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Abstract
Summary In this meta-analysis, we analyzed 7 observational studies for assessing the fracture risk in patients with hypoparathyroid-
ism (hypoPT). We found that the risk of vertebral fractures is increased by almost 2-fold, especially those with nonsurgical hypoPT.
Purpose Patients with hypoPT have higher bone mineral density than age- and sex-matched controls. This would theoretically
translate into a lower risk of fractures, although available clinical evidence is contradictory. Hence, the present systematic review
and meta-analysis was undertaken to collate and provide a precise summary of fracture risk in hypoPT.
Methods PubMed, Scopus, andWeb of Science databases were systematically searched using appropriate keywords tillMarch 8,
2021, to identify observational studies reporting the rate of occurrence of fractures among hypoPT patients (nonsurgical and/or
postsurgical) compared to non-hypoPT subjects (controls). Study quality was assessed using Newcastle-Ottawa Scale. Pooled
odds ratio (OR) with 95% confidence intervals (CI) was calculated. Subgroup analyses of nonsurgical and postsurgical hypoPT
patients were also conducted.
Results We identified 7 observational studies of high-quality pooling data retrieved from 1470 patients with hypoPT. When
stratified based on the skeletal site, pooled analyses showed that hypoPT patients were at an increased risk of vertebral fractures
compared to non-hypoPT controls (OR 2.22, 95% CI: 1.23, 4.03, p = 0.009, I2 = 49%, random-effects model). The increased risk
of vertebral fractures was seen only in patients with nonsurgical hypoPT (OR 2.31, 95% CI: 1.32, 4.03, p = 0.003, I2 = 3%,
random-effects model) but not in those with postsurgical hypoPT. hypoPT patients were not at an increased or decreased risk of
any, humerus, or proximal femur/hip fractures than controls.
Conclusions Nonsurgical hypoPT patients are at an almost 2-fold increased risk of vertebral fractures and thus need to be actively
screened irrespective of the underlying BMD.
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Introduction

Hypoparathyroidism (hypoPT) is a rare endocrine disorder char-
acterized by hypocalcemia and low or undetectable levels of
parathyroid hormone (PTH). Removal of or inadvertent damage

to the parathyroid glands at the time of anterior neck surgery is,
by far, the most common etiology of hypoPT [1]. Other etiolo-
gies include autoimmune destruction of the parathyroid glands
and hereditary causes. The prevalence of hypoPT in the USA
has been estimated to be 37/100,000 population [2, 3].

The major symptomatic features of hypoPT relate to neu-
romuscular irritability and include paresthesias of the extrem-
ities and around the mouth, laryngospasm, and frank seizures
[1, 4, 5]. Skeletal health is also affected in hypoPT. In normal
physiology, PTH is required in adults for skeletal remodeling.
In the absence of PTH, skeletal remodeling is impaired lead-
ing to a state of low bone turnover [6], as represented by
circulating markers of bone formation and bone resorption
which are generally in the lower half of the normal range
[7]. Expectedly, being a low bone turnover state, areal bone
mineral density (BMD), as measured by dual-energy X-ray
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absorptiometry (DXA), is generally higher than age- and sex-
matched controls [8, 9]. However, as assessed by trabecular
bone score (TBS), bone microarchitecture is compromised in
patients with hypoparathyroidism regardless of the BMD [10].
Consistent with poor bone microarchitecture, an increased
prevalence of fractures in hypoPT has been reported in a few
case-control studies [11–15]. Nevertheless, the data is incon-
sistent, and some studies have shown no increase in fracture
risk in patients with hypoPT [16, 17]. In fact, the risk of frac-
tures at the upper extremities was significantly decreased in
postsurgical hypoPT patients [17].

Considering the lack of granularity and the remarkable het-
erogeneity in the available clinical evidence, the present sys-
tematic review and meta-analysis was undertaken to collate
and provide a precise summary of fracture risk in hypoPT.

Methods

This meta-analysis was conducted and reported according to
the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement [18].

Search strategy

Two investigators (RP and MB) independently performed a
systematic search of the literature across the PubMed, Scopus,
and Web of Science databases from inception until March 8,
2021, using the following keywords interposed with appropri-
ate Boolean operators: “hypoparathyroidism” AND “frac-
tures.” The language was restricted to English only. The ref-
erences of relevant reviews and retrieved articles were also
screened for potentially eligible articles. For missing data,
the corresponding authors of the potentially eligible studies
were contacted wherever possible.

Eligibility and exclusion criteria

Eligibility criteria were set as follows:

1. Observational studies (prospective or retrospective, co-
hort or case-control design).

2. Studies should include patients with hypoPT (either non-
surgical or postsurgical or both) and subjects without
hypoPT (controls) for comparison.

3. Studies should report the rate of occurrence of fractures
(as the number of “events”) among hypoPT patients com-
pared to non-hypoPT subjects.

Exclusion criteria were set as follows:

1. Studies that had included subjects with pseudohypoparathy
roidism, functional hypoparathyroidism, normocalcemic

hypoparathyroidism, or autoimmune polyendocrinopathy-
candidiasis-ectodermal dystrophy (APECED).

2. Studies that lacked a non-hypoPT control group.
3. Studies where fracture data had not been reported.
4. Reviews, comments, editorials, letters to the editor, or

case reports.

Data extraction

Two investigators (RP and MB) independently scanned titles
and/or abstracts to exclude duplicate studies and studies that
failed to meet the aforementioned eligibility criteria.
Potentially eligible studies were full-text assessed. Any dis-
crepancies between the aforementioned investigators were
solved by discussion, consensus, or arbitration by a third se-
nior investigator (SKB). Studies hence selected were
reviewed, and the following data were extracted from full-
text reports for further assessment: study characteristics, type
of hypoPT (nonsurgical and/or postsurgical), the number of
patients with hypoPT, the number of subjects without
hypoPT, the site of fracture (any, vertebral, humerus, wrist,
proximal femur, or hip), the type of fracture (clinical or mor-
phometric), and the reported number of fractures in hypoPT
patients vs. non-hypoPT subjects (i.e., the number of events in
hypoPT patients vs. non-hypoPT subjects).

Assessment of study quality and risk of bias

The Newcastle-Ottawa Scale (NOS) was used to assess the
quality and risk of bias of the included observational studies.
The scale assesses three quality parameters: selection, compa-
rability, and outcome divided across eight specific items that
slightly differ when scoring case-control and cohort studies
[19]. The maximum score onNOS is 9. Any score ≥7 qualifies
as high-quality with a low risk of bias, while a score <5 is
categorized as low-quality with a high risk of inherent bias.
Any score in between is rated as moderate-quality [20]. The
assessment of study quality was conducted independently by
two investigators (RP and SM). Any discrepancy was solved
by a discussion with a third senior investigator (SKB).

Statistical analysis

The difference in the rate of occurrence of fractures (events) in
hypoPT patients vs. non-hypoPT subjects was calculated
using the OR with 95% confidence intervals (CI) after imple-
mentation of the Mantel-Haenszel (M-H) fixed-effects model.
Separate analyses were performed based on the fracture site
(any, vertebral, humerus, and proximal femoral/hip). We also
conducted subgroup analyses of nonsurgical and postsurgical
hypoPT patients.
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In addition to the fracture risk, we calculated the mean
differences (MD) in BMD at various sites between the
hypoPT and control group with 95% CI, using an inverse-
variance weighted fixed-effects model.

Statistical heterogeneity among studies was assessed using
I2 statistics. Heterogeneity was quantified as low, moderate,
and high with upper limits of 25%, 50%, and 75% for I2,
respectively [21]. In the present meta-analysis, significant het-
erogeneity was considered when the I2 value was ≥50%, with
a p value <0.05. Outcomes with significant heterogeneity
were reanalyzed and reported using the random-effects model.
A p <0.05 was considered to be statistically significant.

Statistical analysis was performed using the RevMan 5.4
software (Cochrane Collaboration).

Results

After a thorough literature search and a meticulous study se-
lection process, we included seven observational studies in
our meta-analysis, pooling data retrieved from 1470 patients
with hypoPT and 6101 subjects without hypoPT [11–17]. The
study selection process has been summarized in the PRISMA
flowchart (Fig. 1).

The primary characteristics of the included studies and the
NOS scores have been summarized in Table 1. All the studies
were of high quality. Three studies catered to postsurgical [11,
15, 17] and nonsurgical hypoPT [12–14], each. Vadiveloo
et al. had included patients with both postsurgical and nonsur-
gical hypoPT [16]. Clinical fractures were reported in four

studies [12, 14, 16, 17], while data on morphometric vertebral
fractures were presented in three studies [11, 13, 15]. The
subjects without hypoPT (controls) were invariably matched
for age and sex in all the studies. None of the studies explicitly
mention about the use of recombinant human PTH (1-84) as a
treatment option in the hypoPT patients; nevertheless,
Cipriani et al. had clearly mentioned that hypoPT patients with
previous use of teriparatide or recombinant human PTH (1-
84) were excluded [15].

The results of the meta-analysis have been summarized
under the following heads based on the reported site of
fracture.

Risk of any fractures

Data on any fractures were reported in four studies [12, 14, 16,
17]. The pooled analysis did not show any significant increase
or decrease in the risk of any fractures in hypoPT patients than
controls (OR 1.06, 95% CI: 0.88, 1.27, p=0.54, I2=25%,
fixed-effects model). Subgroup analysis also showed that nei-
ther patients with nonsurgical hypoPT nor those with postsur-
gical hypoPT are at an increased or decreased risk of any
fractures (Fig. 2).

Risk of vertebral fractures

Data on vertebral fractures were reported in six studies
[11–15, 17]. Pooled data revealed that patients with hypoPT
were at an almost 2-fold increased risk of vertebral fractures
compared to controls (OR 2.22, 95% CI: 1.23, 4.03, p=0.009,
I2=49%, random-effects model). The increased risk of verte-
bral fractures was observed only in patients with nonsurgical
hypoPT (OR 2.31, 95% CI: 1.32, 4.03, p=0.003, I2=3%,
random-effects model) and not in those with postsurgical
hypoPT (OR 2.58, 95% CI: 0.69, 9.64, p=0.16, I2=71%,
random-effects model) (Fig. 3).

Risk of humerus fracture

Data on humerus fracture were reported in only three studies
[12, 14, 17]. On pooled analysis, patients with hypoPT were
not at an increased or decreased risk of humerus fractures
compared to non-hypoPT controls (OR 1.47, 95% CI: 0.14,
15.55, p=0.75, I2=96%, random-effects model) (Fig. 4).

Risk of proximal femur/hip fractures

Data on proximal femur fractures reported in two studies [12,
17] and hip fractures reported in one study [14] were pooled
together. Patients with hypoPT were not at an increased or
decreased risk of proximal femur/hip fractures compared to
non-hypoPT controls (OR 1.59, 95% CI: 0.24, 10.73, p=0.63,
I2=90%, random-effects model) (Fig. 5).

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) flowchart showing the study selection process
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The data on BMD were reported in three studies [11, 13,
15]. Pooled analysis showed that compared to controls, pa-
tients with hypoPT had increased BMD at the lumbar spine
(MD 0.140 g/cm2, 95% CI: 0.050, 0.240, p=0.004, I2=81%,
random-effects model) (Supplementary Figure 1A), femoral
neck (MD 0.090 g/cm2, 95% CI: 0.050, 0.130, p<0.001,
I2=8%, fixed-effects model) (Supplementary Figure 1B), and
total hip (MD 0.070 g/cm2, 95% CI: 0.040, 0.100, p<0.001,
I2=18%, fixed-effects model) (Supplementary Figure 1C).
Data on forearm BMDwere inadequately reported and, hence,
could not be pooled together. In addition, two studies had
compared the BMD in hypoPT patients with and without ver-
tebral fractures. Notably, there was no statistically significant
difference in BMD at the lumbar spine, femoral neck, or total
hip between the two groups [13, 15].

Discussion

The present systematic review and meta-analysis shows that
patients with hypoPT are at an increased risk of vertebral
fractures compared to age- and sex-matched non-hypoPT con-
trols. The increased risk was evident only in patients with
nonsurgical hypoPT and not in those with postsurgical
hypoPT, necessitating active surveillance for vertebral frac-
tures in the former subgroup.

Hypoparathyroidism is characterized by hypocalcemia and
low or undetectable levels of PTH. Hypocalcemia manifests
as neuromuscular irritability clinically presenting as paresthe-
sias, tetany, and refractory seizures [4, 5]. Other manifesta-
tions of hypoPT include cataracts [22], basal ganglia calcifi-
cations [23], and cardiovascular autonomic neuropathy [1].
Skeletal manifestations in hypoPT include an increased risk
of fracture, although available clinical evidence is limited and
contradictory. An increased prevalence of fractures in hypoPT
has been reported in a few case-control studies [11–15], while
some studies have shown no increase in fracture risk [16, 17].
On the contrary, the risk of fractures at the upper extremities
was reported to be significantly decreased in postsurgical
hypoPT patients [17].

Skeletal dynamics in hypoPT is characterized by low bone
turnover, resulting in a higher bone mass than age- and
gender-matched controls [6, 8, 9, 24]. Accordingly, areal
BMD, measured by DXA, and volumetric BMD, measured
by peripheral quantitative computed tomography (pQCT),
have been reported to be greater in hypoPT patients than con-
trols. It is evident in both cancellous and cortical bone [25,
26]. Even in the present meta-analysis, pooled data from 3
studies showed that BMD was higher at the lumbar spine,
femoral neck, and total hip in hypoPT patients as compared
to non-hypoPT controls. Thus, in accordance with an in-
creased bone mass, hypoPT patients are unlikely to be at anT
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increased risk of fractures or might even be at a lower risk of
fractures compared to non-hypoPT subjects [17].

Nevertheless, higher bone mass does not necessarily trans-
late into increased bone strength. A typical example of this
paradox is type 2 diabetes mellitus (T2D). The areal BMD in
patients with T2D is usually increased by 5 to 10% above an
aged-matched non-diabetic population; nonetheless, they are
at an increased risk of incident fragility fractures [27]. The
same has been at tr ibuted to a deter iorated bone
microarchitecture seen in patients with T2D that translates into
an increased fracture risk regardless of the areal BMD.

Besides, T2D also represents a low bone turnover state, and
most of the recent studies have confirmed decreased levels of
bone turnover markers in patients with diabetic mellitus [28].

Similarly, despite an increase in bone mass, bone
microarchitecture is compromised in patients with hypoPT.
Among 62 postsurgical hypoPT patients who underwent esti-
mation of TBS at the lumbar spine, 32.2% of the patients
presented values below the normal range (<1.310) [10]. In
another recent report, the TBS values of 50 postmenopausal
women with postsurgical hypoPT fitted in the classification of
degraded microarchitecture even though areal BMD at the

Fig. 2 Forest plot with subgroup analysis showing the risk of any fractures in patients with hypoparathyroidism (hypoPT) as compared to non-hypoPT
controls

Fig. 3 Forest plot with subgroup analysis showing the risk of vertebral fractures in patients with hypoparathyroidism (hypoPT) as compared to non-
hypoPT controls
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lumbar spine (L1–L4), femoral neck, and total hip were sig-
nificantly higher than an age-matched control group [15].
Besides, resistance to microfracture, measured by bone mate-
rial strength index (BMSi), is lower in hypoPT patients than in
controls [29]. Consistent with these findings, the present meta-
analysis did find an increased risk of vertebral fractures in
patients with hypoPT, although, on subgroup analysis, the risk
remained statistically significant only in patients with nonsur-
gical hypoPT but not in those with postsurgical hypoPT. The
possible explanation for the disparity is that patients with non-
surgical hypoPT (autoimmune or genetic causes) are more
likely to have longer disease duration than those with iatro-
genic postsurgical hypoPT. Besides, onset of disease at an
early age as in patients with nonsurgical hypoPT is likely to
affect bone mass and bone architecture at the time of

acquisition of peak bone mass, thereby possibly further in-
creasing the risk of fractures. In addition, the longer duration
of anticonvulsant therapy in patients with nonsurgical hypoPT
compared to patients with postsurgical hypoPT may augment
the risk of fractures in the former group.

Further indirect evidence on bone fragility is derived from
bone histomorphometry. In a cohort of 33 hypoPT patients who
underwent histomorphometric analysis, an increase in cortical
and trabecular width, alongwith a reduction in cortical porosity,
was reported. Altogether, the results suggested that in hypoPT,
bone remodeling activity and the reabsorption rate are reduced
in all bone compartments, namely, cancellous, endocortical,
and intracortical [30]. Interestingly, bone mineralization was
not different in hypoPT patients compared to euparathyroid
controls; hence, possibly, hypoPT patients apparently display

Fig. 5 Forest plot with subgroup analysis showing the risk of proximal femur/hip fractures in patients with hypoparathyroidism (hypoPT) as compared to
non-hypoPT controls

Fig. 4 Forest plot with subgroup analysis showing the risk of humerus fractures in patients with hypoparathyroidism (hypoPT) as compared to non-
hypoPT controls
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an increase in bone volume, but not of its mineral component.
Supposedly, these changes decrease the bone mineral compo-
nent to bone surface ratio, a possible factor underlying in-
creased bone fragility in hypoPT patients [31].

Although the risk of vertebral fractures is increased, the
present meta-analysis did not reveal a significant risk of any,
humerus or proximal femur/hip fractures. Vertebrae are pre-
dominantly composed of trabecular bone; compared to cortical
bone, the surface to volume ratio of trabecular bone is much
higher [32]. Thus, trabecular bone has a large surface exposed
to the bone marrow and blood flow, and hence, the turnover is
higher than in cortical bone [33]. Accordingly, bone remodel-
ing levels are higher in the trabecular bone as compared to
cortical bone [34]. Thus, hypoPT, a condition characterized
by a state of suppressed bone remodeling, is more likely to
affect the trabecular than the cortical compartment. Whatever
may be the underlying cause, it is prudent to actively screen
patients with nonsurgical hypoPT for vertebral fractures irre-
spective of the underlying BMD. Screening with vertebral frac-
ture assessment (VFA) during DXA examination represents a
valid, safe, and cost-effective method to complete the assess-
ment of the vertebral spine in patients with hypoPT [15].

The present systematic review and meta-analysis happens
to be the first pooled data summarizing the hitherto available
clinical evidence on fracture risk in patients with hypoPT. In
addition, we have provided subgroup analysis of fracture risk
in patients with nonsurgical and postsurgical hypoPT as the
two represent distinct clinical entities. Furthermore, data on
stratified analyses on the risk of fracture at different skeletal
sites have also been presented.

The meta-analysis does have certain limitations. First, the
number of included studies was limited to only seven. Second,
the included data were all extracted from observational studies in
the absence of any available randomized clinical trials. Third, in
most of the included studies, fractures were not explicitly cate-
gorized as low-trauma or fragility fractures. Fourth, inmost of the
included studies, the selection of the control group was solely
based on the absence of hypoPT, and other diseases that could
potentially affect bonemetabolismwere not excluded; this might
have influenced the fracture risk in the control group and might
have accordingly altered the risk estimates in the present meta-
analysis. Fifth, some of the studies investigating the fracture risk
in hypoPT patients might have underestimated the actual number
of fractures as data on fracture prevalence was solely based either
on hospital discharge codes or nationwide/regional claims data-
bases. As radiographs were not carefully performed, one cannot
exclude the possibility of underlying morphometric vertebral
fractures. Lastly, some of the analyses showed relatively high
heterogeneity. For example, pooled analyses of fracture risk at
the humerus or proximal femur/hip showed a considerable het-
erogeneity of 96% and 90%, respectively. However, since a very
limited number of studies were included in each of the two
analyses, we did not perform any sensitivity analyses. Instead,

we used the random-effects model (and not the fixed-effects
model) to make the results more generalizable.

Conclusions

The present meta-analysis suggests that the risk of vertebral frac-
tures is increased by almost 2-fold in patients with hypoPT,
especially those with nonsurgical hypoPT, probably because of
a longer duration of disease. Thus, patients with nonsurgical
hypoPT need to be actively screened for vertebral fractures, pref-
erably with VFA, irrespective of the underlying BMD.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00198-021-05966-8.

Author contribution Study design was conceived by Sanjay Kumar
Bhadada. Literature search and data extraction were performed by
Rimesh Pal and Mainak Banerjee. Study quality and risk of bias assess-
ment was performed by Rimesh Pal and Soham Mukherjee. Statistical
analysis was performed by Rimesh Pal, Mainak Banerjee, and Ashok
Kumar. The initial version of the manuscript was drafted by Rimesh
Pal. The manuscript was revised by Sanjay Kumar Bhadada. All authors
read and approved the final version of the manuscript.

Data availability Not applicable.

Code availability Not applicable.

Declarations

Ethics approval Being a meta-analysis, ethical committee approval was
not required.

Consent to participate Not applicable.

Conflict of interest None.

References

1. Bilezikian JP (2020) Hypoparathyroidism. J Clin EndocrinolMetab
105:1722–1736. https://doi.org/10.1210/clinem/dgaa113

2. Clarke BL, Brown EM, Collins MT, Jüppner H, Lakatos P, Levine
MA, Mannstadt MM, Bilezikian JP, Romanischen AF, Thakker
RV (2016) Epidemiology and diagnosis of hypoparathyroidism. J
Clin Endocrinol Metab 101:2284–2299. https://doi.org/10.1210/jc.
2015-3908

3. Mannstadt M, Bilezikian JP, Thakker RV, Hannan FM, Clarke BL,
Rejnmark L, Mitchell DM, Vokes TJ, Winer KK, Shoback DM
(2017) Hypoparathyroidism. Nat Rev Dis Primer 3:17080. https://
doi.org/10.1038/nrdp.2017.80

4. Bhadada S, Upreti V, Khandelwal N, Bhansali A, Subbiah S (2011)
Spectrum of neurological manifestations of idiopathic hypoparathy-
roidism and pseudohypoparathyroidism. Neurol India 59:586–589.
https://doi.org/10.4103/0028-3886.84342

5. Aggarwal S, Kailash S, Sagar R, Tripathi M, Sreenivas V, Sharma
R, Gupta N, Goswami R (2013) Neuropsychological dysfunction in
idiopathic hypoparathyroidism and its relationship with intracranial

2152 Osteoporos Int (2021) 32:2145–2153

https://doi.org/10.1007/s00198-021-05966-8
https://doi.org/10.1210/clinem/dgaa113
https://doi.org/10.1210/jc.2015-3908
https://doi.org/10.1210/jc.2015-3908
https://doi.org/10.1038/nrdp.2017.80
https://doi.org/10.1038/nrdp.2017.80
https://doi.org/10.4103/0028-3886.84342


calcification and serum total calcium. Eur J Endocrinol 168:895–
903. https://doi.org/10.1530/EJE-12-0946

6. Rubin MR (2018) Skeletal manifestations of hypoparathyroidism.
Endocrinol Metab Clin N Am 47:825–837. https://doi.org/10.1016/
j.ecl.2018.07.008

7. Rubin MR, Dempster DW, Sliney J et al (2011) PTH(1-84) admin-
istration reverses abnormal bone-remodeling dynamics and struc-
ture in hypoparathyroidism. J Bone Miner Res Off J Am Soc Bone
Miner Res 26:2727–2736. https://doi.org/10.1002/jbmr.452

8. Abugassa S, Nordenström J, Eriksson S, Sjödén G (1993) Bone
mineral density in patients with chronic hypoparathyroidism. J
Clin Endocrinol Metab 76:1617–1621. https://doi.org/10.1210/
jcem.76.6.8501170

9. Touliatos JS, Sebes JI, Hinton A, McCommon D, Karas JG,
Palmieri GMA (1995) Hypoparathyroidism counteracts risk factors
for osteoporosis. Am J Med Sci 310:56–60. https://doi.org/10.
1097/00000441-199508000-00003

10. Sakane EN, Vieira MCC, Lazaretti-Castro M, Maeda SS (2019)
Predictors of poor bone microarchitecture assessed by trabecular
bone score in postsurgical hypoparathyroidism. J Clin Endocrinol
Metab 104:5795–5803. https://doi.org/10.1210/jc.2019-00698

11. Mendonça ML, Pereira FA, Nogueira-Barbosa MH, Monsignore LM,
Teixeira SR, Watanabe PCA, Maciel LMZ, de Paula FJA (2013)
Increased vertebral morphometric fracture in patients with postsurgical
hypoparathyroidism despite normal bone mineral density. BMC
Endocr Disord 13:1. https://doi.org/10.1186/1472-6823-13-1

12. Underbjerg L, Sikjaer T, Mosekilde L, Rejnmark L (2015) The
epidemiology of nonsurgical hypoparathyroidism in denmark: a
nationwide case finding study. J Bone Miner Res 30:1738–1744.
https://doi.org/10.1002/jbmr.2501

13. Chawla H, Saha S, Kandasamy D et al (2017) Vertebral fractures
and bone mineral density in patients with idiopathic hypoparathy-
roidism on long-term follow-up. J Clin EndocrinolMetab 102:251–
258. https://doi.org/10.1210/jc.2016-3292

14. Kim SH, Rhee Y, Kim YM, Won YJ, Noh J, Moon H, Lee J, Kim
SG (2020) Prevalence and complications of nonsurgical hypopara-
thyroidism in Korea: a nationwide cohort study. PLoS One 15:
e0232842. https://doi.org/10.1371/journal.pone.0232842

15. Cipriani C, Minisola S, Bilezikian JP, Diacinti D, Colangelo L,
Piazzolla V, Angelozzi M, Nieddu L, Pepe J, Diacinti D (2021)
Vertebral fracture assessment in postmenopausal women with
post-surgical hypoparathyroidism. J Clin Endocrinol Metab 106:
1303–1311. https://doi.org/10.1210/clinem/dgab076

16. Vadiveloo T, Donnan PT, Leese CJ, AbrahamKJ, Leese GP (2019)
Increased mortality and morbidity in patients with chronic hypo-
parathyroidism: a population-based study. Clin Endocrinol 90:285–
292. https://doi.org/10.1111/cen.13895

17. Underbjerg L, Sikjaer T, Mosekilde L, Rejnmark L (2014)
Postsurgical hypoparathyroidism-risk of fractures, psychiatric dis-
eases, cancer, cataract, and infections. J Bone Miner Res 29:2504–
2510. https://doi.org/10.1002/jbmr.2273

18. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC,
Ioannidis JPA, Clarke M, Devereaux PJ, Kleijnen J, Moher D
(2009) The PRISMA statement for reporting systematic reviews
and meta-analyses of studies that evaluate healthcare interventions:
explanation and elaboration. BMJ 339:b2700–b2700. https://doi.
org/10.1136/bmj.b2700

19. Wells G, Shea B, O’Connell D, et al (2013) The Newcastle-Ottawa
Scale (NOS) for assessing the quality of nonrandomised studies in
meta-analyses

20. Luchini C, Stubbs B, Solmi M, Veronese N (2017) Assessing the
quality of studies in meta-analyses: advantages and limitations of

the Newcastle Ottawa Scale. World J Meta-Anal 5:80. https://doi.
org/10.13105/wjma.v5.i4.80

21. Higgins JPT (2003) Measuring inconsistency in meta-analyses.
BMJ 327:557–560. https://doi.org/10.1136/bmj.327.7414.557

22. Saha S, Gantyala SP, Aggarwal S, Sreenivas V, Tandon R,
Goswami R (2017) Long-term outcome of cataract surgery in pa-
tients with idiopathic hypoparathyroidism and its relationship with
their calcemic status. J Bone Miner Metab 35:405–411. https://doi.
org/10.1007/s00774-016-0767-6

23. Goswami R, Sharma R, Sreenivas V, Gupta N, Ganapathy A, Das S
(2012) Prevalence and progression of basal ganglia calcification
and its pathogenic mechanism in patients with idiopathic hypopara-
thyroidism. Clin Endocrinol 77:200–206. https://doi.org/10.1111/j.
1365-2265.2012.04353.x

24. Chan FKW, Tiu S-C, Choi K-L, Choi CH, Kong APS, Shek CC
(2003) Increased bone mineral density in patients with chronic hy-
poparathyroidism. J Clin Endocrinol Metab 88:3155–3159. https://
doi.org/10.1210/jc.2002-021388

25. Duan Y, De Luca V, Seeman E (1999) Parathyroid hormone defi-
ciency and excess: similar effects on trabecular bone but differing
effects on cortical bone. J Clin Endocrinol Metab 84:718–722.
https://doi.org/10.1210/jcem.84.2.5498

26. Chen Q, Kaji H, Iu M-F, Nomura R, Sowa H, Yamauchi M,
Tsukamoto T, Sugimoto T, Chihara K (2003) Effects of an excess
and a deficiency of endogenous parathyroid hormone on volumet-
ric bone mineral density and bone geometry determined by periph-
eral quantitative computed tomography in female subjects. J Clin
Endocrinol Metab 88:4655–4658. https://doi.org/10.1210/jc.2003-
030470

27. Napoli N, Chandran M, Pierroz DD et al (2017) Mechanisms of
diabetes mellitus-induced bone fragility. Nat Rev Endocrinol 13:
208–219. https://doi.org/10.1038/nrendo.2016.153

28. Vestergaard P (2007) Discrepancies in bone mineral density and
fracture risk in patients with type 1 and type 2 diabetes–a meta-
analysis. Osteoporos Int 18:427–444. https://doi.org/10.1007/
s00198-006-0253-4

29. Starr JR, Tabacco G, Majeed R, Omeragic B, Bandeira L, Rubin
MR (2020) PTH and bone material strength in hypoparathyroidism
as measured by impact microindentation. Osteoporos Int 31:327–
333. https://doi.org/10.1007/s00198-019-05177-2

30. Rubin MR, Dempster DW, Zhou H, Shane E, Nickolas T, Sliney J,
Silverberg SJ, Bilezikian JP (2008) Dynamic and structural proper-
ties of the skeleton in hypoparathyroidism. J Bone Miner Res 23:
2018–2024. https://doi.org/10.1359/jbmr.080803

31. Formenti AM, Tecilazich F, Giubbini R, Giustina A (2019) Risk of
vertebral fractures in hypoparathyroidism. Rev Endocr Metab
Disord 20:295–302. https://doi.org/10.1007/s11154-019-09507-x

32. Ott SM (2018) Cortical or trabecular bone: what’s the difference?
Am J Nephrol 47:373–375. https://doi.org/10.1159/000489672

33. Parfitt AM (2002) Misconceptions (2): turnover is always higher in
cancellous than in cortical bone. Bone 30:807–809. https://doi.org/
10.1016/s8756-3282(02)00735-4

34. Li J, Bao Q, Chen S, Liu H, Feng J, Qin H, Li A, Liu D, Shen Y,
Zhao Y, Zong Z (2017) Different bone remodeling levels of trabec-
ular and cortical bone in response to changes in Wnt/β-catenin
signaling in mice. J Orthop Res 35:812–819. https://doi.org/10.
1002/jor.23339

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

2153Osteoporos Int (2021) 32:2145–2153

https://doi.org/10.1530/EJE-12-0946
https://doi.org/10.1016/j.ecl.2018.07.008
https://doi.org/10.1016/j.ecl.2018.07.008
https://doi.org/10.1002/jbmr.452
https://doi.org/10.1210/jcem.76.6.8501170
https://doi.org/10.1210/jcem.76.6.8501170
https://doi.org/10.1097/00000441-199508000-00003
https://doi.org/10.1097/00000441-199508000-00003
https://doi.org/10.1210/jc.2019-00698
https://doi.org/10.1186/1472-6823-13-1
https://doi.org/10.1002/jbmr.2501
https://doi.org/10.1210/jc.2016-3292
https://doi.org/10.1371/journal.pone.0232842
https://doi.org/10.1210/clinem/dgab076
https://doi.org/10.1111/cen.13895
https://doi.org/10.1002/jbmr.2273
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.13105/wjma.v5.i4.80
https://doi.org/10.13105/wjma.v5.i4.80
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1007/s00774-016-0767-6
https://doi.org/10.1007/s00774-016-0767-6
https://doi.org/10.1111/j.1365-2265.2012.04353.x
https://doi.org/10.1111/j.1365-2265.2012.04353.x
https://doi.org/10.1210/jc.2002-021388
https://doi.org/10.1210/jc.2002-021388
https://doi.org/10.1210/jcem.84.2.5498
https://doi.org/10.1210/jc.2003-030470
https://doi.org/10.1210/jc.2003-030470
https://doi.org/10.1038/nrendo.2016.153
https://doi.org/10.1007/s00198-006-0253-4
https://doi.org/10.1007/s00198-006-0253-4
https://doi.org/10.1007/s00198-019-05177-2
https://doi.org/10.1359/jbmr.080803
https://doi.org/10.1007/s11154-019-09507-x
https://doi.org/10.1159/000489672
https://doi.org/10.1016/s8756-3282(02)00735-4
https://doi.org/10.1016/s8756-3282(02)00735-4
https://doi.org/10.1002/jor.23339
https://doi.org/10.1002/jor.23339

	Fracture risk in hypoparathyroidism: a systematic review and meta-analysis
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Search strategy
	Eligibility and exclusion criteria
	Data extraction
	Assessment of study quality and risk of bias
	Statistical analysis

	Results
	Risk of any fractures
	Risk of vertebral fractures
	Risk of humerus fracture
	Risk of proximal femur/hip fractures

	Discussion
	Conclusions
	References


