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Abstract

Background Previous studies investigating the effect of oral supplementation of paricalcitol on reactive protein
levels in chronic kidney disease (CKD) patients reported inconsistent findings. In this systematic review and meta-
analysis, we have analyzed and interpreted the results obtained from previous randomized clinical trials on the effect
of paricalcitol on C-reactive protein in CKD patients in the literature.

Methods MEDLINE, SciVerse Scopus, and Clarivate Analytics Web of Science databases were searched until January
2023 and related articles were obtained through a careful screening process allowing extraction of required data from
selected articles. The effect size was calculated using a random effect model and weighted mean differences (WMD)
and 95% confidence intervals (Cl). Heterogeneity among studies was evaluated using Cochran’s Q test and 12,

Results Amongst the 182 articles obtained from the initial search, 4 studies (6 arms) were finally included in the
meta-analysis. Pooled analysis shows that C-reactive protein levels significantly decrease after oral supplementation
with paricalcitol (WMD: -2.55 mg/L, 95% Cl (-4.99 to -0.11; P=0.04). The studies used in this meta-analysis showed
significant heterogeneity (P=66.3% and P=0.01).

Conclusion Oral paricalcitol supplementation in CKD patients can significantly reduce C-reactive protein levels,
which may prevent CKD progression.

fSeyyed Mostafa Arabi and Mostafa Shahraki- Jazinaki are equal first
author.

*Correspondence:
Amirhossein Sahebkar
amir_saheb2000@yahoo.com

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40360-024-00740-y&domain=pdf&date_stamp=2024-2-22

Arabi et al. BMC Pharmacology and Toxicology (2024) 25:19

Page 2 of 9

[Keywords Chronic kidney disease, Paricalcitol, C-reactive protein, Meta-analysis, Systematic review ]

Introduction

Chronic kidney disease (CKD) is defined as a condition
in which the glomerular filtration rate is less than 60
mL/min/1.73 m?, for more than 3 months [1]. CKD, as
a health-related problem, affects more than 10% of the
global population [2]. Previous studies have reported a
significant relationship between the progression of CKD
and the occurrence of hyperlipidemia, anemia, malnutri-
tion, bone metabolic disorders, and cardiovascular events
[3, 4]. CKD, by changing vitamin D metabolism, leads to
an increased prevalence of vitamin D deficiency in these
patients compared to others [4]. The severity of vitamin
D deficiency can vary depending on the stage of CKD
and the presence of secondary hyperparathyroidism
(SHPT) in these patients [5-7]. Supplementation with
the active form or analogue of vitamin D in these patients
can be recommended [8]. On the other hand, the pro-
gression of CKD has been closely related to the severity
of inflammation and oxidative stress in these patients [3].
The chronic inflammatory condition that CKD patients
experience has a primary role in their high morbidity and
mortality rate. An inflammatory situation, often associ-
ated with uremia, can be identified by the determina-
tion of biochemical parameters such as CRP levels [9].
The C-reactive protein (CRP), first identified in 1930 by
Tillet and Frances [10], is an acute-phase protein and a
marker of systemic inflammation [11]. CRP is produced
by hepatocytes and is a member of the pentraxin family
and its levels in the blood are regulated by interleukin 1)
IL-1( and 6 (IL-6), Tumor Necrosis Factor-alpha) TNF-
alpha( and inflammatory cytokines [11]. C-reactive pro-
tein levels in most healthy people are usually less than
10 mg/dl [12]. Due to the high half-life of the C-reactive
protein and the low cost of its evaluation, it is often used
as an indicator of inflammation in clinical research [13].
Vitamin D, with its regulatory role in the production of
inflammatory cytokines, is considered to be one of the
most important factors modulating inflammation [14,
15]. Paricalcitol [19-nor-1, 25(OH) 2D2] is one of several
vitamin D analogs developed to maintain the suppressive
effect of calcitriol on parathyroid. Due to its low calce-
mic effect, paricalcitol is known as an effective and safe
tool to control hyperparathyroidism [16]. By mimicking
the function of calcitriol, paricalcitol binds to vitamin D
receptors, regulates the expression of vitamin D-respon-
sive genes, and finally prevents the release of parathyroid
hormones [17]. Furthermore, the active forms of vitamin
D are considered to have anti-inflammatory effects. For
example, vitamin D reduces the production of TNF-a,
T-helper type 1, interferons, and interleukins and sup-
presses the inflammatory reactions of macrophages [18].

Therefore, at present new active vitamin D compounds
are being recommended due to differences in safety, and
classical and non-classical activities such as anti-inflam-
matory effects and immune system modulation, with the
expectation of preventing or reversing cardiovascular
complications related to kidney diseases [19-21].

The present study aims to assess the effect of parical-
citol supplementation on C-reactive protein as a bio-
marker of inflammation. The impact of different dosages
and duration of supplementation on CRP level is also
evaluated.

Methods

This review was conducted based on the guidelines of
Prisma for systematic review and meta-analysis [22].
Before this, the protocol for conducting this system-
atic review and meta-analysis had been registered in
the Prospero database with the registration number:
CRD42023405139.

Search strategy

The search strategy related to the objectives of this
review was performed independently from the databases
of MEDLINE, SciVerse Scopus, and Clarivate Analytics
Web of Science up until January 2023 by two researchers
M.ShJ; and SM.A. This study had no time and language
limitations.

The search strategy of this review was designed
using MeSH and non-MeSH keywords, which include:
(“paricalcito]” OR “Zemplar” OR “vitamin D2” OR
“1,25-dihydroxy ergocalciferol” AND “inflammation” OR
“inflammatory markers” OR “CRP” OR “C-reactive pro-
tein” OR “hs-CRP” OR “High sensitive C-reactive pro-
tein” AND “RCTs” OR “randomized controlled trial”) The
search strategy is provided in Supplementary Table 1.

To ensure that no eligible articles were missed, the ref-
erences of the papers obtained from the initial search
were also checked for relevant articles.

Study selection

The articles obtained from the initial search were
screened independently by two researchers M.Sh] and
SM by examination of the article titles and abstracts to
identify eligible studies.

In this review, the eligibility criteria for the studies to
be included were determined based on the PICOS (Pop-
ulation, Intervention, Comparison, Outcomes, Study
design) framework [23].

The eligibility criteria include (A) Population:
CKD patients older than 18 years; (B) Intervention:
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supplementation with paricalcitol; (C) Comparison: pla-
cebo; (D) Outcomes: CRP level; (E) Study design: RCTs.

Exclusion criteria included (A) animal studies, (B)
observational studies, reviews, letters to the editor, and
short communications.

Data extraction

Relevant data were independently extracted from eligi-
ble articles by two researchers, M.Sh] and SM.A. These
data include the first author’s name, year of publication;
country, study design, number of volunteers in interven-
tion and control groups, mean age of participants in each
group, average BMI of subjects in each group, type of
intervention, a daily dose of paricalcitol, duration of the
study, mean and SD of outcome (C-reactive protein).

Quality assessment

The quality of articles was determined in seven domains
containing sequence generation, allocation concealment,
reporting bias, performance bias, detection bias, attri-
tion bias, and other potential sources of bias by using the
Cochrane Collaboration risk of bias tool. The risk of bias
in each domain was classified as low risk, uncertain, and
high risk; low-risk items were =3 and considered as good
quality, low-risk items were 2, considered as a fair quality,
and if low-risk<1 considered as poor quality [24]. Any
disagreement between the two researchers was resolved
in consultation with a third expert researcher (S.M.A).

Statistical analysis

All concentrations of C-reactive protein (CRP) reported
in the studies were calculated in mg/L. Using the method
of Hozo et al., 95% ClIs, interquartile ranges (IQRs), and
standard errors (SEs) reported in the studies were con-
verted to standard deviation (SD) [25]. Weighted mean
differences (WMD) and SDs of C-reactive protein (CRP)
levels were extracted from the studies. The effect size
was determined using the random effect model based
on the DerSimonian and Laird overall approach [26].
Cochran’s Q and 12 statistics were used to assess het-
erogeneity in the results [27]. I*>40% or p<0.01 repre-
sented high heterogeneity among studies [28]. To identify
other sources of bias, subgroup analysis was performed
based on pre-defined criteria containing country (USA,
other countries), participant’s age (<65 and >65), study
duration (x<12 and x>12), paricalcitol dosage (x<2 and
x<2 (ug/d)), BMI of participants (obese and overweight),
baseline CRP level (<5 and x=5 mg/L).

A sensitivity analysis was performed to identify the
impact of each study on the estimated overall effect [29].
Possible publication bias was evaluated by performing
Begg’s rank correlation test, Egger’s weighted regression
test, and analyzing funnel plots [30, 31].
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Fractional polynomial modeling was done to investi-
gate the non-linear effects of paricalcitol dose, interven-
tion duration, and outcome changes [32]. All statistical
analyses were performed using STATA version 17 (Stata
Corp, College Station, TX). In all analyses performed in
the meta-analysis, a p-value<0.05 was considered statis-
tically significant.

Certainty assessment

The certainty of the studies included in this review is
based on the GRADE guideline (Grading of Recommen-
dations Assessment, Development, and Evaluation) [33],
and the certainty quality of the evidence was classified
into four categories: high, moderate, low, and very low.

Results

Description of studies

In the initial search 182 studies were found, and with
the removal of duplicates 60 studies were excluded. By
screening the title and abstract of the remaining studies,
99 studies were further excluded. The full text of 26 arti-
cles was reviewed, and 22 articles were excluded for the
following reasons: had no control group (n=8), unrelated
[7], combination therapy [2], did not use placebo [4], and
use of duplicated data [1]. Finally, four studies (6 arms)
with RCT design were selected for meta-analysis [34—37]
(Fig. 1). Had no control group (n=38),

Study characteristics

Six arms were obtained from 4 studies published from
2008 to 2015, of which 214 patients with CKD (107 inter-
vention group/107 placebo group) were included in this
review. Two studies were conducted in the USA [34, 37],
1 study in Sweden [36], and a survey was done in Italy
[35]. The intervention duration was from 4 to 12 weeks
when the daily dose of paricalcitol supplementation was
1 or 2 (pg/d). In two studies, C-reactive protein levels
were investigated in plasma [35, 37], and in one study in
serum [34], and there was no report in one other study
[36]. Two studies reported the biomarker as CRP [35, 36],
and two studies as hs-CRP [34, 37]. The characteristics of
the studies included in this review are shown in Table 1.

Risk of bias

An assessment of the risk of bias is presented in Table
S2. All the studies included in this meta-analysis had a
double-blind randomized control trial design and were
of good quality. Two out of four studies reported the
details of their randomization [34, 37]. Two studies stated
the method of allocation concealment in their review
[34, 35]. Selective reporting bias was low in two studies
[36, 37] and high in the other two studies [34, 35]. Other
sources of bias and blinding (outcome assessment) were
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Fig. 1 Flowchart of study selection for inclusion of trials in the meta-analysis

unclear in all studies [34—37]. Incomplete outcome data
was low risk in all studies [34—37].

Meta-analysis

The pooled analysis showed that paricalcitol supple-
mentation in CKD patients significantly reduces the
level of CRP compared to the control group [WMD =
-2.55 mg/L, 95% CI (-4.99 to -0.11), I*=66.3%] (Fig. 2).

Subgroup analysis

We performed subgroup analysis based on the CRP level
baseline, the dose of paricalcitol supplementation, dura-
tion of intervention, country, body mass index (BMI),
and age of participants. The subgroup analysis performed
showed that there was no significant difference between
the categories of age) p=0.91), intervention duration
(p=0.08), intervention, paricalcitol dosage (p=0.72), and
CRP level at baseline (p=0.65). Subgroup analysis based
on the study country showed that in studies conducted
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in the USA, contrary to studies conducted in other
countries, oral paricalcitol supplementation was able to
reduce significantly CRP levels in CKD patients (stud-
ies conducted in the USA: WMD= -4.34; 95% ClI=)-5.43,
-3.25(; P=<0.001; studies conducted in other countries:
WMD=0.35; 95% Cl= (-2.01, 2.72); P=0.77). The het-
erogeneity of studies conducted in countries other than
the US was significantly lower (test for heterogeneity:
P=0.43 and 1*=0.0%). Subgroup analysis showed that
supplementation with paricalcitol in obese people leads
to a significant decrease in CRP levels in contrast to that
with overweight people. In studies that were conducted
on obese people: WMD= -5.44; 95% Cl= )-8.64, -2.24 (;
P=0.001; and studies in other countries: WMD=0.35;
95% Cl= (-2.01, 2.72); P=0.77. The analysis also showed
that in overweight people supplementation with parical-
citol showed significantly reduced heterogeneity (test for
heterogeneity: P=0.43 and 1*=0.0%). The details of each
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%
Study Year Effect (95% ClI) Weight
Alborzi et al 2008 E -6.10 (-10.36, -1.84) 15.12
Alborzi et al. 2008 E -4.60 (-9.46, 0.26) 13.28
Zoccali et al. 2014 : 0.90 (-4.26, 6.06) 12.44
Lundwall et al. 2015 E 1.50 (-1.83, 4.83) 18.38
Lundwall et al. 2015 : -2.10 (-6.54, 2.34) 14.52
Thethi et al. 2015 _— E -4.20 (-5.36, -3.04) 26.27
Overall, DL (I* = 66.3%, p = 0.011) ’ -2.55 (-5.00, -0.11) 100.00

| | | |

0 2 4

Fig. 2 Forest plot detailing weighted mean difference and 95% confidence interval (Cls) for the effect of paricalcitol supplementation on C-reactive

protein in CKD patients. Note Weights are from random-effects model

subgroups analyses performed are summarized in Table
S3.

Influence analysis

Influence analysis was performed to determine the effect
of each on the estimated pooled effect size. The result of
removing all of the studies on the effect size ranges from
—1.89 mg/L (95% Cl= -4.68, 0.89) to -3.75 mg/L (95%
CI=-5.45, -2.05). Removing the articles of Alborzi et al.
[34] 2008, Lundwall et al. 2015 [36], and Thi et al. 2015
[37], did not lead to a significant change in CRP levels
due to supplementation with paricalcitol.

Publication bias

Funnel plots showed no effect of selection of publication
as the source of bias; moreover, Egger’s test and Begg’s
rank correlation test did not show any significant publi-
cation bias (P:0.59, and P:0.80 respectively) (Fig. S1).

Dose-response

Dose-response analysis was done to find a relationship
between the dose of paricalcitol supplementation and
effect size. No significant relationship between the dose
of paricalcitol and effect size was observed (P yqqe.response=
0.1, P o tinearity: 0-4), as shown in Figure 52 and Table S5.
Certainty assessment

A significant limitation was observed only in the impre-
cision part of the grade photometry tool. Therefore, the
certainty of the evidence of the effect of paricalcitol on
the CRP level was considered moderate. The details of
the assessment of the certainty of the evidence are shown
in Table S4.

Discussion

In this systematic review and meta-analysis, we sum-
marized the evidence of randomized, double-blind,
placebo-controlled studies on the effect of oral pari-
calcitol supplementation on C-reactive protein levels
in CKD patients. To the best of our knowledge, this is
the first meta-analysis study investigating the impact of
oral paricalcitol supplementation on C-reactive protein
concentration.

The main finding of this review study shows that
supplementation with oral paricalcitol can reduce the
level of C-reactive protein compared with the placebo
group. BMI and country were two important factors
that affected the outcomes of this study. Oral paricalcitol
supplementation in obese people, unlike in overweight
people, leads to a significant decrease in C-reactive pro-
tein (p<0.001 and p=0.77, respectively). Performing the
subgroup analysis showed that the pooling of the results
of the studies that were conducted in the United States,
contrary to the result of studies that were conducted in
countries other than the USA, led to a finding of a signifi-
cant decrease in the levels of C-reactive protein in CKD
patients (p<0.001, p=0.77, respectively).

While there is no significant difference between differ-
ent categories of intervention duration, as the subgroup
of effect sizes led to a significant decrease in C-reactive
protein on the duration of interventions x<12 weeks, as
opposed to interventions x>12 weeks (p=0.001, p=0.45
respectively), it seems that the effect of paricalcitol sup-
plementation on C-reactive protein levels decreases after
12 weeks.

In the prospective, open-label, and pilot study con-
ducted by Navarro-Gonzélez et al. in 2013, on stable
hemodialysis patients who had previously consumed
calcitriol, oral paricalcitol supplementation for 12 weeks
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significantly reduced the levels of TNF-a and IL-6 inflam-
matory biomarkers [38]. Therefore, the result of this
meta-analysis was consistent with the outcome of this
observational study. In this regard, in the study con-
ducted by Stubbs et al., 2010, on the seven ESRD patients
with vitamin D insufficiency, paricalcitol administration
did not lead to a significant change in the levels of TNF-a
and IL-6 biomarkers [39], although this study did not
report CRP changes. In the another studies conduced by
Thethi et al. showed that daily receiving 1 mcg paricalci-
tol orally for 12 weeks had no significant effect on TNF-a
and IL-6 levels in patients with type 2 diabetes and
chronic kidney disease. The result in this study was there-
fore contrary to our findings, which could be because
the participants in this intervention had received chole-
calciferol for eight weeks before receiving paricalcitol. In
another study conducted by Moe et al. in 2001, on hemo-
dialysis patients, showed that receiving 4 microgparical-
citol by injection three times in weeks for 12 weeks, did
not significantly change the levels of inflammatory mark-
ers; however, this study did not report the effect of pari-
calcitol on C-reactive protein level [40]. The difference
between the result of the above study and the findings
from our review may be due to several reasons: (1) pari-
calcitol supplementation in this study was three times a
week, while supplementation in the studies used in the
meta-analysis of our study was daily; considering that
the levels of injected paricalcitol after 24 h minimal com-
pared to the maximum possible amount, this may explain
the lack of effect of the supplementary aid. (2) Moe et al’s
study was conducted on people with lower supplement
levels (<200 pg/ml), while we did not have this precon-
dition in this meta-analysis. (3) Measurement of inflam-
matory biomarkers in the study by Moe et al. was done
ex vivo, whilst, in the studies used in this meta-analysis,
inflammatory biomarkers were measured directly from
blood samples.

The anti-inflammatory effects of paricalcitol are inde-
pendent of changes in blood pressure, GFR, and PTH, so
its anti-inflammatory effects are considered to be related
to non-hemodynamic mechanisms and not related to
levels of PTH [34]. In a study conducted by Navarro-
Gonzélez et al. (2013), it was shown that supplementa-
tion with paricalcitol leads to the improvement of the
expression pattern of inflammatory genes [38]. In an
intervention study performed on mice, it was shown
that paricalcitol reduces the activity of T cells and mac-
rophages by blocking NF-kB activation [41]. CRP has
been proposed to influence the pathogenesis of athero-
sclerosis by some mechanisms including: (1) activation of
the complement system after interaction with damaged
cells and (2) stimulation of tissue factor secretion from
monocytes, which increases other inflammatory media-
tors. CRP plays a role in calcium-dependent conditions
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in vitro, which leads to an increase in the binding of very
low-density lipoprotein (VLDL) and low-density lipopro-
tein (LDL). Paricalcitol supplementation may therefore
reduce the risk of atherosclerosis in CKD patients by
decreasing CRP levels [9].

Regarding the clinical application of the results of this
meta-analysis, we detected a significant reducing effect
on CRP, as a widely accepted marker of systemic inflam-
mation, following paricalcitol intervention. This effect
size is higher than the changes in the minimum clinically
important difference (MCID) considered by clinicians in
practice. The MCID changes for the CRP variable based
on previous studies is 0.5 mg/L [42, 43], whilst in the
present study the effect size is -2.5 mg/L. Based on the
review of Bazley et al., CRP level has a strong relationship
with 1- year mortality in hemodialysis patients and is
used as a strong predictor of mortality. It is suggested to
investigate the effect of paricalcitol supplementation on
mortality in CKD patients in future studies. Furthermore,
in the study conducted by Nata et al. on hemodialysis
patients with vitamin D deficiency, showed that high-
dose ergocalciferol supplementation (in patients with
serum 25(OH)D levels from 20 to 29.9 ng/ml: 100,000
units monthly for 2 months, and in patients with less
than 20 ng/ml: 100 000 units weekly for 2 months) had
a greater reduction effect on IL-6 than supplementation
with conventional dosage (in patients with serum 25(OH)
D levels from 20 to 29.9 ng/ml: 50,000 units monthly for
2 months, and in patients with less than 20 ng/ml: 50,000
units weekly for 2 months). Based on these results, it is
suggested to conduct future trials to compare paricacitol
supplementation effectiveness in different dosages and
patients with different baseline serum 25[OH]D [44].

The strengths of this study include consideration of
all heterogeneity groups by performing subgroup analy-
ses, the performance of dose-response analyses, ascer-
tainment of evidence, and the finding of non-significant
publication bias. Limitations of this study are the sample
size and short duration of the study, the observed seri-
ous limitation of effect, the existence of different types of
C-reactive protein (CRP and hs-CRP), and the different
samples tested in various studies (serum and plasma).

Conclusion

In conclusion, the findings of this meta-analysis revealed
that supplementation with oral paricalcitol can signifi-
cantly reduce C-reactive protein in CKD patients. Also,
this review showed that paricalcitol supplementation has
the necessary potential for further research in the future
to reach a definitive conclusion about its effectiveness.
Well-designed clinical trials with larger sample sizes are
needed to confirm this result and the other anti-inflam-
matory effects of oral paricalcitol supplementation in
various groups of patients.
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