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Abstract. Paricalcitol and cinacalcet have been recommended
to reduce parathyroid hormone (PTH) levels for patients with
secondary hyperparathyroidism (SHPT) and chronic kidney
disease (CKD), and they are able to reduce the risk of hypercalcemia and hyperphosphatemia. However, to date, it has remained
uncertain which is the better drug. The aim of the present
meta-analysis was to evaluate the effects on PTH, calcium and
phosphorus metabolism between the two drugs. The PubMed,
the Cochrane Library and Embase databases were searched
from inception to June 1, 2019 and eligible studies comparing
paricalcitol and cinacalcet for SHPT were included. Data were
analysed using Review Manager version 5.3. A total of 7 trials
from six articles, comprising 456 patients in the paricalcitol
group and 412 patients in the cinacalcet group, were included
in the meta-analysis. There were no differences in PTH levels
[mean difference (MD): 71.82, 95% CI: -185.20-328.85, P=0.58]
and phosphorus levels (standard MD: 0.59, 95% CI: -0.82-2.00,
P=0.41). The calcium levels in the paricalcitol group were
significantly higher than those in the cinacalcet group (MD:
1.10, 95% CI: 0.92-1.28, P<0.05). In conclusion, paricalcitol and
cinacalcet exhibited no difference in their efficacy to control of
PTH levels, as they were similarly effective in decreasing the
PTH levels. They also had comparable efficacy in the management of phosphorus levels. However, cinacalcet produced a
significantly greater reduction in serum calcium levels. More
large multicentre randomized controlled trials are necessary to
confirm the conclusions of the present analysis.
Introduction
Secondary hyperparathyroidism (SHPT) is one of the most
frequent complications in patients with chronic kidney disease

Correspondence to: Professor Weigang Tang, Department of

Nephrology, Wujin Hospital Affiliated to Jiangsu University, 2
Yongning Road, Changzhou, Jiangsu 213000, P.R. China
E-mail: wjrmyysnk@163.com

Key words: secondary hyperparathyroidism, paricalcitol, cinacalcet,
meta-analysis

(CKD) (1). SHPT is characterized by increased parathyroid
hormone (PTH), which may cause vascular calcification, soft
tissue calcification and bone fracture (2-4). High levels of
PTH are associated with an increased risk of mortality (5-9).
The Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines recommended ‘calcitriol, vitamin D analogs,
calcimimetics or a combination of these drugs’ to reduce PTH
levels (4).
Calcitriol is a classic treatment to control PTH levels
in patients with SHPT (10). However, certain patients with
refractory SHPT are characterized by high levels of PTH,
hypercalcaemia and hyperphosphatemia. High doses of
calcitriol increase the risk of hypercalcaemia and hyperphosphatemia, which may increase mortality. Patients with
SHPT have the lowest risk of mortality when their serum
calcium and phosphorus levels are in the normal range (4).
Recently, paricalcitol, a selective vitamin D analogue, was
demonstrated to only have a minor effect on vitamin D
receptors in the intestine and bone (11). Paricalcitol has been
proved to be an effective treatment to control PTH levels
and reduce absorption of calcium and phosphorus (12,13).
In addition, cinacalcet, a kind of calcimimetic, also provides
effective control of PTH levels and has the additional effect
of reducing calcium and phosphate levels (14-17). Thus far,
various studies have been performed to compare the effects
of PTH and calcium and phosphorus metabolism between the
two novel drugs; however, it has remained uncertain which
is the better drug. Therefore, the present meta-analysis was
performed to evaluate the effects of PTH on calcium and
phosphorus metabolism between the two drugs in patients
with SHPT.
Materials and methods
Search strategy. The present meta-analysis was reported
in line with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (18). The PubMed,
Cochrane Library and Embase databases were searched for
entries from inception to June 1, 2019. The combined text and
MeSH terms included the following: ‘Secondary hyperparathyroidism’, ‘Paricalcitol’, ‘Cinacalcet’, ‘Vitamin D analogues’
and ‘Calcimimetics’. In addition, the cited papers and relevant
references were searched manually to identify eligible studies.
There were no language restrictions.
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Inclusion and exclusion criteria. The inclusion criteria were as
follows: i) Randomized controlled trials (RCTs), case-control
or cohort studies; ii) Haemodialysis patients with SHPT,
PTH levels >300 pg/ml (reference range, 150-300 pg/ml);
iii) Comparison of outcomes between paricalcitol and cinacalcet; and iv) Reported outcomes include PTH, calcium and
phosphorus levels. The exclusion criteria were as follows:
i) Case series, reviews, comments; ii) Patients with parathyroidectomy or kidney transplantation; and iii) Lack of relevant
outcome data.
Data extraction and quality assessment. Two investigators
(XWX and LFG) retrieved and independently selected all
eligible records. Disagreements were resolved by discussion
with a third investigator (LJK). Details including the first
author's name, year of publication, location of the study, study
design, sample size, sex, mean age, follow-up period, the dose
of medication and treatment outcomes were extracted. The
Cochrane assessment tool was used to assess the quality of
RCTs (19) and the Newcastle-Ottawa scale (NOS) was used to
assess the quality of non-randomized studies (20).
Statistical analysis. Data analysis was performed using
Review Manager version 5.3 (Cochrane Collaboration).
Treatment outcomes were summarized as odds ratios (OR)
for categorical variables. Continuous data of outcomes are
presented as the mean difference (MD). P<0.05 was considered to indicate statistical significance. Heterogeneity was
assessed via I2 statistics. I2>50% and P<0.10 were considered
to imply significant heterogeneity. Data with insignificant
heterogeneity were analyzed using the fixed-effects model.
For heterogeneous data, the random-effects model was used.
Subgroup analysis or sensitivity analysis was used to assess
publication bias.
Results
Study selection and characteristics. A total of 406 articles
were initially selected. After the exclusion of duplicated
studies, 306 studies were retained. Subsequently, 262 articles
consisting of comments, reviews, case reports and content
unrelated to SHPT were removed by analyzing the title and
abstracts. A total of six studies (21-26) were included in the
final analysis after screening the full text (Fig. 1). Of these
six articles, one from Ketteler et al (26) involved two RCTs.
The specific details of these two RCTs in the article by
Ketteler et al (26) are listed in Table I. In total, 456 patients
were included in the paricalcitol group and 412 patients were
included in the cinacalcet group. The shortest follow-up time
among all studies was 160 days and the longest was 12 months.
The basic characteristics of the six studies are listed in Table I.
According to the NOS evaluation criteria, the cohort studies
scored an average of 6 points, with medium quality (Table II).
However, the study by Kukavica et al (24) scored 5 points with
low quality, where the basic PTH level in the cinacalcet group
(751.07±117.74) was significantly lower compared with that in
the paricalcitol group (1040.31±79.56).
The risk of bias in the included RCTs were shown in
Table III. All RCTs were graded as being of moderate quality.
The method of random allocation was mentioned in all RCTs.

Figure 1. Flow diagram of the literature search.

However, none of the RCTs elaborated on the methods of
random sequence generation, allocation concealment or
blinding. The completeness of the outcomes was unclear in the
studies by Sharma et al (21) and Sprague et al (23).
Meta-analysis results.
PTH. Data regarding PTH levels were reported by six trials
included in five articles (22-26). There was significant heterogeneity among the six trials (P<0.10, I2=100%); therefore, the
random-effects model was used for the meta-analysis. There
was no significant difference between the paricalcitol and
cinacalcet groups regarding PTH levels (MD: 71.82, 95% CI:
-185.20-328.85, P=0.58; Fig. 2).
A total of 3 trials included in two studies reported data on
the proportion of subjects with PTH levels of 150-300 pg/ml
at the end of follow-up (21,26). The heterogeneity among these
experiments was not significant (P= 0.52, I 2=0%); therefore,
the fixed-effects model was used for the meta-analysis. The
proportion of subjects treated with paricalcitol who had PTH
values of 150-300 pg/ml was significantly greater (90/160,
56.3%) than the respective proportion in the cinacalcet group
(55/149, 37.0%). There was a statistically significant difference
between the two groups (OR: 2.19, 95% CI: 1.39-3.46, P<0.05;
Fig. 3).
Calcium levels. Data regarding calcium levels were reported
in five trials included in four articles (22,23,25,26). There was

Mean age
(years)

Males,
n (%)

Creatinine Calcium Phosphorus
(mg/dl)
(mg/dl)
(mg/dl)

PTH (pg/ml)

RCT, randomized controlled trial; IV, intravenous administration; d, day; wk, week; m, month; PTH, parathyroid hormone.

(26)

(26)

(25)

(24)

(23)

(22)

(21)

Dose of medication (Refs.)

Paricalcitol: 51
61.0±11.5 31 (60.8) 8.1±2.3
9.0±0.5
4.8±1.0
516.6±147.9
Cinacalcet: 47
60.7±11.6 28 (59.6) 9.0±2.5
9.1±0.4
5.0±1.0
524.3±149.7		
Paricalcitol (IV): 60
66
39 (65.0)
8.5±0.9
5.1±1.4
1130
6.76 µg/dialysis
Cinacalcet (oral): 50
63
31 (62.0)		
7.1±3.2
5.7±1.5
1271
0.6 mg/kg
Paricalcitol (IV): 157
55
95 (61)
9.5±0.5
5.8±1.5
815.7±427.9
21.4 ±1.5 µg/wk
Cinacalcet (oral): 155
53
93 (60)		
9.6±0.5
5.7 ±1.6
845.7±431.3
85.6 ±5.4 mg/d
Paricalcitol: 41
48.08±7.4
1040.31±79.56
Cinacalcet: 13						
751.07±117.74		
Paricalcitol (IV): 13
57
11 (84)
9.3
13.2 µg/wk
Cinacalcet (oral): 13				
9.4			
40.4 mg/d
Paricalcitol (oral): 72 65.7±13.5 49 (68.1) 8.9±2.6
9.0±0.6
4.9±1.1
494.8±170.3 3.5±3.5 µg/dialysis
Cinacalcet (oral): 70 65.1±12.5 43 (61.4) 8.4±2.6
9.0±0.7
4.4±1.1
509.5±138.5
31.8±28.7 mg/d
Paricalcitol (IV): 62 61.2±12.7 38 (61.3) 8.2±2.4
9.0±0.6
4.9±1.1
526.3±153.1 5.5±3.7 µg/dialysis
Cinacalcet (IV): 64
59.9±12.0 38 (59.4) 8.6±2.5
9.0±0.7
4.9±1.1
521.1±149.2
61.6±44.8 mg/d

Follow-up		
period
Sample size

Sharma
US
RCT
28 wk
(2014)				
Zawierucha Poland
Cohort
52 wk
(2019)		
study		
Sprague
US
RCT
12 m
(2015)				
Kukavica
Bosnia and Cohort
160 d
(2011)
Herzegovina study		
Kaperonis Greece
Cross-over 6 m
(2012) 		
design		
Ketteler
12 countries RCT
28 wk
(2012)				
Ketteler
12 countries RCT
28 wk
(2012)				

Author 			
(year)
Country
Design

Table I. Characteristics of the included studies.
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7
5
6

(22)
(24)
(25)

significant heterogeneity among these experiments (P= 0.02,
I2=66%); therefore, the random-effects model was ultimately
used for the meta-analysis. The calcium levels of the paricalcitol groups were higher than those of the cinacalcet groups,
and the difference was statistically significant (MD: 1.10, 95%
CI: 0.92-1.28, P<0.05; Fig. 4).

*
*
*

-

Phosphorus levels. Data regarding phosphorus levels were
reported in five trials included in four studies (22-24,26). There
was significant heterogeneity among these studies (P<0.10,
I2=98%); therefore, the random-effects model was used for the
meta-analysis. There was no significant difference between
the groups regarding phosphorus levels (SMD: 0.59, 95% CI
-0.82-2.00, P=0.41; Fig. 5).

-

*
*
*

Sensitivity analyses and publication bias. To evaluate the
robustness of the estimated pooled effect size for PTH, calcium,
phosphorus levels and the rate of reaching the PTH standard,
a sensitivity analysis was performed by sequentially deleting
one study at a time and redetermining the pooled effect size
of the remaining studies. The results revealed that none of the
individual studies affected the overall results on PTH, calcium,
phosphorus levels and the rate of reaching the PTH standard,
which suggested that the pooled effects on PTH, calcium and
phosphorus levels were stable (Tables SI-SIV).
Discussion
The Cohort studies were evaluated using the Newcastle-Ottawa scale. A total of 9 points. *, 1 point; -, 0 point.

*
*
*
*
*
*
*
*
*
*
*
*
Zawierucha (2019)
Kukavica (2011)
Kaperonis (2012)

			Outcome
		
Comparability
--------------------------------------------------------------------------------				 ----------------------------------------------------------------------------		 Follow-up
		
Selection		
Demonstration Controls			
period
------------------------------------------------------------------------------------------------------------- that outcome
for the
Controls		
sufficient
Representativeness Representativeness		
of interest was
most
for any		
for the
Adequacy
of the exposed
of the non-exposed Ascertainment not present at important additional Assessment measurement of follow-up
Author (year)
group
group
of exposure
start of study
factor
factors
of outcome of outcomes
of cohorts Score (Refs.)

Table II. Quality assessment of cohort studies.
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Vitamin D supplementation is the traditional strategy for
SHPT management. However, the application of vitamin D
is limited in certain patients due to hypercalcemia, hyperphosphatemia and high levels of PTH (27,28). As a novel
selective vitamin D receptor agonist, paricalcitol is able to
effectively inhibit PTH synthesis and parathyroid hyperplasia,
but its effect on the intestine and bone is only 1/10 of that of
calcitriol (29). Thus, paricalcitol is advantageous in reducing
PTH levels and lowering the risk of hypercalcemia and hyperphosphataemia. Furthermore, as a calcimimetic, cinacalcet
activates calcium-sensitive receptors of the parathyroid (30).
Certain studies have suggested that cinacalcet is able to
significantly inhibit PTH secretion so as to reduce the number
of parathyroidectomy operations (31,32). With the application
of cinacalcet, the present analysis indicated that there was a
significant decreasing trend of serum calcium. The present
systematic review aimed to appraise the effects on PTH and
calcium and phosphorus metabolism between the two novel
drugs for SHPT.
The studies included in the present meta-analysis indicated that paricalcitol and cinacalcet were both beneficial in
decreasing the PTH levels and the efficacy was not significantly
different. The Kidney Disease Outcomes Quality Initiative
recommends a PTH target of 150-300 pg/ml (33), while the
KDIGO guidelines suggest maintaining PTH levels in the
range of 130-600 pg/ml (2-9X the upper limit of normal) (4).
The present meta-analysis indicated that paricalcitol was more
effective than cinacalcet in achieving the target level of PTH
(150-300 pg/ml). Of note, the studies of Kukavica et al (24)
and Kaperonis et al (25) reported a significant advantage of
cinacalcet treatment in decreasing the PTH levels compared
with that of paricalcitol treatment, but they did not report
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Table III. Risk of bias of randomized controlled trialsa.

Author (year)
Sharma (2014)
Sprague (2015)
Ketteler (2012)

Random 		
sequence
Allocation
generation
concealment
?
?
?

?
?
?

Blinding of
participants
and personnel

Incomplete
outcome
data

Selective
reporting

Other
bias

(Refs.)

?
?
?

?
?
+

+
+
+

?
?
?

(21)
(23)
(26)

Evaluated using the Cochrane assessment tool. +, low risk of bias; ?, unclear risk of bias; -, High risk of bias.

a

Figure 2. Forest plot comparing parathyroid hormone levels between the paricalcitol and cinacalcet groups. IV, inverse variance; SD, standard deviation;
df, degrees of freedom.

Figure 3. Forest plot comparing the proportion of subjects with a parathyroid hormone level of 150-300 pg/ml between paricalcitol and cinacalcet.
M-H, Mantel-Haentzel; df, degrees of freedom.

Figure 4. Forest plot comparing calcium levels between paricalcitol and cinacalcet. IV, inverse variance; SD, standard deviation; df, degrees of freedom.

Figure 5. Forest plot comparing phosphorus levels between paricalcitol and cinacalcet. IV, inverse variance; SD, Std. deviation; Std, standard; df, degrees of
freedom.
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any data on the proportion of subjects with PTH levels of
150-300 pg/ml. In addition, certain studies included suggested
that when the average baseline PTH levels were >800 pg/ml,
both drugs were able to decrease the PTH levels but did not
decrease the average PTH levels to 2-9X the upper limit of
normal (4).
The present meta-analysis indicated that cinacalcet significantly decreased the serum calcium levels compared with
paricalcitol. The KDIGO guidelines recommend avoiding
hypercalcemia (4). In all studies included, the average serum
calcium levels were still in the ideal range (8.4-10 mg/dl) (4)
after paricalcitol treatment. Only one study included reported
on the incidence of hypercalcaemia, which was significantly
higher in the paricalcitol group (12.7%) than in the cinacalcet
group (0.7%). Although the effect of paricalcitol on the intestine and bone is only 1/10 of that of calcitriol, paricalcitol
treatment still poses a risk of hypercalcemia, which is proportional to the dosage of paricalcitol (29). In three of the included
trials (22,26), the average serum calcium levels were below the
ideal range after cinacalcet treatment. Only one of the articles
included reported on the incidence of hypocalcemia, which
was significantly higher in the cinacalcet group (20.1%) than
in the paricalcitol group (0%). The reason is that cinacalcet
mimics the effect of Ca2+ on parathyroid cells so that it reduces
PTH and serum calcium (17,30). However, cinacalcet combined
with vitamin D reduces the incidence of hypocalcemia (34).
The present results revealed that the serum phosphate
levels were relatively higher in the paricalcitol groups than
in the cinacalcet groups but there was no significant difference. There is an increasing risk of mortality with increasing
levels of serum phosphate (4). In certain studies included, the
average serum phosphate levels of paricalcitol or cinacalcet
were above the upper limit of normal at the end of followup. In other words, both drugs are associated with the risk of
causing hyperphosphataemia.
Only one of the studies included reported on the incidence
of adverse events, which were all higher in the cinacalcet
group (26). Therefore, only a descriptive analysis was
performed in the present study. The incidence rates in the cinacalcet group were as follows: Nausea (6.7%), vomiting (4.5%),
constipation (3.0%) and muscle spasms (2.2%). The incidence
rates in the paricalcitol group were as follows: Nausea (0%),
vomiting (1.5%), constipation (0%) and muscle spasms (0%). In
addition, only one included article from the US reported on the
cost of treatment (26). The study revealed that paricalcitol was
more cost-effective than cinacalcet and that paricalcitol was
simultaneously more effective in achieving the target levels of
PTH. In a word, paricalcitol appeared to have an advantage in
terms of adverse events and cost.
There were certain limitations to the present meta-analysis.
First, only one study compared paricalcitol and cinacalcet in
terms of hypocalcemia, hypercalcemia, hyperphosphataemia,
adverse events and cost; thus, it was not possible to perform a
meta-analysis for these points. Furthermore, additional studies
reporting on the proportion of subjects with PTH levels in the
target range after treatment with these two drugs are required.
In conclusion, the present meta-analysis revealed that
paricalcitol and cinacalcet were effective for decreasing PTH
levels. There was no difference between the two novel drugs
concerning the management of PTH and phosphorus levels.

Cinacalcet significantly reduced the serum levels of calcium.
To further confirm these conclusions, further large multicenter
RCTs comparing these two drug treatments are necessary.
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