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ABSTRACT
Hypoparathyroidism (HypoPT) is a rare disorder characterized by hypocalcemia in the presence of a low or inappropriately normal
parathyroid hormone level. HypoPT is most commonly seen after neck surgery, which accounts for approximately 75% of cases,
whereas approximately 25% have HypoPT due to nonsurgical causes. In both groups of patients, conventional therapy includes cal-
cium and active vitamin D analogue therapy aiming to maintain serum calcium concentration in the low normal or just below the
normal reference range and normalize serum phosphorus, magnesium concentrations, and urine calcium levels. The limitations of
conventional therapy include wide fluctuations in serum calcium, high pill burden, poor quality of life, and renal complications. Para-
thyroid hormone (PTH) replacement therapy may improve the biochemical profile in those in whom conventional therapy proves
unsatisfactory. Based on a systematic review and meta-analysis of the literature, the panel made a graded recommendation suggest-
ing conventional therapy as first line therapy rather than administration of PTH (weak recommendation, low quality evidence). When
conventional therapy is deemed unsatisfactory, the panel considers use of PTH. Because pregnancy and lactation are associated with
changes in calcium homeostasis, close monitoring is required during these periods with appropriate adjustment of calcium and
active vitamin D analogue therapy to ensure that serum calcium remains in the mid to low normal reference range in order to avoid
maternal and fetal complications. Emerging therapies include molecules with prolonged PTH action as well as different mechanisms
of action that may significantly enhance drug efficacy and safety. © 2022 The Authors. Journal of Bone andMineral Research published
by Wiley Periodicals LLC on behalf of American Society for Bone and Mineral Research (ASBMR).
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Graded Panel Recommendation

1. In patients with chronic hypoparathyroidism (HypoPT),

the panel suggests conventional therapy as first line ther-
apy rather than administration of parathyroid hormone (PTH)
(weak recommendation, low quality evidence).

Comment - When conventional therapy is deemed unsatisfac-
tory the panel considers use of PTH.

Ungraded Panel Recommendations

In patients with HypoPT, the panel proposes:
1.1. Treat with calcium and active vitamin D analogue therapy,

with a goal to raise serum calcium (albumin adjusted or ionized)
into the target range; ie, the lower half of the normal reference
range or just below the normal reference range. At this time, it
is not clear how to best balance the doses of calcium and active
vitamin D analogue therapy.

1.2. Alleviate symptomatic hypocalcemia while avoiding
hypercalcemia.

1.3. Avoid hypercalciuria when titrating calcium and active
vitamin D analogue therapy, aiming for low normal plasma cal-
cium levels.

The panel proposes achieving a 24-hour urinary calcium level
<6.25/7.5 mmol/24 hours (250/300 mg/24 hours) for adult
women andmen, respectively. Data from the general population
has shown a relationship between hypercalciuria and the devel-
opment of renal stones—such data does not exist in patients
with HypoPT; however, panel members infer that hypercalciuria
may be associated with a higher risk of renal stones in patients
with HypoPT as well and thus seek to avoid hypercalciuria.

1.4. Avoid hyperphosphatemia. Panel members prescribe cal-
cium supplements with meals to serve as phosphate binders,
implement a low phosphate diet in adults and judiciously use
active vitamin D analogue therapy. No data are available on
the use of other types of phosphate binders in HypoPT.

Hyperphosphatemia may be associated with an increased
incidence of ectopic calcification; however, currently there is no
evidence of this in HypoPT.

1.5. Treat to normalize plasma magnesium levels. Magnesium
supplements can be used as tolerated by the patient.

1.6. Aim to achieve a 25-hydroxyvitamin D level in the normal
reference range.

1.7. Consider treating hypercalciuria with thiazide diuretics in
conjunction with a low sodium diet with careful monitoring of
serum magnesium, potassium, and renal function.

1.8. Consider PTH replacement therapy in patients who are
not adequately controlled on conventional therapy. Inadequate
control is considered to be any one of the following: (i) symptom-
atic hypocalcemia; (ii) hyperphosphatemia; (iii) renal insuffi-
ciency; (iv) hypercalciuria; (v) poor quality of life.

1.9. Individuals with poor compliance, malabsorption or who
are intolerant of large doses of calcium and active vitamin D
may also benefit from PTH therapy.

Ungraded Consensus Panel Recommendations
During Pregnancy and Lactation

In pregnant women with HypoPT, the panel proposes the
following:

2.1. Aim to achieve serum calcium (albumin adjusted or ion-
ized) in the mid to low normal reference range throughout
pregnancy.

2.2. Aim to achieve serum phosphorus, magnesium and
25-hydroxyvitamin D levels in the normal reference range.

2.3. Adjust doses of calcium and active vitamin D according to
serum calcium (albumin adjusted or ionized) every 3–4 weeks
during pregnancy and lactation, with increased frequency in
the month preceding and following parturition as well as in the
presence of symptoms of hypercalcemia or hypocalcemia.

2.4. Work closely with the obstetrician and pediatrician to
optimize pregnancy outcomes.

2.5. Avoid using thiazide diuretics and parathyroid hormone
and parathyroid hormone analogues during pregnancy.

These recommendations are intended to guide practice and
are not intended to be used for the development of reimburse-
ment policies.

Introduction

Hypoparathyroidism (HypoPT) is a rare condition characterized
by hypocalcemia in the presence of a low or inappropriately nor-
mal serum parathyroid hormone (PTH).(1–4) It is associated with
significant complications and symptoms (Table 1). HypoPT is
most commonly caused by removal of or damage to the parathy-
roid glands or their blood supply during neck surgery. Approxi-
mately 25% of cases are nonsurgical, most commonly due to
autoimmune disease or genetic mutations.(1–4) Rarely, magne-
sium abnormalities, infiltrative causes, radiation, or metastatic
disease may result in HypoPT. Hypocalcemia may also occur
due to PTH resistance (so called pseudohypoparathyroidism),
which is not covered by these guidelines.

In this manuscript we present an evidence-based approach to
the management of HypoPT. Areas with very low-quality evi-
dence are addressed by descriptions of expert panel practice
for patients with HypoPT.

Methodology

Two systematic reviews informed the recommendations pro-
vided in this document: a survey of panel practice(5) and a review
of randomized trials of PTH versus conventional therapy in
patients with HypoPT.(6)

The reviews utilized methods designed to produce trustwor-
thy results including a structured clinical questionnaire; a com-
prehensive search of relevant literature; duplicate assessment
of eligibility, risk of bias, and data abstraction; and, for the ran-
domized trial review, application of Grading of Recommenda-
tions Assessment, Development and Evaluation (GRADE)
methodology to rate the quality of evidence.

This document includes two types of recommendations:
graded and ungraded. Graded recommendations(7) followed a
structured process that included framing questions in patient/
intervention/comparator/outcome format(8); conduct of a sys-
tematic evidence search and associated summary as described
in the previous paragraph(9); specification of values and prefer-
ences(10); and classifying and presenting recommendations as
strong or weak with the corresponding quality of evidence.(11)

Ungraded recommendations involved none of these structured
approaches and are presented as descriptions of the practice
of the panelists in managing patients with HypoPT. Ungraded
recommendations are presented as “we propose.” The intent
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was to achieve consensus on all recommendations. There was no
provision for voting.

Because there is almost no published evidence directly
addressing the frequency of monitoring, the panel planned
and conducted a survey of 97 international experts in parathy-
roid disease of whom 70 responded. This data was analyzed
and discussed over a series of meetings. Panel experts were
asked how they treat and monitor their patients with HypoPT
in order to maintain optimal quality of life (QoL) and avoid com-
plications. The panel carefully reviewed the practices and set a
threshold requiring 70% of respondents to adopt this monitor-
ing practice in at least 70% of their patients before incorporating
this practice into a practice recommendation. The survey is pub-
lished in a separate article(5) with main findings on therapies
summarized in this work.

Conventional Therapy

In addition to a calcium-rich diet, the conventional therapy for
patients with HypoPT includes calcium supplementation and
active vitamin D analogue therapy (calcitriol, alfacalcidol, or dihy-
drotachysterol) in varying doses.(1–4) Doses are titrated to obtain
serum calcium levels in the lower half or slightly below the refer-
ence interval.

Oral calcium preparations contain varying amounts of ele-
mental calcium: calcium carbonate (40% elemental calcium), cal-
cium citrate (21%), calcium gluconate (9%), and calcium lactate
(13%). Calcium salts are absorbed well(12,13) and also act as phos-
phate binders to lower serum phosphorus when given with
meals.(13) If calcium carbonate is used, it should be taken with a
meal for enhanced absorption. The absorption of calcium in
the form of calcium citrate is not affected by food intake.(14)

The limitations of current conventional therapy include a sig-
nificant pill burden with complicated regimens, fluctuations in
serum calcium, and diminished QoL. Active vitamin D increases
the absorption of calcium and phosphorus in the small bowel.(15)

This increases serum calcium and can also result in increased
renal filtered calcium load with further elevations in urinary cal-
cium as well as elevations in serum phosphorus. Hypercalciuria
and renal calcification appear to be common complications of
long-term conventional therapy. Currently, however, we have
not been able to clearly document a correlation between hyper-
calciuria and the development of kidney stones or renal impair-
ment in patients with HypoPT.(16–18)

It is recommended to monitor serum phosphorus and urine
calcium and aim to normalize both of these parameters in
patients on conventional therapy.(1,5) This may require reduc-
tions in the doses of calcium and active vitamin D.(19)

Patients with nonsurgical HypoPT due to an activating muta-
tion in the calcium sensing receptor (ie, autosomal dominant
hypocalcemia [ADH]) are more likely to develop hypercalciuria
in response to calcium supplements.(20)

PTH Therapy

Replacement therapy with intact recombinant human PTH (1-84)
[rhPTH (1-84)] has been approved as an adjunct to conventional
therapy by regulatory agencies. In addition, effects of therapy
with PTH (1-34) in HypoPT in comparison to conventional ther-
apy has been investigated in several studies in adults and chil-
dren (Table 2).Ta

b
le

1.
Pr
ev
al
en

ce
of

Id
en

tifi
ed

C
om

pl
ic
at
io
ns

an
d
Sy
m
pt
om

s
on

O
ve
ra
ll,
Po

st
‐S
ur
gi
ca
l,
N
on

‐S
ur
gi
ca
l,
an

d
C
hi
ld
re
n
(<
18

ye
ar
s)
Pa

tie
nt
s
w
ith

C
hr
on

ic
H
yp

op
ar
at
hy

ro
id
is
m

C
om

pl
ic
at
io
ns

O
ve
ra
ll
po

pu
la
tio

na
Po

st
‐s
ur
gi
ca
la
du

lt
pa

tie
nt
s

N
on

‐s
ur
gi
ca
la
du

lt
pa

tie
nt
s

C
hi
ld
re
n
pa

tie
nt
s

N
o.

of
st
ud

ie
s
(n
o.

of
pa

tie
nt
s)

M
ed

ia
n
(%

,I
Q
R)

N
o.

of
st
ud

ie
s
(n
o.
of

pa
tie

nt
s)

M
ed

ia
n
(%

,I
Q
R)

N
o.

of
st
ud

ie
s
(n
o.

of
pa

tie
nt
s)

M
ed

ia
n
(%

,I
Q
R)

N
o.

of
st
ud

ie
s

(n
o.
of

pa
tie

nt
s)

M
ed

ia
n
(%

,I
Q
R)

N
ep

hr
oc
al
ci
no

si
s/

ne
ph

ro
lit
hi
as
is

55
(1
37

10
)

15
(6
,2
9)

25
(2
80

6)
9
(4
,2
2)

10
(8
25

)
11

(6
,1
7)

5
(7
7)

54
(3
8,
75

)

Re
na

li
ns
uf
fi
ci
en

cy
34

(6
15

2)
12

(4
,1
9)

17
(3
63

3)
10

(4
,1
6)

7
(7
44

)
13

(8
,3
6)

3
(5
7)

0
(0
,2
1)

C
at
ar
ac
t

26
(5
46

3)
17

(9
,4
4)

10
(2
40

1)
11

(3
,1
9)

14
(1
27

8)
43

(1
5,
46

)
0

–
Se
iz
ur
es

26
(5
61

3)
11

(4
,5
4)

12
(3
26

8)
5
(2
,9
)

11
(1
04

2)
33

(2
0,
64

)
2
(6
3)

42
(2
7,
57

)
A
rr
hy

th
m
ia

10
(3
59

8)
7
(5
,2
3)

4
(1
81

1)
7
(6
,1
8)

3
(5
34

)
6
(3
,9
)

0
–

Is
ch
em

ic
he

ar
t

di
se
as
e

5
(2
52

2)
7
(5
,1
1)

2
(1
37

4)
8
(5
,1
1)

3
(5
34

)
7
(3
,1
9)

0
–

D
ep

re
ss
io
n

12
(3
10

7)
9
(3
,1
9)

5
(1
02

6)
4
(3
,1
2)

3
(4
52

)
21

(4
,4
0)

0
–

In
fe
ct
io
n

13
(1
14

74
)

11
(7
,2
1)

5
(1
92

7)
15

(1
2,
18

)
3
(4
30

)
23

(8
,6
8)

1
(2
6)

27
A
ll-
ca
us
e
m
or
ta
lit
y

11
(2
38

2)
6
(0
,1
6)

7
(1
64

5)
11

(5
,1
6)

3
(4
96

)
29

(6
,3
9)

0
–

Re
pr
od

uc
ed

w
ith

pe
rm

is
si
on

fr
om

Ya
o
an

d
co
lle
ag

ue
s.
(9
6
)
IQ
R
=
in
te
rq
ua

rt
ile

ra
ng

e.
a I
nc
lu
di
ng

st
ud

ie
s
of

su
rg
ic
al
ad

ul
t
pa

tie
nt
s,
no

n‐
su
rg
ic
al
ad

ul
t
pa

tie
nt
s,
m
ix
ed

su
rg
ic
al
an

d
no

n‐
su
rg
ic
al
ad

ul
t
pa

tie
nt
s,
an

d
ch
ild

re
n
pa

tie
nt
s.

Journal of Bone and Mineral Research MANAGEMENT OF HYPOPARATHYROIDISM 3 n



Ta
b
le

2.
C
ha

ra
ct
er
is
tic
s
of

St
ud

ie
s
In
ve
st
ig
at
in
g
PT

H
Th

er
ap

y
in

H
yp

oP
T

St
ud

y
C
ou

nt
ry

St
ud

y
de

si
gn

N
um

be
r
of

pa
tie

nt
s
in

PT
H
/c
on

tr
ol

(n
/n
)

A
ge

(m
ea
n)

(y
ea
rs
)

Fe
m
al
e

(%
)

Su
rg
ic
al

pa
tie

nt
s

(%
)

Tr
ea
tm

en
t

gr
ou

p
C
on

tr
ol

gr
ou

p
O
ut
co
m
es

Fo
llo
w
-u
p

du
ra
tio

n
(m

on
th
s)

Ke
y
fi
nd

in
gs

RE
PL
A
C
E

N
or
th

A
m
er
ic
a

an
d

Eu
ro
pe

Pa
ra
lle
l

RC
T

90
/4
4

47
.5

78
74

rh
PT

H
(1
–8

4)
;

ac
tiv

e
vi
ta
m
in

D
;

ca
lc
iu
m

Pl
ac
eb

o;
ac
tiv

e
vi
ta
m
in

D
;

ca
lc
iu
m

Pa
tie

nt
im

po
rt
an

t
ou

tc
om

es
:a
dv

er
se

ev
en

ts
,5
0%

or
gr
ea
te
r

re
du

ct
io
n
in

do
se

of
vi
ta
m
in

D
an

d
ca
lc
iu
m
,

qu
al
ity

of
lif
e

Su
rr
og

at
e
ou

tc
om

es
:

hy
po

ca
lc
em

ia
,

hy
pe

rc
al
ce
m
ia
,

hy
pe

rc
al
ci
ur
ia
,2
4-
ho

ur
ur
in
e
ca
lc
iu
m

ex
cr
et
io
n,

se
ru
m

ca
lc
iu
m
,s
er
um

ph
os
ph

at
e,
se
ru
m

25
-h
yd

ro
xy
vi
ta
m
in

D
,

se
ru
m

1,
25

-
D
ih
yd

ro
xy
vi
ta
m
in

D

6
Se
ru
m

ph
os
ph

at
e
le
ve
ls

de
cr
ea
se
d
w
ith

rh
PT

H
(1
–8

4)
.A

t
w
ee
k
24

,
se
ru
m

ca
lc
iu
m
–

ph
os
ph

at
e
pr
od

uc
t

w
as

lo
w
er

w
ith

rh
PT

H
(1
–8

4)
ve
rs
us

pl
ac
eb

o.
rh
PT

H
(1
–8

4)
tr
ea
tm

en
t

re
su
lte

d
in

si
gn

ifi
ca
nt

re
du

ct
io
ns

in
or
al

ca
lc
iu
m

an
d
ac
tiv

e
vi
ta
m
in

D
do

se
co
m
pa

re
d
w
ith

pl
ac
eb

o
w
hi
le

m
ai
nt
ai
ni
ng

se
ru
m

ca
lc
iu
m
.T
he

pr
op

or
tio

ns
of

pa
tie

nt
s

w
ho

ha
d
at

le
as
t
on

e
ad

ve
rs
e
ev
en

t
an

d
se
rio

us
ad

ve
rs
e
ev
en

ts
w
er
e
si
m
ila
r
be

tw
ee
n

gr
ou

ps
.

Si
kj
ae
r,
20

11
–

20
14

D
en

m
ar
k

Pa
ra
lle
l

RC
T

32
/3
0

52
.0

85
94

rh
PT

H
(1
–8

4)
;

al
fa
ca
lc
id
ol
/

ca
lc
itr
io
l/

er
go

ca
lc
ife

ro
l

Pl
ac
eb

o;
ca
lc
iu
m

an
d

al
fa
ca
lc
id
ol
/

ca
lc
itr
io
l/

er
go

ca
lc
ife

ro
l

Pa
tie

nt
im

po
rt
an

t
ou

tc
om

es
:a
dv

er
se

ev
en

ts
,q

ua
lit
y
of

lif
e

Su
rr
og

at
e
ou

tc
om

es
:

hy
po

ca
lc
em

ia
,

hy
pe

rc
al
ce
m
ia
,2
4-
ho

ur
ur
in
e
ca
lc
iu
m
,s
er
um

ca
lc
iu
m
,s
er
um

ph
os
ph

at
e,
se
ru
m

25
-h
yd

ro
xy
vi
ta
m
in

D
,

se
ru
m

1,
25

-
di
hy

dr
ox
yv
ita

m
in

D
,

se
ru
m

m
ag

ne
si
um

,
Se
ru
m

al
ka
lin

e
ph

os
ph

at
as
e,
Se
ru
m

os
te
oc
al
ci
n,

BM
D
.

6
A
sy
m
pt
om

at
ic

hy
pe

rc
al
ce
m
ia
w
as

pr
es
en

t
in

71
%

of
th
e

rh
PT

H
(1
-8
4)

tr
ea
te
d

pa
tie

nt
s.
C
om

pa
re
d

w
ith

pl
ac
eb

o,
24

-h
ou

r
ur
in
ar
y
ca
lc
iu
m

di
d
no

t
ch
an

ge
.

(C
on

tin
ue
s)

Journal of Bone and Mineral Researchn 4 KHAN ET AL.



Ta
b
le

2.
C
on

tin
ue

d

St
ud

y
C
ou

nt
ry

St
ud

y
de

si
gn

N
um

be
r
of

pa
tie

nt
s
in

PT
H
/c
on

tr
ol

(n
/n
)

A
ge

(m
ea
n)

(y
ea
rs
)

Fe
m
al
e

(%
)

Su
rg
ic
al

pa
tie

nt
s

(%
)

Tr
ea
tm

en
t

gr
ou

p
C
on

tr
ol

gr
ou

p
O
ut
co
m
es

Fo
llo
w
-u
p

du
ra
tio

n
(m

on
th
s)

Ke
y
fi
nd

in
gs

W
in
er
,2
00

3
U
SA

Pa
ra
lle
l

RC
T

14
/1
3

45
.0

63
41

PT
H
(1
–3

4)
;

el
em

en
ta
l

ca
lc
iu
m

C
al
ci
tr
io
la
nd

ca
lc
iu
m

Pa
tie

nt
im

po
rt
an

t
ou

tc
om

es
:a
dv

er
se

ev
en

ts
Su

rr
og

at
e
ou

tc
om

es
:

24
-h
ou

r
ur
in
e
ca
lc
iu
m

ex
cr
et
io
n,

se
ru
m

ca
lc
iu
m
,s
er
um

m
ag

ne
si
um

,
ph

os
ph

at
e
ex
cr
et
io
n,

m
ea
n
cr
ea
tin

in
e

cl
ea
ra
nc
e,
Se
ru
m

al
ka
lin

e
ph

os
ph

at
as
e,

Se
ru
m

os
te
oc
al
ci
n,

U
rin

e
de

ox
yp

yr
id
in
ol
in
e,

U
rin

e
py

rid
in
ol
in
e,

BM
D

36
(1
)S

er
um

ca
lc
iu
m

le
ve
ls

w
er
e
si
m
ila
r
in

bo
th

tr
ea
tm

en
t
gr
ou

ps
w
ith

in
or

ju
st
be

lo
w
th
e

no
rm

al
ra
ng

e;
(2
)m

ea
n

ur
in
ar
y
ca
lc
iu
m

ex
cr
et
io
n
w
as

no
rm

al
fr
om

1
to

3
ye
ar
s
in

PT
H
-t
re
at
ed

pa
tie

nt
s

bu
t
re
m
ai
ne

d
ab

ov
e

no
rm

al
in

th
e
ca
lc
itr
io
l

gr
ou

p;
(3
)b

on
e
m
in
er
al

co
nt
en

t
an

d
bo

ne
m
in
er
al
de

ns
ity

sh
ow

ed
no

si
gn

ifi
ca
nt

be
tw

ee
n-
gr
ou

p
di
ff
er
en

ce
s
ov

er
th
e
3-

ye
ar
s

W
in
er
,1
99

6
U
SA

C
ro
ss
ov

er
RC

T
10

46
.5

40
40

PT
H
(1
-3
4)
;

di
et
ar
y

el
em

en
ta
l

ca
lc
iu
m

C
al
ci
tr
io
l;
di
et
ar
y

el
em

en
ta
l

ca
lc
iu
m

Pa
tie

nt
im

po
rt
an

t
ou

tc
om

es
:a
dv

er
se

ev
en

ts
Su

rr
og

at
e
ou

tc
om

es
:

hy
pe

rc
al
ce
m
ia
,2
4-
ho

ur
ur
in
e
ca
lc
iu
m

ex
cr
et
io
n,

se
ru
m

ph
os
ph

at
e,
se
ru
m

25
-h
yd

ro
xy
vi
ta
m
in

D
,

se
ru
m

1,
25

-
di
hy

dr
ox
yv
ita

m
in

D
,

Se
ru
m

al
ka
lin

e
ph

os
ph

at
as
e,
Se
ru
m

os
te
oc
al
ci
n,

U
rin

e
de

ox
yp

yr
id
in
ol
in
e,

U
rin

e
py

rid
in
ol
in
e

2.
5

O
nc
e-
da

ily
PT

H
(1
-3
4)

m
ai
nt
ai
ne

d
se
ru
m

ca
lc
iu
m

in
th
e
no

rm
al

ra
ng

e
w
ith

de
cr
ea
se
d

ur
in
e
ca
lc
iu
m

ex
cr
et
io
n

co
m
pa

re
d
w
ith

ca
lc
itr
io
lt
re
at
m
en

t.
Bi
oc
he

m
ic
al
m
ar
ke
rs
of

bo
ne

tu
rn
ov

er
in
cr
ea
se
d
si
gn

ifi
ca
nt
ly

du
rin

g
PT

H
(1
-3
4)

tr
ea
tm

en
t.

(C
on

tin
ue
s)

Journal of Bone and Mineral Research MANAGEMENT OF HYPOPARATHYROIDISM 5 n



Ta
b
le

2.
C
on

tin
ue

d

St
ud

y
C
ou

nt
ry

St
ud

y
de

si
gn

N
um

be
r
of

pa
tie

nt
s
in

PT
H
/c
on

tr
ol

(n
/n
)

A
ge

(m
ea
n)

(y
ea
rs
)

Fe
m
al
e

(%
)

Su
rg
ic
al

pa
tie

nt
s

(%
)

Tr
ea
tm

en
t

gr
ou

p
C
on

tr
ol

gr
ou

p
O
ut
co
m
es

Fo
llo
w
-u
p

du
ra
tio

n
(m

on
th
s)

Ke
y
fi
nd

in
gs

W
in
er
,2
01

0
U
SA

Pa
ra
lle
l

RC
T

7/
5

9.
6

33
N
R

PT
H
(1
-3
4)
;

di
et
ar
y

el
em

en
ta
l

ca
lc
iu
m
;

m
ag

ne
si
um

su
pp

le
m
en

t

C
al
ci
tr
io
l;
ca
lc
iu
m

an
d

ch
ol
ec
al
ci
fe
ro
l;

m
ag

ne
si
um

su
pp

le
m
en

t

Pa
tie

nt
im

po
rt
an

t
ou

tc
om

es
:

ad
ve
rs
e
ev
en

ts
,

Su
rr
og

at
e
ou

tc
om

es
:

hy
po

ca
lc
em

ia
,2
4-
ho

ur
ur
in
e
ca
lc
iu
m

ex
cr
et
io
n,

se
ru
m

ca
lc
iu
m
,s
er
um

ph
os
ph

at
e,
se
ru
m

25
-h
yd

ro
xy
vi
ta
m
in

D
,

se
ru
m

1,
25

-
di
hy

dr
ox
yv
ita

m
in

D
,

se
ru
m

m
ag

ne
si
um

,
m
ea
n
cr
ea
tin

in
e

cl
ea
ra
nc
e,
Se
ru
m

al
ka
lin

e
ph

os
ph

at
as
e,

Se
ru
m

os
te
oc
al
ci
n,

U
rin

e
de

ox
yp

yr
id
in
ol
in
e,

U
rin

e
py

rid
in
ol
in
e,

BM
D

36
M
ea
n
pr
ed

os
e
se
ru
m

ca
lc
iu
m

le
ve
ls
w
er
e

m
ai
nt
ai
ne

d
at
,o
r
ju
st

be
lo
w
,t
he

no
rm

al
ra
ng

e,
an

d
ur
in
e

ca
lc
iu
m

le
ve
ls

re
m
ai
ne

d
in
th
e
no

rm
al

ra
ng

e
th
ro
ug

ho
ut

th
e

3-
ye
ar

st
ud

y,
w
ith

no
si
gn

ifi
ca
nt

di
ff
er
en

ce
s

be
tw

ee
n
tr
ea
tm

en
t

gr
ou

ps
.C

re
at
in
in
e

cl
ea
ra
nc
e,
di
d
no

td
iff
er

be
tw

ee
n
gr
ou

ps
an

d
re
m
ai
ne

d
no

rm
al

th
ro
ug

ho
ut

th
e
st
ud

y.

Kh
an

,2
02

1
N
or
th

A
m
er
ic
a

an
d

Eu
ro
pe

Pa
ra
lle
l

RC
T

44
/1
5

49
.2

81
80

Tr
an

sC
on

PT
H
;

or
al

el
em

en
ta
l

ca
lc
iu
m
;

ac
tiv

e
vi
ta
m
in

D

Pl
ac
eb

o;
or
al

el
em

en
ta
l

ca
lc
iu
m
;a
ct
iv
e

vi
ta
m
in

D

Pa
tie

nt
im

po
rt
an

t
ou

tc
om

es
:a
dv

er
se

ev
en

ts
,5
0%

or
gr
ea
te
r

re
du

ct
io
n
in

do
se

of
vi
ta
m
in

D
an

d
ca
lc
iu
m
,

qu
al
ity

of
lif
e

Su
rr
og

at
e
ou

tc
om

es
:

hy
po

ca
lc
em

ia
,

hy
pe

rc
al
ce
m
ia
,s
er
um

ca
lc
iu
m
,s
er
um

ph
os
ph

at
e

1
91

%
of

pa
rt
ic
ip
an

ts
tr
ea
te
d
w
ith

Tr
an

sC
on

PT
H
ac
hi
ev
ed

in
de

pe
nd

en
ce

fr
om

st
an

da
rd

of
ca
re
.M

ea
n

24
-h

ur
in
e
C
a
de

cr
ea
se

by
W
ee
k
26

w
hi
le

no
rm

al
se
ru
m

C
a
(s
C
a)

w
as

m
ai
nt
ai
ne

d,
an

d
se
ru
m

ph
os
ph

at
e
an

d
se
ru
m

ca
lc
iu
m
-

ph
os
ph

at
e
pr
od

uc
t
fe
ll

w
ith

in
th
e
no

rm
al

ra
ng

e.
Tr
an

sC
on

PT
H

w
as

w
el
lt
ol
er
at
ed

(C
on

tin
ue
s)

Journal of Bone and Mineral Researchn 6 KHAN ET AL.



PTH (1-34)

A series of studies by Winer and colleagues(21) demonstrated
that synthetic human PTH (1-34) (hPTH) given once or twice
daily, maintained eucalcemia, reduced urine calcium excretion,
and increased phosphorus excretion. The effects of PTH (1-34)
injections on mineral metabolism differed according to the etiol-
ogy of HypoPT. Winer and colleagues(22,23) reported in an open-
label, randomized, crossover trial that twice-daily, compared to
once-daily PTH (1-34) injections, maintained serum calcium in
the near-normal range over 24 hours and significantly reduced
the total daily PTH dose from that required under the once-daily
regimen. Synthetic hPTH (1-34) was also safe and effective over a
3-year period in both adults and children.(24,25) Furthermore, chil-
dren treated with hPTH (1-34) in a 3-year randomized parallel
trial maintained normal linear growth, weight gain, and renal
function with no difference in lumbar spine and whole-body
bone mineral density (BMD) Z-scores compared to children
receiving conventional therapy. PTH was associated with ele-
vated bone turnover markers compared to conventional ther-
apy.(24,25) Over 10 years, Winer and colleagues(26) reported that
children with autoimmune polyendocrine syndrome type
1 (APS-1) or ADH1 treated with PTH (1-34) injections had normal
height velocity and bone mineral accretion velocities. The base-
line evaluation of nonsurgical HypoPT patients receiving calci-
triol and calcium revealed a high prevalence of renal
insufficiency or renal calcification.(25–27) There was no change
in creatinine clearance for the study duration in the long-term
studies of the effects of treatment with hPTH.(25,26) Synthetic
hPTH (1-34) has been associated, in one study, with hypocitra-
turia, a risk factor for renal calcification.(28)

A more physiologic approach, by Winer and colleagues,(29,30)

involves continuous delivery of hPTH (1-34) by subcutaneous
infusion pump. In a randomized cross-over study comparing
hPTH (1-34) delivered by an infusion pump vs twice-daily injec-
tions, patients receiving continuous pump delivery manifested
normalization of serum calcium with less fluctuation in serum
calcium, phosphorus, and magnesium and reduced urine cal-
cium with normalization of bone turnover markers. Daily dose
of hPTH (1-34) and magnesium requirements were also signifi-
cantly reduced with infusion pump delivery of hPTH in compar-
ison to twice daily hPTH (1-34) injections.

Although synthetic hPTH (1-34) is not clinically available, these
findings have been replicated with the clinically available recom-
binant human PTH (1-34) (rhPTH) in adults,(31) children,(32–36) and
in infants with refractory, life-threatening HypoPT.(37–39)

PTH (1-84)

Full-length rhPTH (1-84) has been evaluated in placebo-
controlled and open-label studies.(40–43) The REPLACE study
was a 24-week, double-blind, placebo-controlled, phase 3 study
conducted in 134 patients randomized to rhPTH (1-84) or pla-
cebo. The primary end point (≥50% reduction in calcium and cal-
citriol doses with maintenance of normal serum calcium) was
met in 53% of patients receiving rhPTH (1-84) versus 2% of
patients receiving placebo.(41) The decreased need for calcium
and active vitamin D supplementation was also observed in both
the dose-adjusted(40) (Columbia University) and fixed dose
(100 μg/day, Aarhus University)(42) studies. In the randomized
controlled trials (RCTs) of rhPTH (1-84), there was no statistically
significant difference in urinary calcium excretion between
rhPTH and conventional therapy(41,42); however, in the open-Ta
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label extension of REPLACE, mean urinary calcium level declined
into the normal range,(43) similar to what was seen in an 8-year
open-label study.(40) Serum phosphorus and the calcium/
phosphorus product decreased in the REPLACE and extension
study,(5,6,41,43) findings not replicated in the fixed-dose or
adjusted-dose studies.(40,42)

Renal function was found to be stable in the rhPTH (1-84)
studies.(40–43) Despite normalization of urine calcium, renal calci-
fications were not eliminated as nephrolithiasis was still reported
in the REPLACE extension study(43) and in the Columbia Univer-
sity study,(40) possibly due to hypocitraturia, but this was not
assessed. Hypercalcemia, at various times during the studies,
has been observed: 18% in the REPLACE study,(41) 34% in the
fixed-dose study,(7,42) and 30% in the Columbia University stud-
ies.(40,44) Hypocalcemia was also observed in the RCTs: 38% in
the study drug arm versus 23% in placebo in the REPLACE
study,(41) 29% in the PTH arm and 53% in the placebo arm in
the Aarhus University study,(42) and 13%, with one hospitaliza-
tion, in the Columbia University study.(8,40)

Effects on bone turnover markers, bone density, and dynamic
and structural changes at the tissue level with rhPTH (1-84) are
similar to the effects seen with PTH (1-34).(29,30,32) In general,
there is an initial marked increase in bone turnover markers,
which subsequently decreases and plateaus with long-term
treatment. The new steady state is higher than baseline but
within the normal reference range. Bone density is in general sta-
ble but with decreases observed at the 1/3 radial site. By dynamic
histomorphometry as evaluated by bone biopsy, and by high-
resolution peripheral quantitative computed tomography
(HRpQCT)(9,45) an increase in cortical porosity has been
observed.(42–44) The clinical implications of increased cortical
porosity are not known, and fracture data are not available.

In the United States, rhPTH (1-84) was approved in 2015 as a
once daily subcutaneous administration as an adjunctive treat-
ment for adults with HypoPT not well controlled on conventional
therapy.(46) Notably, after discussions with the US Food and Drug
Administration, rhPTH was recalled in the United States in
September 2019. This was reported to be due to an issue related
to rubber particulates originating from the rubber septum of the
cartridge.(47) In Europe, rhPTH (1-84) has not been recalled and is
approved as add-on therapy to treatment with calcium and
active vitamin D supplements when these treatments have been
inadequate in the care of HypoPT.

PTH Therapy in Comparison to Conventional
Therapy

A systematic review and meta-analysis of the literature from
inception to May 2022 was conducted to evaluate the benefits
and harms of PTH therapy in comparison to conventional ther-
apy in managing patients with chronic HypoPT.(6) Seven studies
met the eligibility criteria listed in Table 2. The studies were small,
however, and did not report on the eight complications identi-
fied as being associated with HypoPT. The studies demonstrate
that PTH therapy may enable a larger number of patients to
reduce the dose of calcium and active vitamin D by 50% or more.
Reductions in serum phosphorus and increases in episodes of
hypercalcemia were found to be statistically significant effects
of PTH therapy in comparison to conventional therapy. PTH ther-
apy was associated with an increase in bone remodeling
reflected by an increase in the biomarkers alkaline phosphatase,
osteocalcin, and urine pyridinoline. Serious adverse effects were

very infrequent. In the meta-analysis PTH therapy was associated
with small improvements in QoL and reduction in pill burden.(6)

Because the studies had a very small sample size it was not pos-
sible to appreciate the benefits and risks of PTH therapy on
patient important outcomes Tables 2 and 3.

Although studies with PTH (1-34) did not report improve-
ments in QoL(23,29,48) drug efficacy is likely to be affected by
the dose and mode of administration as well as the half life of
the PTHmolecule. Studies with PTH (1-84) therapy demonstrated
significant improvements in QoL(49) and this was also observed
with the TransCon PTH molecule which has a 60-hour half-life
and is currently in phase 3 trials.(50)

HypoPT in Pregnancy

Pregnancy is associated with a significant change in calcium
homeostasis (Fig. 1). These changes result in altered require-
ments for calcium and active vitamin D analogue.(51)

Ionized calcium and albumin-adjusted calcium remain normal
during pregnancy in women with normal parathyroid function;
however, total serum calcium may decline due to the increase
in intravascular volume. Therefore, monitoring parathyroid
function requires evaluating albumin-adjusted or ionized cal-
cium.(52–54) Serum phosphorus and 25(OH)D3 levels are not
affected by pregnancy.(52–55) Endogenous synthesis of 1,25
(OH)2-D3 increases twofold to threefold as early as the first tri-
mester, resulting in enhanced intestinal calcium absorption
(Fig. 1). The enhanced synthesis of 1,25(OH)2D3 is at least in part
caused by increased production of PTH-related protein (PTHrP)
by the placenta and breast tissue independent of whether the
parathyroid glands are functioning. Enhanced maternal intesti-
nal calcium absorption enables increased transfer of calcium
from the mother to the fetus and ensures fetal calcium require-
ments are met. In women with (residual) parathyroid function,
this will cause suppression of PTH.(53–61) Hypercalciuria may
increase during pregnancy with increased renal filtered calcium
load. Data on risk of renal calcification in HypoPT during preg-
nancy are lacking.

In general, pregnant women with HypoPT are treated similar
to nonpregnant women and calcium and active vitamin D ana-
logues are safe. However, it should be recognized that the
increased endogenous synthesis of 1,25(OH)2D3 during preg-
nancy, which does not require PTH, may reduce the require-
ments for exogenous active vitamin D analogue and calcium
supplements. However, this may be countervailed by increases
in estimated glomerular filtration rate (eGFR) and increased uri-
nary calcium losses, and transfer of calcium to the fetus that
may necessitate increases in the dose of the supplements. It is
difficult to predict whether an increase or a decrease in the doses
of calcium and active vitamin D are needed. A recent case series
reported that although average doses of active vitamin D ana-
logue, and calcium supplements did not change during preg-
nancies, more than 20% increase or decrease in the dose of
active vitamin D analogue was required in more than one-half
of the patients to maintain normocalcemia.(62) This is in agree-
ment with several case reports suggesting that the doses of cal-
cium and active vitamin D analogue required during pregnancy
increased.(63–66) An additional reason for increased active vita-
min D analogue requirement is variation in dietary calcium
intake. Many of the case reports describing the need for higher
supplementation of active vitamin D analogue did not report if
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the patient was taking calcium or if the dose of calcium being
administered changed.(55,56,59–62)

Inadequate calcium intake in the first trimester may impact
skeletal development in the last trimester, the period of greatest
bone accrual in the developing fetal skeleton (80%).(67,68)

Further, maternal hypercalcemia can result in fetal parathyroid
gland suppression and hypocalcemia in the neonate.(69) The risk
of maternal hypercalcemia is highest shortly before and after
giving birth, probably due to increased synthesis of PTHrP during
this period.(62) Conversely, maternal hypocalcemia is also harm-
ful because it may lead to secondary hyperparathyroidism in
the fetus.(10–13,70–73) This in turn can result in demineralization
of the fetal skeleton with the possibility of fractures in utero.
Maternal hypocalcemia can also result in uterine contractions
and is associated with an increased risk of preterm labor or mis-
carriages.(74) Taken together, perinatal complications are
increased in women with HypoPT, confirmed by a recent case
series that reported caesarean delivery in 59% of pregnant
women with HypoPT, with 24% being performed as an emer-
gency. Moreover, 24% of the pregnancies were complicated by
polyhydramnios, dystocia, and/or perinatal hypoxia.(62)

Calcium, vitamin D, and active vitamin D analogue can safely be
continued during pregnancy. There is inadequate safety data on the
use of thiazide diuretics and PTH during pregnancy (risk category B
andC, respectively) and they should be discontinued as early as pos-
sible in pregnancy.(75) Monitoring serum calcium, phosphorus, mag-
nesium, and renal function every 3–4 weeks during pregnancy and
with an increase to once weekly during the last months of preg-
nancy and the first few months after birth is advisable. Of impor-
tance, breastfeeding causes increased synthesis of PTHrP, which
may influence needs for calcium supplements and active vitamin
D. Accordingly, close attention has to be given to carefully modify-
ing dose adjustments both when starting and stopping lactation.

The doses of calcium and active vitamin D analoguemay need
to be adjusted to maintain albumin-adjusted or ionized serum
calcium in the low to mid normal reference range. Ensuring

optimal response to modifications likely requires monitoring
serum calcium levels every 2–3 days until stable.

Pediatric Perspective

Compared to adults with surgical HypoPT, children with nonsur-
gical HypoPT present greater management challenges andman-
ifest a relatively high prevalence of kidney and brain
calcifications when treated with conventional therapy.(14,15,21,26)

In such children, large doses of calcium and active vitamin D
are often not practical or effective. These findings have
prompted studies with hPTH (1-34) given as twice daily injec-
tions or delivered by pump with good responses without evi-
dence of harm.(14,16,26,30) Reports of individualized dosing of
subcutaneous hPTH (1-34) in children have suggested that smal-
ler, more frequent doses avoid night-time hypocalcemia and
hypomagnesemia while maintaining normal urine calcium con-
centrations.(17,23) Mineral homeostasis improved further when
hPTH (1-34) was delivered by an insulin pump.(30)

Studies demonstrating improved metabolic control including
reduction in urine calcium with rhPTH (1-34) in genetic forms of
HypoPT found effective doses ranged from 0.3 to 0.8 μg/kg/day
given in two divided doses.(34,35) When delivered by an insulin
pump, total daily rhPTH (1-34) doses were substantially lower
(0.1–0.5 μg/kg/day) compared to injection doses when studied
in children with HypoPT. In these reports, rhPTH (1-34) delivered
by pumpmaintained long-term serum calcium, phosphorus, and
urinary calcium levels in the normal range with substantially
reduced incidence of adverse events and hospitalizations.(32,33)

Management of HypoPT in infants and toddlers is described in
a few case reports of emergency treatment of hypocalcemia,(37,38)

long-term PTH (1-34) therapy in a premature infant with
DiGeorge,(76) or conventional therapy in two 2-month-old infants
with GCMB2mutations and a 6-month-old with Sanjad Sakati syn-
drome where intercurrent illness required escalation of vitamin D
and calcium doses.(77) Genetic forms of HypoPT rarely manifest as
neonatal hypocalcemia, which is more likely associated with pre-
maturity, birth asphyxia, maternal diabetes, hypomagnesemia,
metabolic alkalosis, increased phosphate load, or defects in vita-
min D metabolism.(78,79) Maternal hyperparathyroidism may lead
to functionally immature parathyroids in the neonate and usually
requires treatmentwith calcium and vitaminD analogs in pharma-
cologic doses. Newfield(38) described a 17-day-old infant with
HypoPT who received short-term rhPTH (1-34) therapy during a
hypocalcemic crisis associated with seizures. After 2 days of treat-
ment with intravenous calcium and oral calcitriol, a single 1 μg/kg
subcutaneous rhPTH (1-34) injection raised the serum calcium to
the normal rangewithin 4 hours. Another case report in older chil-
dren(39) described short-term use of rhPTH (1-34) formanagement
of a hypocalcemic crisis. Mishra and colleagues(39) described a
10-year-old girl with APS-1 and a 12-year-old girl with postsurgical
HypoPT with refractory hypocalcemia despite multiple calcium
gluconate infusions and high doses of calcitriol. Subcutaneous
rhPTH (1-34) injections normalized calcium levels within 48 hours
in both patients.

Children with HypoPT require adequate dietary calcium, mag-
nesium, and vitamin D, in order to support normal linear growth
and bone accrual.(80) A phosphate restricted diet may be inadvis-
able in children with HypoPT as children will be required to
reduce dairy intake.(81,82) Most pediatric patients and their fami-
lies welcome nutrition counseling in the early stages of the dis-
ease process.

Fig. 1. Maternal effects of PTHrP during pregnancy. Reproduced with
permission from Khan and colleagues.(51)
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Emerging Therapies for HypoPT

There are at least five new therapies on the horizon for treating
HypoPT. Four involve targeting the parathyroid hormone recep-
tor (PTH1R), and one targeting the calcium-sensing recep-
tor (CaSR).

TransCon PTH (TC PTH), an inactive prodrug in which PTH
(1-34) is linked to polyethylene glycol, provides stable PTH levels
with an effective half-life of approximately 60 hours, is the far-
thest along in development. In preclinical and a phase 1 study,
PTH levels were within the physiologic range for 24 hours at
steady state.(83,84) In a 4-week, blinded phase 2 trial, daily TC
PTH was compared to conventional therapy in 59 adults with
chronic HypoPT. This was followed by a 26-week open-label
extension period during which patients were titrated to achieve
a low normal serum calcium. The primary efficacy composite
endpoint at the end of the 4-week blinded period included a nor-
mal serum calcium, and a fractional excretion of calcium (FECA)
either within normal range or reduced by 50%, discontinuation
of all active vitamin D analogue, supplements, and a reduction
of calcium supplementation to ≤1000 mg/day (or ≤500 mg/
day; secondary endpoint), inclusive. Eighty-two percent of the
TC PTH-treated patients achieved independence from conven-
tional therapy at week 4, as compared to only 15% of patients
treated with placebo. At baseline, participant scores on the vali-
dated Short Form 36 Health Survey (SF-36) tool were below aver-
age, and by week 4 reached the normal range on both the SF-36
and the HypoPT patient experience scale (HPES). TC PTH was
well-tolerated and there were no adverse events of hypocalce-
mia or hypercalcemia requiring a visit to hospital, emergency
room, or urgent care. In accordance with the well-known effects
of PTH, data from the first 6 months of treatment show an
increase in bone turnover with a decrease in BMD.(85) In the
phase 3 RCT of TC PTH 18 μg daily or placebo both co-
administered with conventional therapy, 26-week data demon-
strated maintenance of eucalcemia. At week 26, 93% (57/61) of
participants treated with TC PTH achieved independence from
conventional therapy. Treatment with TC PTH over 26 weeks
improved QoL and also normalized mean 24-hour urine calcium.
TC PTHwas well tolerated with mild or moderate adverse events.
No study drug–related withdrawals occurred.(86)

An injectable long-acting PTH analogue (LA-PTH), a hybrid
molecule with both PTH and PTHrP homology, increased serum
calcium and reduced serum phosphorus in a thyroparathyroi-
dectomized rat model of HypoPT and had prolonged effects on
serum calcium inmonkeys.(87,88) Phase-1 trial data with this drug,
AZP-3601, has been presented.(89)

Another PTHR1-directed approach has been the development
of an orally active, small molecule agonist of the PTHR1,
PCO371.(90) It increases serum calcium and decreases serum
phosphorus in thyroparathyroidectomized rats.(91) This study
has been terminated due to increases in liver enzymes in
humans. (AAK, personal communication with Chugai).

A novel oral PTH molecule is being studied for the treatment
of HypoPT (NCT02152228). PTH (1-34) is complexed with the
excipients salcaprozate sodium and soybean trypsin inhibitor
to both facilitate absorption across the gastrointestinal wall while
at the same time protect the peptide from proteolysis. Results of
a 16-week, open-label pilot study showed a 42% reduction in
supplemental calcium, median serum calcium levels remained
above the lower target of (>7.5 mg/dL); serum phosphorus levels
were within the normal range throughout the study. 24-hour

urine calciumwas lowered on therapy in comparison to the base-
line value; however, this difference was not significant.(92)

Antagonists of the CaSR are another novel approach to pro-
mote PTH secretion in patients with intact parathyroid glands
and increase renal tubule reabsorption of calcium, with the net
effect of raising serum calcium.(93) This may be the ideal treat-
ment for patients with HypoPT due to gain-of-function muta-
tions of the CaSR, ADH1. This concept is supported by the
results of a proof-of-concept trial with the calcilytic, NPSP795,
which demonstrated a dose-dependent and study drug
concentration-dependent increase in PTH in patients with
ADH1.(94) Early results from Period 1 of a Phase 2 trial in which
six patients with ADH1 with four distinct CASR genotypes were
treated with escalating doses of the calcilytic encaleret
(NCT04581629) showed that, serum calcium, phosphorus, and
magnesium were largely normalized and maintained within the
normal range by day 5 while off of all supplements. Urinary cal-
cium excretion, which was elevated at baseline, became normal
in three patients and undetectable in three while on
encaleret.(95)

Patient Perspective

Members of The HypoPARAthyroidism Association, Inc. believe
that a single treatment strategy may not be ideal for all patients.
Each patient with HypoPT has different symptoms and complica-
tions. Patients think of each person like a snowflake; no two are
alike. Many patients feel that conventional therapy keeps them
alive, but with poor QoL and at the cost of long-term conse-
quences, including advanced renal disease. Patients often report
that their doctors do not understand how to diagnose and treat
HypoPT, and frequently minimize or dismiss their symptoms.
Great hope was raised when PTH (1-84) was approved, and while
it was not ideal for all patients it was progress. Treatment options
that will address the underlying cause of HypoPT and improve
QoL are needed. The HypoPARAthyroidism Association fully sup-
ports the plan of the task force to improve treatment and quality
and continuity of care for patients with HypoPT globally.

Summary

Active vitamin D analogue therapy, in combination with calcium
supplements, remains the cornerstone for the treatment of
HypoPT. The primary aims are to normalize serum calcium while
keeping patients symptom free. Despite careful titration and fre-
quent monitoring of pharmacologic therapy, treatment is associ-
ated with a high pill burden, fluctuations in serum calcium and
other biochemical abnormalities (eg, hyperphosphatemia,
hypercalciuria) in addition to a number of complications, includ-
ing reduced QoL and kidney disease.

Women with HypoPT who become pregnant are at an
increased risk of unpredictable fluctuations in serum calcium as
well as adverse pregnancy outcomes and require more frequent
monitoring.

Replacement therapy with PTH has been evaluated in ran-
domized and in observational trials. The results are weakened
in some cases by experimental design and small sample sizes
that result in wide confidence intervals. Although the resulting
evidence is of low quality, PTH replacement is nevertheless a
valuable option for patients who cannot be adequately con-
trolled on conventional therapy and is an important step for-
ward. More physiologic approaches to PTH replacement with
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smaller, more frequent doses of PTH, long-acting PTH-analogues,
or by continuous PTH infusion may offer an essential alternative
to conventional therapy for many patients with HypoPT.

The panel suggests, therefore, conventional therapy rather
than PTH therapy (weak recommendation, low quality evidence),
as the initial approach to all patients with HypoPT, but adds that
PTH should be considered if conventional therapy is deemed
unsatisfactory (ungraded comment). New molecules with pro-
longed PTH action, PTH analogues, PTH receptor agonists, and
calcilytic molecules are under development and are promising
for the future treatment of HypoPT.

Research Agenda

The following areas of research are expected to improve the
quality of care available for HypoPT:

1. Adequately powered, long-term, prospective controlled
studies evaluating PTH versus conventional therapy on impor-
tant patient outcomes.

2. Prospective controlled studies of the determinants of
nephrocalcinosis and renal insufficiency in patients with HypoPT.

3. Prospective studies in HypoPT during pregnancy evaluating
optimal management strategies.

4. Controlled, long-term studies evaluating the effects of PTH
1-34 and other PTH molecules delivered by pump.

5. Studies to evaluate the long-term effects of PTH therapy on
bone quality and strength.

6. Controlled studies on phosphate restriction in children with
severe hyperphosphatemia: Does dietary phosphate restriction
do more harm than good?

7. Understand the determinants of ectopic calcification and
the role played by hyperphosphatemia.
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