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Abstract

Background: Hypoparathyroidism (HypoPT) or pseudo-hypoparathyroidism (pseudo-HypoPT) during pregnancy
may cause maternal and fetal/neonatal complications. In this regard, only a few case reports or case series of pregnant
or lactating women have been published. The purpose of this study was to describe clinical and biochemical course,
pharmacological management, and potential adverse events during pregnancy and post-partum in pregnant women
with HypoPT or pseudo-HypoPT. This was a retrospective, observational, multicenter, study involving nine Italian refer-
ral centers for endocrine diseases affiliated with the Italian Society of Endocrinology and involved in “Hypoparathy-
roidism Working Group”.

Results: This study identified a cohort of 28 women (followed between 2005 and 2018) with HypoPT (n=25, 84%
postsurgical, 16% idiopathic/autoimmune) and pseudo-HypoPT (n =3). In HypoPT women, the mean calcium
carbonate dose tended to increase gradually from the first to third trimester (4 12.6%) in pregnancy. This average
increase in the third trimester was significantly greater compared to the pre-pregnancy period (p value =0.03).
However, analyzing the individual cases, in 44% the mean calcium dosage remained unchanged throughout gesta-
tion. Mean calcitriol doses tended to increase during pregnancy, with a statistically significant increase between the
third trimester and the pre-pregnancy period (p value =0.02). Nevertheless, analyzing the individual cases, in the third
trimester most women with HypoPT (64%) maintained the same dosage of calcitriol compared to the first trimester.
Both mean calcium carbonate and calcitriol doses tended to decrease from the third trimester to the post-partum
six months. Most identified women (~70%) did not display maternal complications and (~90%) maintained mean
serum albumin-corrected total calcium levels within the low-to-mid normal reference range (8.5 £ 0.8 mg/dl) during
pregnancy. The main complications related to pregnancy period included: preterm birth (n =3 HypoPT women), and
history of miscarriages (n =6 HypoPT women and n=2 pseudo-HypoPT women).
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pregnancy and breastfeeding is highly recommended.

Calcium carbonate, Calcitriol, Preterm birth, Miscarriages

Conclusion: This study shows that mean serum albumin-corrected total calcium levels were carefully monitored dur-
ing pregnancy and post-pregnancy, with limited evaluation of other biochemical parameters, such as serum phos-
phate, 24 h urinary calcium, 25-OH vitamin D, and creatinine clearance. To avoid complications in mothers affected
by (HypoPT) or (pseudo-HypoPT) and offspring, intense biochemical, clinical and pharmacological monitoring during

Keywords: Hypoparathyroidism, Pseudohypoparathyroidism, Hypocalcemia, Pregnancy, Breastfeeding, Treatment,

Background

Parathyroid hormone (PTH) is essential for calcium
homeostasis, and pregnancy is known for an increased
calcium requirement [1]. During pregnancy and breast-
feeding, physiological changes of maternal calcium
metabolism take place to ensure both an adequate fetal
skeleton mineralization, with approximately 80% of the
mineral accruing in the fetus in the third trimester [2],
and a sufficient amount of calcium in the breast milk [3,
4]. Essential minerals, such as calcium, phosphate, and
magnesium circulating in the pregnant woman are deliv-
ered against a concentration gradient by the placenta to
the fetus [5, 6]. In case of low maternal serum calcium, to
provide adequate amounts of calcium to the fetus, the ion
is made available at the expense of the maternal skeleton
[5-7].

A status of chronic maternal hypocalcemia, due to
hypoparathyroidism (HypoPT) or pseudo-hypoparath-
yroidism (pseudo-HypoPT) not properly treated with
calcium supplements and active vitamin D metabolites
(calcitriol) or analogues (alfacalcidol), can cause a reduc-
tion in placental transfer of calcium to the fetus [4, 8-
12]. However, fetal hypocalcemia does not develop until
maternal serum calcium level is severely reduced [4]. In
pregnancy, either maternal hypercalcemia or hypocal-
cemia may impact fetal development of the parathyroid
glands [1, 4, 13, 14].

During pregnancy, the challenge of pharmacological
management is to maintain normal calcium and phos-
phate levels in both plasma and urine, periodically evalu-
ating these markers and the variable individual responses
to treatment [15-18]. Calcium and active vitamin D
requirements can change dramatically during pregnancy;,
which may require frequent dose adjustments [4, 15,
19]. The clinical course and therapeutic management of
HypoPT during pregnancy is still not fully clarified, due
to the few case reports or case series published in litera-
ture [4].

The aim of this study was to conduct a retrospective
observational investigation on pregnant women affected
by HypoPT or pseudo-HypoPT to evaluate clinical and
biochemical course and pharmacological management
during pregnancy and postpartum period.

Subjects and methods

This is a large retrospective, observational, multicenter,
study conducted in women affected by HypoPT or
pseudo-HypoPT, who had at least one pregnancy. This
project involved nine Italian referral centers for endo-
crine diseases, affiliated with the Italian Society of Endo-
crinology (Societa Italiana di Endocrinologia, S.LE.) and
involved in the "HypoparaNet" research group (HypoPT
working group) [20, 21].

The purpose of the project was to retrospectively
review medical records evaluating the clinical and bio-
chemical course and pharmacological management of
women affected by chronic HypoPT or pseudo-HypoPT
during pregnancy and the postpartum period, from 2005
to 2018.

The inclusion criteria included: (1) history of chronic
HypoPT for >12 months post-diagnosis; or pseudo-
HypoPT diagnosis; (2) history of one pregnancy, followed
at specialized endocrinology centers; and (3) capability of
providing written informed consent.

All clinical data were collected anonymously with the
initials of the name and date of birth of each patient,
using an electronic Excel sheet. The blood-urinary
exams, collected on average every 4 weeks during preg-
nancy, were analysed and their average concentrations
were calculated within each trimester of pregnancy. The
calcium carbonate dosage is expressed in terms of ele-
mental calcium.

Analysis of frequencies and descriptive statistics were
performed using the IBM Statistical Package for Social
Sciences (SPSS 20.0) for Windows (IBM, Armonk, NY,
USA). Data are presented as mean £ SD (Standard Devia-
tion), unless otherwise stated. Repeated measures-related
differences were evaluated by using Student’s t-test for
paired sample. P value of less than or equal to 0.05 was
considered statistically significant. For all the variables
that did not meet the assumptions for parametric anal-
ysis, the Wilcoxon Signed-Rank Test was employed to
assess paired data. Due to sample size constraints, infer-
ential analyses for repeated measures were performed
only on the chronic HypoPT sample.

The study was approved by the Institutional Review
Board (Comitato Etico Area Vasta Centro, AUOC,
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Florence, Italy) [number: 10641_oss; 16 May 2017].
Informed consent was collected in accordance with Gen-
eral Authorization to Process Personal Data for Scientific
Research Purposes (Authorization no. 9/2013, The Ital-
ian Data Protection Authority). The study was conducted
according to the Declaration of Helsinki.

Results

Study population

Twenty-five women with chronic HypoPT and 3 with
pseudo-HypoPT, who had at least one pregnancy, were
identified. The results presented are focused on the first
pregnancies, since the analysis conducted in the small
subgroup (n=8) with second and third pregnancies
showed no differences.
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Most of the chronic HypoPT cases were post-neck sur-
gical for thyroid goiter or tumor, followed by 2 probable
autoimmune HypoPT cases (no AIRE gene mutations
were detected, but one patient also had chronic autoim-
mune thyroiditis and another had celiac disease), and 2
idiopathic HypoPT cases. Two women with pseudo-
HypoPT type 1B had GNAS gene (Guanine Nucleotide
binding protein, Alpha Stimulating) methylation altera-
tions, and 1 woman with pseudo-HypoPT type 1A had
GNAS gene mutation (GNAS c.568_571del).

All data collected during pre-pregnancy period (pre-
vious six months) are summarized in Table 1. History
of spontaneous miscarriages was present in 24% (6/25)
women with HypoPT, and in 66.6% (2/3) women with
pseudo-HypoPT. Among these, all the women had spon-
taneous miscarriages in the first trimester, and all except

Table 1 Descriptive data of women with chronic HypoPT and pseudo-HypoPT at the pre-pregnancy period (previous six months),
regarding pharmacological treatment, biochemical exams, clinical manifestations, and other data

Hypo-PT (n=25)

Pseudo-HypoPT (n=3)

Medications Number Mean+SD Range Number Mean +SD Range
Calcium carbonate, mg/day 24 1416.7+£8765  500-4000 3 500 -
Calcium citrate, mg/day 1 500 - 0 0 -
Calcitriol, ug/day 25 0.79+0.51 0.25-3.0 3 0.67+£0.14 0.50-0.75
Alfacalcidol, pg/day 1 0.25 0.25 0 0 -
Cholecalciferol, IU/day 9 9775+4134 400-1600 1 1,600 -
Biochemistry?

Albumin-corrected calcium, mg/dl [8.5-10.1] 15 8.2+0.7 6.8-9.1 2 93+£0.7 8.8-9.8
Total calcium serum, mg/dl [8.5-10.1] 25 8.3+08 6.7-9.6 3 9.1+£03 8.8-9.3
Phosphate serum, mg/dl [2.5-4.9] 19 43413 09-64 3 46407 3.8-5.1
Urinary calcium, mg/24 h [100-300] 10 2013+87.2 68-353.8 3 1224963 36.0-226
Creatinine, mg/dl [0.5-1.3] 16 0.7£0.1 0.5-09 3 0.7£0.1 0.6-0.8
Creatinine Clearance, ml/min [>60] 12 98.6+£16.0 76.6-120 3 763+11.8 69.0-90
PTH, pg/ml [10-65] 24 8.5+4.1 1-18 3 403+£237 14.0-59.9
25 (OH) vitamin D, ng/ml [30-100] 23 28.9+11.1 13.4-50.2 3 16.5+88 8.5-26
Magnesium, mg/dI [1.5-2.6] 12 18+04 0.8-22 3 19403 1.7-2.2
Miscellanea

Average duration of chronic HypoPT before 25 46436 1-15 - - -
the first pregnancy

Average age at first pregnancy 25 323+£53 21-45 3 336+£6 28-40
Mean dietary calcium intake, mg/daily 7 800+£230.9 500-1100 - - -
Body weight (Kg) 25 63.9+14.0 43-100 3 62472 56-70
Hypo-PT or Pseudo-HypoPT-related Number Number Frequency = Number Number Frequency
Clinical Manifestations® (Denominator) (Numerator) (Denominator) (Numerator)

Paresthesia 25 13 52% 3 1 33.3%
Cramps/tetany 25 3 12% 3 0 0

Kidney stones 25 1 4% 3 1 33.3%
Extraskeletal calcifications 25 0 0 3 2 66.7%

?The reference ranges are given in brackets. Values outside of the reference range are typed boldface

b Nephrocalcinosis and kidney failure (creatinine clearance < 30 ml/min) are not listed because absent in all women
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one had a single abortion. The only patient, who reported
two spontaneous abortions, was also affected by thalas-
semia major in addition to post-surgical HypoPT. In 2
cases of spontaneous miscarriages, calcium therapy was
stopped without consulting their physician and reported
hypocalcemia.

Only 3 women with HypoPT (12%, 3/25), average age
32 years (range: 29-35), underwent assisted reproduction
treatment; in 1/3, the reason was infertility of the partner.
Most of the women with HypoPT had a term birth (80%,
20/25); only 2 women (8%) had a post-term birth; 3 (12%)
women had a preterm birth. All pseudo-HypoPT women
had a term birth.

During pregnancy, 8/25 women with HypoPT (32%)
reported maternal complications, including pre-eclamp-
sia (n=2), premature rupture of membranes (n=2),
polyhydramnios (n=1), placenta previa (n=1), and ges-
tational diabetes (n=3). One woman had gestational dia-
betes and pre-eclampsia during a triplet pregnancy.
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One case of interventricular septal defect was reported
as neonatal complication among the newborns of women
with HypoPT, whereas 1 case of transient hypocalcemia
and 1 case of respiratory distress with pulmonary hyper-
tension were described in 2 newborns of women with
pseudo-HypoPT, the second carrying the same muta-
tion as his mother. However, complete data on the neo-
natological evaluation of newborns in all patients are not
available.

Mean calcium dietary intake during pregnancy was
738.9 mg/day+211.8 (range: 500-1200), and during
breastfeeding was 820 mg/day & 268 (range: 600—1200);
however, this data was available only for 10/25 (40%)
women with HypoPT.

Calcium and vitamin D supplementations

In the group of women with HypoPT, the mean calcium
carbonate dose tended to increase gradually from the first
trimester to the third trimester (4+12.6%) in pregnancy

Table 2 This table shows the supplementation with calcium and vitamin D (analogues and metabolites) and biochemical exams
during three trimesters of the pregnancy in women with HypoPT and with Pseudo-HypoPT

HypoPT women
I° trimester 1I° trimester 1I° trimester

Medications N Mean+SD Range N Mean+SD Range N Mean+SD Range
Calcium carbonate, mg/day 25 1600+ 1050 500-4000 25 1795£12656 250-6000 25 180241242 500-6000
Calcitriol, pg/day 25 08+04 0-2 25 1+£07 0-3 25 0944062 0-3
Cholecalciferol, IU/day 10 1059.74+5224 400-2000 8  1389.61+1063.6 400-3666.7 8 1121+£653  400-2000
Other biochemical exams?
Phosphate serum, mg/dl [2.5-4.9] 15 43+12 1.1-63 17 42412 1.3-5.8 15 43+1.1 1.8-5.8
Urinary calcium, mg/24 h [100-300] 5 2319+119 69-350 5 301+£2244 166-698 5 3794168 260-570
Creatinine, mg/dl [0.5-1.3] 15 0.740.1 0.5-09 9 0.640.1 04-0.8 12 0.740.1 0.5-0.8
Creatinine Clearance, ml/min [>60] 7 10494193 75-123 5 1106£16.1 90-127 5 974413 90-120
25 (OH) vitamin D, ng/ml [30-100] 9 31.9+£103 13-44 7 385+199 15-79.7 4 21.5+133 7-36.1
Magnesium, mg/dI [1.5-2.6] 8 17104 0.7-2 5 15+04 0.7-19 3 19401 1.8-19

Pseudo-

HypoPTwomen

1° trimester 1I° trimester II° trimester

Medications N Mean+SD Range N Mean+SD Range N  Mean+SD Range
Calcium carbonate, mg/day 3 8754530 500-1250 3 8754530 500-1250 3 1125£177  1000-1250
Calcitriol, pg/day 3 0.7£10 50-80 3 0.7+10 50-80 3 0.8+29 50-100
Cholecalciferol, IU/day 2 2466+£1225 1600-1333 2 2466£1225 1600-3333 2 2466+£1225 1600-3333
Other biochemical exams?
Albumin-corrected calcium, mg/dl [8.5-10.1] 3 93+08 8.7-9.8 3 92+02 9-94 3 9.1+£0.7 8.6-9.6
Phosphate serum, mg/dl [2.5-4.9] 2 41404 38-44 3 40407 35-48 3 39401 38-4
Urinary calcium, mg/24 h [100-300] 1 86+0 86-86 1 21540 215-215 1 156£0 156-156
Creatinine, mg/dl [0.5-1.3] 2 0.7£0.1 0.6-0.7 2 06+0 0.6-0.6 2 05+0 0.5-0.5

2The reference ranges are given in brackets. Values outside of the reference range are typed boldface
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Fig. 1 This figure shows the percentage differences of mean dosage of calcium carbonate, calcitriol and cholecalciferol during pregnancy
compared to the pre-pregnancy semester in HypoPT women

(Table 2). This average increase in the third trimester
was significantly greater compared to the pre-pregnancy
period (+385.5 mg/day, +27.2%; Z value=-2.21, p
value=0.03) (Fig. 1).

However, analyzing the individual cases, in a sub-
group of women (44%, 11/25) the mean calcium dos-
age remained wunchanged throughout gestation
(1222 £728 mg/day), as the mean dosage of calcitriol
(0.75+£0.36 pg/day).

In 36% of the women (9/25), the mean calcium dos-
age increased by 844 mg/day from the first trimester
(1565 +11.124) to the third trimester (2410 + 1595). Only
12% women (3/25) showed a decrease by an average of
450 mg/day in the third trimester (2367 £ 777), compared
to the first trimester (3000 1000), without substantial
variations in calcitriol dose (0.83 £0.14 pug/day).

The group of women who increased the calcium sup-
plementation dose during pregnancy had a mean cal-
cium dietary intake during pregnancy less than 1000 mg/
day, and reported more episodes of tetany/cramps and/
or paresthesia (77.7%, 7/9) associated to lower mean
albumin-corrected total calcium levels (8.10 mg/dl) com-
pared to those who could decrease the dosage (mean
serum calcium levels: 8.73 mg/dl), or who kept the same
dosage for the whole pregnancy (mean serum calcium
levels: 8.9 mg/dl).

The average dosage of calcitriol taken by HypoPT
women in the first trimester was equal to 0.8 pg/day. The
latter tended to increase during the second trimester to
1 pg/day, and then slightly decrease in the third trimes-
ter to 0.94 pg/day, with an average increase of 0.13 pg/
day (4 16%) between the first and third trimester, and
0.14 pg/day (4 18%) between the pre-pregnancy period
and third trimester, with statistically significant differ-
ences (respectively Z value=—2.20, p value=0.03 and Z
value=—2.49, p value=0.02). Analyzing the individual
cases, in the third trimester, most women with HypoPT
(64%, 16/25) maintained the same dosage of calcitriol
compared to the first trimester, while only one patient
(4.2%) decreased the dosage (—0.25 pg/day), and 7
patients (28%) increased it (+0.50 pg/day).

Cholecalciferol supplementation was taken by 8/25
patients with HypoPT during pregnancy (mean dose:
1190 IU/day), with an average increase of 5.8% in the
third trimester compared to the first trimester, and of
14.3% compared to the pre-pregnancy period. Magne-
sium supplementation was reported for only 3 patients
with HypoPT during pregnancy.

The mean requirement of calcium and calcitriol supple-
mentation tended to decrease from the third trimester to
the post-partum six months by 445.6 mg/day (—24.7%)
and 0.1 mcg/day (—11.1%), respectively, and compared
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Table 3 This table shows the supplementation with calcium and vitamin D (analogues and metabolites) and biochemical exams
during six months post-pregnancy, breastfeeding period and I° control post-breastfeeding in women with HypoPT

Six months post-pregnancy

Breastfeeding period 1° control post-breastfeeding

Medications N Mean +SD Range N Mean £+ SD Range N Mean +SD Range
Calcium carbonate, mg/day 25  1356+706.8 500-3000 16 15304726 500-3000 16 149146815 500-2600
Calcitriol, pg/day 25 08406 0.25-3 16 0.84+0.63 0.25-3 16 0.82+0.53 0.25-2.50
Cholecalciferol, IU/day 4 8624275 600-1250 5 850+ 275 600-1250 5 800+ 200 600-1000
Biochemistry®

Albumin-corrected calcium, mg/dl -~ 25 85+0.7 74-94 16 85+06 75-93 16 85+05 7.7-93
[8.5-10.1]

Phosphate serum, mg/dl [2.5-4.9] 12 5408 3.8-6.6 10 51+084 3-5.2 10 49403 4.7-55
Urinary calcium, mg/24 h [100-300] 7 196 £80 90-304 6 198+£726 90-304 6 2928+71 240-397
Creatinine, mg/dl [0.5-1.3] 8 07+02 0.7-09 7 0.7£0.1 0.7-09 7 0.7+£0.1 0.68-0.86
Creatinine Clearance, ml/min [>60] 8 10410 87-118 7 106.8+104 90-116 7 10454103 90-114
25 (OH) vitamin D, ng/ml [30-100] 5 244152 13-40 5 244152 13-40 5 25.8+85 19-38

2The reference ranges are given in brackets. Values outside of the reference range are typed boldface

to breastfeeding period by 265 mg/day and 0.1 mcg/
day (Table 3). The average period of breastfeeding was
6.6 months+3.8 (range: 1-12; 16/25 HypoPT women).
Subsequently, in the first post-lactation control, the mean
requirement of calcium and calcitriol supplementation
decreased, compared to the third trimester of pregnancy,
by 310.4 mg/day (— 17%; Z value = —2.34, p value=0.02)
and 0.1 pg/day (—12%), respectively, returning to doses
similar to those taken during the pre-pregnancy period
(Table 3).

The group of women with pseudo-HypoPT confirmed
a tendency to increase the average dosage required of
calcium carbonate and calcitriol from pre-pregnancy
period to pregnancy and from first to the third trimes-
ter (Table 2), as well as the trend in post-pregnancy (only
one patient nursed for 6 months).

Biochemical exams and clinical manifestations

Mean serum albumin-corrected calcium levels remained
approximately stable (8.54+0.8 mg/dl; range: 6.9-9.8)
throughout pregnancy (Fig. 2), without statistically

Serum Albumin-corrected calcium, mg/dl [8.5-10.1] in HypoPT women

10

9.5

8.5

/ *

8.2

7.5

Basal First trimester

Fig. 2 This graph shows the trend of mean values of serum Albumin-corrected calcium from the baseline (pre-pregnancy semester) to the third
trimester. Bars are SDs, and shaded area identifies the normal range values of serum Albumin-corrected calcium levels

85 8.5

Second trimester Third trimester
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significant differences with the pre-pregnancy period,
post-pregnancy period (six months), breastfeeding
period and post-lactation (Table 3). This pattern also
applies to mean serum phosphate levels, except for an
increasing trend in the six months post-pregnancy and in
the period of breastfeeding. Only 2 cases with HypoPT
showed average serum calcium levels steadily below
8 mg/dl despite treatment and increased doses of cal-
cium carbonate during pregnancy, and another 2 cases
reported hypercalcemia (11-13 mg/dl) during breast-
feeding. Five cases with HypoPT reported average phos-
phatemia above the reference range during pregnancy
(5/25) and breastfeeding (5/16).

The mean levels of 24-h urine calcium were measured
only in 5/25 women with HypoPT during pregnancy,
showing an increasing trend from the first trimester to
third trimester (Table 2). In the post-pregnancy period,
the mean values of 24-h urine calcium returned to nor-
mal levels, as in the pre-pregnancy period. Mean 25-OH
vitamin D levels, reported only in few cases, were above
30 ng/mL, except in the third trimester and post-preg-
nancy period when mean levels were approximately
20 ng/mL (Table 2).

On average, an increase in frequency of HypoPT-
related clinical manifestations (Fig. 3) was reported in
the third trimester compared to the first trimester, but
the frequency was lower compared to the pre-pregnancy
period, with a trend to increase again in the post preg-
nancy period.
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In women with pseudo-HypoPT, the mean serum albu-
min-corrected calcium and phosphate levels were stable
from pre-pregnancy through post-pregnancy, remain-
ing within the normal range (Table 2). The mean levels
of 24-h urine calcium were available only for one woman
and were stably within the normal range from pre-preg-
nancy through post-pregnancy. Regarding clinical mani-
festations, no cramps/tetany were described; one woman
had kidney stones, and two women reported episodes of
paresthesia without differences in the frequency of epi-
sodes during the entire study period.

Discussion

Principal findings

This study included all cases (25 HypoPT women, 3
pseudo-HypoPT women) followed in pregnancy by 9
Italian referral centers for endocrine diseases, between
2005 and 2018. Most women of both groups had a nat-
ural pregnancy with a full-term birth, however the 24%
of women with HypoPT reported a previous history of
spontaneous miscarriages, 2 out of 3 women in the group
of women with pseudo-HypoPT.

Most women of both groups increased significantly
calcium supplementation and calcitriol dosage during
the pregnancy compared to the pre-pregnancy period.
The average calcium supplement doses were mostly
maintained or increased throughout pregnancy, and the
average calcitriol doses were mostly maintained at same
dosage. During the breastfeeding in HypoPT women,

60%
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Fig. 3 This graph shows the frequency (%) of HypoPT-related maternal clinical manifestations reported at baseline (pre-pregnancy semester),
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the average dose of calcium supplements and calcitriol
decreased significantly compared to the third trimester.

In most of cases the average serum albumin-corrected
calcium levels were monitored and maintained in the
low/normal reference range in the HypoPT women and
in the normal reference range in the pseudo-HypoPT
women throughout pregnancy and breastfeeding.

A general improvement in HypoPT-related clinical
manifestations, such as cramps, tetany, and paresthesia,
was shown during pregnancy compared to the previous
six months.

Results in the context of what is known

Until now, only limited case reports or case series of
pregnant/lactating hypoparathyroid women have been
published [1, 13, 15, 17, 22-26]. Among these, the larg-
est case series described 12 cases with HypoPT [13, 26],
while for women with pseudo-hypoPT, only case reports
are available [27-30]. Therefore, this study identified the
largest cohort of hypoparathyroid women, mostly with
postsurgical HypoPT, which represents the prevalent
form [31, 32].

In our study, in most cases pregnancy was natural and
full-term. On the other hand, the few cases preterm
delivery (3/25 HypoPT women) may be due to inad-
equately controlled serum calcium concentration (mean
serum calcium levels<8 mg/dl in the third trimester),
which increases uterine irritability [4, 17, 33]. These 3
women also had maternal complications, such as gesta-
tional diabetes (n=2), placenta previa (n=1) and poly-
hydramnios (n=1), that are unlikely to be related to
HypoPT. A recent case series study reported four preg-
nancy (4/17) of HypoPT women (n=12) complicated by
polydramnios (24%), therefore further studies are needed
but this potential complication could be considered in
such patients [26].

Two patients with a previous history of spontaneous
miscarriages reported stopping calcium therapy (with-
out consulting their reference physician) and subsequent
hypocalcemia. It is well known that an inadequate thera-
peutic management of HypoPT during pregnancy, with
resulting poorly controlled serum calcium, can lead to a
high risk of miscarriage [13, 14, 34, 35]. Regarding other
miscarriages, no specific causes were reported. All the
women, with the exception of one, reported an isolated
abortion, therefore no poliabortivity was described in our
analyzed sample. In this regard until today, there are no
data published in the literature. In our patients, all the
described abortions occurred in the first trimester, period
in which the risk of spontaneous abortions is generally
greater regardless of the HypoPT. Concomitant hypoc-
alcemia with abortion was described in only two cases,
however, probably also in the other cases there may have
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been fluctuations in serum calcium that may have con-
tributed to abortions. The only patient, who reported two
spontaneous abortions, was also affected by thalassemia
major, therefore there was an overlap of two pathologies,
and it is difficult to distinguish the role of the two pathol-
ogies in the etiopathogenesis of abortions.

Our study confirmed a wide variation in the required
doses of calcium and calcitriol during pregnancy in
hypoparathyroid mothers, as already described [4, 13,
26, 30, 36—40]. This variability may be due to variations
in dietary calcium intake [4, 41, 42], which should be
carefully monitored. This correlation could not be cal-
culated in total group, due to the lack of data, however
in more than half of patients, who increased the calcium
supplementation dose, mean dietary intake of calcium
during pregnancy was suboptimal. Moreover, these vari-
ations could also be due to the fact that the physiological
hemodilution in pregnancy lowers the serum total cal-
cium level, a reduction that may be interpreted as hypoc-
alcemia [3, 14, 17, 38, 40, 41, 43].

This study confirmed the downtrend of calcium and
calcitriol doses during the breastfeeding in women with
HypoPT, as reported in other studies [3, 17, 19, 26, 38, 39,
41, 43, 44]. It is probably related to high levels of PTHrP
[45] and could also be related to an increase in mean die-
tary intake of calcium during breastfeeding. Moreover,
during the breastfeeding, hypercalcemia and hyperphos-
phatemia episodes were reported in literature [13, 17,
26], as described respectively in 2 and 5 of our HypoPT
women. Therefore, a careful biochemical monitoring is
also necessary in this period.

The analysis of biochemical exams showed mostly
the maintenance of the average serum albumin-cor-
rected calcium levels in the low/normal reference range
throughout pregnancy. Indeed, biochemical monitor-
ing of serum calcium levels was carried out constantly,
as currently recommended by the guidelines [4, 15, 18].
However, serum/urinary calcium and phosphate oscilla-
tions were reported. A general improvement in HypoPT-
related clinical manifestations during pregnancy could
be attributed to the increase in synthesized calcitriol and
PTHrp, as described above [4].

Clinical implications

In a large retrospective population analysis, we show
that serum calcium levels were strictly monitored dur-
ing pregnancy and the post-pregnancy period, while
other biochemical parameters, such as phosphate, 25-OH
vitamin D, magnesium, and creatinine clearance tended
to be poorly evaluated. Therefore, in future, also in light
of the new guidelines, an accurate and complete bio-
chemical monitoring is needed in pregnant/lactating
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hypoparathyroid women, in order to further reduce bio-
chemical fluctuations and maternal/fetal complications
[4, 15, 18]. Moreover, the average dietary calcium intake
will have to be monitored more accurately, as it may be
responsible for fluctuations in serum calcium. Cholecal-
ciferol supplementation was reported only in about 30%
of our women, a rate that the retrospective nature of the
study could have underestimated. However, a greater
attention in cholecalciferol supplementation should be
carried out, as recommended by the guidelines [15].

Research implications

Prospective investigations in women with HypoPT and
pseudo-HypoPT during pregnancy and breastfeeding are
necessary in order to increase knowledge about biochem-
ical alterations, maternal and fetal clinical complications,
and to improve the quality of care available today.

In particular, further studies are needed to confirm the
upward trend of mean urinary calcium levels through-
out gestation and then the return to levels similar to pre-
pregnancy period during the first postpartum six months,
described in our study in a small subgroup of patients with
HypoPT as in other studies [4, 46]. In addition to the known
physiological rise of calcitriol levels during pregnancy, espe-
cially in the third trimester, in hypoparathyroid women, the
PTH deficiency and the conventional treatment with cal-
cium and calcitriol could contribute to increased renal cal-
cium excretion [4, 46—48], with associated increased risk of
renal stones [4]. Further studies in hypoparathyroid women
should be also conducted on phosphate homeostasis during
pregnancy and especially during breastfeeding, period in
which it tends to increase. It would be useful to measure the
excretion of 24 h urinary phosphate and to study the effect
of PTHrp. Regarding 25 OH vitamin D level, a slight decline
of the circulating levels of 25-OH vitamin D in the third tri-
mester, as described in our study, is congruent with the well-
known increased conversion to calcitriol, in addition to the
transfer of 25-OH vitamin D to the fetus [2, 4]. However, it
has been analyzed in a few cases in our study, therefore fur-
ther investigations are needed.

Regarding complications, further clinical investigations
will be necessary to study maternal complications, such
as reported in our study and in previous investigations
[4, 17, 26, 33], in order to verify their incidence, relation
with these disorders and to verify systematically neonatal
complications through the support of colleagues special-
ized in neonatology.

Strengths and limitations
The main strengths of this study are the inclusion of sev-
eral cases of women with HypoPT with a multicentric

Page 9 of 11

investigation, and an extensive evaluation of biochemical
exams, clinical complications and pharmacological man-
agement during pregnancy and post-pregnancy. On the
other hand, missing data due to retrospective nature of
the study represent the main study limitation.

Conclusions

Our study confirms in a large cohort of women with
HypoPT, that most women with HypoPT have an
uncomplicated pregnancy (with the exception of those
cases that receive undertreatment), while maintaining
serum calcium concentrations within the low-to-mid
normal reference range during the pregnancy period
[4]. However, it highlights the risk of fluctuations in
serum calcium and phosphate levels, maternal com-
plications, and miscarriages. Therefore, the need for
careful biochemical and clinical monitoring by endo-
crinologists and further studies to confirm the data
described and evaluate maternal and fetal/neonatal
complications are highlighted. In women with pseudo-
HypoPT, unassisted and uneventful pregnancies have
been reported in literature [18], but the cases described
are very few, and close monitoring is essential, given
the risk of complications.

Acknowledgements

European Reference Network on Rare Bone Disorders. We would also like to
thank the late Prof Renato Pasquali (Endocrinology Unit and Prevention and
Care of Diabetes, Alma Mater Studiorum University of Bologna, Bologna, Italy),
who unfortunately passed away recently, for his valuable contribution to the
study.

Authors’ contributions

GM: study design, data collection, data analysis, and writing of article; MLB:
study coordinator, study design; SP and MD: data analysis; CF: documents for
ethics committee; all other authors: data collection. All authors reviewed the
article and accepted the final version.

Funding
This research did not receive any specific grant from any funding agency in
the public, commercial or not-for-profit sector.

Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

The study was approved by the Institutional Review Board (Comitato Etico
Area Vasta Centro, AUOC, Florence, Italy) [number: 10641_oss; 16 May 2017].
Informed consent was collected in accordance with General Authorization
to Process Personal Data for Scientific Research Purposes (Authorization no.
9/2013, The Italian Data Protection Authority). The study was conducted
according to the Declaration of Helsinki.

Consent for publication
This manuscript does not contain any individual person’s data in any form. All
data were analyzed anonymously and published exclusively as aggregates.



Marcucci et al. Orphanet J Rare Dis (2021) 16:421

Competing interests
The authors report no conflict of interest. This is a non-profit study.

Author details

'Bone Metabolic Diseases Unit, Department of Biomedical, Experimental

and Clinical Sciences, University of Florence, Florence, Italy. 2Endocrinology
Unit and Prevention and Care of Diabetes, Alma Mater Studiorum University
of Bologna, Bologna, Italy. *Department of Clinical and Experimental Medicine,
University of Messina, Messina, Italy. *Department of Medical Sciences, Section
of Endocrinology and Internal Medicine, University of Ferrara, Ferrara, Italy.
®Endocrinology Unit, Department of Medicine (DIMED), University of Padua,
Padua, Italy. °Department of Clinical and Experimental Medicine, University

of Pisa, Pisa, Italy. ’Department of Information Engineering, University of Flor-
ence, Florence, Italy. 8Department of Medical Sciences, Section of Endocri-
nology and Internal Medicine, University of Ferrara, Ferrara, Italy. °Division

of Endocrine and Minimally Invasive Surgery Department of Human Pathol-
ogy in Adulthood and Childhood “G. Barresi’, University Hospital “G. Martino”
of Messina, Messina, Italy. '°Endocrinology Unit, Fondazione IRCCS Ca’Granda
Ospedale Maggiore Policlinico, Department of Clinical Sciences and Commu-
nity Health, University of Milan, Milan, Italy. "' Unit of Endocrinology, Campus
Bio-Medico University, Rome, Italy. '“Department of Clinical and Experimental
Medicine, Unit of Endocrinology, University of Messina, Messina, Italy.

Received: 29 October 2020 Accepted: 20 September 2021
Published online: 09 October 2021

References

1. Shah KH, Bhat S, Shetty S, Umakanth S. Hypoparathyroidism in preg-
nancy. BMJ Case Rep. 2015;15:2015.

2. Kovacs CS. Maternal Mineral and Bone Metabolism During Pregnancy,
Lactation, and Post-Weaning Recovery. Physiol Rev. 2016;96 449-547.

3. Kovacs CS, Fuleihan GE-H. Calcium and bone disorders during pregnancy
and lactation. Endocrinol Metab Clin North Am. 2006;35:21-51.

4. Khan AA, Clarke B, Rejnmark L, Brandi ML. Management of endocrine dis-
ease: hypoparathyroidism in pregnancy: review and evidence based rec-
ommendations for management. Eur J Endocrinol. 2019;1(180):R37-44.

5. David L, Anast CS. Calcium metabolism in newborn infants. The inter-
relationship of parathyroid function and calcium, magnesium, and
phosphorus metabolism in normal, sick, and hypocalcemic newborns. J
Clin Invest. 1974,54:287-96.

6.  Pitkin RM, Cruikshank DP, Schauberger CW, Reynolds WA, Williams GA,
Hargis GK. Fetal calcitropic hormones and neonatal calcium homeostasis.
Pediatrics. 1980;66:77-82.

7. Delivoria-Papadopoulos M, Battaglia FC, Bruns PD, Meschia G. Total,
protein-bound, and ultrafilterable calcium in maternal and fetal plasmas.
Am J Physiol. 1967;213:363-6.

8. Fleischman AR, Rosen JF, Cole J, Smith CM, Deluca HF. Maternal and fetal
serum 1,25-dihydroxyvitamin D levels at term. J Pediatr. 1980;97:640-2.

9. Steichen JJ, Tsang RC, Gratton TL, Hamstra A, Deluca HF. Vitamin D
homeostasis in the perinatal period: 1,25-dihydroxyvitamin D in maternal,
cord, and neonatal blood. N Engl J Med. 1980,302:315-9.

10. Wieland P, Fischer JA, Trechsel U, Roth HR, Vetter K, Schneider H, Huch A.
Perinatal parathyroid hormone, vitamin D metabolites, and calcitonin in
man. Am J Physiol. 1980;239:E385-90.

11. Allgrove J, Adami S, Manning RM, O'Riordan JL. Cytochemical bioassay
of parathyroid hormone in maternal and cord blood. Arch Dis Child.
1985;60:110-5.

12. Rubin LP, Posillico JT, Anast CS, Brown EM. Circulating levels of biologi-
cally active and immunoreactive intact parathyroid hormone in human
newborns. Pediatric Res. 1991;29:201-7.

13. Callies F, Arlt W, Scholz HJ, Reincke M, Allolio B. Management of hypopar-
athyroidism during pregnancy—report of twelve cases. Eur J Endocrinol.
1998;139:284-9.

14. Eastell R, Edmonds CJ, De Chayal RC, McFadyen IR. Prolonged hypopar-
athyroidism presenting eventually as second trimester abortion. Br Med J
(Clin Res Ed). 1985;291:955-6.

15. Khan AA, Koch C, Van Uum SHM, Baillargeon JP, Bollerslev J, Brandi ML,
Marcocci C, Rejnmark L, Rizzoli R, Shrayyef MZ, et al. Standards of care for
hypoparathyroidism in adults. Eur J Endocrinol. 2018;180:P1-22.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.
35.

36.

37.

38.

Page 10 of 11

Marcucci G, Brandi ML. Conventional treatment of hypoparathyroidism.
Front Horm Res. 2019;51:160-4.

Hatswell BL, Allan CA, Teng J, Wong P, Ebeling PR, Wallace EM, Fuller

PJ, Milat F. Management of hypoparathyroidism in pregnancy and
lactation—a report of 10 cases. Bone Rep. 2015;30:15-9.

Mantovani G, Bastepe M, Monk D, de Sanctis L, Thiele S, Usardi A, Ahmed
SF, Bufo R, Choplin T, De Filippo G, et al. Diagnosis and management

of pseudohypoparathyroidism and related disorders: first international
consensus statement. Nat Rev Endocrinol. 2018;14:476-500.

Sweeney LL, Malabanan AO, Rosen H. Decreased calcitriol requirement
during pregnancy and lactation with a window of increased requirement
immediately post partum. Endocr Pract. 2010;16:459-62.

Marcucci G, Cianferotti L, Parri S, Altieri P, Arvat E, Benvenga S, Betterle C,
Bondanelli M, Boscaro M, Camozzi V, et al. HypoparaNet: a database of
chronic hypoparathyroidism based on expert medical-surgical centers in
Italy. Calcif Tissue Int. 2018;103:151-63.

Marcucci G, Cianferotti L, Beck-Peccoz P, Capezzone M, Cetani F, Colao A,
Davi MV, Degli Uberti E, Del Prato S, Elisei R, et al. Rare diseases in clinical
endocrinology: a taxonomic classification system. J Endocrinol Invest.
2015;38:193-259.

Demirel N, Aydin M, Zenciroglu A, Okumus N, Cetinkaya S, Yildiz YT, Ipek
MS. Hyperparathyroidism secondary to maternal hypoparathyroidism
and vitamin D deficiency: an uncommon cause of neonatal respiratory
distress. Ann Trop Paediatr. 2009;29:149-54.

Richa CG, Issa Al, Echtay AS, El Rawas MS. Idiopathic hypoparathy-
roidism and severe hypocalcemia in pregnancy. Case Rep Endocrinol.
2018;2018(27):8316017.

Dixon J, Miller S. Successful pregnancies and reduced treatment require-
ment while breast feeding in a patient with congenital hypoparathy-
roidism due to homozygous c.68C>A null parathyroid hormone gene
mutation. BMJ Case Rep. 2018;26:2017-223811.

Bakas P, Chados N, Hassiakos D, Creatsa M, Liapis A, Creatsas G. Secondary
hypoparathyroidism during pregnancy—a case report and review of the
literature. Clin Exp Obstet Gynecol. 2015;42:825-6.

Hartogsohn EAR, Khan AA, Underbjerg L, Sikjaer T, Hussain S, Rejnmark L.
Changes in treatment needs of hypoparathyroidism during pregnancy
and lactation: a case series. Clin Endocrinol (Oxf). 2020;93:261-8.

Ochiai D, Uchino H, Ikeda T, Yakubo K, Fukuiya T. Pseudohypoparathy-
roidism type 1a in pregnancy. J Obstet Gynaecol. 2013;3:900.

Guedes Ramallo P, Boix CE. Management of pseudohypoparathyroidism
in pregnancy: a case report. J Obstet Gynaecol. 2017;37:519-20.

Seki K, Osada H, Yasuda T, Sekiya S. Pseudohypoparathyroidism type 1b in
pregnancy. Gynecol Obstet Invest. 1999;47:278-80.

Ochiai D, Uchino H, Ikeda T, Yakubo K, Fukuiya T. Pseudohypoparathy-
roidism type 1a in pregnancy. J Obstet Gynaecol. 2013;33:900.
Cianferotti L, Marcucci G, Brandi ML. Causes and pathophysiol-

ogy of hypoparathyroidism. Best Pract Res Clin Endocrinol Metab.
2018;32:909-25.

Bilezikian JP, Khan A, Potts JT Jr, Brandi ML, Clarke BL, Shoback D, Juppner
H, D’Amour P, Fox J, Rejnmark L, Mosekilde L, Rubin MR, Dempster D,
Gafni R, Collins MT, Sliney J, Sanders J. Hypoparathyroidism in the adult:
epidemiology, diagnosis, pathophysiology, target-organ involve-

ment, treatment, and challenges for future research. J Bone Miner Res.
2011;26:2317-37.

Mitchell DM, Jippner H. Regulation of calcium homeostasis and bone
metabolism in the fetus and neonate. Curr Opin Endocrinol Diabetes
Obes. 2010;17(1):25-30.

Gimm O. Thyroid cancer. Cancer Lett. 2001;163:143-56.

Kaneko N, Kaneko S, Yamada S, Suzuki K, Ohyama'Y, Nakagawa O, Tani N,
Aizawa Y. Untreated idiopathic hypoparathyroidism associated with infant
congenital and perinatal abnormalities. Intern Med. 1999;1999(38):75.
Singh A, Agarwal N, Chopra S, Sikka P, Suri V, Kumar B, Dutta P. Manage-
ment of pseudohypoparathyroidism type 1a during pregnancy and
labor: a case report. Case Rep Obstet Gynecol. 2012;012:629583.

Salle BL, Berthezene F, Glorieux FH, Delvin EE, Berland M, David L, Varenne
JP, Putet G. Hypoparathyroidism during pregnancy: treatment with calci-
triol. J Clin Endocrinol Metab. 1981;52:810-3.

Sadeghi-Nejad A, Wolfsdorf J, Senior B. Hypoparathyroidism and preg-
nancy. Treatment with calcitriol JAMA. 1980;243:254-5.



Marcucci et al. Orphanet J Rare Dis (2021) 16:421

39.

40.

41.

42.

43.

44,

45.

Caplan RH, Beguin EA. Hypercalcemia in a calcitriol-treated hypoparathy-
roid woman during lactation. Obstet Gynecol. 1990;6(3 Pt 2):485-9.
Krysiak R, Kobielusz-Gembala I, Okopien B. Hypoparathyroidism in preg-
nancy. Gynecol Endocrinol. 2011;27:529-32.

Turner ET, Freier AA. Hypoparathyroidism and pregnancy. Am J Obstet
Gynecol. 1963;1(85):133-4.

Bolen J. Hypoparathyroidism in pregnancy. Am J Obstet Gynecol.
1973;117(2):178-9.

Rude RL, Haussler MR, Singer FR. Postpartum resolution of hypocalcaemia
in a lactating hypoparathyroid patient. Endocrinol Jon. 1984;3:227-33.
Wright AD, Joplin GF, Dixon HG. Post-partum hypercalcaemia in treated
hypoparathyroidism. Br Med J. 1969;4(1):23-5.

Al Nozha OM, Malekzadeh-Shirvani P. Calcium homeostasis in a patient
with hypoparathyroidism during pregnancy, lactation and menstruation.
JTaibah Univ Med Sci. 2013;8:50-3.

Page 11 of 11

46. Mitchell DM, Regan S, Cooley MR, Lauter KB, Vrla MC, Becker CB, Burnett-
Bowie SA, Mannstadt M. Long-term follow-up of patients with hypopar-
athyroidism. J Clin Endocrinol Metab. 2012;97:4507-14.

47. Smith CL, Kristensen C, Davis M, Abraham PA. An evaluation of the phys-
icochemical risk for renal stone disease during pregnancy. Clin Nephrol.
2001;55:205-11.

48. Sefa R, Cetin EH, Gurkan K, Metin K. Are changes in urinary parameters
during pregnancy clinically significant? Urol Res. 2006;34:244-8.

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



	Hypoparathyroidism and pseudohypoparathyroidism in pregnancy: an Italian retrospective observational study
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Subjects and methods
	Results
	Study population
	Calcium and vitamin D supplementations
	Biochemical exams and clinical manifestations

	Discussion
	Principal findings
	Results in the context of what is known
	Clinical implications
	Research implications
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


