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Abstract

Objective: Primary hyperparathyroidism (PHPT) is relatively common in China and results in

severe damage to the skeletal system. This study aimed to investigate changes in bone mineral

density (BMD) over 2 years in patients with PHPT after parathyroidectomy.

Methods: This retrospective cohort study included patients with PHPT who underwent para-

thyroidectomy between January 2010 and December 2015. BMD and T-scores and Z-scores of

the lumbar spine (L1, L2, L3, and L4) and total hip (femoral neck, great trochanter, and Ward’s

triangle) at baseline and 2 years after surgery were measured by dual-energy X-ray

absorptiometry.

Results: Thirty patients with moderate to severe PHPT (17 men and 13 women) aged 38.90�
15.48 years were included. BMD, and T-score and Z-score values at the lumbar spine and total hip

at 6 months, 1 year, and 2 years after parathyroidectomy were significantly improved compared

with preoperative values. Improvement in BMD was largest at L4 (46.7%) and smallest at L1

(37.4%) in the lumbar spine 2 years after parathyroidectomy. For the total hip, the increase in

BMD was largest at Ward’s triangle (42.6%) and smallest at the femoral neck (37.5%).
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Conclusions: BMD of the lumbar spine and total hip is improved after parathyroidectomy in

patients with PHPT.
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Introduction

Primary hyperparathyroidism (PHPT) is a

relatively common endocrine disorder char-
acterized by abnormally elevated parathy-

roid hormone secretion mostly due to
sporadic solitary parathyroid adenoma.1,2

PHPT is widely found in postmenopausal
women, and is frequently diagnosed

through incidental hypercalcemia and
damage to the skeletal system.3 Currently,

patients with PHPT are diagnosed at early
stages owing to the wide application of bio-

chemical screening strategies.4 However,
hyperparathyroidism in Asia is often char-

acterized by markedly elevated serum calci-
um levels and various systemic organ

disorders related to symptomatic hyper-
parathyroidism compared with Europe

and the USA.5–7 In Western countries,
overt kidney stone disease occurs in less
than 20% of patients with PHPT and radio-

logically evident bone disease is even less
common.8 However, there are patients

with multi-system involvement in symptom-
atic PHPT in China.

Increased parathyroid hormone levels

act on target organs, such as the bones
and kidneys, resulting in elevated or abnor-

mal calcium levels.9 Persistent abnormal
elevated serum intact parathyroid hormone
(iPTH) levels can damage organs in various

parts of the body.10 This results in loss of
bone minerals and can cause osteopenia or

osteoporosis. Reduction of bone mineral
density (BMD) is related to the risk of frac-
ture and affects bone health.11 Therefore,
patients with ineffective treatment or oste-
oporosis need to undergo surgical removal
of the lesion’s parathyroid tissue. After an
effective operation, the patients’ biochemi-
cal indicators, osteoporosis, urinary calculi,
kidney function, and other symptoms grad-
ually improve.12

Most previous studies focused on prima-
ry hyperthyroidism and did not distinguish
patients with the severe form of this dis-
ease.13,14 The present study performed a
comprehensive analysis of patients with
moderate to severe PHPT in our hospital.
BMD measurements were performed using
dual-energy X-ray absorptiometry (DXA)
to analyze changes in BMD at different
sites, including the lumbar spine and total
hip, before parathyroidectomy, and 6
months, 1 year, and 2 years after parathy-
roidectomy. These findings provide infor-
mation for the effective treatment of
patients with PHPT to prevent adverse
events, such as hip fracture.

Materials and methods

Patients

This retrospective cohort study included
consecutive patients who were treated in
the General Surgery Department of
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Beijing Jishuitan Hospital from January
2010 to December 2015. The inclusion cri-
teria were as follows: (1) iPTH levels
>700 pg/mL (normal: 15–65 pg/mL) and
serum calcium ion levels exceeding the
normal range (2.25–2.75mmol/L); (2) suc-
cessful surgery (after parathyroidectomy,
pathological diagnosis of a specimen was
used for further confirmation and serum
calcium and iPTH levels were normal for
at least 6 months postoperatively15) per-
formed by experienced physicians working
in the same department of our hospital;
(3) stable and continuous preoperative and
postoperative biochemical and BMD
follow-up with measurements performed
in our hospital; and (4) traditional therapy
(non-surgical treatment, such as drug ther-
apy) was not effective (biochemical indica-
tors and symptoms were not improved).
The exclusion criteria were as follows: (1)
secondary hyperparathyroidism; (2) incom-
plete clinical data, including BMD data; (3)
the presence of conditions that may affect
hormone levels, such as a history of malig-
nancy, active infection, pregnancy, and lac-
tating/nursing; and (4) calcium ion and
iPTH levels above the normal range follow-
ing effective resection of parathyroid
lesions.16 The study was approved by the
Institutional Review Board of Beijing
Jishuitan Hospital (review batch number:
201905-01), which waived the requirement
for informed consent.

Clinical data collection and examination
methods

The baseline characteristics included demo-
graphic data (sex, age, height, weight, and
body mass index [BMI]), smoking, drink-
ing, deformity, skeletal pain, fatigue, frac-
ture, urinary calculi, hypertension, and
basic information on parathyroid speci-
mens. All patients were operated on by
one of three surgeons. The indications for
surgery were as defined by the National

Institutes of Health consensus conference
guidelines.17 After the specimens were
removed, they were sent for analysis and
pathological interpretation was performed
by professional pathologists. Data collected
from the specimens included parathyroid
properties, wet weight (g), and volume
(cm3). Blood samples were taken in the
early morning before surgery when all
patients were in a fasted state. The blood
samples were centrifuged at 3000 to
5000�g and processed within 2 hours
after phlebotomy and stored at �80�C.
Biochemical indicators were measured
using automated techniques. Serum calcium
(normal values: 2.25–2.75mmol/L) and
phosphorus (normal values: 0.8–1.6mmol/
L) levels were measured by an autoanalyzer
(Hitachi H7600; Hitachi Corp., Tokyo,
Japan). Corrected calcium levels were
based on the serum albumin level. Serum
iPTH levels were determined using a chemi-
luminescent immunometric assay (E601;
Roche Diagnostics, Basel, Switzerland;
normal range 15–65 pg/mL). The intra-
and inter-assay coefficients of variance
were <10%. The normal range of values
for serum alkaline phosphatase (Hitachi
H7600) is 40–150 IU/L.

After surgical removal of the lesions of
the parathyroid tissue, the same biochemi-
cal indices were tested at 6 months, 1 year,
and 2 years postoperatively according to
the requirements of preoperative biochemi-
cal tests. BMD measurements were per-
formed using DXA with a Lunar DPX
(GE Healthcare, Madison, WI, USA) in
the array (fan beam) mode, including the
lumbar spine (L1, L2, L3, and L4) and
total hip (femoral neck, great trochanter,
and Ward’s triangle), with a precision
error of �1% at all sites. BMD values are
expressed as absolute values (g/cm2), and
the T-score and Z-score. The Z-score is
the number of standard deviations (SDs)
that a given measurement differs from the
mean for a sex-, age-, and race-matched
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reference population. The T-score is the

number of SDs that a given measurement

differs from the mean for a normal young

adult reference population. According to

World Health Organization (WHO) crite-

ria, the patients were classified as having

osteoporosis (T-score ��2.5), osteopenia

(T-score of >�2.5 to �1), and normal (T-

score >�1).18 BMD measurements were

taken before surgery and 6 months, 1

year, and 2 years after surgery, and the

data were saved.

Statistical analysis

The data were analyzed using IBM SPSS

Statistics for Windows, version 23.0 (IBM

Corp., Armonk, NY, USA) and GraphPad

Prism 4 (GraphPad Inc., San Diego, CA,

USA) was used to produce graphs.

Demographic characteristics are shown

using descriptive analysis. Continuous var-

iables are expressed as mean�SD. Pre- and

post-test data were compared using the t-

test or Wilcoxon test on the basis of distri-

bution of data. The inspection level was

two-sided and P<0.05 was considered sta-

tistically significant.

Results

Among 105 patients with abnormalities in

serum calcium and/or iPTH concentrations,

67 met the diagnostic criteria of moderate

to severe PHPT.19 An additional 37 patients

were excluded owing to the absence of

follow-up data and lack of complete effec-

tive parathyroidectomy. Thirty patients

with successful parathyroidectomy and lon-

gitudinal BMD follow-up were included in

the final analysis. The baseline characteris-

tics of the included patients are summarized

in Table 1.

Comparison of BMD before and after
surgery

Preoperative measurements showed severe
bone loss, with preoperative lumbar spine
and total hip T-scores of �3.42�1.48 and
�3.39�1.12, respectively. Both of these
values were below �2.5 (i.e., osteoporosis).
BMD of the total hip, which is mainly cor-
tical bone, was lower than that of L1–L4,
which is mainly cancellous bone.

Mean BMD of L1–l4 gradually increased
over time and showed significant increases
at the 6-month, 1-year, and 2-year follow-
ups compared with the preoperative value
(all P<0.05, Table 2). We observed the
same trend for T-scores and Z-scores (all
P<0.05). The postoperative BMD,
T-scores, and Z-scores of the total hip

Table 1. Baseline characteristics of patients with
moderate to severe primary hyperparathyroidism.

Baseline characteristics Value

Demographic data

Men 17 (57%)

Women 13 (43%)

Age (years) 38.90� 15.48

Height (m) 1.68� 0.11

Weight (kg) 62.53� 13.13

BMI 22.00� 2.84

Habits and conditions

Smoking 10 (33%)

Drinking 4 (13%)

Deformity 4 (13%)

Skeletal pain 25 (83%)

Fatigue 11 (37%)

Fracture 15 (50%)

Urinary calculi 11 (37%)

Hypertension 3 (10%)

Parathyroid specimens

Hyperplasia 2 (7%)

Adenoma 27 (90%)

Carcinoma 1 (3%)

Wet weight (g) 7.44� 9.16

Volume (cm3) 16.04� 20.56

Continuous variables are presented as mean� standard

deviation and categorical data are presented as the per-

centage of analyzed patients (n, %). BMI, body mass index.
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also gradually increased and were signifi-
cantly higher at the 6-month (all
P<0.001), 1-year (all P<0.01), and 2-year
(all P<0.05) follow-ups compared with
before surgery. These two locations
showed a more significant increase in the
second year after surgery than in the first
year. Moreover, stratified analyses based on
sex showed similar trends in the changes of
BMD, the T-score, and the Z-score at L1–
L4 and the total hip in male and female
patients at the 6-month follow-up.
However, changes in BMD at L1–L4 at
the 1- and 2-year follow-ups were not sig-
nificantly different in female patients, but
they were significant in male patients
(both P<0.05). Furthermore, changes in
BMD at the total hip at the 1- and 2-year
follow-ups were not significantly different
in male patients.

Comparison of BMD in different parts of
the femur and spine

BMD of different parts of the lumbar spine
(cancellous bone) are shown in Figure 1.
BMD of L3 in the lumbar spine was
0.71� 0.17 g/cm2 and that for L2 was
0.68� 0.17 g/cm2. BMD of L1, L2, L3,
and L4 were significantly higher at 2 years
after surgery compared with before surgery
(all P<0.001). L4 showed the largest
increase (46.7%) and L1 the smallest
increase (37.4%). BMD of the femoral
neck, Ward’s triangle, and great trochanter
were significantly higher 2 years after sur-
gery compared with before surgery (all
P<0.001). Among them, the femoral neck
had the highest BMD and Ward’s triangle
the lowest before surgery. However, BMD
of Ward’s triangle increased by 42.6% and
the femoral neck by 37.5% (Figure 2).

Discussion

This study investigated changes in BMD
over 2 years in patients with moderate to

severe PHPT who had undergone successful
parathyroidectomy. These findings provide
important information on the changes in
BMD in a patient population that is
rarely covered in the literature. We found
that there was a slightly higher number of
male patients with moderate to severe
PHPT than female patients, and that this
disease greatly affected the skeletal, urinary,
and other systems. Moreover, BMD, T-
scores, and Z-scores at the lumbar spine
and total hip in patients gradually
improved during the postoperative follow-
up after parathyroidectomy.

Although this study included more male
than female patients, the difference between
sexes was small. Women account for the
majority of patients with PHPT, with a
female to male ratio as high as 3 or 4: 1.20

In this study, bone pain was present in 83%
of patients, 50% of patients presented frac-
tures, and 37% had fatigue and were
uncomfortable. Because of the long course
of the disease, 13% of patients had severe
bone damage and skeletal deformities.
Symptomatic PHPT, characterized by dam-
aged bones and kidneys, remains the main
feature in countries, such as China and
India, owing to a lack of recognition of
this disease and appropriate screening.21

Typical signs in imaging of PHPT include
cortical bone absorption of the phalanx and
“black skull sign” of the skull when the
skeletal system is destroyed to a certain
extent. When the kidney becomes the
main target organ, urinary calculus and
decreased renal function are observed.22

Similar to previous studies, we found mul-
tiple systemic invasions other than in the
skeletal system; 37% of patients had uri-
nary stones and 10% had hypertension.

Resection of parathyroid lesions is the
only means for treating hyperparathyroid-
ism. Resection of lesions refers to removal
of highly functional parathyroid tissue.23

The imaging location of abnormal parathy-
roid tissue before surgery is important.

6 Journal of International Medical Research



Figure 1. Changes in bone mineral density (BMD) in different parts of the lumbar spine from before
surgery to the 2-year follow-up. The graphs show mean (�standard error of the mean) BMD before and 2
years after surgery at L1, L2, L3, and L4. P values were obtained by the Wilcoxon test between pre- and
post-parathyroidectomy (PTX).

Figure 2. Changes in bone mineral density (BMD) in different parts of the hip from before surgery to the 2-
year follow-up. The graphs show the mean (�standard error of the mean) BMD before and 2 years after
surgery at the femoral neck, Ward’s triangle, and the great trochanter. P values were obtained by the
Wilcoxon test between pre- and post-parathyroidectomy (PTX).
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Accurate positioning is an effective guaran-
tee for a successful operation and surgical
treatment of hyperparathyroidism.24

Patients with symptomatic hyperparathy-
roidism should undergo surgical interven-
tion unless contraindications for
inoperable surgery or other medical proce-
dures are present.25 Surgical intervention is
necessary for patients with bone pain, skel-
etal deformities, and soft tissue calcifica-
tion.26 Even if hyperparathyroidism is
asymptomatic, surgery should be per-
formed if the skeletal system is affected.
Surgical intervention can even benefit
patients with normal calcium and hyper-
parathyroidism.27 Considering the benefits,
some scholars believe that patients with
hyperparathyroidism should undergo surgi-
cal intervention as long as there are no clear
surgical contraindications and the patients
are in good condition and agree to this
treatment.28 Similar to a previous study,29

the most common cause of PHPT in the
present study was adenoma (90%), with
7% of patients with hyperplasia and 3%
with cancer.

The incidence of elevated iPTH levels in
patients with PHPT continues to increase,
resulting in abnormal bone transformation
and bone metabolism, increased bone loss,
and decreased bone density.30 Patients with
hyperparathyroidism have increased risks
of fracture at all sites.31 VanderWalde
et al.32 reported a 13% reduction in the
risk of fracture after surgical removal of
lesions. Skeletal involvement in patients
with hyperparathyroidism occurs mainly
in areas comprising cortical bone, such as
the distal radius of the humerus.33

However, remodeling and improvement of
the skeletal system mainly occur in cancel-
lous bone after parathyroidectomy.34

Therefore, improvement in BMD is more
rapid and longer-lasting in areas dominated
by cancellous bone, such as the lumbar
spine. A long-term follow-up study by
Rubin et al.35 found that BMD of the

lumbar spine was increased by up to 8%
at 1 year after parathyroidectomy, while
that of the femoral neck increased by 5%.
Increased BMD in cortical and cancellous
bones can be maintained even 15 years after
effective surgery. Similar to these previous
findings, our study showed higher BMD
and T-scores for L1–L4 (cancellous bone)
before surgery in patients with moderate
to severe PHPT compared with those in
the total hip. Therefore, this finding sug-
gested that cortical bone was the main
affected site in this group of patients.

Nordenstrom et al.36 reported improved
BMD after surgery in 50% of 126 patients
with hyperparathyroidism who were fol-
lowed up. Additionally, a long-term
follow-up showed that BMD in the
lumbar spine and femoral neck was
increased by up to 12% after surgery.35

Similar results were reported in randomized
and prospective studies. Vestergaard et al.37

found reliable evidence of increased BMD
in the lumbar spine and femoral neck 1 year
after parathyroidectomy. Dy et al.38 divided
the improvement of BMD in patients with
hyperparathyroidism into three categories,
including a decrease in BMD (<0%), a
moderate increase (1% to 5%), and signif-
icant improvement (>5%). Their follow-up
results showed that 62% of patients showed
a moderate increase in BMD after surgery
and that the improvement in BMD was
most obvious in the sites where BMD had
decreased the most. Long-term postopera-
tive follow-up analysis of BMD in patients
with hyperparathyroidism is limited in the
literature.13 The present study assessed
patients with moderate to severe PHPT
for 2 years following surgery. We observed
that BMD of the total hip and lumbar spine
was significantly improved after 2 years. In
the total hip, BMD of the femoral neck
showed the smallest increase (37.5%),
while that for Ward’s triangle showed the
largest increase (42.6%). We also observed
a mean increase in BMD after surgery of
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37%, with a maximum increase in L4
(46.7%). We hypothesize that bone destruc-
tion in patients with moderate to severe
PHPT is severe and that BMD improves
after surgery. Moreover, a previous study
showed that after removing the parathyroid
gland, bone turnover markers and iPTH
gradually returned to normal levels.39

This study has some limitations. First,
the number of patients with moderate to
severe PHPT was small. Therefore, the
results might be variable and require further
validation. Larger studies recruiting
patients from multiple centers would
increase the number of patients. Second,
this was a retrospective cohort study.
Therefore, selection and recall biases, as
well as potential confounders, were inevita-
ble. Although the follow-up period was 2
years, data related to changes in BMD
through long-term follow-up were not
available. Third, background therapies for
PHPT and related secondary osteoporosis
could affect the changes in BMD after para-
thyroidectomy. This issue should be
addressed in future studies. Fourth, changes
in BMD might be affected by hypovitami-
nosis D and geographical location, which
were not considered in the present
study.40,41 Fifth, BMD at 1/3 radius was
not assessed because it is not a conventional
inspection site in China. Finally, all patients
were treated in our hospital. Therefore, this
was a single-center study. Consequently, the
representativeness of our findings is limited.
Future multicenter, large-sample, prospec-
tive studies are warranted to verify our
findings.

In conclusion, our study shows that, in
patients with moderate to severe PHPT,
BMD of the total hip, which is mostly cor-
tical bone, and that of the lumbar spine,
which is mostly cancellous bone, is greatly
improved after parathyroidectomy at a 2-
year follow-up. Before surgery, BMD of
the total hip is lower than that of the
lumbar spine, but the greatest increase in

BMD occurs in cancellous bone regions

during follow-up. These conclusions require

further research and confirmation.
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