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Abstract
We report a successful pregnancy in a young woman with autosomal dominant hypoparathyroidism type 1 (ADH1) due to an activating mutation 
of the calcium sensing receptor (CASR) (c.2519C>T; p.Ala840Val) who was treated with recombinant human parathyroid hormone (rhPTH)1-34 
delivered via continuous subcutaneous infusion using an OmniPod pump. She experienced no tetany or hospitalizations during the pregnancy. 
Serum calcium levels ranged from 7.2 to 9.8 mg/dL. Due to mild preeclampsia, her infant was delivered at 37 weeks. There were no physical 
anomalies. The patient continued pump therapy while nursing her daughter, who was ultimately confirmed to have the same CASR mutation. 
Breastfeeding appeared to protect the infant from significant hypocalcemia without the need for calcium or calcitriol supplementation until 
weaning at a year of age. A role for parathyroid hormone-related protein (PTHrP) is suggested.
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Hypoparathyroidism during pregnancy is rare and is trad-
itionally treated with activated vitamin D metabolites 
and calcium supplementation to maintain serum calcium 
levels within the low-normal to mid-normal physiologic 
range to avoid severe hypocalcemia and hypercalciuria [1]. 
Miscarriage, fetal skeletal demineralization and fractures, pre-
term delivery and low birth weight have been reported [1-4]. 
Treatment of hypoparathyroidism with recombinant human 
parathyroid hormone (rhPTH)1-84 is approved in the United 
States and Europe for individuals with a poor response to 
traditional therapy; however, its use in pregnancy or during 
lactation is not recommended [5-8]. rhPTH1-34 (Forteo) is ap-
proved by the Food and Drug Administration only for treat-
ment of postmenopausal osteoporosis, though it has been 
used off-label for treatment of hypoparathyroidism [6, 7]. 
It is considered Category C in pregnancy; increased skeletal 
deviations and variations were observed in mouse offspring 
at doses more than 60 times the equivalent human dose [8]. 
Breastfeeding is not recommended due to lack of safety data. 
There is a single case report of a pregnant patient with iat-
rogenic hypoparathyroidism treated with rhPTH1-34 delivered 
via continuous subcutaneous infusion [9]; no adverse effects 
were identified.

We report a successful pregnancy in a young woman with 
autosomal dominant hypoparathyroidism type 1 (ADH1) 
due to an activating mutation of the calcium sensing re-
ceptor (CASR) (c.2519C>T; p.Ala840Val) who was treated 

with rhPTH1-34 (Forteo, Lilly, Indianapolis, IN) delivered via 
continuous subcutaneous infusion using an OmniPod pump 
(Insulet, Acton, MA). She continued pump therapy while 
nursing her daughter who was, ultimately, confirmed to have 
the same CASR mutation. Breastfeeding appeared to protect 
the infant from significant hypocalcemia until weaning at a 
year of age.

Case Report
The patient is a 26-year-old Caucasian female who was diag-
nosed with hypocalcemia (7 mg/dL) and hypoparathyroidism 
at 6 months of age after a paternal aunt with ADH1 suggested 
that she be tested. Father, paternal grandmother, and pater-
nal great aunts are affected. She was treated with calcitriol 
and calcium, and during childhood had recurrent episodes 
of laryngospasm due to hypocalcemia, periodically requir-
ing hospitalization. Significant nephrocalcinosis was present 
on renal ultrasound. At age 10 years she entered a long-term 
study at the National Institutes of Health (NIH) receiving 
twice daily injections of PTH1-34 prepared at the NIH research 
pharmacy [10]. Her clinical status stabilized although some 
hypercalciuria persisted. She also participated in a 6-month 
trial using the OmniPod pump to deliver PTH1-34, which re-
sulted in normalization of serum calcium and 24-hour urin-
ary calcium excretion during the study [11]. The NIH pro-
gram closed when the patient was 17 years of age and she was 
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transitioned to a commercial source of PTH1-34 (Forteo) de-
livered via an OmniPod pump. The PTH1-34 dose was initially 
15 mcg daily delivered as a single basal infusion rate over 
24 hours and was gradually increased over the subsequent 
7 years to 26 mcg/day with the goal of keeping serum calcium 
levels between 7.5 and 8.5 mg/dL to avoid hypercalciuria. She 
also took vitamin D3 1000 international units (IU) daily, mag-
nesium oxide 400 mg twice daily, and calcium carbonate 0 to 
3 g orally depending on serum calcium. Although there were 
mild episodes of symptomatic hypocalcemia, usually associ-
ated with menses or upper respiratory infections, clinical sta-
tus was stable and 24-hour urine calcium excretion remained 
within the normal range, as did renal function. She gradu-
ated from college, began working full time as a teacher, and 
married. Renal ultrasound was unchanged revealing severe 
medullary nephrocalcinosis. Bone mineral densitometry was 
normal in the spine and hip, but osteopenic in the forearm in 
the year prior to pregnancy (lumbar spine 1.44 g/cm2; z = 1.9, 
total left femur 1.006 g/cm2; z = −0.1; z = −0.8: left forearm 
0.714 g/cm2; z = −1.9). Planning a pregnancy, she wanted to 
stay on PTH1-34 via pump and her obstetrician agreed.

Conception occurred without difficulty and was confirmed 
at 4.5 weeks gestation. Serum calcium goal was 8 to 9 mg/dL 
so as not to restrict calcium in a fetus with a 50% chance of 
being unaffected by the CASR mutation. Chronic maternal 
hypocalcemia could result in hyperparathyroidism in an un-
affected fetus with resultant bone demineralization and frac-
tures. Subcutaneous rhPTH1-34 infusion at the start of pregnancy 
was 30 mcg/daily delivered as a single basal infusion rate and 
was decreased transiently to 27 mcg in the first month due to 
calcium level rising to 9.8 mg/dL. It was subsequently increased 
again to 28 mcg for the remainder of the pregnancy. Calcium 
levels were assessed as frequently as twice weekly and calcium 
supplementation was given intermittently up to 2 grams daily 
if calcium fell below 8  mg/dL. On 3 occasions the calcium 
dipped below 7.5 mg/dL and a 12.5-mcg rhPTH1-34 bolus in-

fusion was delivered via the pump in addition to the calcium 
supplementation. When the calcium rose above 9.5 mg/dL on 
2 occasions, the pump basal infusion rate was lowered by 50% 
for 3 to 4 hours. There were no emergency room visits or hos-
pitalizations for tetany. Calcium remained between 7.2 and 
9.8 mg/dL. (Fig. 1). One 24-hour urine specimen was collected 
at 12 weeks gestation which revealed an elevated urine calcium/
creatinine ratio of 0.47 (normal laboratory value [nl] < 0.26) 
with urine calcium 640 mg/24 hours (nl < 300 mg) with a con-
comitant serum calcium of 8.1  mg/dL. Estimated glomerular 
filtration rate (eGFR) was normal at 109 ng/mL/min/1.73m2. 
At 4 months gestation 25-hydroxyvitamin D was 34 ng/mL (nl 
30-100 ng/dL), 1,25 hydroxyvitamin D was 115 pg/mL (nl 18-
72 pg/mL). High-resolution fetal ultrasound evaluations at 19 
weeks, 28 weeks, and 34 weeks showed excellent fetal growth 
with no structural abnormalities. At 36 weeks the patient devel-
oped hypertension and preeclampsia. At 37 weeks she received 
betamethasone on 2 consecutive days and labor was induced. 
Due to failure to progress, a cesarian section was performed. 
A vigorous female infant weighed 3560 gm, head circumference 
34 cm, length 51 cm. The infant’s Apgar scores were 9 and 9 at 
1 and 5 minutes, respectively. At 7 hours of life the infant was 
noted to have mild subcostal retractions and was transferred 
to the newborn intensive care unit. She received intravenous 
fluids and was placed on a positive pressure mask and 21% 
O2 overnight. Impression was transient tachypnea of the new-
born. Clinical condition improved by the following day, and she 
began nursing well. Hearing screen was normal. Serum calcium 
on day 2 of life was 7.1 mg/dL and rose to 7.2 mg/dL later the 
same day. On the following day, calcium was 7.6 mg/dL (nl 8.2-
10 mg/dL), magnesium level was 1.8 mg/dL (nl 1.8-2.4 mg/dL), 
and 25-hydroxyvitamin D was 48.7 ng/dL. Calcium carbonate 
100 mg orally twice daily was started as a precaution so that 
she could be discharged home. The infant was examined at the 
University of South Florida Pediatric Endocrine Clinic at 7 days 
of age. She was an alert term female infant weighing 3430 g. 

Figure 1. Serum calcium levels in a woman with ADH1 during pregnancy and during the first year postpartum while nursing. Patient was treated 
with PTH1-34 via continuous subcutaneous insulin infusion with an OmniPod pump during pregnancy and until 8 months postpartum when her therapy 
switched to calcitriol. She began weaning her infant at 11 months of age.
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Her calcium level was 9.3 mg/dL and PTH < 1 pg/mL (nl 12-
65 pg/mL). Calcium supplementation was continued until 
21 days when the serum calcium was documented at 9.6 mg/
dL; then calcium supplementation was discontinued. Vitamin 
D3 400 IU daily was added to her diet at 2  months of age. 
Serum 1,25-hydroxyvitamin D at 2 months was 63 pg/mL. In 
the first year of life the baby thrived on breast milk with solid 
food supplementation initiated at 6 months. Serum calcium and 
PTH levels in the infant are shown in Fig. 2. Serum calcium re-
mained in the low-normal range with low PTH levels. Serum 
PTHrP (PTH-related protein) levels were measured 3 times 
during the first year and once shortly after weaning at 1 year 
(Quest Diagnostics, San Juan Capistrano, CA) (Fig. 2). When 
the infant was nearing 8 months of age, the mother’s therapy 
switched to calcitriol as her new insurance would not cover 
rhPTH1-34. She began weaning at 11 months. At 1 year of age, 
following immunizations, the infant developed fever, poor ap-
petite, and had a brief 1-minute seizure. She was taken to local 
emergency room. Calcium level was 7.6 mg/dL, ionized calcium 
was 0.9 mmol/L (nl 1.24-1.3 mmol/L). She was admitted for 
observation due to poor oral intake. The impression was a fe-
brile seizure. She was started on intravenous fluids with oral 
calcium supplementation. Calcium level rose to 7.6 mg/dL after 
48 hours; oral intake improved. Calcitriol 0.25 mcg orally daily 
was added, and calcium rose to 7.9 gm/dL, allowing her to be 
discharged. One week later, her serum calcium rose to 8.6 mg/
dL, phosphorus was 7.7 mg/dL (nl 4-8 mg/dL), and PTHrP was 
12 pg/mL (nl 14-27 pg/mL), significantly lower than previous 
levels. Genetic testing (GeneDx, Gaithersburg, MD) for CASR 
mutation was positive for the c.2519C>T (p.Ala840Val) hetero-
zygous mutation identified in other affected family members. 
A renal ultrasound was negative for nephrocalcinosis. Growth 
and development are normal at 1.5 years of age.

During lactation the mother’s rhPTH1-34 dose decreased 
slightly and she required very little calcium supplementation. 

rhPTH1-34 dose increased again when her menses resumed 
and the frequency of nursing decreased. When mother was 
switched to calcitriol therapy, calcium 1 g daily was required. 
Switching to calcitriol had no noticeable effect on the baby’s 
serum calcium level. The mother’s eGFR has remained nor-
mal following the pregnancy.

Discussion
We describe a successful pregnancy exposed to continuous 
subcutaneous therapy with rhPTH1-34. The total daily doses 
were only modestly above those recommended for treatment 
of osteoporosis (20 mcg daily). Calcium levels were relatively 
stable with no episodes of tetany. Hypercalciuria was docu-
mented on a 24-hour urine assessed at 12 weeks gestation; 
however, this was anticipated, as serum calcium levels were 
averaging above the prepregnancy target of 7.5 to 8.5 mg/
dL where, historically, hypercalciuria had been minimized. 
Higher serum calcium levels were targeted during the preg-
nancy to minimize relative hypocalcemia in a fetus unaffected 
by the CASR mutation. Such an infant could develop in utero 
hyperparathyroidism and severe bone demineralization if ex-
posed to chronic hypocalcemia. A relative increase in urinary 
calcium excretion is a feature of normal pregnancy and may 
even be associated with an increased risk of kidney stone for-
mation [12, 13]. No major adjustment of the rhPTH1-34 infu-
sion rate was required throughout the pregnancy, which was 
also an observation of Ilany et al [9]. During lactation there 
was a modest decrease in rhPTH1-34 dose and our patient re-
quired little calcium supplementation. Sweeney et al reported 
a 34-year-old pregnant woman with ADH1 in whom an initial 
calcitriol dose of 0.75 mcg daily was actually discontinued at 
28 weeks gestation due to hypercalcemia [14]. The infant was 
delivered early at 30 weeks due to preeclampsia. Calcitriol 
0.25 mcg was resumed at delivery due to hypocalcemia but 

Figure 2. Serum calcium, PTH, and PTHrP levels during the first year of life in an infant with ADH1. Major milk source was breast milk until 11 months 
of age. Calcium levels remained in the low-normal range (nl 8.2-10 mg/dL), despite low PTH levels (nl 12-65 pg/mL), without calcium or calcitriol 
supplementation until 1 year of age. Serum PTHrP levels appeared to be in the mid-normal range (nl 14-27 pg/mL) during nursing and dropped after 
weaning. A hypocalcemic episode following fever and poor oral intake after vaccinations prompted initiation of calcium and calcitriol supplementation.
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again had to be discontinued after 1 month of nursing due 
to recurrent hypercalcemia. The authors attributed these 
changes in calcitriol requirement to PTHrP secretion by the 
placenta during the pregnancy and breasts during lactation. 
A  38-year-old woman with ADH1 was reported to have 
stable levels of serum calcium during pregnancy managed 
with calcitriol and calcium supplementation. Three weeks 
into lactation she, too, developed hypercalcemia requiring a 
reduction in calcitriol dose [3]. Calcium and calcitriol require-
ments appear to be reduced during lactation in women with 
ADH1 and other hypoparathyroidism likely due to increased 
PTHrP [1-3]. The magnitude of change in therapy observed 
during pregnancy and lactation in these few cases is variable 
illustrating the need for frequent monitoring and individu-
alization of therapy. Our patient developed preeclampsia at 
37 weeks. Although the patient of Sweeney et al developed 
preeclampsia [14], it is not specifically reported as a complica-
tion of hypoparathyroid pregnancies [1-3]. Bjornsdottir et al 
did observe an increased risk of preeclampsia in a Norwegian 
registry of hypoparathyroid women relative to controls; how-
ever, after controlling for diabetes, chronic kidney disease, 
and maternal age, the incidence of preeclampsia was no 
longer different [4]. Preeclampsia occurs in 3% to 5% of all 
pregnancies [15]. Chronic renal disease is a risk factor. It is 
unclear if our patient’s diffuse medullary nephrocalcinosis put 
her at increased risk.

Intrauterine growth and organ development in our patient’s 
infant as assessed by fetal ultrasound and postnatal physical 
examinations during the first year of life were normal. Of 
interest is that the female infant, ultimately proven to have an 
activating mutation of CASR appeared to be protected from 
severe hypocalcemia during the first year of life by mother’s 
breast milk. This potentially may be explained by calcium, 
vitamin D and its metabolites in breast milk, under the in-
fluence of maternal mammary PTHrP [16, 17]. PTHrP is 
synthesized by many fetal and adult tissues (cartilage, bone, 
muscle, skin, breast, intestines, parathyroid, pancreas, pituit-
ary, placenta, and central nervous system) and plays a crucial 
role in chondrocyte differentiation and maturation, mam-
mary gland and tooth formation, and epidermal and hair fol-
licle growth in the fetus [17, 18]. During lactation, PTHrP is 
released on the stimulus of suckling and secreted into the milk 
in quantities that are 10 000 times as high as those in serum 
[19, 20]. PTHrP is thought to play a role in maintaining a 
positive calcium gradient in breast milk. PTHrP is synthesized 
locally and acts primarily as a paracrine or autocrine mes-
senger. Its production is constitutive and is controlled at the 
point of expression of its encoding gene. It is indispensable 
for a successful pregnancy and fetal development, as embry-
onic gene deletion is lethal in mammals [17]. The association 
of elevated circulating levels of PTHrP and hypercalcemia in 
some malignancies provides evidence for a humoral role in 
elevating serum calcium. In this setting PTHrP activates the 
PTH receptor raising calcium by increasing bone resorption 
and renal tubular resorption of calcium.

Serum PTHrP levels in the infant of our patient were in the 
mid-normal range during the first year while nursing. A single 
sample drawn after weaning showed her level had dropped 
significantly. The source of the infant’s serum PTHrP con-
centrations, and the cause for the apparent drop in the level 
 following weaning are not clear. One may speculate that suck-
ling stimulated endogenous PTHrP production in the infant, 

or that there possibly was some intestinal absorption from 
breast milk. A direct role for PTHrP in maintaining relative 
eucalcemia in the presence of PTH deficiency in the infant is 
also unknown.

In summary, we report a successful pregnancy in a young 
woman with hypoparathyroidism due to ADH1 treated with 
continuous subcutaneous infusion of rhPTH1-34. While most 
hypoparathyroid pregnancies are able to be managed with ac-
tivated vitamin D and calcium, this single case report provides 
further evidence that this therapy may be carried out safely in 
individuals who have been treated successfully with PTH and 
wish to remain on it. Breastfeeding may be protective against 
hypocalcemia in infants with ADH1.
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