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Abstract

Background: Studies have shown that the response of bone mineral density (BMD) to parathyroidectomy for
symptomatic primary hyperparathyroidism (PHPT) is heterogeneous and difficult to predict. However, the
independent factors affecting BMD in PHPT patients after parathyroidectomy remains limited and inconclusive. This
study aimed to explore the independent factors affecting BMD changes in symptomatic PHPT patients after
parathyroidectomy.

Methods: This study retrospectively analyzed 105 patients with symptomatic PHPT treated at Beijing Jishuitan
Hospital between January 2010 and December 2015. The primary outcome was a > 10% increase in BMD at 3 years
after parathyroidectomy compared with the preoperative value, whereas the secondary outcomes were BMD
changes at various measurement sites.

Results: A total of 105 patients with a mean age of 46.37 years were included in this study. Univariate logistic
regression analysis indicated that hypertension (odds ratio [OR[: 0.032; 95% confidence interval [CI]: 0.001–0.475; P =
0.012), and parathyroid hormone level (OR: 1.006; 95% CI: 1.004–1.009; P = 0.044) were associated with the > 10%
BMD increase. However, these results were not significant after adjustments for potential confounders. Moreover,
the BMD values at the lumbar spine, femoral neck, femoral trochanter, Ward’s triangle, and whole body after
parathyroidectomy were significantly greater than those before the operation (P < 0.05).

Conclusions: This study suggests that patient characteristics were not associated with the > 10% BMD increase.
However, the BMD values of the femur and lumbar spine were significantly increased in symptomatic PHPT patients
after parathyroidectomy.
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Background
Primary hyperparathyroidism (PHPT) is the third most
common endocrine disorder, with a prevalence ranging
from 0.1 to 0.7% in adults [1–3]. It remains a common
cause of hypercalcemia and predominantly affects the
elderly, especially women [4]. Although the disease is
frequently associated with bone problems, most PHPT
patients are asymptomatic [5]. Previous studies have
demonstrated that bone mineral density (BMD), assessed
using dual-energy x-ray absorptiometry (DXA), is signifi-
cantly lower in patients with PHPT than in healthy indi-
viduals [6, 7]. However, whether the characteristics of
patients could affect the changes in BMD after parathy-
roidectomy for PHPT is still not fully understood [8].
PHPT is significantly associated with hypercalcemia

and high parathyroid hormone (PTH) levels, which
could promote calcium reabsorption in the distal renal
tubules and alter the conversion of 25(OH)-vitamin D to
1,25(OH)2-vitamin D through 1α-hydroxylase stimula-
tion [9]. Moreover, PTH has anabolic effects on trabecu-
lar sites and catabolic effects on cortical sites, which
depend on the secretion levels and the duration of ex-
posure to high PTH levels. Studies have reported an in-
creased risk of fractures at various sites in patients with
PHPT, and this risk was significantly reduced after para-
thyroidectomy [10, 11]. Furthermore, the changes in
BMD in patients treated conservatively or by parathy-
roidectomy were found to be significant [12, 13]. This
study aimed to explore the potential effect of patients’
characteristics on BMD values before and after parathy-
roidectomy in patients with symptomatic PHPT. More-
over, the changes in BMD at various sites before and
after parathyroidectomy in patients with symptomatic
PHPT were also compared.

Methods
Study design
In this retrospective study, we evaluated the preoperative
and postoperative BMD values in patients with symp-
tomatic PHPT who underwent successful parathyroidec-
tomy. This study was approved by the Ethics Committee
of Beijing Jishuitan Hospital and informed consent was
not required owing to the retrospective design of the
study.

Patients
A total of 105 patients with symptomatic PHPT at
Beijing Jishuitan Hospital, China, were recruited between
January 2010 and December 2015. All patients under-
went successful parathyroidectomy and were followed
up from the time of diagnosis up to 36.0 months postop-
eratively. The diagnosis of PHPT was made mainly ac-
cording to high or inappropriate PTH levels and the
presence of hypercalcemia. Patients were included if they

met the following criteria: (1) serum PTH level > 65 pg/
mL and serum calcium level > 2.75 mmol/L; (2) parathy-
roid lesion excision performed by experienced physicians
in the same department; (3) biochemical and BMD
measurement before and after parathyroidectomy; and
(4) patients diagnosed with symptomatic PHPT. Patients
were excluded if they met the following criteria: (1) in-
complete BMD measurements before and after parathy-
roidectomy or patients who could not be followed up;
(2) normal parathyroid gland tissue (i.e. no hyperplasia,
adenoma, and parathyroid cancer) diagnosed by histo-
pathological examination after excision of the parathy-
roid lesions; and (3) serum calcium level remained above
the normal range after excision of the parathyroid
lesions.

Clinical characteristics
After admission, all patients underwent general physical
examination and systemic evaluation for chronic dis-
eases, performed by specially trained physicians using a
pre-structured questionnaire. The collected information
included sex, age, height, weight, body mass index (BMI,
kg/m2), history of smoking, alcohol consumption, car-
diovascular disease, bone pain, fracture, urinary calculus,
and hypertension as well as parathyroid nature, wet
weight, and volume. The urinary calculus status included
the specific location of the calculi in the urinary system
and a surgical history of urinary calculus. The clinical
manifestations in the skeletal system included the loca-
tion of malformation, degree of bone pain, location and
timing of previous fractures, and weakness. The parathy-
roid nature, wet weight, and volume were measured by a
professional pathologist.

Biochemical and BMD measurements
Blood biochemical examinations were performed upon
diagnosis and at 1 day after parathyroidectomy and sub-
sequently for 36 months after parathyroidectomy. PTH
was measured using an immunoelectrochemical analyzer
(E601; Roche Diagnostics, Basel, Switzerland; normal
range 15–65 pg/mL, intra-assay variation 2.38%, interas-
say variations 6.7 and 7.5%). Serum calcium, phosphorus,
and alkaline phosphatase (ALP) levels were measured
using standard automatic assays. The BMD values before
and at 36 months after parathyroidectomy were mea-
sured using DXA with a lunar DPX (GE Healthcare,
USA) in the array (fan beam) mode at the lumbar spine
(L1–L4), total hip, femoral neck, femoral trochanter, and
Ward’s triangle.

Outcome measurements
The primary outcome was a > 10% increase in BMD at 3
years after parathyroidectomy when compared to the
preoperative BMD value. The secondary outcomes
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included the BMD changes in the lumbar spine (L1–L4),
total hip (femoral neck, femoral trochanter, and Ward’s
triangle), and whole body after parathyroidectomy.

Statistical analysis
Continuous and categorical data of the patient charac-
teristics are presented as means and standard deviations
and as event rates, respectively. Comparisons between
continuous variables before and after parathyroidectomy
were performed using paired t tests. Both univariate and
multivariate logistic regression analyses were performed
to explore the role of patient characteristics in the im-
provement of BMD. All reported P-values are two-sided
and P-values < 0.05 were considered to indicate statis-
tical significance. Data were analyzed using IBM SPSS
Statistics for Windows, version 19.0 (SPSS 19.0).

Results
Baseline characteristics
The mean age of the patients was 46.37 ± 16.61 years,
and 62% were women (32% of the women were in the
menopausal state). The baseline characteristics of the re-
cruited patients are summarized in Table 1. All patients

were diagnosed with symptomatic PHPT accompanied
by at least one of the following conditions: bone pain,
fracture within the last 10 years, urinary calculus, cardio-
vascular disease, and hypertension. Bone pain was
present in up to 67% of the patients, and a history of
fracture within the last 10 years was noted in 35%; these
were the first presenting symptoms in most patients.
Postoperative pathological results revealed that the inci-
dence of parathyroid adenoma was up to 90%.

Primary outcome
Univariate logistic regression analysis indicated that
hypertension (P = 0.012) and PTH level (P = 0.044) were
associated with postoperative BMD improvement, while
sex (P = 0.792), age (P = 0.901), BMI (P = 0.533), cardio-
vascular disease (P = 0.602), bone pain (P = 0.701), frac-
ture (P = 0.263), urinary calculus (P = 0.122), calcium
level (P = 0.700), serum phosphorus level (P = 0.062),
ALP level (P = 0.136), parathyroid nature (P = 0.654), wet
weight (P = 0.097), and volume of the removed parathy-
roid gland (P = 0.462) were not associated with postoper-
ative BMD improvement (Table 2). However,

Table 1 The baseline characteristics of enrolled patients

Variable Results

Age (years) 46.37 ± 16.61

Male (%) 38

Female (%) 62

Menopause (%) 32

*BMI (kg/m2) 23.03 ± 3.51

Smoking (%) 17

Alcohol (%) 5

*CVD (%) 13

Bone pain (%) 67

Fracturea (%) 35

Urinary calculus (%) 34

Hypertension (%) 31

*PTH (pg/mL) 1053.44 ± 1068.37

Calcium (mmol/L) 2.89 ± 0.35

Phosphorus (mmol/L) 0.72 ± 0.22

*ALP (U/L) 554.32 ± 663.85

Parathyroid nature

Hyperplasia (%) 5

Adenoma (%) 90

Cancer (%) 5

Wet weight (gram) 5.32 ± 7.72

Volume (cm3) 10.37 ± 13.84
a:fracture occurred within 10 years; *ALP alkaline phosphatase, BMI body mass
index, CVD cardiovascular disease, PTH parathyroid hormone

Table 2 Univariate and multivariate model analysis of predictors
of postoperative bone mineral density improvement (BMD >
10%)

Parameter n OR 95% CI P value

Lower Upper

Univariate logistic models N

Sex 105 1.291 0.201 8.432 0.792

Age 105 1.012 0.933 1.084 0.901

*BMI 96 0.922 0.662 1.245 0.533

*CVD 14 1.678 0.154 18.871 0.602

Bone pain 70 0.813 0.273 2.454 0.701

Fracturea 37 3.891 0.373 41.352 0.263

Urinary calculus 36 6.432 0.614 68.313 0.122

Hypertension 32 0.032 0.001 0.475 0.012

*PTH 103 1.006 1.004 1.009 0.044

Calcium 103 1.882 0.076 46.793 0.700

Phosphorus 102 0.003 0.000 1.352 0.062

*ALP 101 1.002 0.999 1.005 0.136

Parathyroid nature 100 1.861 0.173 16.638 0.654

Wet weight 100 1.494 0.930 2.400 0.097

Volume 98 1.046 0.929 1.177 0.462

Multivariate logistic models

Hypertension 32 0.161 0.008 3.156 0.229

*PTH 103 1.003 0.999 1.007 0.171

Phosphorus 102 0.001 0.000 51.379 0.215

Wet weight 100 2.299 0.542 9.742 0.259
a:fracture occurred within 10 years; *ALP alkaline phosphatase, BMI body mass
index, CVD cardiovascular disease, PTH parathyroid hormone
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multivariate logistic regression analysis demonstrated that
hypertension (P = 0.229), PTH level (P = 0.171), serum
phosphorus level (P = 0.215), and wet weight of the re-
moved parathyroid gland (P = 0.259) were not associated
with postoperative BMD improvement (Table 2).

Secondary outcomes
The BMD measurements before and at 12.0 months after
parathyroidectomy in the lumbar spine (L1–L4), total
hip (femoral neck, femoral trochanter, and Ward’s tri-
angle), and whole body are shown in Table 3. The BMD
values after parathyroidectomy were significantly higher
than the preoperative values in all the measurement sites
(P < 0.05). The BMD changes from the preoperative
values to the follow-up measurements at 6, 12, 24, and
36months in the lumbar spine and total hip are pre-
sented in Fig. 1. The BMD values in the lumbar spine
and total hip were significantly increased compared with
the preoperative values, and the rate of BMD increase
after 36 months of follow-up showed a gradual decrease
compared with that in the previous 2 years. Furthermore,
the BMD values of all parts of the lumbar spine were
significantly increased compared with the values before
parathyroidectomy, and the increase in BMD after 36
months of follow-up was slower than that in the previ-
ous 2 years. In the lumbar spine, the increase in BMD in
L1 was the least, while that in L4 was the most evident
(Fig. 2). Finally, the BMD values of all parts of the total
hip showed a significant increase compared with the
preoperative values, whereas the BMD increase after 36
months gradually slowed down. The BMD increase in
the femoral neck was the least, whereas the BMD im-
provement in the Ward’s triangle was the highest
(Fig. 3).

Discussion
This study provides comprehensive results pertaining to
the changes in BMD at various sites and demonstrates

the potential effect of patient characteristics over a
period of 3 years after successful parathyroidectomy in
patients with symptomatic PHPT. This quantitative
retrospective study included 105 symptomatic PHPT pa-
tients witha wide range of characteristics. Although the
crude results suggested that hypertension and PTH level
were significantly associated with BMD improvement,
these results were not significant after adjustments for
potential confounders. Moreover, the BMD values of all
parts of the lumbar spine, total hip, and whole body after
parathyroidectomy were significantly higher than the
preoperative values. Furthermore, an increase in the
BMD values in all sites after parathyroidectomy was ob-
vious within the first 2 years, and this increasing trend
gradually slowed down after 3 years of follow-up. Finally,
the improvement in the BMD at L4 in the lumbar spine
and the Ward’s triangle was the highest compared to
that in other parts.
Studies have already reported changes in BMD after

parathyroidectomy in patients with symptomatic PHPT
and found that bone damage is reversible after successful

Table 3 The changes of BMD before and after parathyroidectomy

Variable Preoperative (g/cm2) 12.0months after parathyroidectomy (g/cm2) P value 95% CI

lumbar spine

L1 0.77 ± 0.19 1.07 ± 1.18 0.000 −0.40—-0.19

L2 0.81 ± 0.22 1.10 ± 0.21 0.000 −0.41—-0.17

L3 0.85 ± 0.23 1.18 ± 0.24 0.000 −0.46—-0.21

L4 0.84 ± 0.24 1.17 ± 0.24 0.000 −0.46—-0.20

L1-L4 0.82 ± 0.22 1.13 ± 0.21 0.000 −0.43—-0.20

Total hip

Femoral neck 0.64 ± 0.16 0.90 ± 0.20 0.000 −0.35—-1.6

Great trochanter 0.52 ± 0.17 0.71 ± 0.17 0.000 −0.28—-0.97

Ward’s triangle 0.46 ± 0.16 0.67 ± 0.25 0.006 −0.34—-0.07

All 0.65 ± 0.20 0.88 ± 0.20 0.000 −0.34—-0.12

Fig. 1 The changes of BMD in lumbar spine and total hip
after parathyroidectomy
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parathyroidectomy [14, 15]. Nakaoka et al. discovered
that the BMD significantly increased in patients after
parathyroidectomy, even in asymptomatic patients with-
out a surgical indication. They reported that the BMD
values of the lumbar spine and forearm increased by
12.2 and 11.6%, respectively [14]. Moreover, Silverberg
et al. reported that the BMD increased at the lumbar
spine and femoral neck by 8.2 and 5.9%, respectively,
and the improvement in BMD after the third year fol-
lowing parathyroidectomy was 4% [15]. Hesp et al.
claimed that the BMD increase in the cortical sites in
the first year after parathyroidectomy was not significant,
whereas the increase seen at 2 years after parathyroidec-
tomy was significant in patients with parathyroid aden-
oma [16]. This difference may be explained by the fact
that the metabolic rates in the trabecular and cortical

bone were 30 and 3%, respectively, and the higher bone
turnover in the trabecular sites could be attributed to
the rapid BMD improvement after parathyroidectomy
compared to that in the cortical sites [17].
The results of this study suggest the potential associ-

ation of hypertension and PTH level with postoperative
BMD improvement. However, these results were not sig-
nificant after adjusting for potential confounders. Conse-
quently, it can be considered that patient characteristics
did not have a significant effect on postoperative BMD
improvement. Ohe et al. recruited 31 patients with
PHPT and found a significant association between the
preoperative level of turnover markers and improvement
in BMD 1 year after parathyroidectomy [18]. Therefore,
these results suggest that the preoperative levels of turn-
over markers could be predictors of BMD improvement
after parathyroidectomy. Moreover, a study conducted
by Lee et al. indicated that the skeletal benefit of para-
thyroidectomy was attenuated in normocalcemic and
normohormonal patients, which might be attributed to
the fact that the skeletal changes occurring after para-
thyroidectomy mainly depend on the biochemical profile
[19]. A prospective database study conducted by Sharma
et al. reported that sex, age, severe preoperative bone
disease, and insurance status were significantly associ-
ated with greater BMD improvement after parathyroid-
ectomy [20]. Nevertheless, these findings were not
observed in the current retrospective study, which may
be attributable to the use of > 10% BMD improvement
as the study endpoint.
Several limitations of this study should be mentioned:

(i) since this study was designed as a retrospective ana-
lysis, potential uncontrolled biases were inevitable; (ii)
the use of background therapies was not addressed, and
these therapies might have played an important role in
BMD changes after parathyroidectomy; (iii) stratified
analyses based on the patients’ characteristics were not
conducted because of the small sample size and the wide
range of 95% confidence intervals; and (iv) the severity
of PHPT, which could affect the improvement in BMD,
was not quantitatively assessed.

Conclusion
The results of this study indicate that patients’ charac-
teristics were not associated with postoperative BMD
improvement. Moreover, the improvement in BMD after
parathyroidectomy in all measurement sites was signifi-
cant. Furthermore, the increase in BMD was evident
within the first 2 years after parathyroidectomy, and this
trend subsequently slowed down after 3 years of follow-
up. Further large-scale prospective cohort studies are re-
quired to identify potential predictors for the improve-
ment in BMD in symptomatic PHPT patients.

Fig. 2 The changes of BMI in specific sites of lumbar spine
after parathyroidectomy

Fig. 3 The changes of BMI in femoral neck, Ward’s triangle, and
great trochanter after parathyroidectomy

Lu et al. BMC Endocrine Disorders          (2020) 20:141 Page 5 of 6



Abbreviations
BMD: Bone mineral density; DXA: Dual-energy x-ray absorptiometry;
PHPT: Primary hyperparathyroidism; PTH: Parathyroid hormone

Acknowledgements
Not applicable.

Authors’ contributions
SL conceived and coordinated the study, designed, performed and analyzed
the experiments, wrote the paper. MQG, YJZ, AMC, CC, WTS, KHH, WT and
XYJ carried out the data collection, data analysis, and revised the paper. All
authors reviewed the results and approved the final version of the manuscript.

Funding
This study was supported by Beijing Municipal Health Commission
(BMHC2019–9), Beijing Natural Science Foundation (L192049) and Beijing
Jishuitan Hospital’s ‘Discipline new star’ Plan (XKXX201604). The funders had
no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Beijing Jishuitan
Hospital, and informed consent was not required owing to the retrospective
design.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Author details
1Department of Orthopedic Trauma, Peking University Fourth School of
Clinical Medicine, Beijing Jishuitan Hospital, Beijing 100035, China.
2Department of General Surgery, Peking University Fourth School of Clinical
Medicine, Beijing Jishuitan Hospital, Beijing 100035, China. 3Department of
Spine Surgery, Peking University Fourth School of Clinical Medicine, Beijing
Jishuitan Hospital, Beijing 100035, China.

Received: 14 April 2020 Accepted: 8 September 2020

References
1. Adami S, Marcocci C, Gatti D. Epidemiology of primary hyperparathyroidism

in Europe. J Bone Miner Res. 2002;17(Suppl 2):N18–23.
2. Yu N, Donnan PT, Murphy MJ, Leese GP. Epidemiology of primary

hyperparathyroidism in Tayside, Scotland, UK. Clin Endocrinol. 2009;71:485–93.
3. Yeh MW, Ituarte PH, Zhou HC, Nishimoto S, Liu IL, Harari A, et al. Incidence

and prevalence of primary hyperparathyroidism in a racially mixed
population. J Clin Endocrinol Metab. 2013;98:1122–9.

4. Fraser WD. Hyperparathyroidism. Lancet. 2009;374:145–58.
5. Bilezikian JP, Bandeira L, Khan A, Cusano NE. Hyperparathyroidism. Lancet.

2018;391:168–78.
6. Lewiecki EM, Miller PD. Skeletal effects of primary hyperparathyroidism:

bone mineral density and fracture risk. J Clin Densitom. 2013;16:28–32.
7. Chen Q, Kaji H, Iu MF, Nomura R, Sowa H, Yamauchi M, et al. Effects of an

excess and a deficiency of endogenous parathyroid hormone on volumetric
bone mineral density and bone geometry determined by peripheral
quantitative computed tomography in female subjects. J Clin Endocrinol
Metab. 2003;88:4655–8.

8. Silverberg SJ, Shane E, Jacobs TP, Siris ES, Gartenberg F, Seldin D, et al.
Nephrolithiasis and bone involvement in primary hyperparathyroidism. Am
J Med. 1990;89:327–34.

9. Rolighed L, Rejnmark L, Christiansen P. Bone involvement in primary
hyperparathyroidism and changes after Parathyroidectomy. Eur Endocrinol.
2014;10:84–7.

10. Vestergaard P, Mollerup CL, Frokjaer VG, Christiansen P, Blichert-Toft M,
Mosekilde L. Cohort study of risk of fracture before and after surgery for
primary hyperparathyroidism. BMJ. 2000;321:598–602.

11. Khosla S, Melton LJ 3rd, Wermers RA, Crowson CS, O'Fallon W, Riggs B.
Primary hyperparathyroidism and the risk of fracture: a population-based
study. J Bone Miner Res. 1999;14:1700–7.

12. Lundstam K, Heck A, Godang K, Mollerup C, Baranowski M, Pernow Y, et al.
Effect of surgery versus observation: skeletal 5-year outcomes in a
randomized trial of patients with primary HPT (the SIPH study). J Bone
Miner Res. 2017;32:1907–14.

13. Rubin MR, Bilezikian JP, McMahon DJ, Jacobs T, Shane E, Siris E, et al. The
natural history of primary hyperparathyroidism with or without parathyroid
surgery after 15 years. J Clin Endocrinol Metab. 2008;93:3462–70.

14. Nakaoka D, Sugimoto T, Kobayashi T, Yamaguchi T, Kobayashi A, Chihara K.
Prediction of bone mass change after parathyroidectomy in patients with
primary hyperparathyroidism. J Clin Endocrinol Metab. 2000;85:1901–7.

15. Silverberg SJ, Gartenberg F, Jacobs TP, Shane E, Siris E, Staron RB, et al.
Longitudinal measurements of bone density and biochemical indices in
untreated primary hyperparathyroidism. J Clin Endocrinol Metab. 1995;80:
723–8.

16. Hesp R, Tellez M, Davidson L, Elton A, Reeve J. Trabecular and cortical bone
in the radii of women with parathyroid adenomata: a greater trabecular
deficit, with a preliminary assessment of recovery after parathyroidectomy.
Bone Miner. 1987;2:301–10.

17. Christiansen P, Steiniche T, Mosekilde L, Hessov I, Melsen F. Primary
hyperparathyroidism: changes in trabecular bone remodeling following
surgical treatment--evaluated by histomorphometric methods. Bone. 1990;
11:75–9.

18. Ohe MN, Bonansea TCP, Santos RO, Neves MCD, Santos LM, Rosano M, et al.
Prediction of bone mass changes after successful parathyroidectomy using
biochemical markers of bone metabolism in primary hyperparathyroidism: is
it clinically useful? Arch Endocrinol Metab. 2019;63:394–401.

19. Lee D, Walker MD, Chen HY, Chabot JA, Lee JA, Kuo JH. Bone mineral
density changes after parathyroidectomy are dependent on biochemical
profile. Surgery. 2019;165:107–13.

20. Sharma J, Itum DS, Moss L, Li C, Weber C. Predictors of bone mineral
density improvement in patients undergoing parathyroidectomy for primary
hyperparathyroidism. World J Surg. 2014;38:1268–73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Lu et al. BMC Endocrine Disorders          (2020) 20:141 Page 6 of 6


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Patients
	Clinical characteristics
	Biochemical and BMD measurements
	Outcome measurements
	Statistical analysis

	Results
	Baseline characteristics
	Primary outcome
	Secondary outcomes

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

