert negative
effects on bone mineralization, especially in the case of tra-
becular bone [28]. In addition, MHPT often presents with an
earlier onset age, typically two to three decades earlier than
sporadic PHPT. This earlier onset could interfere with the
normal formation of peak bonemass [20]. In the present study,
we provided for the first time comparative data regarding bone
features as assessed using HR-pQCT between MHPT and
sporadic PHPT. While significantly lower aBMD levels were
observed in MHPT patients, no between-group differences
were observed in bone indices as measured using HR-pQCT.
The site-to-site differences in bone features at different ana-
tomical regions could partly lead to the different results ob-
tained by DXA and HR-pQCT measurements. Considering
the limited sample size of our study, a larger sample size
may yield significant differences in the HR-pQCT indices
between groups.

In the current study, we observed no significant cor-
relations between PTH and HR-pQCT indices using the
multiple linear regression models. Height was found to
be an obvious positive predictor for HR-pQCT-derived
trabecular indices at both the radius and the tibia. Since

Table 3 Multiple linear regression analysis (coefficient, B) of clinical data and HR-pQCT indices in sporadic PHPT patients (n = 47)

Tt.vBMDD Tb.vBMD Ct.vBMD BV/TV Tb.N Tb.Th Tb.Sp Ct.Th Ct.Po Tt.Ar Tb.Ar Ct.Ar

Radius

Age − 0.751 − 0.860* 1.084 − 0.001** 0.041 − 0.083 0.097 − 0.186 − 0.084 0.751 0.199 0.075

Sex# 30.077 − 0.113 62.895 − 0.046 − 0.111 0.192 0.025 0.122 0.102 22.569 0.106 12.288*

Height − 0.688 2.294* − 5.235 0.003** 0.019** 0.285 − 0.029** 0.101 0.216 4.363** 4.359** 0.096

Course − 2.145 − 0.182 − 1.721 − 0.086 − 0.014* − 0.004 0.034* − 0.170 0.168 0.698 0.156 − 0.086
PTH 0.009 − 0.008 − 0.206 0.010 − 0.037 0.191 − 0.148 − 0.124 1.101e−5 0.004 − 0.043 0.103

Tibia

Age − 1.457* − 0.676 − 0.114 − 0.001* − 0.059 − 0.078 0.049 − 0.005 0.000 0.248 0.269 − 0.121
Sex# 0200 − 6.102 32.716 − 0.005 − 0.071 0.195 0.127 0.175 0.003 0.006 0.130 18.578*

Height 0.183 2.913** − 3.362 0.003** 0.023** 0.149 − 0.032* − 0.014 0.000 12.673** 11.899** − 0.082
Course − 0.009 − 0.024 − 1.953 0.043 − 0.120 0.206 0.107 0.003 0.001 0.173 0.161 0.082

PTH 0.076 − 0.037 − 0.075 − 0.117 − 0.025 7.038e−6 − 0.060 0.000 5.411e−6 − 0.165 − 0.183 0.112

Sex# , designated as 0 (female) and 1 (male)

Values in boldface indicate statistically significant correlations; *statistically significant correlation at p < 0.05; **statistically significant correlation at
p < 0.01

Tt.Ar, total bone area; Tb.Ar, trabecular area; Ct.Ar, cortical area; Tt.vBMD, total bone volumetric BMD; Tb.vBMD, trabecular volumetric BMD;
Ct.vBMD, cortical volumetric BMD; BV/TV, trabecular bone volume fraction; Tb.N, trabecular number; Tb.Th, trabecular thickness; Tb.Sp, trabecular
separation; Ct.Th, cortical thickness; Ct.Po, cortical porosity
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taller person had more distally positioned fixed region
of interest (ROI) than shorter person when scanning,
and more distally, the bone was assembled with larger
cross-sectional area and larger medullary void volume
containing more trabecular bone [29]; therefore, the pos-
itive correlations between height and trabecular indices
may be partly due to the result of the positioning of the
ROI. Because of the limited sample size in our current
study, the effect of clinical characteristics on bone fea-
tures must be evaluated using a larger sample-sized
study.

We note that our study also possessed some limitations.
First, because the HR-pQCT technique was not been devel-
oped in our center until recently, the sample size included in
the present study was limited. A large-scale study will be
required in the future. Second, DXA measurements were not
carried out at the forearm in all of the subjects used in this
study. Therefore, we could not simultaneously analyze aBMD
and vBMD data at the same skeletal site. Third, the aBMD
data were absent in healthy controls. Therefore, we were un-
able to compare aBMD between PHPT patients and controls
in this study. Instead, Z-scores of aBMD were calculated in
order to evaluate the status of bone mass loss. Finally, micro-
structural finite-element analysis (μFEA) was not carried out
as a mechanism to estimate bone stiffness and strength in this
study. Further studies to evaluate biomechanical characteris-
tics using μFEA are needed.

In conclusion, in the present study, we demonstrated
that PHPT affects bone geometry, volumetric BMD, and
microarchitecture in both the cortical and trabecular
bone in the Chinese population. Both female and male
PHPT patients exhibited impaired bone structures, and
seemed to have similar variations of HR-pQCT indices.
MHPT patients exhibited reduced aBMD as assessed
using DXA in the lumbar spine and hip. However, sim-
ilar indices were assessed using HR-pQCT in both the
radius and tibia when compared with sporadic PHPT
patients.
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