
Frontiers in Endocrinology | www.frontiersi

Edited by:
Johannes Wolfgang Dietrich,

Ruhr University Bochum, Germany

Reviewed by:
Friedhelm Raue,

University of Heidelberg, Germany
Bart Clarke,

Mayo Clinic, United States
Gemma Marcucci,

University of Florence, Italy

*Correspondence:
Elena V. Kovaleva

elen.v.kovaleva@gmail.com

Specialty section:
This article was submitted to

Thyroid Endocrinology,
a section of the journal

Frontiers in Endocrinology

Received: 22 October 2021
Accepted: 13 January 2022

Published: 16 February 2022

Citation:
Kovaleva EV, Eremkina AK,
Elfimova AR, Krupinova JA,

Bibik EE, Maganeva IS,
Gorbacheva AM, Dobreva EA,

Melnichenko GA and Mokrysheva NG
(2022) The Russian Registry

of Chronic Hypoparathyroidism.
Front. Endocrinol. 13:800119.

doi: 10.3389/fendo.2022.800119

ORIGINAL RESEARCH
published: 16 February 2022

doi: 10.3389/fendo.2022.800119
The Russian Registry of Chronic
Hypoparathyroidism
Elena V. Kovaleva*, Anna K. Eremkina, Alina R. Elfimova, Julia A. Krupinova,
Ekaterina E. Bibik , Irina S. Maganeva, Anna M. Gorbacheva, Ekaterina A. Dobreva,
Galina A. Melnichenko and Natalia G. Mokrysheva

Department of Parathyroid Glands Pathology, Endocrinology Research Centre, Moscow, Russia

Introduction: Chronic hypoparathyroidism is a relatively rare disease associated with
multicomponent medical therapy and various complications. The analysis of large
databases of patients with chronic hypoparathyroidism is a necessary tool to enhance
quality of medical care, as well as to determine the optimal clinical and therapeutic
approaches, and prognostic markers of the disease.

The Aim: of this study is to estimate the clinical and biochemical profile, long-term
complications, medical therapy and disease control of the patients with chronic
postsurgical and non-surgical hypoparathyroidism.

Materials and Methods: the cross-sectional, observational, continuous study was
based on the Russian Registry of patients with hypoparathyroidism. 544 patients from
63 regions of the Russian Federation were included in this study.

Results: The majority of cases had postsurgical etiology (88.4%). Postsurgical
hypoparathyroidism prevailed in females (р<0.001). About a half of patients had blood
calcium and phosphorus targets, 56 and 52% respectively. Nephrolithiasis was confirmed
in 32.5%, nephrocalcinosis - in 12.3% of cases. The risk of nephrocalcinosis/
nephrolithiasis increased by 1.85 times with disease duration more than 4.5 years. The
cataract was found in 9.4%. The cut-off point for the development of cataracts was 9.5
years, with a 6.96-fold increased risk. The longer duration of hypoparathyroidism of any
etiology was associated with more frequent cataract (p=0.0018).We found brain
calcification in 4%, arrhythmias in 7.2% and neuropsychiatric symptoms in 5.15% of
cases. Generally, the BMD in the studied group corresponded to age values, and there
was no evidence for the phenomenon of high bone density. TBS was consistent with
normal bone microarchitectonics. In our study, the majority of patients (83.5%) was
treated with standard therapy of calcium and vitamin D supplements. 5 patients with
severe disease course were treated with rhPTH (1–34).

Conclusions: Analysis of the presented database indicates insufficient diagnosis of the
complications associated with chronic hypoparathyroidism. Overall, hypoparathyroidism
is associated with higher risks of renal stone formation, decreased GFR, cataract
especially in patients with longer duration of disease.
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INTRODUCTION

Hypoparathyroidism is a rare endocrine disease characterized by
hypocalcemia due to absent or inappropriately low serum
parathyroid hormone (PTH) levels. Clinical symptoms are
various and broadly related to the severity of hypocalcemia. In
case of a sharp decrease in blood calcium level, they can be acute,
such as neuromuscular irritability, weakness, spasms/twitches or
cramps. Or they can be chronic and affect a number of
organs (1).

Hypoparathyroidism may be transient (postsurgical,
functional) or chronic. Chronic hypoparathyroidism is more
often caused by neck surgery (~75% of cases) resulting in injury
to the parathyroid glands (PTG) or their blood supply and is
closely related to the number of PTG remaining after surgery:
16% for cases with one to two preserved glands, 6% for three and
2.5% for four glands (2, 3). Postsurgical hypoparathyroidism is
generally defined as chronic (permanent) when PTH secretion is
insufficient to maintain normocalcemia 6-12 months after
surgery. Autoimmune and rare genetic conditions may also
cause hypoparathyroidism in approximately 20-25% cases, but
some of them remain idiopathic (4). The epidemiological studies
are insufficient. In the United States the estimated prevalence of
chronic hypoparathyroidism is nearly 37 cases per 100,000
people, among them 8 cases per 100,000 have non-surgical
etiology. In Denmark, the overall prevalence is similar to the
results in the USA, around 24 per 100,000 people, with rates of 2.3
per 100,000 non-surgical hypoparathyroidism. The annual
incidence of cases is around 0.8 per 100,000 people (5, 6).
However, in Norway the prevalence of hypoparathyroidism
based on hospital registry was lower at 10.2 per 100,000. In
addition, there was a slight increase in the incidence of non-
surgical hypoparathyroidism 3.0 per 100,000 versus postsurgical
cases 6.4 per 100,000 (7). The primary analysis of the
Endocrinology Research Centre (Moscow, Russia) database for
patients with hypoparathyroidism was carried out in 2020 (8). The
aim of this study was to conduct the initial analysis of clinical
presentations and hospital management of patients with chronic
hypoparathyroidism and for this, the Italian registry model was
taken. Two hundred patients with hypoparathyroidism (n = 194)
and pseudohypoparathyroidism (n = 6) were enrolled. There was a
single-center study, moreover the pediatric patients were also
excluded because the study was conducted in adult departments
(8). Thus, this data could not represent the epidemiology of chronic
hypoparathyroidism in the Russian Federation. This served as the
basis for a fundamentally new approach – the creation of Russian
online registry of chronic postsurgical and non-surgical
hypoparathyroidism with the possibility of an access code in
various regions of the country and, consequently, the recruitment
of new patients.

Chronic hypoparathyroidism of any etiology requires lifelong
multicomponent therapy, as well as careful monitoring and an
individual approach to choose the optimal treatment strategy. In
the absence of adequate follow-up, the risks of long-term
complications significantly increase particularly in the renal,
neuropsychiatric, skeletal, cardiovascular and musculoskeletal
systems. Short-term and long-term complications of the
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disease often result in impaired health-related quality of life
(QoL) (4). Evaluation of the epidemiological and clinical features
of chronic postsurgical and non-surgical hypoparathyroidism is
necessary to predict severe complications and to improve the
quality of medical care.

The aim of this study is to estimate the clinical and
biochemical profile, long-term complications, medical therapy
and disease control of the patients with chronic postsurgical and
non-surgical hypoparathyroidism.
MATERIALS AND METHODS

Study design
The cross-sectional, observational, continuous study was
conducted at the Endocrinology Research Centre (Moscow)
and approved by the Ethics Committee (Protocol No. 18 dated
October 11, 2017). The technical development and start of the
registry with online input of data was carried out in 2020 (http://
gipopt.clin-reg.ru/). The present study explored retrospective
data submitted to the Russian online registry of chronic
postsurgical and non-surgical hypoparathyroidism between
February 2017 and June 2021. The analysis included the first
data entry into the Registry (the «first visit»).

This database included all subjects affected by chronic
postsurgical and non-surgical hypoparathyroidism of all ages and
any etiology. The diagnosis of chronic postsurgical
hypoparathyroidism was confirmed on the results of laboratory
tests: persistent hypocalcemia (serum calcium levels below the lower
limit of the reference range) in combination with a decreased or
low-normal PTH level at least 6 months after neck surgery.
The exclusion criteria include: functional hypoparathyroidism
(as a result of impaired magnesium metabolism); transient
postsurgical hypoparathyroidism (disease duration less than 6
months), pseudohypoparathyroidism. The term idiopathic
hypoparathyroidism was used when the underlying cause was not
known or had not been investigated (no available genetic tests). All
clinical data were collected anonymously, using an online medical
record on the registry platform. Informed consent was collected in
accordance with General Authorization to Process Personal Data
for Scientific Research Purposes.

The total number of patients in the registry at the time of
research was 544 from 63 regions of the Russian Federation. Most
of these patients were registered in Endocrinology Research
centre, herewith 8 regions of the Russian Federation (the
specialized endocrinological centers) have a personal access code
with self-entry of data. The responsible endocrinologists from
each included center submit the data online. Further it is planned
to increase the number of regional connections to the registry. All
clinical data in the Registry has been obtained from the baseline
evaluation reported in clinical records of each center (including
the Endocrinology Research Centre). The initial outpatient and
inpatient medical records contain the following ICD-10 codes:
E89.2 (hypoparathyroidism secondary to procedures), E20.8
(other types of hypoparathyroidism), E20.0 (idiopathic
hypoparathyroidism), E20.9 (unspecified hypoparathyroidism),
February 2022 | Volume 13 | Article 800119
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D82.1 (DiGeorge syndrome), E31.0 (Autoimmune polyglandular
failure). Then, all data were collected and analyzed by the
Endocrinology Research Centre as a coordinating institution.

The following data were analyzed: demographic variables (sex,
age, geographic region); age of onset of the disease; etiology of
chronic hypoparathyroidism, description of type of thyroid/
parathyroid surgery (in case of postsurgical hypoparathyroidism);
biochemical evaluation (serum calcium, serum phosphorus, serum
magnesium, serum 25 hydroxyvitamin D (25(OH)D), serum
albumin and iPTH, bone remodeling markers [alkaline
phosphatase (AP), osteocalcin (OC), C-terminal telopeptide
region of collagen type 1 (CTX)] and 24 h urinary calcium);
genetic tests in case of non-surgical hypoparathyroidism (if
available); symptoms and signs associated with hypocalcemia;
long-term complications of the disease; associated disease
management (used elemental calcium dose, vitamin D
medication, thiazide diuretics, recombinant PTH); disease
control; number of hospitalizations with acute hypocalcemia. For
all laboratory parameters, the reference interval (RI) of the local
laboratory was used with the obligatory indication of the lower and
upper limits. The presence or absence of complications associated
with chronic hypoparathyroidism was based on the results of
laboratory and instrumental examination. Quantification of the
bone state was carried out in the lumbar spine (L2 – L4), proximal
femur [neck thigh (Neck), total hip (Total)] and radius [middle
third (R33%) and radius total (RT)] using dual-energy X-ray
absorptiometry (DXA) (Lunar iDXA, GE Healthcare). Bone
mineral density (BMD) was assessed by Z-score. The lumbar
spine trabecular bone score (TBS) was calculated on each spine
DXA examination. There were no specific factors that could affect
the external generalization of the research findings.

Sample size calculation principles: sample size calculation was
not required.

Statistical analysis was performed using Statistica 13.0
(StatSoft, USA) and SPSS (IBM, USA) software packages.
Descriptive statistics of quantitative characteristics are
presented by medians and interquartile ranges (Median, IQR
(25;75)%) and mean with standard deviation (SD), descriptive
statistics of drug doses are presented in the form of mean,
minimum and maximum values, descriptive statistics of
qualitative characteristics - in absolute and relative frequencies.
To analyze the correspondence of the distributions of
quantitative features to the normal law, the Shapiro – Wilk test
was used. The Mann – Whitney test (U-test) was applied to
compare two independent groups in terms of quantitative
characteristics. The critical level of significance when testing
statistical hypotheses was taken equal to 0.05. In multiple
comparisons, the Bonferroni correction was applied by
correcting the critical level of significance. The confidence
interval (CI) for frequencies was calculated by the Clopper–
Pearson method. ROC-analysis was used to find cut-off points
corresponding to an increase in the risk of complications. Cut-off
point was selected according to the Youden’s index. Operation
characteristics, such as sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV), were
calculated for the found cut-off point.
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RESULTS

Among 544 subjects with chronic postsurgical and non-surgical
hypoparathyroidism, 470 (86%) were female and 74 (14%) male.
The median age of these patients was 55, IQR (41; 65) years for
females and 43, IQR (24; 55) years for male. 24 subjects were
under 18 years (4.4%). 6 patients were pregnant (3 patients - I
trimester of pregnancy, 1 - II and 2 - III). Information about
pregnancy outcomes is not available.

The median age of disease manifestation for patients with
postsurgical hypoparathyroidism was 45, IQR (33; 55) years,
while for non-surgical hypoparathyroidism, the age of
manifestation was significantly lower - 19, IQR (6; 32) years
(р<0.001; U-test). Postsurgical hypoparathyroidism prevailed in
females (р<0.001). We did not find any gender differences for
patients with non-surgical hypoparathyroidism (Table 1). The
baseline complaints of these patients are illustrated in Figure 1.
Etiology
The majority of cases had postsurgical etiology (88.4%), followed
by idiopathic hypoparathyroidism (6.8%), autoimmune form
due to autoimmune polyglandular syndrome type 1 (1.8%),
syndromic forms of genetic hypoparathyroidism (1.8%), and,
finally, other forms (0.6%) (Table 1). Mostly the cases of
postsurgical hypoparathyroidism (82.57%) occurred after a
total thyroidectomy, less often after hemithyroidectomy and
parathyroidectomy (in 6.6% for both). 3.1% of patients
presented with chronic hypoparathyroidism after combined
surgery of thyroid and parathyroid glands. All pregnant
patients had postsurgical hypoparathyroidism.

The most frequent pre-surgical pathologies include thyroid
cancer (49.7%), nontoxic (23.8%) or toxic goiter (17.0%). The
primary and secondary hyperparathyroidism due to chronic
kidney disease (CKD) accounted for 7.3% (Table 1).

The most causes of chronic hypoparathyroidism in age under/
equal 18 years were syndromic or autoimmune forms of
hereditary hypoparathyroidism (23.6%) and neck surgery
(45.5%). Conversely, most causes of chronic hypoparathyroidism
described over to 18 years were neck surgery (93.2%), followed by
idiopathic form of hypoparathyroidism (5.9%), and, finally, non-
surgical hypoparathyroidism (0.9%).
Biochemical Data
Biochemical examination (serum calcium, phosphorus,
magnesium levels and 24 h urinary calcium), collected at
baseline evaluation, often showed values in non-target range,
for all types of chronic hypoparathyroidism (Table 2).

Among patients with available serum total calcium level only
34.2% resulted within target calcium range, and 3.5% even had
true hypercalcemia.

The median serum total calcium level was 2.09, IQR (1.88;
2.26) mmol/l. The albumin-adjusted calcium level was available
only for 38.8% of patients [median 2.03, IQR (1.82; 2.20) mmol/l].
The serum ionized calcium level was measured in 73.2% of
February 2022 | Volume 13 | Article 800119
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patients; 45.3% showed the levels in the reference range (1.03-1.29
mmol/l), 53.3% were under 1.03 mmol/l (hypocalcemia), 1.4%
were over 1.29 mmol/l. The median serum ionized calcium level
accounted for 1.01, IQR (0.90; 1.10) mmol/l.

The serum phosphate level was known in 78.1% of the total
cohort [1.51, IQR (1.33; 1.72) mmol/l]. Only 52.6% of patients
had target phosphate levels within reference range (0.74–1.52
mmol/l). Summary hyperphosphatemia over 1.52 mmol/l was
observed in 47.2%, 15.6% of patients had significant increase
over 2.0 mmol/l (severe hyperphosphatemia).

The serum magnesium level was available for 45% of patients
[0.74, IQR (0.7; 0.8) mmol/l]. The reference magnesium level was
Frontiers in Endocrinology | www.frontiersin.org 4
observed in 76% сases, under 0.7 mmol/l - in 24%, and over 1.05
mmol/l - in 0.4%.

In adult male patients (n=63) with chronic hypoparathyroidism,
urinary calcium 24 h was available for 36.5% of patients; among
them, 39.1% had urinary calcium levels over 7.5 mmol/24h [13.07,
IQR (8.70; 14.50) mmol/24 h]. In adult female patients (n=458),
this parameter was available for 41.3% and 42.3% of them had
non-target indicators over 6.25 mmol/l/24h (8.95, IQR (7.59; 11.37)
mmol/24h).

The level of 25(OH)D was measured in 17.43% of the patients
with chronic hypoparathyroidism and about half of them were
insufficient [less than 30 ng/mL in 46.31%].
FIGURE 1 | Symptoms of hypoparathyroidism according to degree of compensation of disease.
TABLE 1 | Demographic characteristics of group patients with hypoparathyroidism.

Characteristics Number of patient Number (%) Percentage of total number, %

Sex 544 Male - 74 (13.9)
Female – 470 (86.1)

100.0

Age (years) < 18 544 24 (4.4) 100.0
18 - 34 62 (11.4)
35 - 44 97 (17.8)
45 - 54 105 (19.3)
55 - 64 119 (21.9)
65+ 137 (25.2)

Etiology of hypoparathyroidism

Number of patient (%) Sex, number (%) Median age of disease onset, IQR (25;75) %

Male Female

Postsurgical 480 (88.2) 47 (9.8) 433 (90.2) 45 (0; 83)
Well-differentiated thyroid carcinoma 225 (46.9) 25 (11.1) 200 (88.9)

Nontoxic unilateral/multinodular goiter 107 (22.3) 6 (5.6) 101 (94.4)

Diffuse toxic goiter 77 (16.0) 6 (7.8) 71 (92.2)

Hyperparathyroidism 33 (6.9) 8 (24.2) 25 (75.8)

Others 26 (5.4) 2 (7.7) 24 (92.3)

No data 12 (2.5) 1 (9.1) 11 (90.9)

Nonsurgical (except APS) 10 (1.8) 8 (80.0) 2 (20.0) 7 (1; 29)
Autoimmune (APS) 14 (2.6) 3 (21.4) 11 (78.6) 6 (2; 24)
Idiopathic 37 (6.8) 15 (40.5) 22 (59.5) 31 (0; 67)
Others 3 (0.6) 2 (66.7) 1 (33.3) 16 (10; 35)
APS, autoimmune polyglandular syndrome.
February 2022 | Volume 13 | Article 800119
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Complications
Severe Acute Hypocalcemia
In this study 11 patients (8 with postsurgical hypoparathyroidism,
1 - autoimmune form due to autoimmune polyglandular
syndrome type 1 and 2 – idiopathic hypoparathyroidism) had
hospitalization due to severe acute hypocalcemia during the last
year. Most of these patients had 1-2 acute hospitalizations during
the year, but 2 patients (both patients with postsurgical
hypoparathyroidism) had 6 and 10 hospitalizations with severe
acute hypocalcemia during the year.
Kidney
Ultrasound and computed tomography (CT) kidneys were
performed in 39% of patients. In the examined group,
nephrolithiasis was confirmed in 32.5%, nephrocalcinosis - in
12.3%. Nephrocalcinosis was more often bilateral (74% of cases).
15.8% of patients with chronic hypoparathyroidism met the
criteria of CKD 3a-5 stage (glomerular filtration rate (GFR)-
EPI less than 60 ml/min/1.73m2).

The serum total and ionized calcium levels have negatively
correlated with GFR (p=0.0008 and p=0.0002 respectively,
Bonferroni correction Р0 = 0.0071). We did not reveal a
significant association between GFR and serum phosphorus level
(p=0.0197). GFR was lower in patients with a longer duration of
the disease (p=0.0057, Bonferroni correction Р0 = 0.0071), but it
did not correlate with the presence of nephrolithiasis/
nephrocalcinosis and with the medical therapy generally as well
as with dosing regimen (calcitriol, alfacalcidol, calcium
supplements and hydrochlorothiazide were taken into account).
Frontiers in Endocrinology | www.frontiersin.org 5
We have revealed a statistical tendency that in patients with a
higher urinary calcium 24h level and longer duration of disease
nephrolithiasis is more often detected (p=0.0167 and p=0.0405
respectively, Bonferroni correction Р0 = 0.0071). The risk of
nephrocalcinosis/nephrolithiasis increased by 1.85 times with
disease duration more than 4.5 years (Figure 2). The cut-off
point for the decreasing GFR was 13.5 years, with a 2.84-fold
increased risk (Figure 3).
Brain
Native CT scan of the brain was available in 44 patients (8%),
among them basal ganglia calcification was detected in more
than half of these cases (54.5%). The patients with Fahr’s
syndrome suffered from neuropsychiatric disease in 34.5% cases.

We have found that patients with longer duration of
hypoparathyroidism have more often calcification in the brain
(p=0.0018, Bonferroni correction Р0 = 0.0071). There was no
association with standard therapy with calcium or vitamin D
supplements, as well as with thiazide diuretics. Patients with
non-surgical hypoparathyroidism have a tendency to higher
frequency of brain calcification compared to postsurgical
hypoparathyroidism (р=0.0331).

Neuropsychiatric Disturbances
The neuropsychiatric disturbances have been diagnosed in 28
patients (5.15%, 20 patients with postsurgical hypoparathyroidism,
2 – autosome-dominant hypocalcemia, 1 patient with DiGeorge
syndrome and 5 with idiopathic form of hypoparathyroidism) and
they followed up by psychiatrists, among them 6 patients suffer from
TABLE 2 | Biochemical exams of mineral metabolism for patients with hypoparathyroidism.

Target laboratory range Number of patients Etiology of hypoparathyroidism Frequency, %

Number of postsurgical patients Number of nonsurgical patients

Serum total calcium level, mmol/l
All 518 455 63 95.2
< 2.1 229 208 21 44.2
2.1 - 2.3 177 156 21 34.2
> 2.3 - 2.55 94 80 14 18.1
> 2.55 18 11 7 3.5
Serum phosphate level, mmol/l
All 420 370 50 77.2
< 0.74 1 1 0 0.2
0.74 - 1.52 219 199 20 52.2
> 1.52 200 170 30 47.6
> 2.0 31 15 16 15.5
Serum magnesium level, mmol/l
All 233 203 30 42.8
< 0.7 55 43 12 23.6
0.7 - 1.05 177 159 18 76.0
> 1.05 1 1 0 0.4
Urinary calcium 24 h, mmol/24 h
All 194 176 18 35.7
< 2.5 24 20 4 12.3
2.5-6.25 (for women) 74 72 2 38.1
2.5-7.5 (for men) 13 8 5 6.7
> 6.25 (for women) 73 69 4 37.6
> 7.5 (for men) 10 7 3 5.3
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with depression, 4 - from dysthymia, 4 - from with dyscirculatory
encephalopathy and 14 from other neuropsychiatric diseases.
Ophthalmological Disease
The cataract was confirmed in 51 (9.4%) patients with
hypoparathyroidism, 80.4% of these patients had postsurgical
hypoparathyroidism. The longer duration of hypoparathyroidism
was associated with more frequent cataract (p=0.0018, Bonferroni
correction Р0 = 0.0071) and this does not depend on drugs and their
doses. The cut-off point for the development of cataracts was 9.5
years, with a 6.96 -fold increased risk (Figure 4), after adjustment
for age OR= 5.40 (95% CI: 1.82; 16.0).
Heart Disturbances
Electrocardiography was performed in 168 patients. The rhythm
disturbances were confirmed in 39 patients and dilated
cardiomyopathy - in 1 patient. The average duration of
hypoparathyroidism in patients with arrhythmia was variable
(mean duration: 9 years, min: 1 year and max: 43 years). All
patients with cardiac rhythm disturbances were non-compensated.
Bone Status
The DXA with TBS assessment was performed only in 66 adult
patients (12.1%). Generally the BMD in 3 areas (spine, hip and
radius) corresponded to age values, and there was no evidence
for the phenomenon of high bone density. TBS was consistent
FIGURE 3 | Cut-off point for decreasing GFR in patients with
hypoparathyroidism. AUC=0.598 (95% CI: 0.526; 0.670), р=0.006. Cut-off
point – 13.5 years. Sensitivity = 39% (95% CI: 30%; 48%). Specificity = 82%
(95% CI: 79%; 84%). PPV = 39% (95% CI: 30%; 48%). NPV = 82% (95% CI:
79%; 84%). OR = 2.84 (95% CI: 1.69; 4.80).
FIGURE 4 | Cut-off point for developing cataract in patients with
hypoparathyroidism. AUC=0.684 (95% CI: 0.576; 0.791), р=0.002. Cut-off
point – 9.5 years. Sensitivity = 55% (95% CI: 45%; 62%). Specificity = 85%
(95% CI: 75%; 93%). PPV = 80% (95% CI: 66%; 90%). NPV = 64% (95% CI:
56%; 69%). OR = 6.96 (95% CI: 2.63; 18.43).
FIGURE 2 | Cut-off point for developing nephrolithiasis/nephrocalcinosis in
patients with hypoparathyroidism. AUC=0.582 (95% CI: 0.505; 0.658),
р=0.040. Cut-off point – 4.5 years. Sensitivity = 70% (95% CI: 61%; 78%).
Specificity = 45% (95% CI: 39%; 50%). PPV = 44% (95% CI: 39%; 49%).
NPV = 70% (95% CI: 62%; 78%). OR = 1.85 (95% CI: 1.05; 3.28).
February 2022 | Volume 13 | Article 800119
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with normal bone microarchitectonics (Table 3). 26 (4.8%)
patients underwent low-trauma fractures in different parts of
the skeleton. 8 patients had vertebral fractures, 5 - ankle
fractures, 10 - in bones of the upper limb and 3 in pelvic. The
level of AP was available for 29.8% (RI 40-150 ui/l) of the total
database, OC (RI 15-46 ng/ml; N: 78) and CTX (RI 0.3-1.1 ng/
ml; N:71) for 14.3 and 13.1% respectively. In adult patients with
chronic hypoparathyroidism the mean value of bone turnover
markers was low to normal: 66, IQR (50; 87) iu/l for AP; 14.35,
IQR (9.86; 18.51) ng/ml for OC and 0.22, IQR (0.14; 0.36) ng/ml
for CTX (Table 3). Interestingly, the serum AP levels were higher
in younger patients (less than 18 years) compared to adult
patients with non-surgical hypoparathyroidism (p=0.0001,
Bonferroni correction Р0 = 0.0250). Moreover there was a
tendency between the longer duration of the disease and lower
serum AP level (p=0.0140, Bonferroni correction Р0 = 0.0014).
We have not found any correlation between duration disease and
other bone mineral markers (OC, CTX) as well as bone mineral
markers (AP, OC, CTX) and BMD, Z-score and TBS.

The duration of the disease showed positive correlations with
Z-score in the axial skeleton - L2-L4, femur neck and total hip
(p=0.0006, p=0.0008 and p=0.0084 respectively, Bonferroni
correction Р0 = 0.0009), but not in radius total and radius 33%.

Medical Therapy
Themedical therapy was known in 461 patients (85%), the majority
(83.5%) was treated with calcium and vitamin D supplements
(metabolites and analogs). The average dose of alfacalcidol was 1.7
mcg/day (min: 0.25, max: 8.0); calcitriol - 1.3 mcg/day (min: 0.25,
max: 5.0); elemental calcium – 1800 mg/day (min: 250, max: 8000).
102 patients (22%) required more than 2,500 mg/day of elemental
calcium per day and 28 (6%) - more than 3 mcg of alfacalcidol. The
cholecalciferol was taken by 48% (n = 222) of patients with mean
doses 2800 IU/day (min: 100, max: 5000).

Among pregnant patients 5 were treated by a combination
with alfacalcidol [the average dose was 1.9 mcg/day (min: 0.5,
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max: 4.0)] and calcium carbonate [the average dose was 1220
mg/day (min: 500, max: 2500)] and 1 women - cholecalciferol
(2000 IU/day) and calcium carbonate (1000 mg/day).

Additional treatments (magnesium and potassiummedication,
thiazide diuretics and recombinant PTH) were prescribed to 13%
of patients. Magnesium supplementation was taken by 11.3% (n =
52); thiazide diuretics - by 10% individuals with hypercalciuria [a
mean dose 25 mg/day (min: 6.25, max: 75)].

29% of patients (n=134) have achieved total biochemical
control - target serum calcium and phosphate levels,
normocalciuria. 41% of patients (n=193) were sub-compensated
with a slow decrease in serum calcium levels. 35.8% (n=165) had
an uncontrolled disease with severe hypocalcemia. 14 patients
were taking an inhibitor proton pump and most of them were
decompensated (95%).

21 patients (3.9%) were treated with dihydrotachysterol at the
time of inclusion to the Registry. Most of these patients were
non-compensated (95%). In all cases the therapy with
dihydrotachysterol was changed to alfacalcidol.

5 subjects (women/men – 4/1) with severe hypoparathyroidism
and the need for high doses of standard therapy have received
teriparatide [rhPTH (1–34)] with mean dose 28 mcg/day (min: 20,
max: 40) in addition to alfacalcidol [meandose 2mcg/day (min: 1.0,
max: 3.0)/calcitriol (4 mcg/day)] and calcium supplementation
(3000-4000 mg/day). In one case, teriparatide was used in pump
infusion. 4 patients had postsurgical hypoparathyroidism and one
patient - idiopathic hypoparathyroidism.
DISCUSSION

The revealed predominance of postsurgical hypoparathyroidism,
especially among young women at reproductive age, are
consistent with the studies from the USA, European and other
countries as well as with the first study on Russian population
(8–10). This is most likely associated with both prevalence of
February 2022 | Volume 13 | Article 800119
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TABLE 3 | Bone turnover markers, bone mineral density (BMD) and Z-score in patients with postsurgical and non-surgical hypoparathyroidism.

Bone turnover markers Median, IQR (25;75)% for patients with postsurgical hypo-
parathyroidism

Median, IQR (25;75)% for patients with non-surgical
hypoparathyroidism

p, U-tes

Bone turnover markers

AP (units/l) 62 [49; 79] 83.9 [66; 161.5] <0.001
OC (ng/ml) 13.65 [9.76; 17.52] 15.89 [14.78; 23.11] 0.027
CTX (ng/ml) 0.2 [0.135; 0.305] 0.36 [0.24; 0.38] 0.044

BMD, TBS and Z-score

Parameters Median, IQR (25;75)% for patients with postsurgical
hypoparathyroidism

Median, IQR (25;75)% for patients with non-surgical
hypoparathyroidism

Years 18-50 years >50 years >=18 years
L2-L4 BMD 1.333 (1.221; 1.445) 1.224 (0.947; 1.341) 1.173 (1.043; 1.304)
L2-L4 SD (Z-score) 1.1 (-0.5; 2.3) 0.4 (-2.1; 2.2) 1.4 (0.6; 3.3)
Femur Neck BMD 1.034 (0.968; 1.077) 0.955 (0.844; 1.108) 1.078 (1.042; 1.114)
Femur Neck SD (Z -score) 0 (-0.6; 1.0) 0 (-1.6; 0.8) 0.75 (0.6; 1.6)
Total hip BMD 1.084 (1.006; 1.192) 1.087 (0.941; 1.231) 1.07 (0.996; 1.144)
Total hip SD (Z-score) 0.4 (-0.3; 1.8) 1.4 (0.7; 2.0) 0.6 (0.3; 1.9)
Radius Total BMD 0.703 (0.677; 0.751) 0.708 (0.600; 0.774) 0.73 (0.643; 0.817)
Radius Total SD (Z-score) 0.2 (-0.3; 1.0) 1.3 (0; 2.6) 0.95 (0.2; 1.0)
Radius 33% BMD 0.888 (0843; 0.929) 0.910 (0.734; 0.977) 0.891 (0.868; 0.915)
Radius 33% SD (Z-score) 0.1 (-0.4; 0.4) -0.3 (-3.4; 1.0) -0.2 (-0.5; 0.45)
TBS 1.53 (1.39; 1.58) 1.42 (1.34; 1.54) 1.48 (1.37; 1.64)
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thyroid pathology in this population and a greater adherence to
examination and, consequently, a higher frequency of neck
surgery. The volume of surgical intervention is an independent
risk factor for the development of chronic hypoparathyroidism;
therefore, thyroid cancer and nontoxic goiter predominate in the
structure of preoperative pathology (11).

Currently special attention is paid to the problem of
“uncontrolled” hypoparathyroidism, not only associated with
deviations in the calcium-phosphorus levels, but also with long-
term complications and their predictors, substantial symptoms
and decreased patient health-related QoL (12). In this study,
about half of the patients had targets for serum calcium (34% -
2.1-2.3 mmol/l, 22% - >2.3 mmol/l) and phosphorus (52% in
RR). The obtained data confirm the absence of adequate disease
control in a large percentage of patients and the need for timely
monitoring and medical treatment (8, 12, 13). The existing
recommendations for the management of patients with chronic
hypoparathyroidism do not have clear recommendations on the
timing of examination for the disease complications of the
disease. The analysis of large databases especial with the long-
term follow-up can help to create the evidence-based
recommendations on this subject.

The renal impairment is the most common long-term
complication of chronic hypoparathyroidism. Аccording to
different cohort studies, the frequency of nephrocalcinosis/
nephrolithiasis varies from 12 to 57%, while the risks of their
manifestation are 5 times higher than in the general population
(14, 15). Similar results were noted for renal function. The
retrospective data from the Massachusetts General Hospital
demonstrated that the frequency of CKD stage 3-5 in patients
with hypoparathyroidism was 2-fold to 35-fold greater than age-
appropriate normal values. Renal failure with a decrease in GFR less
than 60ml/min/1.73m2was recorded in 12–41%of cases. The other
studies fromDenmark showed the threefoldhigher risks of the renal
insufficiency inpostsurgical hypoparathyroidism[hazard ratio (HR)
3.10, 95% CI 1.73–5.55] and six fold higher risks in non-surgical
hypoparathyroidism (HR 6.01, 95% CI 2.45–14.75). Renal stones
were foundmore frequent in postsurgical hypoparathyroidism (HR
4.02, 95%CI1.64–9.90) after adjustment for prior diabetes and renal
disease (16). In our study 39% of patients had renal disease imaging,
among them nephrolithiasis or nephrocalcinosis were detected in
32.6 and in12.3%respectively, anGFR less than60mL/min/1.73m2
(CKD grade 3-5) was observed in 15.8% of patients. According to
our results, the longer duration of disease is crucial for the risks of
nephrocalcinosis/nephrolithiasis and CKD with decreased GFR
regardless of the hypoparathyroidism etiology. The cut-off points
were 4.5 and 13.5 respectively.

Hypercalciuria is generally considered to be the most common
metabolic risk factor for calcium nephrolithiasis. Calcium oxalates
and/or phosphates are predominant renal stones comprising about
80-90% of all urinary calculi (17). Patients with hypoparathyroidism
due to lack of PTH effects, may have an increased level of urinary
calcium. In this instance hypercalciuria is associated with elevated
blood calcium levels (the concentration of calcium in urine increases
byanaverageof50mg/day for each increase in serumcalciumlevelby
1mg/dL, P<0.001) (14).We did not confirm a significant association
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between nephrocalcinosis/nephrolithiasis and hypercalciuria, only
the tendency, but one of the reasonsmay be insufficient examination
of patients.

The association between hypoparathyroidism and cataract,
primarily of the posterior subcapsular type, was described
for non-surgical hypoparathyroidism. Underbjerg et al. showed
the increased risks to develop cataracts in non-surgical
hypoparathyroidism versus control group (HR 4.21, 95% CI
2.13–8.34), with a younger age of onset (53 vs 60 years). There
was no difference between patients with postsurgical
hypoparathyroidism and controls in incidence (HR 1.17, 95% CI
0.66–2.09) or age of onset (5, 18). In the present study, cataract was
diagnosed in 9.4% of patients, there was no difference in
postsurgical and non-surgical groups (р=0.483).This is likely to
be explained due to the high disease duration in both groups. The
cut-off point for the development of cataracts was 9.5 years, with a
6.96-fold increased risk, after adjustment for age OR= 5.40.

Basal ganglia calcification is a severe complication of chronic
hypoparathyroidism and can be observed in 52–74% of cases (19–
21). In the present study, 8% of patients underwent the CT Scan of
the Head/Brain at baseline evaluation, where basal ganglia
calcification was revealed in more than in a half of cases. The
risks of developing neuropsychiatric disorders are 2.01–2.45 times
higher than in the general population (18, 22, 23). In our cohort, the
common prevalence of neuropsychiatric disorders was 5.15%,
although this is most likely due to the low referral to a psychiatrist.

Both hypo- and hypercalcemia increase the risk of cardiac
arrhythmias. In case of hypoparathyroidism the rhythm
disorders develop more often as a result of acute hypocalcemia,
which causes QT prolongation. However, these arrhythmias are
generally reversible after reaching target calcium values.
According to our results, the incidence of this complication
was 7.17%. Additionally, chronic hypocalcemia can cause dilated
cardiomyopathy, but it is an uncommon condition (24).

Bone disease occurs in hypoparathyroidism due to the absence or
low levels of PTH and so markedly reduced bone remodeling. Low
levels of PTH lead to a low bone turnover state, usually resulting in
increased BMD onDXA than in age- and sex-matched controls (14,
25) as well as in microarchitectonics changes confirmed by bone
biopsies, micro-CT, peripheral quantitative CT and high-resolution
peripheral quantitativeCT(26).Results fromthe studybyRubin et al.
confirmed the increase in cancellous bone volume and trabecular
thickness in hypoparathyroid subjects, and demonstrated higher
trabecular number and trabecular connectivity in comparison with
matched control subjects. In addition, the structural model index is
lower in hypoparathyroidism (27). Whether this increased BMD
influenceson fracture risk is less certain,becausewhile increasedbone
mineralization may be associated with increased brittleness of bone,
this does not appear to be the case in hypoparathyroidism (25, 28).

Unexpected, but in our work, the BMD values also remained
within the normal range in all parts of the skeleton which is likely
to be due to the initial heterogeneity of the studied group at the time
of thefirst entry of data into the registermap - the different duration
of disease, gender, age and others.We have not analyzed other facts
that can affect the BMD such glucocorticoid intake, diabetes
mellitus, smoking, which is a limitation of the current study. At
February 2022 | Volume 13 | Article 800119
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the same time, Sakane et al. have observed that the most patients
with postsurgical hypoparathyroidismhadhad theDXAfindings in
the normal range but the time elapsed from surgery positively
correlatedwithBMDvalues.Wehave also showed that theduration
of the disease had a positive correlation with Z-score in the axial
skeleton - L2-L4, femur neck and total hip but not in the Radius.

TBS has been previously validated as a tool to estimate bone
quality in several conditions especially in postmenopausal
osteoporosis. Cipriani et al. evaluated the TBS of patients with
various causes of chronic hypoparathyroidism. The mean TBS
values in their population remained in normal range, 1.44 ± 0.12
(29), consistent with our results, even when women were divided
into postmenopausal and premenopausal groups. In the study of
Sakane et al. the mean TBS value was 1.386 ± 0.140, 32.2% of the
results were under than 1.310. TBS values correlated negatively
with BMI, age, and glycaemia, whereas abnormal TBS correlated
with osteopenia, diabetes mellitus 2, low-impact fracture and
menopause. Thus, the authors concluded that factors related to
loss of bone mass in the general population also can affect the
bone microarchitecture in hypoparathyroidism (30).

In our work, the BMD values also remained within the
normal range in all parts of the skeleton; TBS demonstrated
preserved microarchitectonics. However, the mean value of bone
turnover markers was low to normal which is consistent with the
results of other studies (31).

Conventional therapy is first-line therapy and based on
calcium and vitamin D supplementation. Dietary calcium is
frequently suboptimal in the healthy adult population, and
even more likely to be inadequate for managing chronic
hypoparathyroidism without calcium supplementation. Up to
83-93% of patients with chronic hypoparathyroidism adhere to
this therapy, usually, the daily dosage of alfacalcidol/calcitriol
ranges from 0.5 to 3.0 mcg, calcium supplements - 1000–2000
mg/day (32). In our study, the majority of patients (83.5%) was
treated with calcium and vitamin D supplements (metabolites
and analogs). 22% required more than 2,500 mg/day of elemental
calcium per day and 6% - >3 mcg of alfacalcidol or calcitriol.
Patients are also typically supplemented with either of the two
parental forms of vitamin D (cholecalciferol). The rationale for
using these forms of vitamin D is that many tissues generate their
own 1,25-dihydroxyvitamin D and other metabolites of vitamin
D that may have beneficial nonskeletal effects (33, 34). In our
study, the cholecalciferol was taken by 48% of patients with mean
doses 2800 IU/day (min: 100, max: 5000).

Dihydrotachysterol should not be used for the treatment of
chronic hypoparathyroidism first of all due to the high risks of
hypercalcemic episodes (up to hypercalcemic crisis). The other
side effects of the drug include nephrocalcinosis and progressive
renal failure (35, 36). In some cases, patients were treated non-
rationale – 3.13% only salt of calcium and 1.1% only native form
vitamin D (cholecalciferol).

The replacement therapy in chronic hypoparathyroidism could
be an option for patients with a severe course of disease. The FDA
approvedonce-daily rhPTH(1–84) foradjunctive therapyof chronic
hypoparathyroidism in adults, later this drug received approval by
the EMA. Unfortunately, rhPTH (1–84) was recalled by the FDA in
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2019, due to technical problems with the delivery device and the
recall is expected to remain in force through mid-2022. Only
Teriparatide (PTH (1–34)) is the recombinant PTH available in
the Russian Federation. It is registered for the treatment of
osteoporosis, but there is long-term data from research studies
regarding PTH (1–34) treatment in adults and children with
hypoparathyroidism (37). There is a positive 10 years experience
ofusing teriparatidewithmultipledaily injections in14childrenwith
chronic non-surgical hypoparathyroidism. There was a significant
decrease in the need for calcium and vitaminD supplements, as well
as a positive dynamics in bone remodeling markers. However,
further randomized clinical trials are required to assess the safety
of therapy in different age groups of patients. In our study, 5 patients
were treatedwith rhPTH(1–34)bydecisionof themedical council in
the specialized endocrinological centers. Teriparatidewas prescribed
only in case of poor disease control and life-threatening
hypocalcaemia despite large doses of calcium and vitamin D
supplements. Difficulties in achieving target calcium levels were
associated more often with malabsorption syndrome. The decision
was based on the order of the Ministry of Health and Social
Development of the Russian Federation of 08.09.2005 N494 (“The
use of drugs in patients according to vital indications”).

Limitations
There is a retrospective studywith the limitations inherent to the loss
of data inserted to the Registry platform. Moreover, there is a
multicenter study. The labor parameters were determined in
different laboratories, as well as instrumental studies were
performed by various specialists on different equipment. The
Russian clinical guidelines for hypoparathyroidism were created
and approved only in 2021, thus there was no official standard for
examining patients. Moreover due to the widely lack of
recommendations for complications screening (frequency of
ophthalmic examination, СT of brain, regular electrocardiography),
the most patients had no data about these complications. The
extended examination in presented study was performed only in
hospital patients mostly in Endocrinology Research Centre.

CONCLUSION
This study represents the one of the first large-scale
epidemiological assessments of chronic hypoparathyroidism in
the Russian Federation. Analysis of the presented database
indicates insufficient diagnosis of the complications in patients
with chronic hypoparathyroidism, especially with regard to long-
term complications. Overall, hypoparathyroidism and its long-
term standard therapy are associated with higher risks of renal
stone formation, decreased GFR, especially in those with episodes
of treatment-induced hypercalcemia, ectopic calcifications,
impaired QoL. Noteworthy is a large percentage of patients with
inadequate treatment options, which indicates insufficient therapy
and lack of control over the disease. The analysis of large databases
of patients with chronic hypoparathyroidism is a necessary tool to
enhance quality of medical care, as well as to determine the optimal
clinical and therapeutic approaches, prognostic markers of
disease complications.
February 2022 | Volume 13 | Article 800119

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Kovaleva et al. The Russian Registry of Chronic Hypoparathyroidism
DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available
because this database is copyrighted. Requests to access the
datasets should be directed to Elena V. Kovaleva,
elen.v.kovaleva@gmail.com.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee (Protocol No. 18 dated
October 11, 2017). Written informed consent to participate in
this study was provided by the participants or participants’ legal
guardian/next of kin.
Frontiers in Endocrinology | www.frontiersin.org 10
AUTHOR CONTRIBUTIONS

GM and NM contributed to conception and design of the study.
EK, AKE, ARE, JK, EB, IM, AG, and ED organized the database.
ARE performed the statistical analysis. EK and AKE wrote the
first draft of the manuscript. JK, EB, IM, AG, and ED wrote
sections of the manuscript. All authors contributed to
manuscript revision, read, and approved the submitted version.
FUNDING

The study was supported by the Ministry of Science and Higher
Education of the Russian Federation (agreement no. 075-15-
2020-899).
REFERENCES
1. Bilezikian JP. Hypoparathyroidism. J Clin Endocrinol Metab (2020) 105

(6):1722–36. doi: 10.1210/clinem/dgaa113
2. Grodski S, Serpell J. Evidence for the Role of Perioperative PTHMeasurement

After Total Thyroidectomy as a Predictor of Hypocalcemia. World J Surg
(2008) 32(7):1367–73. doi: 10.1007/s00268-008-9545-5

3. Lorente-Poch L, Sancho JJ, Ruiz S, Sitges-Serra A. Importance of in Situ
Preservation of Parathyroid Glands During Total Thyroidectomy. Br J Surg
(2015) 102(4):359–67. doi: 10.1002/bjs.9676

4. Bollerslev J, Rejnmark L, Marcocci C, Shoback DM, Sitges-Serra A, van Biesen
W, et al. European Society of Endocrinology. European Society
of Endocr inology Clinical Guidel ine : Treatment of Chronic
Hypoparathyroidism in Adults. Eur J Endocrinol (2015) 173(2):G1–20.
doi: 10.1530/EJE-15-0628

5. Underbjerg L, Sikjaer T, Mosekilde L, Rejnmark L. The Epidemiology of
Nonsurgical Hypoparathyroidism in Denmark: A Nationwide Case Finding
Study. J Bone Miner Res (2015) 30(9):1738–44. doi: 10.1002/jbmr.2501

6. Underbjerg L, Sikjaer T, Mosekilde L, Rejnmark L. Cardiovascular and Renal
Complications to Postsurgical Hypoparathyroidism: A Danish Nationwide
Controlled Historic Follow-Up Study. J Bone Miner Res (2013) 28(11):2277–
85. doi: 10.1002/jbmr.1979

7. Astor MC, Løvås K, Debowska A, Eriksen EF, Evang JA, Fossum C, et al.
Epidemiology and Health-Related Quality of Life in Hypoparathyroidism in
Norway. J Clin Endocrinol Metab (2016) 101(8):3045–53. doi: 10.1210/
jc.2016-1477

8. Gronskaia S, Melnichenko G, Rozhinskaya L, Grebennikova T, Mamedova E,
Pigarova E, et al. A Registry for Patients With Chronic Hypoparathyroidism
in Russian Adults. Endocr Connect (2020) 9(7):627–36. doi: 10.1530/EC-20-
0219

9. Konca Degertekin C, Gogas Yavuz D, Pekkolay Z, Saygili E, Ugur K, Or Koca
A, et al. Identifying Clinical Characteristics of Hypoparathyroidism in
Turkey: HIPOPARATURK-NET Study. Calcif Tissue Int (2021) 110
(2):204–14. doi: 10.1007/s00223-021-00908-2

10. Marcucci G, Cianferotti L, Parri S, Altieri P, Arvat E, Benvenga S, et al.
Hypoparanet: A Database of Chronic Hypoparathyroidism Based on Expert
Medical-Surgical Centers in Italy. Calcif Tissue Int (2018) 103:151–63.
doi: 10.1007/s00223-018-0411-7

11. Powers J, Joy K, Ruscio A, Lagast H. Prevalence and Incidence of
Hypoparathyroidism in the United States Using a Large Claims Database.
J Bone Miner Res (2013) 28(12):2570–6. doi: 10.1002/jbmr.2004

12. Siggelkow H, Clarke BL, Germak J, Marelli C, Chen K, Dahl-Hansen H, et al.
Burden o f I l ln e s s in Not Adequa t e l y Con t ro l l ed Chron i c
Hypoparathyroidism: Findings From a 13-Country Patient and Caregiver
Survey. Clin Endocrinol (Oxf) (2020) 92(2):159–68. doi: 10.1111/cen.14128

13. Hamdy NAT, Decallonne B, Evenepoel P, Gruson D, van Vlokhoven-Verhaegh
L. Burden of Illness in Patients With Chronic Hypoparathyroidism Not
Adequately Controlled With Conventional Therapy: A Belgium and the
Netherlands Survey. J Endocrinol Invest (2021) 44(7):1437–46. doi: 10.1007/
s40618-020-01442-y

14. Mitchell DM, Regan S, Cooley MR, Lauter KB, Vrla MC, Becker CB, et al.
Long-Term Follow-Up of Patients With Hypoparathyroidism. J Clin
Endocrinol Metab (2012) 97(12):4507–14. doi: 10.1210/jc.2012-1808

15. Levy I, Licht C, Daneman A, Sochett E, Harrington J. The Impact of
Hypoparathyroidism Treatment on the Kidney in Children: Long-Term
Retrospective Follow-Up Study. J Clin Endocrinol Metab (2015) 100
(11):4106–13. doi: 10.1210/jc.2015-2257

16. Cusano NE, Bilezikian JP. Signs and Symptoms of Hypoparathyroidism.
Endocrinol Metab Clin North Am (2018) 47(4):759–70. doi: 10.1016/
j.ecl.2018.07.001

17. Sorensen MD. Calcium Intake and Urinary Stone Disease. Transl Androl Urol
(2014) 3(3):235–40. doi: 10.3978/j.issn.2223-4683.2014.06.05

18. Underbjerg L, Sikjaer T, Mosekilde L, Rejnmark L. Postsurgical
Hypoparathyroidism–Risk of Fractures, Psychiatric Diseases, Cancer,
Cataract, and Infections. J Bone Miner Res (2014) 29(11):2504–10.
doi: 10.1002/jbmr.2273

19. Goswami R, Sharma R, Sreenivas V, Gupta N, Ganapathy A, Das S. Prevalence
and Progression of Basal Ganglia Calcification and its Pathogenic Mechanism
in Patients With Idiopathic Hypoparathyroidism. Clin Endocrinol (Oxf)
(2012) 77(2):200–6. doi: 10.1111/j.1365-2265.2012.04353.x

20. Kwasnicki A, McGuire LS, Lichtenbaum R. Neurologic Clinical
Manifestations of Fahr Syndrome and Hypoparathyroidism. World
Neurosurg (2020) 144:115–6. doi: 10.1016/j.wneu.2020.07.160

21. Zavatta G, Clarke BL. Basal Ganglia Calcification in Hypoparathyroidism and
Pseudohypoparathyroidism: Local and Systemic Metabolic Mechanisms.
J Endocrinol Invest (2021) 44(2):245–53. doi: 10.1007/s40618-020-01355-w

22. Kim SH, Rhee Y, Kim YM, Won YJ, Noh J, Moon H, et al. Prevalence and
Complications of Nonsurgical Hypoparathyroidism in Korea: A Nationwide
Cohort Study. PLoS One (2020) 15(5):e0232842. doi: 10.1371/
journal.pone.0232842

23. Sardella A, Bellone F, Morabito N, Minisola S, Basile G, Corica F, et al. The
Association Between Hypoparathyroidism and Cognitive Impairment: A
Systematic Review. J Endocrinol Invest (2021) 44(5):905–19. doi: 10.1007/
s40618-020-01423-1

24. Brown SJ, Ruppe MD, Tabatabai LS. The Parathyroid Gland and Heart
Disease. Methodist Debakey Cardiovasc J (2017) 13(2):49–54. doi: 10.14797/
mdcj-13-2-49

25. Laway BA, Goswami R, Singh N, Gupta N, Seith A. Pattern of Bone Mineral
Density in Patients With Sporadic Idiopathic Hypoparathyroidism. Clin
Endocrinol (Oxf) (2006) 64(4):405–9. doi: 10.1111/j.1365-2265.2006.02479.x

26. Sakane EN, Vieira MCC, Lazaretti-Castro M, Maeda SS. Predictors of Poor
Bone Microarchitecture Assessed by Trabecular Bone Score in Postsurgical
Hypoparathyroidism. J Clin Endocrinol Metab (2019) 104(12):5795–803.
doi: 10.1210/jc.2019-00698
February 2022 | Volume 13 | Article 800119

mailto:elen.v.kovaleva@gmail.com
https://doi.org/10.1210/clinem/dgaa113
https://doi.org/10.1007/s00268-008-9545-5
https://doi.org/10.1002/bjs.9676
https://doi.org/10.1530/EJE-15-0628
https://doi.org/10.1002/jbmr.2501
https://doi.org/10.1002/jbmr.1979
https://doi.org/10.1210/jc.2016-1477
https://doi.org/10.1210/jc.2016-1477
https://doi.org/10.1530/EC-20-0219
https://doi.org/10.1530/EC-20-0219
https://doi.org/10.1007/s00223-021-00908-2
https://doi.org/10.1007/s00223-018-0411-7
https://doi.org/10.1002/jbmr.2004
https://doi.org/10.1111/cen.14128
https://doi.org/10.1007/s40618-020-01442-y
https://doi.org/10.1007/s40618-020-01442-y
https://doi.org/10.1210/jc.2012-1808
https://doi.org/10.1210/jc.2015-2257
https://doi.org/10.1016/j.ecl.2018.07.001
https://doi.org/10.1016/j.ecl.2018.07.001
https://doi.org/10.3978/j.issn.2223-4683.2014.06.05
https://doi.org/10.1002/jbmr.2273
https://doi.org/10.1111/j.1365-2265.2012.04353.x
https://doi.org/10.1016/j.wneu.2020.07.160
https://doi.org/10.1007/s40618-020-01355-w
https://doi.org/10.1371/journal.pone.0232842
https://doi.org/10.1371/journal.pone.0232842
https://doi.org/10.1007/s40618-020-01423-1
https://doi.org/10.1007/s40618-020-01423-1
https://doi.org/10.14797/mdcj-13-2-49
https://doi.org/10.14797/mdcj-13-2-49
https://doi.org/10.1111/j.1365-2265.2006.02479.x
https://doi.org/10.1210/jc.2019-00698
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Kovaleva et al. The Russian Registry of Chronic Hypoparathyroidism
27. Rubin MR, Dempster DW, Kohler T, Stauber M, Zhou H, Shane E, et al. Three
Dimensional Cancellous Bone Structure in Hypoparathyroidism. Bone (2010)
46(1):190–5. doi: 10.1016/j.bone.2009.09.020

28. Chan FKW, Tiu S-C, Choi K-L, Choi C-H, Kong APS, Shek C-C. Increased
Bone Mineral Density in Patients With Chronic Hypoparathyroidism. J Clin
Endocrinol Metab (2003) 88(7):3155–9. doi: 10.1210/jc.2002-021388

29. Cipriani C, Abraham A, Silva BC, Cusano NE, Rubin MR, McMahon DJ, et al.
Skeletal Changes After Restoration of the Euparathyroid State in Patients
With Hypoparathyroidism and Primary Hyperparathyroidism. Endocrine
(2017) 55(2):591–8. doi: 10.1007/s12020-016-1101-8

30. Clarke BL. Bone Disease in Hypoparathyroidism. Arq Bras Endocrinol
Metabol (2014) 58(5):545–52. doi: 10.1590/0004-2730000003399

31. Tecilazich F, Formenti AM, Frara S, Giubbini R, Giustina A. Treatment of
Hypoparathyroidism. Best Pract Res Clin Endocrinol Metab (2018) 32(6):955–
64. doi: 10.1016/j.beem.2018.12.002

32. Brandi ML, Bilezikian JP, Shoback D, Bouillon R, Clarke BL, Thakker RV,
et al. Management of Hypoparathyroidism: Summary Statement and
Guidelines. J Clin Endocrinol Metab (2016) 101(6):2273–83. doi: 10.1210/
jc.2015-3907

33. Chang YK, Lang BHH. To Identify or Not to Identify Parathyroid Glands
During Total Thyroidectomy. Gland Surg (2017) 6(Suppl 1):S20–9.
doi: 10.21037/gs.2017.06.13

34. Jensterle M, Pfeifer M, Sever M, Kocjan T. Dihydrotachysterol Intoxication
Treated With Pamidronate: A Case Report. Cases J (2010) 3:78. doi: 10.1186/
1757-1626-3-78

35. Quack I, Zwernemann C, Weiner SM, Sellin L, Henning BF, Waldherr R, et al.
Dihydrotachysterol Therapy for Hypoparathyroidism: Consequences of
Frontiers in Endocrinology | www.frontiersin.org 11
Inadequate Monitoring. Five Cases and a Review. Exp Clin Endocrinol
Diabetes (2005) 113(7):376–80. doi: 10.1055/s-2005-865724

36. Zavatta G, Clarke BL. Challenges in the Management of Chronic
Hypoparathyroidism. Endocr Connect (2020) 9(10):R229–40. doi: 10.1530/
EC-20-0366

37. Winer KK, Kelly A, Johns A, Zhang B, Dowdy K, Kim L, et al. Long-Term
Parathyroid Hormone 1-34 Replacement Therapy in Children With
Hypoparathyroidism. J Pediatr (2018) 203:391–9.e1. doi: 10.1016/
j.jpeds.2018.08.010

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Kovaleva, Eremkina, Elfimova, Krupinova, Bibik, Maganeva,
Gorbacheva, Dobreva, Melnichenko and Mokrysheva. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
February 2022 | Volume 13 | Article 800119

https://doi.org/10.1016/j.bone.2009.09.020
https://doi.org/10.1210/jc.2002-021388
https://doi.org/10.1007/s12020-016-1101-8
https://doi.org/10.1590/0004-2730000003399
https://doi.org/10.1016/j.beem.2018.12.002
https://doi.org/10.1210/jc.2015-3907
https://doi.org/10.1210/jc.2015-3907
https://doi.org/10.21037/gs.2017.06.13
https://doi.org/10.1186/1757-1626-3-78
https://doi.org/10.1186/1757-1626-3-78
https://doi.org/10.1055/s-2005-865724
https://doi.org/10.1530/EC-20-0366
https://doi.org/10.1530/EC-20-0366
https://doi.org/10.1016/j.jpeds.2018.08.010
https://doi.org/10.1016/j.jpeds.2018.08.010
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	The Russian Registry of Chronic Hypoparathyroidism
	Introduction
	Materials and Methods
	Study design

	Results
	Etiology
	Biochemical Data
	Complications
	Severe Acute Hypocalcemia
	Kidney
	Brain
	Neuropsychiatric Disturbances
	Ophthalmological Disease
	Heart Disturbances
	Bone Status

	Medical Therapy

	Discussion
	Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


