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Abstract
Background  Secondary hyperparathyroidism (SHPT) is a common and serious complication of chronic kidney disease, 
particularly in end-stage renal disease. Currently, both cinacalcet and vitamin D are used to treat SHPT via two different 
mechanisms, but it is still unclear whether the combination use of these two drugs can be a safe and effective alternative to 
vitamin D alone. Therefore, the aim of this meta-analysis was to assess the efficacy and safety of cinacalcet plus vitamin D 
in the treatment of SHPT.
Methods  Four electronic databases, including PubMed, EMBASE, Cochrane Central Register of Controlled Trials (CEN-
TRAL), and Web of Science, were searched for eligible publications. All randomized-controlled trials comparing cinacalcet 
plus vitamin D with vitamin D alone in SHPT patients undergoing dialysis were included. Mean difference (MD) with 95% 
confidence intervals (CIs) and risk ratios (RRs) with 95% CIs were calculated using a random-effects model or fixed-effects 
model. Sensitivity analysis was conducted by removing any one study successively to estimate the stability of the pooled 
results, and subgroup analysis was carried out to explore potential sources of heterogeneity, and funnel plots were used to 
test publication bias.
Results  A total of 8 randomized-controlled trials involving 1480 patients were included in the study. Compared with vitamin 
D treatment, the combination use of cinacalcet and vitamin D significantly lowered serum calcium (MD − 0.82, 95% CI 
− 1.02 to − 0.61, P < 0.001), phosphorus (MD − 0.57, 95% CI − 0.97 to − 0.18, P = 0.005), and calcium × phosphorus product 
(MD − 9.41, 95% CI − 10.00 to − 8.82, P < 0.001). However, there was no difference in serum parathyroid hormone (PTH, 
MD 43.99, 95% CI − 49.22 to 137.20, P = 0.35), ≥ 30% reduction in PTH (RR 1.02, 95% CI 0.69–1.52, P = 0.91), and PTH 
achieve 150–300 pg/ml (RR 0.88, 95% CI 0.68–1.15, P = 0.35). Moreover, the combination therapy did not increase the 
risk of all adverse events, all-cause mortality, diarrhea, muscle spasms, and headache (all P > 0.05), but had a higher risk of 
hypocalcemia (RR 17.98, 95% CI 5.68–56.99, P < 0.001), and nausea or vomiting (RR 3.47, 95% CI 2.25–5.35, P < 0.001).
Conclusions  In comparison with vitamin D alone, the combination use of cinacalcet and vitamin D significantly lowered 
serum calcium, phosphorus, and the calcium × phosphorus product, and did not increase the risk of all adverse events, all-
cause mortality, diarrhea, muscle spasms, and headache, whereas had no effect on serum PTH and increased the risk of 
hypocalcemia and nausea or vomiting. Future studies are needed to assess the effects of cinacalcet plus vitamin D on PTH 
level, cardiovascular events, and other clinical outcomes in larger samples with longer durations.

Keywords  Cinacalcet · Vitamin D · Secondary hyperparathyroidism · Dialysis · Meta-analysis

Introduction

Chronic kidney disease (CKD) is a global public health 
problem with an increasing incidence, poor outcomes, and 
high cost [1]. Decreased glomerular filtration rate (GFR) and 
increased urinary albumin excretion may progress to end-
stage renal disease (ESRD) and require renal replacement 
therapy, including dialysis or transplantation. Secondary 
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hyperparathyroidism (SHPT) is one of the most common 
and serious complications of ESRD, which is characterized 
by an elevation in parathyroid hormone (PTH) associated 
with inadequate levels of active vitamin D hormone. Many 
studies had demonstrated that SHPT was associated with 
an increased risk of mortality, cardiovascular disease, and 
bone fracture [2–4].

The traditional treatment for SHPT is oral or intravenous 
vitamin D analogs, which can inhibit PTH synthesis and 
secretion via binding to vitamin D receptor (VDR) in para-
thyroid gland. Although vitamin D have been shown to be 
effective in lowering serum PTH levels [5–7], the treatment 
also enhanced intestinal absorption of calcium and phos-
phorus, and led to hypercalcemia or hyperphosphatemia [8].

The calcimimetic cinacalcet was approved to treat SHPT 
patients by directly binding to and activating calcium-sens-
ing receptor (CaR) in parathyroid gland. For this reason, 
cinacalcet could significantly increase sensitivity to extracel-
lular calcium and suppress PTH secretion without increasing 
serum calcium and phosphate levels [9]. A growing number 
of randomized-controlled trials (RCTs) indicated that cina-
calcet effectively improved biochemical parameters of SHPT 
patients, and had no negative impact on all-cause mortality 
and all adverse events [10–14].

Since vitamin D and cinacalcet exert therapeutic effect 
through two distinct mechanisms, whether the combination 
use of these two drugs can be a safe and effective alterna-
tive to vitamin D alone was still unknown. Therefore, this 
meta-analysis aimed to identify available RCTs, and evaluate 
the efficacy and safety of cinacalcet plus vitamin D in the 
treatment of SHPT.

Methods

This study was performed according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement [15].

Data sources and searches

Four electronic databases, including PubMed, EMBASE, 
Cochrane Central Register of Controlled Trials (CEN-
TRAL), and Web of Science, were searched from their 
inception to 18 July 2019. No language restrictions were 
applied. The following terms were used in the literature 
search: “kidney diseases or chronic kidney failure or dialysis 
or hemodialysis or haemodialysis”, AND “secondary hyper-
parathyroidism or SHPT”, AND “cinacalcet or calcimimetic 
or mimpara or sensipar or AMG 074 or AMG 073 or KRN 
1493 or naphthalene” AND “vitamin D or cholecalciferol 
or calciferol or 25-hydroxyvitamin D”. Moreover, reference 

lists of articles and all prior meta-analyses were searched 
manually to identify additional eligible studies.

Study selection

Eligible articles were selected based on the following inclu-
sion criteria: (1) patients aged over 18 years and received 
dialysis more than 3 months; (2) patients were treated with 
calcimimetic agents plus vitamin D; (3) reported endpoint 
data of interest; (4) randomized-controlled trial. Citations 
were excluded for the following reasons: (1) duplicated stud-
ies; (2) lack of extractable data.

All studies were imported into Endnote X7 (Thomson 
Reuters, New York, USA) for the exclusion of duplicates, 
and two reviewers (Jun Xu and Yan Yang) independently 
screened the titles, abstracts, and full texts to identify poten-
tial eligible trials. Any disagreements were resolved through 
adjudication by the third researcher (Liang Ma).

Data extraction

Two reviewers (Jun Xu and Yan Yang) individually extracted 
the following information from each study: author, publica-
tion year, title, eligibility criteria, baseline characteristics 
of the participants, sample size, and interventions. The fol-
lowing outcomes of interest were examined: serum PTH, 
calcium, phosphorous, calcium × phosphorus product, Kid-
ney Disease Outcome Quality Initiative (KDOQI) target, 
all-cause mortality and all adverse events, hypocalcemia, 
nausea or vomiting, diarrhea, muscle spasms, and headache.

Quality assessment of the studies

The quality of the included RCTs was evaluated by the 
Cochrane Collaboration Risk of Bias tool [16], which was 
divided into three criteria, “low risk”, “unclear”, and “high 
risk”, and contained seven items: random allocation, con-
cealment, blinding of participants, outcome assessment, 
incomplete outcome, selective reporting, and other bias.

Statistical analysis

Data were analyzed using Review Manager (RevMan, Ver-
sion 5.3, Cochrane Collaboration, Copenhagen, Denmark). 
For continuous and dichotomous variables, the pooled 
results were performed by mean differences (MDs) and risk 
ratios (RRs), respectively. All data were collected at the end 
of study. When standard deviation (SD) did not report, it 
was calculated using the values of the median and interquar-
tile ranges (IQRs) [17]. Heterogeneity between studies was 
assessed with the Cochran’s Q-statistic test and the I2 sta-
tistics [18]. When heterogeneity was observed (Q-statistic: 
P < 0.1; I2 > 50%), the random-effects model (DerSimonian 
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and Laird method) was adopted, or else a fixed-effects model 
was used [19]. In addition, sensitivity analysis was con-
ducted by removing any one study successively to estimate 
the stability of the pooled results, subgroup analysis was 
carried out to explore potential sources of heterogeneity, and 
funnel plots were used to test publication bias. A p value 
< 0.05 was considered statistically significant.

Results

Studies characteristics

With the applied search strategy, 613 potentially relevant 
studies were identified. After screening the title and abstract, 
55 studies were relevant and obtained in full. Ultimately, 8 
RCTs containing 1480 SHPT patients were included in the 
meta-analysis [20–27]. No additional studies were identified 
by manual retrieval. The PRISMA flowchart of literature 
review is shown in Fig. 1. See the Online Appendix for more 
details of retrieval process.

Characteristics of patients, interventions, treatment 
duration, and main outcome measures of all included 
studies are shown in Table 1. In brief, these trials were 
performed between 2008 and 2014, and varied in sam-
ple size (66–360 participants). In these RCTs, two stud-
ies originated from the ACHIEVE trial (study number: 
20050102) [20, 21] and IMPACT-SHPT trial (trial 

registration: ClinicalTrials.gov NCT00977080) [23, 
27], respectively. Notably, IMPACT-SHPT trial was a 
28-week, multicentre, randomized, open-label phase 4 
study, and randomization and analyses were stratified 
according to the mode of paricalcitol administration 
[intravenous (IV) at USA and Russian sites (IV stratum); 
oral at non-USA and non-Russian sites (oral stratum)]. 
Therefore, we split the trial into IV stratum and oral 
stratum for analysis [23]. In terms of dosage, five stud-
ies received an initial cinacalcet dosage of 30 mg/day 
orally, and raised to 180 mg/day to achieve a PTH level 
between 150 and 300 pg/ml [20–23, 27], and only one 
study reported the dosage of cinacalcet was between 25 
and 50 mg/day [25]. On the other hand, vitamin D dos-
age of the eight RCTs was adjusted according to mineral 
metabolic parameter test.

Among these eight included studies, a high risk of bias 
was assigned to two for performance bias, one for detection 
bias and attrition bias. And also, an unclear risk of bias was 
assigned to one for selection bias, two for performance bias, 
four for detection bias, three for attrition bias, one for report-
ing bias, and three for other bias. The risk of bias within 
studies is shown in Supplementary Figure 1.

Effects of cinacalcet plus vitamin D treatment 
on biochemical outcomes

Serum PTH

Serum PTH, ≥ 30% reduction in PTH, and PTH achieve 
150–300 pg/ml were main outcome measures of cinacal-
cet treatment, and four trials that reported these indicators 
were included in our meta-analysis. There was no signifi-
cant difference between cinacalcet plus vitamin D group 
and vitamin D group in serum PTH (MD 43.99, 95% CI 
− 49.22 to 137.20, P = 0.35; Fig. 2a), ≥ 30% reduction in 
PTH (RR 1.02, 95% CI 0.69–1.52, P = 0.91; Fig. 2b), and 
PTH achieve 150–300 pg/ml (RR 0.88, 95% CI 0.68–1.15, 
P = 0.35; Fig. 2c). Subjectively, the funnel plot for ≥ 30% 
reduction in PTH and PTH achieve 150–300 pg/ml are sym-
metric, as shown in Supplementary Figure 2.

Serum calcium, phosphorus, and calcium × phosphorus 
product

As shown in Fig. 3, the combination use of cinacalcet and 
vitamin D significantly lowered serum calcium (MD − 0.82, 
95% CI − 1.02 to − 0.61, P < 0.001; Fig. 3a), phosphorus 
(MD − 0.57, 95% CI − 0.97 to − 0.18, P = 0.005; Fig. 3b), 
and calcium × phosphorus product (MD − 9.41 to 95% CI 
− 10.00, − 8.82, P < 0.001; Fig. 3c).

Based on I2 index, each of the biochemical parameters 
demonstrated high heterogeneity across the studies. General Fig. 1   Flowchart of identification of eligible studies in this study



2030	 International Urology and Nephrology (2019) 51:2027–2036

1 3

Ta
bl

e 
1  

C
ha

ra
ct

er
ist

ic
s o

f i
nc

lu
de

d 
stu

di
es

St
ud

y 
na

m
e/

fir
st 

au
th

or
, y

ea
r

Tr
ia

l r
eg

ist
ra

tio
n

C
ou

nt
ry

Pa
tie

nt
s n

um
be

r 
(T

/C
)

A
ge

 (S
D

)
Fe

m
al

e 
(%

)
Tr

ea
tm

en
t g

ro
up

 
(c

in
ac

al
ce

t p
lu

s 
vi

ta
m

in
 D

)

C
on

tro
l g

ro
up

 
(v

ita
m

in
 D

)
Tr

ea
tm

en
t d

ur
a-

tio
n

M
ai

n 
ou

tc
om

e 
m

ea
su

re
s

Fi
sh

ba
ne

 
et

 a
l.,

 2
00

8 
(A

C
H

IE
V

E)

St
ud

y 
nu

m
be

r: 
20

05
01

02
U

SA
17

3 
(8

7/
86

)
T:

 5
7.

7 
(1

4.
9)

C
: 5

9.
0 

(1
2.

4)
T:

 4
0

C
: 4

8
C

in
ac

al
ce

t 
(3

0–
18

0 
m

g/
da

y)
 p

lu
s l

ow
 

do
se

 o
f p

ar
i-

ca
lc

ito
l (

2 
μg

 
th

ric
e 

w
ee

kl
y)

 
or

 d
ox

er
ca

lc
if-

er
ol

 (1
 μ

g 
th

ric
e 

w
ee

kl
y)

Fl
ex

ib
le

 d
os

es
 o

f 
pa

ric
al

ci
to

l o
r 

do
xe

rc
al

ci
fe

ro
l

33
 w

ee
ks

: 
sc

re
en

in
g 

6 
w

ee
ks

; t
itr

a-
tio

n 
16

 w
ee

ks
; 

as
se

ss
m

en
t 

11
 w

ee
ks

Pr
im

ar
y 

en
dp

oi
nt

: 
PT

H
 a

ch
ie

ve
 

15
0–

30
0 

pg
/

m
l; 

C
a ×

 P
 

ac
hi

ev
e <

 55
 m

g2 /
dl

2

Se
co

nd
ar

y 
en

d-
po

in
t: 

K
D

O
Q

I 
ta

rg
et

s;
 ≥

 30
%

 
re

du
ct

io
n 

in
 P

TH
W

et
m

or
e 

et
 a

l.,
 2

01
0 

(A
C

H
IE

V
E)

St
ud

y 
nu

m
be

r: 
20

05
01

02
U

SA
91

 (4
8/

43
)

T:
 5

7.
9(

15
.7

)
C

: 5
9.

5(
13

.1
)

T:
 4

0
C

: 4
4

C
in

ac
al

ce
t 

(3
0–

18
0 

m
g/

da
y)

 p
lu

s l
ow

 
do

se
 o

f p
ar

i-
ca

lc
ito

l (
2 

μg
 

th
ric

e 
w

ee
kl

y)
 

or
 d

ox
er

ca
lc

if-
er

ol
 (1

 μ
g 

th
ric

e 
w

ee
kl

y)

Fl
ex

ib
le

 d
os

es
 o

f 
pa

ric
al

ci
to

l o
r 

do
xe

rc
al

ci
fe

ro
l

33
 w

ee
ks

: 
sc

re
en

in
g 

6 
w

ee
ks

; t
itr

a-
tio

n 
16

 w
ee

ks
; 

as
se

ss
m

en
t 

11
 w

ee
ks

Pe
rc

en
t r

el
at

iv
e 

ch
an

ge
 in

 C
a,

 
P,

 P
TH

, a
nd

 
lo

g-
tra

ns
fo

rm
ed

 
FG

F2
3

R
ag

gi
 e

t a
l.,

 2
01

1 
(A

D
VA

N
C

E)
C

lin
ic

al
Tr

ia
ls

.g
ov

N
C

T0
03

79
89

9
U

SA
36

0 
(1

80
/1

80
)

T:
 6

1.
2 

(1
2.

6)
C

: 6
1.

8 
(1

2.
8)

T:
 3

8
C

: 4
7

C
in

ac
al

ce
t 

(3
0–

18
0 

m
g/

da
y)

 p
lu

s l
ow

 
do

se
 o

f v
ita

m
in

 
D

 st
er

ol
s 

eq
ui

va
le

nt
 to

 
≤

 2 
μg

 p
ar

ic
al

-
ci

to
l w

ith
 e

ac
h 

di
al

ys
is

Fl
ex

ib
le

 d
os

es
 

of
 v

ita
m

in
 D

 
ste

ro
ls

.

52
 w

ee
ks

: t
itr

a-
tio

n 
20

 w
ee

ks
; 

fo
llo

w
-u

p 
32

 w
ee

ks

Pr
im

ar
y 

en
dp

oi
nt

: 
pe

rc
en

ta
ge

 
ch

an
ge

 in
 C

A
C

 
sc

or
e

Se
co

nd
ar

y 
en

d-
po

in
t: 

ch
an

ge
 in

 
PT

H
, c

al
ci

um
, 

ph
os

ph
or

us
 a

nd
 

C
a ×

 P
; s

af
et

y
K

et
te

le
r e

t a
l.,

 
20

12
 (I

M
PA

C
T-

SH
PT

)

C
lin

ic
al

Tr
ia

ls
.g

ov
N

C
T0

09
77

08
0

IV
 st

ra
tu

m
: U

SA
O

ra
l s

tra
tu

m
: 

no
n-

U
SA

IV
 st

ra
tu

m
: 1

26
 

(6
4/

62
)

O
ra

l s
tra

tu
m

: 1
42

 
(7

0/
72

)

IV
 st

ra
tu

m
: T

: 
61

.2
(1

2.
7)

C
: 5

9.
9(

12
.0

)
O

ra
l s

tra
tu

m
: T

: 
65

.7
(1

3.
5)

C
:6

5.
1(

12
.5

)

IV
: T

: 3
8.

7
C

: 4
0.

6
O

ra
l: 

T:
 3

1.
9

C
: 3

8.
6

C
in

ac
al

ce
t 

(3
0–

18
0 

m
g/

da
y)

 p
lu

s I
V

 
do

xe
rc

al
ci

fe
ro

l 
(1

 μ
g 

th
ric

e 
w

ee
kl

y)
C

in
ac

al
ce

t 
(3

0–
18

0 
m

g/
da

y)
 p

lu
s o

ra
l 

al
fa

ca
lc

id
ol

 
(0

.2
5 

μg
/d

ay
)

Re
ce

iv
ed

 IV
 o

r 
or

al
 p

ar
ic

al
ci

to
l 

ac
co

rd
in

g 
to

 
str

at
um

28
 w

ee
ks

: t
re

at
-

m
en

t 2
8 

w
ee

ks
; 

as
se

ss
m

en
t 

21
–2

8 
w

ee
ks

Pr
im

ar
y 

en
dp

oi
nt

: 
iP

TH
 a

ch
ie

ve
 

15
0–

30
0 

pg
/m

l
Se

co
nd

ar
y 

en
d-

po
in

t: 
iP

TH
 a

nd
 

ca
lc

iu
m

 a
ch

ie
ve

 
30

 o
r 5

0%
 

K
D

O
Q

I r
ed

uc
-

tio
n;

 F
G

F2
3,

 
B

SA
P,

 p
ho

sp
ha

te
 

an
d 

PT
H

; s
af

et
y



2031International Urology and Nephrology (2019) 51:2027–2036	

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

St
ud

y 
na

m
e/

fir
st 

au
th

or
, y

ea
r

Tr
ia

l r
eg

ist
ra

tio
n

C
ou

nt
ry

Pa
tie

nt
s n

um
be

r 
(T

/C
)

A
ge

 (S
D

)
Fe

m
al

e 
(%

)
Tr

ea
tm

en
t g

ro
up

 
(c

in
ac

al
ce

t p
lu

s 
vi

ta
m

in
 D

)

C
on

tro
l g

ro
up

 
(v

ita
m

in
 D

)
Tr

ea
tm

en
t d

ur
a-

tio
n

M
ai

n 
ou

tc
om

e 
m

ea
su

re
s

Ro
dr

ig
ue

z 
et

 a
l.,

 
20

13
C

lin
ic

al
Tr

ia
ls

.g
ov

N
C

T0
08

03
71

2;
 

Eu
dr

ac
t 2

00
8-

00
45

58
-3

4

Sw
itz

er
la

nd
30

4 
(1

53
/1

51
)

T:
 5

7.
9 

(1
3.

6)
C

: 5
7.

0 
(1

4.
6)

T:
 4

5.
8

C
: 3

7.
1

C
in

ac
al

ce
t p

lu
s 

am
ou

nt
s e

qu
iv

-
al

en
t t

o 
2 

μg
 

pa
ric

al
ci

to
l 

th
ric

e 
w

ee
kl

y

Fl
ex

ib
le

 d
os

es
 o

f 
ca

lc
itr

io
l

56
 w

ee
ks

: t
re

at
-

m
en

t 5
2 

w
ee

ks
; 

as
se

ss
m

en
t 

52
/5

6 
w

ee
k

C
al

ci
um

-r
eg

ul
at

ed
 

PT
H

 re
le

as
e.

K
im

 e
t a

l.,
 2

01
3 

(C
U

PI
D

)
C

lin
ic

al
Tr

ia
ls

.g
ov

N
C

T0
11

01
11

3
K

or
ea

66
 (3

3/
33

)
T:

 4
8.

8 
(1

1.
5)

C
: 4

7.
2 

(8
.4

)
T:

 3
9.

4
C

: 5
4.

5
C

in
ac

al
ce

t 
(2

5–
50

 m
g/

da
y)

 
pl

us
 v

ita
m

in
 D

Fl
ex

ib
le

 d
os

es
 o

f 
or

al
 c

al
ci

tri
ol

20
 w

ee
ks

: 
sc

re
en

in
g 

4 
w

ee
ks

; t
itr

a-
tio

n 
12

 w
ee

ks
; 

as
se

ss
m

en
t 

22
–2

6/
48

–
52

 w
ee

ks

Pr
im

ar
y 

en
dp

oi
nt

: 
>

 30
%

 re
du

ct
io

n 
of

 P
TH

Se
co

nd
ar

y 
en

d-
po

in
t: 

ab
so

lu
te

 o
r 

pe
rc

en
t c

ha
ng

e 
of

 
FG

F2
3;

 K
D

O
Q

I 
ta

rg
et

s
U

re
na

-T
or

re
s 

et
 a

l.,
 2

01
3

Eu
dr

ac
t 2

00
8-

00
45

58
-3

4
Fr

an
ce

30
9 

(1
54

/1
55

)
T:

 5
7.

9 
(1

3.
6)

C
: 5

7.
0 

(1
4.

6)
T:

 4
5.

8
C

: 3
7.

1
C

in
ac

al
-

ce
t(3

0 
m

g/
da

y 
an

d 
ad

ju
ste

d)
 

pl
us

 lo
w

 d
os

es
 

of
 v

ita
m

in
 D

 
(I

V:
 ≤

 ca
lc

itr
io

l 
0.

5 
µg

, d
ox

er
-

ca
lc

ife
ro

l 1
 µ

g 
or

 p
ar

ic
al

ci
to

l 
2 

µg
 p

er
 d

ia
ly

-
si

s)
 o

r o
ra

l (
ca

l-
ci

tri
ol

 0
.2

5 
µg

/
da

y,
 p

ar
ic

al
ci

to
l 

1 
µg

/d
ay

, 
al

fa
ca

lc
id

ol
 

0.
25

 µ
g/

da
y)

Fl
ex

ib
le

 d
os

e 
of

 
ac

tiv
e 

vi
ta

m
in

 
D

56
 w

ee
ks

: 
w

as
ho

ut
 

4 
w

ee
ks

; t
itr

a-
tio

n 
22

 w
ee

ks
; 

effi
ca

cy
 

as
se

ss
m

en
t 

22
–2

6/
48

–
52

 w
ee

ks
.

Pr
im

ar
y 

en
dp

oi
nt

: 
>

 30
%

 re
du

c-
tio

n 
of

 P
TH

 a
t 

6 
m

on
th

s
Se

co
nd

ar
y 

en
d-

po
in

t: 
>

 30
%

 
re

du
ct

io
n 

of
 P

TH
 

at
 1

2 
m

on
th

s;
 

ta
rg

et
s f

or
 P

TH
, 

ca
lc

iu
m

, a
nd

 
ph

os
ph

or
us

 a
t 6

 
an

d 
12

 m
on

th
s;

 
sa

fe
ty

C
oz

zo
lin

o 
et

 a
l.,

 
20

14
 (I

M
PA

C
T-

SH
PT

)

C
lin

ic
al

Tr
ia

ls
.g

ov
N

C
T0

09
77

08
0

IV
 st

ra
tu

m
: U

SA
O

ra
l s

tra
tu

m
: 

no
n-

U
SA

IV
 st

ra
tu

m
: 1

26
 

(6
4/

62
)

O
ra

l s
tra

tu
m

: 1
42

 
(7

0/
72

)

IV
 st

ra
tu

m
:

T:
 6

1.
2 

(1
2.

7)
C

: 5
9.

9 
(1

2.
0)

O
ra

l s
tra

tu
m

: T
: 

65
.7

 (1
3.

5)
C

:6
5.

1 
(1

2.
5)

IV
:

T:
 3

8.
7

C
: 4

0.
6

O
ra

l:
T:

 3
1.

9
C

: 3
8.

6

C
in

ac
al

ce
t 

(3
0–

18
0 

m
g/

da
y)

 p
lu

s I
V

 
do

xe
rc

al
ci

fe
ro

l 
1 

μg
 th

ric
e 

w
ee

kl
y

C
in

ac
al

ce
t 

(3
0–

18
0 

m
g/

da
y)

 p
lu

s o
ra

l 
al

fa
ca

lc
id

ol
 

(0
.2

5 
μg

/d
ay

)

Re
ce

iv
ed

 IV
 o

r 
or

al
 p

ar
ic

al
ci

to
l 

ac
co

rd
in

g 
to

 
str

at
um

28
 w

ee
ks

: t
re

at
-

m
en

t 2
8 

w
ee

ks
; 

effi
ca

cy
 

as
se

ss
m

en
t 

21
–2

8 
w

ee
ks

C
ha

ng
es

 in
 A

P,
 

B
SA

P 
an

d 
FG

F-
23

 a
nd

 
th

e 
pr

op
or

tio
n 

of
 p

at
ie

nt
s w

ho
 

ac
hi

ev
ed

 a
n 

iP
TH

 le
ve

l o
f 

15
0–

30
0 

pg
/m

l 
du

rin
g 

w
ee

ks
 8

, 
16

, a
nd

 2
1–

28

CK
D

 c
hr

on
ic

 k
id

ne
y 

di
se

as
e,

 P
TH

 p
ar

at
hy

ro
id

 h
or

m
on

e,
 iP

TH
 in

ta
ct

 P
TH

, K
D

O
Q

I K
id

ne
y 

D
is

ea
se

 O
ut

co
m

e 
Q

ua
lit

y 
In

iti
at

iv
e,

 C
a 

ca
lc

iu
m

, P
 p

ho
sp

ho
ru

s, 
C

a ×
 P

 c
al

ci
um

 ×
 ph

os
ph

or
us

 p
ro

d-
uc

t, 
FG

F2
3 

fib
ro

bl
as

t g
ro

w
th

 fa
ct

or
-2

3,
 B

SA
P 

bo
ne

-s
pe

ci
fic

 a
lk

al
in

e 
ph

os
ph

at
as

e,
 IV

 in
tra

ve
no

us



2032	 International Urology and Nephrology (2019) 51:2027–2036

1 3

speaking, meta-regression analysis was usually performed 
to explore the heterogeneity between studies and at least ten 
studies were required. Whereas only a limited number of 

studies included, sensitivity analysis was conducted to check 
the stability of summary estimates and explore the potential 
sources of heterogeneity between studies. The pooled results 

Fig. 2   Forest plots of patients treated with calcimimetic plus vitamin D versus vitamin D for serum PTH (a), ≥ 30% reduction in PTH (b), and 
PTH achieve 150–300 pg/ml (c)

Fig. 3   Forest plots of patients treated with calcimimetic plus vitamin D versus vitamin D for serum calcium (a), phosphorus (b), and cal-
cium × phosphorus product (c)
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showed that the removal of each study one by one in sensi-
tivity analysis did not change the outcome of serum calcium, 
phosphorus, and calcium × phosphorus product.

Safety analyses

In terms of safety, five studies reported the adverse events 
[20, 22, 23, 25, 26]. Compared with vitamin D alone, cina-
calcet plus vitamin D treatment had no significant differ-
ence in all adverse events (RR 1.02, 95% CI 0.97–1.08, 
P = 0.38; Fig. 4a), all-cause mortality (RR 0.80, 95% CI 
0.42–1.52, P = 0.49; Fig. 4b), diarrhea (RR 1.16, 95% CI 
0.73–1.85, P = 0.52; Fig. 4e), muscle spasms (RR 1.12, 
95% CI 0.66–1.92, P = 0.68; Fig. 4f), and headache (RR 
0.82, 95% CI 0.41–1.62, P = 0.56; Fig. 4g), but increased 
the risk of hypocalcemia (RR 17.98, 95% CI 5.68–56.99, 
P < 0.001; Fig. 4c) and nausea or vomiting (RR 3.47, 95% 
CI 2.25–5.35, P < 0.001; Fig. 4d). Subjectively, the funnel 
plot for safety analyses was symmetric, as shown in the Sup-
plementary Figure 3.

Due to the large heterogeneity between studies, we also 
performed subgroup analyses based on study design and 
clinical characteristics, including study sample size, dura-
tion of treatment, country, and mean age of patients. For the 
specific outcomes (≥ 30% reduction in PTH, PTH achieve 
150–300 pg/ml, serum calcium, and phosphorus), sam-
ple size less than 150, the duration of treatment less than 
30 weeks, the studies from Europe, and patients aged over 
60 years might source the high heterogeneity between stud-
ies, as shown in Supplementary Table 1.

Discussion

Several published meta-analyses have explored the therapeu-
tic effects of cinacalcet in the treatment of SHPT [10–14]. To 
our knowledge, this is the first meta-analysis evaluating the 
efficacy and safety of cinacalcet plus vitamin D therapy. The 
results indicated that relative to vitamin D alone, the combi-
nation use of cinacalcet and vitamin D had no difference in 
serum PTH, but significantly lowered serum calcium, phos-
phorus, and calcium × phosphorus product. Despite the risk 
of hypocalcemia and nausea or vomiting, cinacalcet plus 
vitamin D treatment did not increase the occurrence of all 
adverse events, all-cause mortality, diarrhea, muscle spasms, 
and headache. In agreement with our meta-analysis, Lee 
et al. [28] conducted a retrospective study to evaluate treat-
ment with either low-dose calcitriol and cinacalcet or cal-
citriol alone in dialysis patients, and observed a significant 
decrease of serum calcium, phosphorus, and calcium phos-
phate product in the combination use of cinacalcet and cal-
citriol. Chertow et al. [29] also reported that treatment with 
cinacalcet and low-dose vitamin D sterols led to significant 

improvement of clinical symptoms in SHPT patients, includ-
ing pain in the muscles, joints and bones, joint stiffness, dry 
and itchy skin, excessive thirst, and trouble with memory.

However, we did not observe a decrease in serum PTH, 
and percentage of ≥ 30% reduction in PTH and PTH achieve 
150–300 pg/ml in patients treated with cinacalcet and vita-
min D. Ketteler et al. [23] found that the proportion of 
subjects who had PTH values between 150 and 300 pg/ml 
was significantly greater, and mean PTH was lower in the 
paricalcitol group than cinacalcet plus vitamin D group in 
intravenous stratum, but had no significance difference in 
oral stratum. Conversely, Urena-Torres et al. [26] reported 
that PTH levels decreased obviously in patients treated 
with cinacalcet plus low-dose vitamin D treatment at both 
6 months and 12 months. In direct comparison of cinacalcet 
and vitamin D as mono-therapy, Wetmore et al. [8] found 
similar modest reductions in PTH with either cinacalcet 
or vitamin D alone over 52 weeks of treatment. A recent 
RCT also evaluated the improvement of PTH levels and 
bone parameters by supplementing nutritional vitamin D 
(cholecalciferol) together with cinacalcet and active vita-
min D analog (calcitriol) among severe SHPT patients, and 
reported that cholecalciferol additively reduced serum PTH 
levels more than cinacalcet plus calcitriol use [30]. Recently, 
a Bayesian network meta-analysis by Ye et al. [31] showed 
that paricalcitol therapy might be the most optimal regimen 
in controlling PTH levels for dialysis patients with SHPT, 
which was similar to our conclusion. Interestingly, a meta-
analysis implied that higher initial level of creatinine was 
correlated to more pronounced reduction in PTH level [32].

The most common adverse events associated with cina-
calcet were gastrointestinal symptoms, including nausea, 
vomiting, and diarrhea after taking cinacalcet. In this meta-
analysis, cinacalcet plus vitamin D treatment had no sig-
nificant difference in all adverse events, all-cause mortality, 
diarrhea, muscle spasms, and headache, but significantly 
increased the risk of hypocalcemia and nausea or vomiting. 
Cardiovascular disease is the main cause of death in patients 
with SHPT, and many studies had observed that supraphysi-
ological dose of PTH increased endothelial expression of the 
inflammatory cytokine, and subsequently promoted to arte-
rial plaque formation and vascular calcification [33]. Only 
the ADVANCE trial reported the cardiovascular events, and 
found that cinacalcet plus low-dose vitamin D may attenu-
ate vascular and cardiac valve calcification in moderate-to-
severe secondary hyperparathyroidism [22]. Recently, Wang 
et al. [10] performed a meta-analysis to assess the efficacy 
and safety of cinacalcet in patients with SHPT, and also 
demonstrated that cinacalcet increased the risk of hypoc-
alcemia, nausea, vomiting, and diarrhea, whereas it did not 
increase all-cause and cardiovascular mortality.

The limitation of our meta-analysis still existed. First, the 
number of included studies was small. Due to the limited 
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number of current studies, the high heterogeneity between 
studies did not explain well according to sensitivity and 
subgroup analyses. Second, all these trials were short-term 
(28–56 weeks), and thus, the long-term effects of cinacalcet 
plus vitamin D were not yet clear. Third, several studies had 
not clearly reported the data about cinacalcet dose and PTH 
change level, and thus, dose–response could not be carried 
out at present.

In conclusion, the results of this meta-analysis indicated 
that relative to vitamin D alone, the combination use of cina-
calcet and vitamin D significantly lowered serum calcium, 
phosphorus, and the calcium × phosphorus product, and did 
not increase the risk of all adverse events, all-cause mortal-
ity, diarrhea, muscle spasms, and headache, whereas had 
no effect on serum PTH and increased the risk of hypocal-
cemia and nausea or vomiting. Future studies are needed to 
assess the effects of cinacalcet plus vitamin D on PTH level, 
cardiovascular events, and other clinical outcomes in larger 
samples with longer durations.
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