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Abstract

Background

Vitamin D receptor activators (VDRASs) can protect against mineral bone disease, but they
are reported to elevate serum creatinine (SCr) and may also reduce glomerular filtration
rate (GFR).

Methods

We conducted a systematic review and meta-analysis of randomized clinical trials (RCTs)
to evaluate the effect of VDRAs on kidney function and adverse events. MEDLINE,
EMBASE, the Cochrane Controlled Trials Register were searched for RCTs that evaluate
vitamin D receptor activators (alfacalcidol, calcitriol, doxercalciferol, falecalcitriol, maxacal-
citol and paricalcitol) up to March 2015.

Results

We included 31 studies, all of which were performed between 1976 and 2015, which
enrolled 2621 patients. Patients receiving VDRAs had lower eGFR (weighted mean differ-
ence WMD -1.29 mL/min /1.73 m?, 95% Cl -2.42 to -0.17) and elevated serum creatinine
(WMD 7.03 pymol/L, 95% CI 0.61 to 13.46) in sensitivity analysis excluding studies with
dropout rate more than 30%. Subgroup analysis of the 5 studies that not use SCr-based
measures did not indicated lower GFR in the VDRAs group(WMD -0.97 mL/min/1.73 m2,
95% CI -4.85 to 2.92). Compared with control groups, there was no difference in all-cause
mortality (relative risk RR 1.41, 95% CI1 0.58 to 3.80), cardiovascular disease (RR 0.84, 95%
Cl0.4210 1.71), and severe adverse events (RR 1.15,95% CI 0.75 to 1.77) for the VDRAs
groups. Episodes of hypercalcemia (RR 3.29, 95% CIl 2.02 to 5.38) were more common in
the VDRAs group than in the control group.
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Conclusions

Administration of VDRAs increased serum creatinine levels. Subgroup analysis of studies
that did not use SCr-based measures did not indicate a lower GFR in the VDRA group.
Future studies with non-SCr-based measures are needed to assess whether the mild eleva-
tions of serum creatinine are of clinical significance.

Introduction

Vitamin D is synthesized in the skin or ingested in the diet. It is subsequently converted to the
active metabolite 1,25(OH)2 vitamin D [1]. The consequences of vitamin D deficiency are sec-
ondary hyperparathyroidism and bone loss, leading to osteoporosis and fractures, mineraliza-
tion defects, causing falls and fractures [2]. Therefore, vitamin D receptor activators (VDRA),
such as calcitriol, paricalcitol, or doxercalciferol, have been developed to treat osteoporosis,
chronic kidney disease-mineral and bone disorder (CKD-MBD), and can also reduce podocyte
injury, modulate immune responses, and improve insulin sensitivity [3-6].

The Vitamin D Receptor Activator for Albuminuria Lowering (VITAL) Study demon-
strated that addition of paricalcitol to an inhibitor of the rennin-angiotensin-aldosterone sys-
tem (RAAS) safely lowered residual albuminuria in patients with diabetic nephropathy [7].
However, patients given high-dose paricalcitol (2 pug daily) experienced significant declines in
estimated glomerular filtration rate (¢GFR). Although the eGFR values of these patients
returned toward baseline after drug withdrawal, this raises a concern that VDRAs may lead to
nephrotoxicity in CKD patients.

In 1978, Christiansen et al. reported that deterioration of renal function limited the use of
calcitriol in non-dialysis patients with chronic renal failure [8]. More recently, Agarwal et al.
indicated that short-term paricalcitol increased the level of serum creatinine (SCr), but it did
not influence eGFR [9]. The Paricalcitol Capsule Benefits in Renal Failure-Induced Cardiac
Morbidity (PRIMO) trial measured the effects of paricalcitol on left ventricular mass in
patients with eGFRs of 15 to 60 mL/min/1.73 m” (calculated by creatinine-based equations).
This study also reported a small but significant reduction of eGFR in the paricalcitol group
[10].

Concerns about the possible acceleration of kidney function decline have long limited the
use of VDRAs. Previous meta-analysis and systematic reviews confirmed that active vitamin D
analogs suppress parathyroid hormone (PTH) and reduce proteinuria in CKD patients without
increasing the risk of adverse events [11,12]. However, these studies did not include non-CKD
patients or evaluate the changes in GFR and adverse events as primary endpoints. The effects
of VDRASs on kidney function remain uncertain. Thus, we performed a systematic review and
meta-analysis from randomized clinical trials (RCT's) that investigated the effect of VDRAs on
GFR and other hard endpoints in both CKD and non-CKD patients. The aim of the study is to
find out whether VDRASs reduce eGFR, increase SCr or have adverse reactions, and to compre-
hensive understand the role of VDRAs in patients.

Methods
Data sources and searches

We performed a systematic review of the available literature in accordance with the PRISMA
guidelines [13]. This entailed searches of MEDLINE, EMBASE, and the Cochrance Controlled
Trials Register up to March 2015 for relevant keywords, including all spellings of vitamin D
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receptor activators (alfacalcidol, calcitriol, doxercalciferol, falecalcitriol, maxacalcitol and pari-
calcitol), and serum creatinine (SCr) or cystatin C or creatinine clearance (CCr) or glomerular
filtration rate (GFR) or estimated glomerular filtration rate (¢GFR). We excluded studies in
which patients were given native vitamin D (ergocalciferol or cholecalciferol). When an
abstract did not contain such data, but the presence of such data was expected in the full-text
paper, the full-text paper was screened as well. We also searched for these terms in the abstracts
of conference proceedings of the American Society of Nephrology and the European Renal
Association-European Dialysis and Transplant Association. The references of all included trials
and review articles were screened for additional studies. If necessary, the authors of the clinical
trials were asked to provide additional data.

Study selection

Study reports were included if they: (i) were RCTs; (ii) enrolled adult subjects (CKD, osteopro-
sis, patients undergoing organ transplantation or any other reason receiving VDRA treatment)
who received a VDRA or control treatment (placebo or no treatment); (7ii) provided data on
SCr, cystatin C, CCr, GFR, or eGFR; and (iv) were clinical trials regardless of publication status
(published, conference proceedings, or unpublished), trial year, and language of publication.
Two individuals (Q.Z. and M.L.) independently inspected each reference and applied the inclu-
sion criteria. If data on the same patient population were in more than one study, the most
recent study was included. For possibly relevant articles or in cases of disagreement, each
author inspected the full article independently. The primary outcome was kidney function
(eGFR and SCr) and the secondary outcomes were complications (death, cardiovascular dis-
ease [CVD], end stage renal disease [ESRD], adverse events, severe adverse events, and hyper-
calcemia). However, there was no registration number for this systematic review.

Data extraction and risk of bias

We developed a standard data form to record the following for each study: all authors, publica-
tion date, type of study, sample size, number of patients (in total and by treatment assignment),
number of patients excluded, number of patients observed, number of patients lost to follow-
up, population characteristics (age, sex, and menopausal status), stage of CKD, presence of dia-
betes, use of angiotensin converting enzyme inhibitor/angiotensin receptor blocker (ACEI/
ARB), and laboratory results at randomisation. For each RCT, we also recorded the indepen-
dent randomisation centre, type of blinding, random allocation, adequate concealment of allo-
cation, intention to treat, withdrawal or dropout rate, and trial intervention. Two individuals
(Q.Z. and M.L.) independently extracted data from all primary studies that fulfilled the inclu-
sion criteria. Disagreements were resolved by consensus.

The same reviewers independently assessed the risk of bias in the included studies without
blinding to authorship or journal name, to assess the risk of bias in sequence generation, alloca-
tion concealment, blinding, attrition, selection, and other areas. Studies were rated as having a
high risk for bias when at least one of these was rated as “high risk”.

Data synthesis and analysis

For continuous variables, we pooled data by calculation of weighted mean differences (WMDs)
of the groups so that more weight was given to superior studies. Means and SDs for changes
from baseline in each group were obtained for all continuous variables. When these were not
available, they were calculated from data provided by the investigators, from figures, or by
recalculation from other effect estimates and dispersion measures [14]. We also computed cor-
relation coefficients from one study [15], and calculated standard deviations for changes from
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baseline using methods described in Cochrane Handbook for Systematic Reviews of Interven-
tions (ver. 5.1.0) [14]. Dichotomous data were compared using relative risk (RR) and risk differ-
ence (RD) and 95% confidence intervals (CIs) were calculated for each estimate and presented
in forest plots.

We combined our studies using the DerSimonian and Laird random effects model, because
this method partially accounts for variability within and between studies [16]. We calculated
the I” statistic to assess heterogeneity among studies, and classified values less than 50% as min-
imal, 50-75% as moderate, and >75% as substantial [14,17].

To assess clinical heterogeneity based on characteristics of study population and interven-
tions, we performed subgroup analyses of: (i) patients given different VDRAS; (ii) patients with
different baseline eGFRs (<60 mL/min/1.73 m? vs. >60 mL/min/1.73 m?); We performed a
sensitivity analysis on kidney function outcomes by excluding studies with a high risk of bias
for one or more key domains using the Cochrane Collaboration tool for assessment of the risk
of bias [18]. Further analyses were performed by excluding studies that had a dropout rate
more than 30%. Meta-regression was undertaken to examine the effect of gender and hypercal-
cemia rate on the associations between VDRAs therapy and eGFR changes.

The potential presence of publication bias was examined by inspection of funnel plots and
by the Egger linear regression test [19]. Stata (ver. 11.0) software that incorporated the updated
metan meta-analysis package was used for all statistical analyses [20]. All statistical tests were
two sided and a p-value less than 0.05 was considered significant.

Results
Study selection

We performed a systematic review of the available literature in accordance with the PRISMA
guidelines (see S1 Table). Fig 1 shows the procedure used for selection of clinical studies that
examined the effect of VDRAs on GFR. We identified 1935 articles in the initial search, and
excluded 1781 of these by screening the titles and abstracts. Among the remaining 154 articles,
123 were excluded for reasons indicated in Fig 1. The 31 included studies were performed
between 1976 and 2014(7,10,15,21-48], and enrolled a total of 2621 patients. None of the
reviewed conference abstracts met the inclusion criteria, so these were excluded from analysis.
Multiple publications were excluded from the count of included studies because these were sec-
ondary publications of previous reports; however, any relevant and unique results from these
secondary publications were extracted and included.

Study characteristics

We included studies which enrolled patients with CKD, transplant recipients, postmenopausal
osteoporosis patients and elderly women. Table 1 summarizes the characteristics of the
included studies and participants. These studies compared patients treated with a VDRA (alfa-
calcidol, calcitriol, doxercalciferol, or paricalcitol) with patients given a placebo or no treat-
ment. None of RCTs of maxacalcitol or falecalcitriol met the inclusion criteria. Seventeen
studies enrolled patients with CKD [7,10,15,21-22,24,26,28-29,33,37-40,45,47-48]; eight
studies enrolled[23,25,30-32,34-35,44] transplant recipients, seven[23,25,30-32,35,44] of
which were renal transplant recipients; five studies[27,36,41-42,46] enrolled postmenopausal
osteoporosis patients; and one study[43] enrolled elderly women. Twenty-three [7,10,15,21-
22,24,27-29,31,33-36,38,40-48] of the 31 included studies compared VDRAs with placebo, and
eight studies [23,25-26,30,32,37,39,44]compared calcitriol with no treatment. The studies var-
ied in sample size (13 to 415 patients), mean patient age (31.5 to 70.7 years), and treatment
duration (1 month to 3 years).
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Potentially relevant citations
identified and screened for
retrieval (n=1935)

Not eligible by title or abstract (n=1781)

\ 4

A 4

Studies retrieved for more

detailed evaluation (n=154) Excluded (n=112)

Not an RCT (n=40)
v | Insufficient or irrelevant information (n=56)
Other reasons (n=16)

Potentially relevant trials for
more detailed evaluation

(n=42)
Excluded (n=9)
»| Duplicate publications (n=6)
v Data not available (n=3)
RCTs included in the

meta-analysis (n=31)

Fig 1. Procedure used for the trial selection. RCT = Randomized controlled trial.

doi:10.1371/journal.pone.0147347.g001

Risk of bias

Nine studies [7,15,22,24-25,30,37,42,48] described the methods used for random sequence
generation and eight studies [7,15,21,24,30-31,37,42] described the methods used for alloca-
tion concealment. Fourteen studies [7,10,15,21-22,24-26,28,35,37-39,43] described all
expected outcomes, but eighteen studies [15,23,26,28-29,31,33,35-37,39-42,44,46-48] did not
describe whether the analyses were by intention-to-treat. Overall, the risk of bias was high for
11 studies [23,25-26,30,32,37,39,43-44,46,48]. Eight of these studies [23,25-26,30,32,37,39,44]
did not blind the participants or study personnel and four studies [32,43,46,48] described

incomplete outcome data (see S2 and S3 Tables).

eGFR outcome

Twenty-six studies [7,10,15,21-29,32-33,35-37,39-43,45-47,48] (comprising 2391 patients)
reported eGFR values. Analysis of these studies indicated a slight lower eGFR in the VDRA
group than in the control group (WMD -1.29 mL/min/1.73 m?, 95% CI -2.42 to -0.17, Fig 2).
The heterogeneity across these studies was moderate (I° = 54.0%, p < 0.001). Exclusion of stud-
ies with high risk of bias did not change the nature of the association between VDRA use and

eGFR. There was no evident publication bias (p = 0.24).

Analysis of differences in eGFR according to the individual VDRAs indicated no significant
decreases in eGFR in patients randomly assigned to receive alfacalcidol [26-29] (WMD
-0.88 mL/min/1.73 m?, 95% CI -4.66 to 2.91), calcitriol [32-33,35-37,39-43,45-47](WMD
-0.85 mL/min/1.73 m?, 95% CI -2.51 to 0.81), doxercalciferol [48](WMD -2.20 mL/min/
1.73 m?, 95% CI -6.82 to 2.42), or paricalcitol [7,10,15,21-25](WMD -1.86 mL/min/1.73 m?,

95% CI -3.94 to 0.22) rather than control treatment (Fig 2).

Subgroup analysis based on baseline eGFR level indicated a significant difference of eGFR
for VDRA patients relative to control patients in the 19 studies [7,10,15,21-26, 28-29,32-
33,39-40,43,45,47,48] that enrolled patients with baseline eGFRs lower than 60 mL/min/

1.73 m* (WMD -1.58 mL/min/1.73 m?, 95% CI -2.52 to -0.64, Fig 3). Meta-regression showed

PLOS ONE | DOI:10.1371/journal.pone.0147347 January 26, 2016

5/18



Vitamin D Receptor Activators on GFR

@PLOS | o

(penupuoD)

(vHan)
(ve) 8'0L79°GE (17 1owrl)
Juswieas) (92) m (oga0e(d) SveF (/ 1owr) N4 VA uonenba
€ ybiH R4 ON /6N G°0 [ouOeD 00} 0 85 20LFE9e VN €€0k VN L2rF8 V0L 016'7-)0°0 T'8278L 01 1'8)2'e 8'Se¥1'e8 AyredoiydaN vb)| adan [z€]etoe Ny
(vdan)
(s¥) (9%) 05'8%0L'65
jusuwiess) Apjoom oomy (ogaoe(d) (1p/Bu) (1p/Bu) 0S'9LF 0E'8LF oseesip uonenbs [6ele1oe
@ UbIH Mg ON L] 000} Ly 06'+4¥8'19 WN 00766 VN 08'07€+Z 9'L4FG'SE 159€ 8'6176'9€ €6'L8 AKauppy onaqelq agaw
(2)
Juswieas (99 (v 1owrl) (v 1owrl) (v 1owrl) (v 1owrl) [ozleroz
€ ubiH owg oN [0PIo[eoR)lY 0LL 0 1L —0v) 0'2S 867EEY 9170ee 86798Y 167818 91702 JNE 127261 0'€708°€2 ¥ a0 1210 uasieA|
(vHan)
(68) SIFES
(28) Alrenyur p/Bngz o (ogooed) (v 1owrl) (v 1owrl) [82lge61
12 Jeajoun kg 0gaoe|d [0pIo[EveyY VN VN 19 9LFLG JLBIFLYL  [21FE92  9'SFE'8L 611¥7€92 20°ZF0P- WN S0’ LFLG WN aMo 1210 Apwey
(09<1010) (09<1010) (09<10:0) (09<10:0) (09<12:0)
(e02) 02'0FL' 1L 18'178'€8 88'075'08 £5'178'8L 88'075'08
(212 Ajrep oM} 6n (09>1040) (09>1040) (09>12:0) (09>10:0) (09>10:0) [ev]z002
€ ubiH 1he 0gode|d S2°0 [ouoeD VN VN 0 Y€'0%0°2L VN VN VN VN 10'2¥56°6 6L0%6'05 89'1¥0°0S 6107605 uswom Apap|3 1210 Jaybe|ien
(vHan)
6'G71'69
(s2) (ge) p/Bn (oga0e(d) (1/ 1owrl) (/ 1owrl) v (/ 1owr) (s/1w) (s/1w) (s/1w) (s/1w) sisoiodoaiso [erlos61
S Jeajoun 12 0gade|d 29°0 [ouioen VN 0 0 §'/FG°0L 12¥8L yIFEL Jowr)6¥2 OLFLL 120%26'0 €€°0%80'} 65°0790' £2°0780'L  [esnedouswisod 1210 Jaybe|en
(van)
(51 LOLFYLE
uswieas (S4) p/Bng 0 (0ga0e(d) (1p/Bu) uonejuedsues [oelsoo0e
14 ubiH KL ON [0PIo[EdE)lY VN 0 00} L'0LFLO'LE v'0FEL €07’} 0T} €072’k VN VN VN VN leuay VN Apno.by-13
(vdan)
[NEAT)
(02) (02) p/Bng 0 (ogeoeyd) (Ip/Bus) uoneue|dsues [1ele002
12 Jeajoun K} 0gae|d [0PIo[EdEyY VN 0 00k L0VF9' e ¥'0FG'L £07¢} YOFY ) SOFE L VN VN VN VN [euay VN Apnoiby-13
(v 1owrl)
(p/ Brig) o (e
(g6) €970} 0} L°0k-) (p/ Brig)
(e6) p/ Briz (e6) p/ (7 1owrl) (p/ Br11) sre 9L 5 ¥k gL¥ey (p/ BUNUWNG[e pue uonenbe [oro2
S Mo AMpZ ogede|d 6ri}. joyojeoued 00k 00k 69 Y'OLF6 79 VN 6.7081 VN 95¥2LL 01972)10- L1768 018°€)2'1- 6riL)s150p sajeqelp g adAL agan mnesz oQ
(vean)
(9v) 21y
Juswieal (59) usy (ogooed) (v 1owrl) (v 1owrl) (v 1owrl) (V/ 1owrl) uopejue|dsues [zeleo0z
€ YbIH owg ON /6ng0 [ouoeD WN €9 65 yI¥6y SEF 92k 602028  6EFEEH 682 F 178 6L F 49 VN 81 ¥59 WN [euay xneAss eq
(k1) (ke p/ 52 (6S 260 [1eleroe
S Jesjoun AMpg 0gode|d Brig joyojeoued 028 0 16 9'L178'59 WN VN VN VN 012920 €TIFOr  OIGELIEY  9LIFGEE $-€aM0 1210 1809 8@
(vaan)
((4V] B HLFLLS [r¥Jooog
jusuiesl} (94) p/Bn (ogeoe|d) (Ip/Bu) (Ip/Bu) (Ip/Bu) (Ip/Bus) q (1S qELL uonejue|dsues ouezuely
@ ybiH K} ON S2°0 [oUo[eD VN VN €5 V6T VY 2075’1 2TOFL €0FL'} €07} (sz-€2)8°22 4 (06-87)€9 —L2)yee —57)6'€9 leuay VN -0jend
(vaan)
TELF9EY (Ip/Bw) (1p/Buw) (Ip/Bu)
(€41 (201) p/ Briy'} 0} (ogeoeyd) 621°0% 980°0F 8EL'0F (Ip/Bu) uoenbe [s1]
S Jeajoun AMpg 0gaoeld €'} [0}o[edLed 069 589 89 Y'2IF8’ 19 0e'e 62 €e'e 26007262 €606k S8'0TY'E 66'075'12 06'076'€2 P-€aM0 agaw 9002 2ukoD
(vdan)
92IFL9
(82) (£2) p/Bn 0'1 (ogeoeyd) (1p/pw) (Ip/pw) [87lv002
S ubiH AP 0gaoe|d [0Ja}i0[ea19X0Q VN VN 28 1'21¥0°59 VN €8'0790°€ VN 16'0%20°€ £EF6EE TEFOE 62F0°0¢ L2FYE $-6aM0 1210 wngoo
(Voww) (Voww) (Vioww) (Vioww)
(8) (8) p/Bngo 991°0% €040F 8040F LL0°0F [27]
12 Jeajoun AMZS 0gaoe|d —52°0 1oUo[eD VN 00 S (ro-1€)5°28 2re0 0220 982°0 ore0 RAEA VELFL Y LTV LE PIFLYE aMo 1010 6861 Joxeg
1010 10
(6%) ajeweeylol
juswieal} (1) p/ uonejue|dsues ‘uonenba [c2]
€ ybiH 1K} ON Briz |oyjo[eoled VN o8t 99 LOLFL8Y WN VN VN VN LYLFLTS 0'0LFESH ¥'6LF2 LS ¥'SLFOSY [euey agan €102 Jowy
(vHan)
SIFLYY
(51 (21 p/ (ogeoe|d) sisoiodoa}so [ov]
14 ubiH owpg 0gaoeld 6n g0 jouioed VN 00 0 L1679 WN VN VN VN o' 1ZFSTH 1'9FL'8G 02LFLOk 69769 [esnedousuisod 1210 8861 BIOlY
o(2SH
01 y'}-)
69 p/ brig L2VF Ly
(8) (8) p/ Briz (8) P oL€1 o620 1'e)  p/brigyeF [vel8ooe
S mo ow 0gade|d /Bri} jopojeoued 00k 80L €8 2047569 VN VN VN VN 0l L'EJ)E'S 0TLFO Y 2'e-p/briy g2y p/bri} a0 aleweeyIo! 1ziogly
juauwieas) jusauwiealdy jusuwijealy juswijeas}
(%) Yy aujjeseg ayy aujjeseg yy auljeseg Yy aujjeseg
a109s asn (% poylaw
o 2100s dn (u) dnoab (u) ady ale) (s1eak) (pw g2 L/unw (Qw €27 L/uiw aseasiq uonewnsa
peper  joysiy  -mojio4 1o1u0d dnoibsyyan 30V saeqeld xas aby ueapy (/10wn) j053u0D 10 (1own) sYHAA 10 Nw)dnoib jonu0) Y192 /lw) dnoub syHAA 492 |eseq 449 Apms

‘sisAjeue-elow ay} ul papn|oul SAIPNIS JO SalsuUBoRIRYD *| 8|geL

6/18

PLOS ONE | DOI:10.1371/journal.pone.0147347 January 26, 2016




o
TR
(O]
c
o
2
L
g VOOV L#€.1,0"ou0d [euinolf /g1 0}, :10p
< ‘sinodo.p pue [emelpynm jo uonduosap pue ‘paquosap pue areudoidde Buieq Buipulig-aignop ‘Buipulg
=
,W -a|qnop ‘paquosap pue aleudoidde Buleq uoneziwopuel Jo poylew ‘uoleziwopuel :salpnis jo Aljenb ay) e1enjeas 0} sjusuodwod G uo paseq walsAs Juiod [eolisiels e si 8100S peper ayl
m "abue. ebe se pessaidxs ereq,
o ‘auljeseq wou} abueyd se passaidxs eleq,
m]
c (%SG 0} %Ge)uelpaw se passaidxa ejeqy
m ‘abueyo jueoiad se pessaidxs eleq,
> ‘uonenba }nex) 10103207 = uoienba K ddUBIESID BUILUIESID BULIN INOYLE = |DID POk dlledeeI8isuIWEeIpauslAyle = 13 "weibosoiw = 6 ‘uoneanoe Joidedsal q UlWeNA = YHAA
"18)00|q Jo}dadal uisusjoibue = gyy "sionqiyul swAzus Buipaauod-uisusiolibue = |30y 81el uoielyl Jejniawolb parewiss = 44 "aseasip Asupiy d1UoIyd = M0 "8|qe|leAe Jou = YN
(van)
201¥8'09
(0€) (ce)p (0geoeid) (o'1-0 (€1e (820 (908 uoyenba [eel
S Jeajoun AMZS ogeoeld  /Brik jowoeoued 18 67€ €9 L0429 VN VN VN VN y0'G)E0E-  —G02)6'ET 19906y - —0'9H)L 6} S-€aM0 agan 102 Buem
(ev) (21 [svloz6L
€ Jeojoun ML 0gaoe|d p/Bn | jomioed WN WN €9 20L-02 WN WN VN VN oHEFL L sel 252782 T aMo via3a pieebnoy
(vHan)
22IFL9Y
((%2)] (sv) usy (ogeoe|d) uonejue(dsues [sel
v Jesjoun KL ogeoeld  /Bn g'0 louoeD WN 8'se 8L 6 LIFLLS v'0FE} SOFY' L €07LE} Y'0F6E’ L 0879L 9'9272'69 07.'€8 SYeFOLL [euey 1010 002 SeuoL
(vdan) uonenbas
LLFP9 paseq-0
(2ry) (S p (ogaoe(d) (re (22 unesfo pue [otlzroz
S Jeajoun Mgy ogeoeld  /Briz(oyoeoued 028 028 oL 21799 WN -9'1)6'L VN 9e > L'OFLO- (2v-92)9¢ 2 6'0FLp- (ev-—ve)ie ado paseq-10S 1uBYPRYL
(van)
(s9-2e)8 'Sy
(ogeoe|d)
(12) (95 /ioww uonejue(dsues [veloooz
12 Jeajoun A2 0gaoeld VN VN 2L —/2)SE'SY  900FPL'0  200FLL0  POOFLLO  20'0%0L0 VN VN WN VN Bunj 1o oeipre) VN Yooiquies
(81)
(81 p/BNG.0-52°0 l62]
S leopun  owsl 0gaoeld 10PIo[ed’)Y VN WN 69 §2g WN WN VN VN 5792 €179 782 0zF6Y a0 1010 002 X1y
(vdan)
(0£-L2)vs
(€€) (eg) p/Bn (ogeoeyd) (628 (eve (roz (961 [8e]
& Jeajoun 1A 0ga2e|d S2}°0 [ouo[eD VN 00 :14 (82-92)2s -Zy)8eh -9'9)9°0} -S)eL —-€'8)L'6 VN VN VN VN axo VN G661 20
(92) (0g) p/Bn 520 sisolodoaiso [oel
14 Jeojoun kg 0gaoe|d ~05°0 loUo[eD WN WN 0 09 WN WN VN VN €718 €%28 2FsL 2¥6L [esnedoususod 1010 5861 sB6IY
(vHan)
0'EFE6Y (17 1owrl) (17 1owrl) (17 1owr)
(€4 (e4) p/6n (ogeoeyd) L'E0LF 8'ceT ¥'95% (1/ jowrl) [eels661
€ Jeajoun KL 0gaoeld 20 [ouo[eD WN 00 0 6'27E05 810y 92Le g8y S'GEFY0VE L'€7€92 OYFEIE TSTL8L TEFS T a0 Vd10 9Lues Moe|pezid
(vHan)
(1) OLFL8 (17 1owrl) (17 1owrl) (17 1owr) (17 1owrl)
usuieas) (s2) p/ (ogaoe(d) 90°8E% ELYET YE'65F 09'9vF (/WAL 98'0LF 6L2HF uonejue|dsues uonenbs [ee]
2 ubIH owg ON 6ri}. joyoreoLied WN WN 98 6%€S 81gel 6582} vo'ovh 96'vYh 17'09 90'6Y 2EEIFI6EY $0'Sy [euey agan 0102 z019d
(vaan)
w 0'+¥6°29
z (ev) (e) p/Bn (ogaoe(d) (] v (s/1w) (s/1w) sisoiodoajso
o 12 Jeajoun kg 0gaoe|d €170 [0MI0[eD VN WN 0 [AEIVE] VN lowr)gF9, VN lowrl)gF6. 2 VRS9 S0'0780" SHFOE- G0'0F00°'L  [esnedousunsod 1010 [1v1686} HO
(s1) (S4) p/Bn [ov]
14 Jespun owsg ogedeld 0S°'0>[ouNo[eD VN L9 19 q (L2-€2)Ly 681¥5°G61 OV IFL°69Y S91FE0Y 21 ¥86€ LIFP'ES CHIFE8E L1¥62 L'0L¥5€2 a)o 1210 8861 [EPION
s (vHan)
(v2) Arep 6'979'89
(ev) somy Bngz'0 (ogeoe|d) (Ip/Bw) (Ip/Bw) (Ip/Bw) (Ip/Bw) sisolodoajso [22lve61
- @ Jeojoun Ihg 0ga0e|d 10PIo[EdB)Y WN WN 0 0'879'59 20760 20780 1'0%6'0 20%6'0 11781 82788 L1759/ 1278 [esnedoususod 1010 [9zousiy
juswijeal) juswijeasy juswijeaty juswijeal)
P (%) LYy aujjaseg P aujjaseg pEIT aujjeseg 8yy aujjeseg
°. 2 a100s asn (%) (% poylaw
o - 9100s selq dn (u) dnoab (u) adv snyIsN ale) (s1eak) (pw €2 1 uw (W €2 Luw aseasiq uonewnsa
o peper joxsily  -mojjo4 lo4u0) dnoib syyan N30V sajeqelq xos aby ueapy (10wn) jonuo) 10s (1/10wn) syyaa 10s Nw)dnoib jonuod HiHd Nlw) dnoub syHaA H49° aujjeseg EEED) Apmis

(PanupuoD) | a1qeL

7/18

PLOS ONE | DOI:10.1371/journal.pone.0147347 January 26, 2016




@’PLOS ‘ ONE

Vitamin D Receptor Activators on GFR

Study %
ID WMD (95% ClI) Weight
Alfacalcidol :
Hamdy (1995) — -1.70 (-6.09, 2.69) 3.64
Ivarsen (2012) —r -2.70 (-6.29, 0.89) 4.46
Menczel (1994) :-—0— 9.00 (-0.96, 18.96) 1.10
Rix (2004) * -2.00 (-14.55, 10.55)0.73
Subtotal (I-squared = 36.3%, p = 0.194) <F> -0.88 (-4.66,2.91) 9.93
. [}
Calcitrol I
Aloia (1988) + : -14.00 (-32.04, 4.04)0.37
Baker (1989) —_—r— 1.20 (-6.74,9.14)  1.61
De Sevaux (2002) — -1.00 (-4.72,2.72) 4.31
Gallagher (1990) : * 8.40 (-3.84,20.64) 0.77
Gallagher a (2007) - 0.05 (-2.70,2.80) 5.49
Gallagher b (2007) - -5.00 (-7.64, -2.36) 5.62
Gallagher c (2007) —OI- -2.00 (-4.49,0.49) 5.83
Gallagher d (2007) 2.80 (0.04, 5.56) 5.47
Krairittichai (2012) — 0.00 (-4.14,4.14) 3.88
Liu (2012) —0—{-— -3.23 (-10.18, 3.72) 1.99
Nordal (1988) —_—T— 0.40 (-7.26,8.06) 1.71
Ott (1989) —_——— 2.40(-5.93,10.73) 1.49
Przedlacki (1995) —i--o— 2.20(-4.99,9.39) 1.89
Riggs (1985) —_, -6.00 (-9.87, -2.13) 4.15
Torres (2004) r—— 5.30 (-1.40, 12.00) 2.10
Tougaard (1976) —t -1.70 (-3.95, 0.55) 6.14
Subtotal (I-squared = 55.9%, p = 0.003) ¢> -0.85 (-2.51,0.81) 52.81
I
Doxercalciferol |
Coburn (2004) — -2.20 (-6.82,2.42) 3.44
Subtotal (I-squared =.%, p=".) <'_|£> -2.20 (-6.82,2.42) 3.44
Paricalcitol :
Alborzi (2008) N — 11.70 (3.84, 19.56) 1.64
Amer (2013) —— -1.20 (-4.59, 2.19) 4.68
Coyne (2006) - -0.95 (-2.36, 0.46) 7.22
De Boer (2013) —_—— -6.10 (-15.50, 3.30) 1.22
Perez (2010) —0:—— -2.47 (-7.88,2.94) 2.83
Thadhani (2012) - -4.63 (-7.17, -2.09) 5.76
Wang (2014) —*r -1.46 (-4.31,1.39) 5.35
de Zeeuw (2010) —— -4.35 (-7.39, -1.31) 5.11
Subtotal (l-squared = 67.1%, p = 0.003) <> -1.86 (-3.94,0.22) 33.82
[}
Overall (I-squared = 54.0%, p = 0.000) ¢ -1.29 (-2.42, -0.17) 100.00
:
| |
-32 0 32
Favours control Favours VDRA

Fig 2. Forest plot comparison of eGFR changes, according to type of vitamin D receptor activators. Weighted mean difference in eGFR (ml/min) in
patients who received VDRAs compared with control therapy. Weights are from random effects analysis.

doi:10.1371/journal.pone.0147347.9002

that gender and hypercalcemia were not significantly associated with eGFR decline in VDRAs
group (p = 0.833 and p = 0.302, respectively, see S1 Fig, S2 Fig).

SCr outcome

Nineteen studies [10,15,23,26-35,38,40-42,44,47](comprising 927 patients) that recorded SCr
values reported a slight increase of Scr in VDRA group relative to the control group (WMD
5.52 pmol/L, 95% CI -0.79 to 11.82, Fig 4). Heterogeneity across these studies was moderate
(I = 67.1%, p < 0.001). Publication bias was not evident (p = 0.62). Sensitivity analysis by

PLOS ONE | DOI:10.1371/journal.pone.0147347 January 26, 2016
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Study
ID

eGFR < 60 ml/min
Alborzi (2008)
Amer (2013)

Baker (1989)
Coburn (2004)
Coyne (2006)

De Boer (2013)

De Sevaux (2002)
Gallagher a (2007)
Gallagher ¢ (2007)
Hamdy (1995)
Ivarsen (2012)
Krairittichai (2012)
Nordal (1988)
Perez (2010)
Przedlacki (1995)
Rix (2004)
Thadhani (2012)
Tougaard (1976)
Wang (2014)

de Zeeuw (2010)
Subtotal (I-squared =

eGFR >= 60 ml/min
Aloia (1988)

26.6%, p = 0.133)

Gallagher (1990)
Gallagher b (2007)
Gallagher d (2007)
Liu (2012)

Menczel (1994)

Oftt (1989)

Riggs (1985)

Torres (2004)
Subtotal (I-squared =

Overall (I-squared = 54.0%, p = 0.000) O

L 4

*

L 2

——

77.1%, p=0.000) <

%

WMD (95% Cl) Weight

11.70 (3.84,19.56) 1.64
-1.20 (-4.59,2.19) 4.68
1.20 (-6.74,9.14)  1.61
-2.20 (-6.82,2.42) 3.44
-0.95 (-2.36, 0.46) 7.22
-6.10 (-15.50, 3.30) 1.22
-1.00 (-4.72,2.72)  4.31
0.05 (-2.70,2.80)  5.49
-2.00 (-4.49, 0.49) 5.83
-1.70 (-6.09, 2.69) 3.64
-2.70 (-6.29, 0.89) 4.46
0.00 (-4.14,4.14)  3.88
0.40 (-7.26,8.068)  1.71
-2.47 (-7.88,2.94) 2.83
220 (-4.99,9.39) 1.89
-2.00 (-14.55, 10.55)0.73
-4.63 (-7.17, -2.09) 5.76
-1.70 (-3.95,0.55) 6.14
-1.46 (-4.31,1.39) 5.35
-4.35 (-7.39, -1.31) 5.11
-1.58 (-2.52, -0.64) 76.94

~14.00 (-32.04, 4.04)0.37
8.40 (-3.84,20.64) 0.77
-5.00 (-7.64, -2.36) 5.62
2.80 (0.04,5.56)  5.47
-3.23 (-10.18, 3.72) 1.99
9.00 (-0.96, 18.96) 1.10
2.40 (-5.93,10.73) 1.49
-6.00 (-9.87, -2.13) 4.15
5.30 (-1.40, 12.00) 2.10
-0.02 (-3.94,3.89) 23.06

-1.29 (-2.42, -0.17) 100.00

|
-32

Fig 3. Forest plot comparison of eGFR changes, according to baseline eGFR level. Weighted mean difference in eGFR (ml/min) in patients who

Favours control

Favours VDRA

received VDRAs compared with control therapy. Weights are from random effects analysis.

doi:10.1371/journal.pone.0147347.9003

excluding the study [27] with higher dropout rate demonstrated a higher SCr in the VDRAs

group than in the control group (WMD 7.03 umol/L, 95% CI 0.61 to 13.46, Fig 5).

Subgroup analysis based on the type of VDRAs indicated no significant increase of SCr in
patients randomly assigned to alfacalcidol (WMD 0.19 umol/L, 95% CI -12.29 to 12.67), calci-
triol (WMD 4.09 pmol/L, 95% CI -1.61 to 9.80), and paricalcitol (WMD 17.60 pmol/L, 95%

CI -12.14 to 47.33) relative to those receiving control treatment (Fig 6).

Subgroup analysis based on baseline eGFR level indicated no significant increases of SCr in
patients receiving VDRAs among studies that enrolled patients with baseline eGFR values less
than or more than 60 mL/min/1.73 m* (Fig 7).

PLOS ONE | DOI:10.1371/journal.pone.0147347 January 26, 2016
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Other outcomes

Table 2 shows the pooled results for secondary outcomes. Sixteen studies [7,10,15,22-23,25-
26,28,30-33,41-43,48] (1753 patients, 18 events) provided data on all-cause mortality. Alto-
gether, mortality was not significantly different in the VDRA and control groups (RR 1.49,
95% CI 0.58 to 3.80; RD 0.00, 95% CI -0.00 to 0.01).

CVDs were reported in 12 studies [7,10,21-22,24-25,32,42,44,46-48] (1027 patients, 34
events). Again, there was no significant difference in the VDRA and control groups (RR 0.84,
95% CI 0.42 to 1.71; RD -0.00, 95% CI -0.03 to 0.03). However, there was a slight but not signif-
icant increase in ESRD among patients receiving paricalcitol rather than control. [7,10,22,48]
(RR 3.02, 95% CI 0.91 to 10.09; RD 0.03, 95% CI 0.00 to 0.05).

Adverse events occurred in 647 of 1858 patients from 18 studies [7,10,15,21-22,25,32—
39,41-44]. Adverse events were slightly more common in the VDRA group than the control
group (RR 1.24, 95% CI 1.04 to 1.47; RD 0.07, 95% CI 0.02 to 0.19). However, the pooled RR of
severe adverse events after VDRA therapy was comparable that of controls in five studies
[7,10,15,22,25] (RR 1.15, 95% CI 0.75 to 1.77; RD 0.02, 95% CI -0.07 to 0.12). Hypercalcemia
was reported in 24 studies[7,10,15,21-22,25,27-29,31-39,41-43,45,47-48] (2240 patients,

199 events). Overall, VDRA therapy was associated with a higher risk of hypercalcemia than
control therapy (RR 3.29, 95% CI 2.02 to 5.38; RD 0.09, 95% CI 0.04 to 0.13).

Study %
ID WMD (95% Cl) Weight
Baker (1989) — 24.00 (-61.56, 109.56)  0.52
Coyne (2006) --:o— 7.90 (-12.32,28.12) 522
Cueto-Manzano (2000) I-O- 8.84 (-1.25, 18.93) 8.75
De Sevaux (2002) o 0.00 (-13.23, 13.23) 7.54
El-Agroudy (2003) = -8.84 (-23.74,6.06)  6.92
El-Agroudy (2005) E—o— 17.68 (3.96, 31.40) 7.35
Gallagher (1990) - -2.00 (-8.12, 4.12) 10.19
Hamdy (1995) —_— 4.70 (-43.03, 52.43) 1.51
lvarsen (2012) —_— 15.00 (-53.48, 83.48)  0.79
Menczel (1994) 4E -8.84 (-15.79,-1.89)  9.92
Nordal (1988) — -20.80 (-138.72, 97.12) 0.28
Ott (1989) - -2.90 (-9.96, 4.16) 9.88
Perez (2010) -4':— -1.91(-19.68,15.86)  5.95
Przedlacki (1995) — -21.30 (-191.03, 148.43)0.14
Ritz (1995) : + > 30.10 (-191.13, 251.33) 0.08
Rix (2004) l 0.00 (-34.63, 34.63) 2.56
Sambrook (2000) E-o— 20.00 (8.10, 31.90) 8.05
Thadhani (2012) : - 46.86 (28.11, 65.61) 5.65
Torres (2004) -~ 7.07 (-3.15, 17.30) 8.70
Overall (I-squared = 67.1%, p = 0.000) b 5.52 (-0.79, 11.82) 100.00
:
| ' T
-251 0 251
Favours VDRA Favours control

Fig 4. Forest plot comparison of serum creatinine changes for each type of vitamin D receptor activators. Weighted mean difference in serum
creatinine (umol/L) in patients who received VDRAs compared with control therapy. Weights are from random effects analysis.

doi:10.1371/journal.pone.0147347.g004
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Study %
ID WMD (95% Cl) Weight

i
Baker (1989) —e 24,00 (-61.56, 109.56) 0.54
Coyne (2006) —— 7.90 (-12.32, 28.12) 5.68
Cueto-Manzano (2000) I.:.- 8.84 (-1.25, 18.93) 9.81
De Sevaux (2002) - 0.00 (-13.23, 13.23) 8.36
El-Agroudy (2003) - -8.84 (-23.74, 6.06) 7.63
El-Agroudy (2005) ‘:-0— 17.68 (3.96, 31.40) 8.15
Gallagher (1990) - -2.00 (-8.12, 4.12) 11.59
Hamdy (1995) —L‘— 4.70 (-43.03, 52.43) 1.59
Ivarsen (2012) —*:o— 15.00 (-53.48,83.48)  0.82
Nordal (1988) *~—r -20.80 (-138.72,97.12) 0.29
Ott (1989) -+ -2.90 (-9.96, 4.16) 11.20
Przedlacki (1995) * : -21.30 (-191.03, 148.43) 0.14
PTirez (2010) —— -1.91 (-19.68, 15.86) 6.51
Ritz (1995) — > 30.10 (-191.13, 251.33) 0.08
Rix (2004) —oE— 0.00 (-34.63, 34.63) 2.72
Sambrook (2000) - 20.00 (8.10, 31.90) 8.97
Thadhani (2012) | - 46.86 (28.11, 65.61) 6.16
Torres (2004) -;- 7.07 (-3.15, 17.30) 9.75
Overall (I-squared = 61.2%, p = 0.000) 0 7.03 (0.61, 13.46) 100.00

i

;

T : T
-251 0 251
Favours VDRA Favours Control

Fig 5. Forest plot comparison of serum creatinine changes by excluding studies with high dropout rates. Weighted mean difference in serum
creatinine (umol/L) in patients who received VDRAs compared with control therapy. Weights are from random effects analysis.

doi:10.1371/journal.pone.0147347.9005

Discussion

This study reviewed existing RCTs to evaluate the effects of VDRAs on kidney function. Ulti-
mately, 31 trials that enrolled a total of 2621 patients met our inclusion criteria. The results
indicated a slightly lower eGFR and increase of SCr in the VDRAs group, especially in the sen-
sitivity analysis by excluding studies that had a dropout rate more than 30%. However, sub-
group analysis of the 5 studies that not use SCr-based measures did not indicated lower GFR in
the VDRASs group.

Precise measurement of GFR is obtained by calculating the urinary or plasma clearance of
an exogenous filtration marker, such as inulin, iothalamate, ethylenediaminetetraacetic acid
(EDTA), or diethylene triamine pentaacetic acid (DTPA) [49,50]. Among the 31 included stud-
ies, one study used the isotope method with **™Tc DTPA [33] and one study used EDTA to
measure GFR before and after clinical intervention [45]. Two studies [24,25] calculated GFR
by subcutaneous infusion of nonradioactive iothalamate and one study estimated GFR based
on measurement of cystatin C [10]. In most of the included studies, the 24-h urinary creatinine
and SCr were evaluated for determination of creatinine clearance and eGFR using the Modifi-
cation of Diet in Renal Disease (MDRD) or Cockcroft-Gault equations.

The main pitfall of using 24-h urinary creatinine clearance for estimation of GFR is the diffi-
culty and potential inaccuracy of urine collection. In particular, this method overestimates

PLOS ONE | DOI:10.1371/journal.pone.0147347 January 26, 2016 11/18
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Study
ID

Alfacalcidol
El-Agroudy (2003)
El-Agroudy (2005)
Hamdy (1995)
Ivarsen (2012)
Menczel (1994)

%
WMD (95% Cl) Weight
|.
1
= -8.84 (-23.74,6.06) 6.92
||-o- 17.68 (3.96, 31.40)  7.35
— 4.70 (-43.03, 52.43) 1.51

15.00 (-53.48, 83.48) 0.79
-8.84 (-15.79, -1.89) 9.92

<+
Rix (2004) — 0.00 (-34.63, 34.63) 2.56
Subtotal (I-squared = 59.5%, p = 0.030) <} 0.19 (-12.29, 12.67) 29.06
. 1
Calcitrol .
Baker (1989) —e 24.00 (-61.56, 109.56)0.52
Cueto-Manzano (2000) ha 8.84 (-1.25,18.93) 8.75
De Sevaux (2002) -~ 0.00 (-13.23,13.23) 7.54
Gallagher (1990) . -2.00 (-8.12,4.12)  10.19
Nordal (1988) — -20.80 (-138.72, 97.19)28
Ott (1989) * -2.90 (-9.96, 4.16) 9.88
Przedlacki (1995) — -21.30 (-191.03, 148.48)4
Ritz (1995) — > 30.10 (-191.13, 251.38).08
Sambrook (2000) e 20.00 (8.10, 31.90)  8.05
Torres (2004) - 7.07 (-3.15,17.30)  8.70
Subtotal (I-squared = 42.2%, p = 0.076) $ 4.09 (-1.61, 9.80) 54.12
1
Paricalcitol |
Coyne (2006) —— 7.90 (-12.32,28.12) 5.22
Perez (2010) — -1.91 (-19.68, 15.86) 5.95
Thadhani (2012) R 46.86 (28.11, 65.61) 5.65
Subtotal (I-squared = 86.5%, p = 0.001) < 17.60 (-12.14, 47.33) 16.82
1
Overall (I-squared = 67.1%, p = 0.000) :é 5.52 (-0.79, 11.82)  100.00
[}
| ' T
-251 0 251

Favours VDRA

Favours control

Fig 6. Forest plot comparison of serum creatinine changes, according to type of vitamin D receptor activators. Weighted mean difference in serum
creatinine (umol/L) in patients who received VDRAs compared with control therapy. Weights are from random effects analysis.

doi:10.1371/journal.pone.0147347.9006

GFR by ~10% in individuals with normal renal function, but the overestimation increases to
30% for a patient with low GFR [49]. As an index of GFR, SCr also has limited sensitivity.
Some research has examined the effect of VDRAs on serum creatinine generation and clear-
ance. For example, Bertoli et al.[51] showed that treatment with calcitriol for 4 months
increased measured SCr and decreased creatinine clearance, but there were no significant
changes in measured inulin clearance. Furthermore, SCr fell to the baseline value within 60
days after discontinuation of calcitriol therapy. The authors attributed the increase of SCr to
the increased release of creatinine from muscular tissue, probably due to the improvement of
uremic myopathy induced by calcitriol. Perez et al.[52] examined the effect of oral calcitriol in
treatment of plaque-type psoriasis (baseline creatinine clearance: 103.8 + 40.1 mL/min/1.73
m®). After 6 months, there was a 22.5% decline in creatinine clearance but no significant
changes in clearance of inulin or para-aminohippurate (PAH), suggesting that calcitriol altered
creatinine metabolism or secretion but did not affect renal function. Recently, Agarwal et al.[9]
tested the effect of paricalcitol on SCr in 16 patients with chronic kidney disease (measured
GFR: 47.8 + 17.1 mL/min/1.73 m®). The key findings were that short-term paricalcitol

PLOS ONE | DOI:10.1371/journal.pone.0147347 January 26, 2016 12/18
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Study
ID

eGFR < 60 ml/min
Baker (1989)
Coyne (2006)

De Sevaux (2002)
El-Agroudy (2003)
El-Agroudy (2005)
Hamdy (1995)
Ivarsen (2012)
Nordal (1988)
Perez (2010)
Przedlacki (1995)
Ritz (1995)

Rix (2004)
Thadhani (2012)

Subtotal (I-squared = 55.0%, p = 0.009)

eGFR >= 60 ml/min
Cueto-Manzano (2000)
Gallagher (1990)
Menczel (1994)

Ott (1989)

Sambrook (2000)
Torres (2004)

Subtotal (I-squared = 78.2%, p = 0.000)

Overall (I-squared = 67.1%, p = 0.000)

%

WMD (95% Cl) Weight
:
1
— 24.00 (-61.56, 109.56) 0.52
- 7.90 (-12.32,28.12) 5.22
B 0.00 (-13.23,13.23) 7.54
= or -8.84 (-23.74,6.06) 6.92

17.68 (3.96,31.40)  7.35
4.70 (-43.03, 52.43) 1.5
15.00 (-53.48, 83.48) 0.79
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Fig 7. Forest plot comparison of serum creatinine changes, according to baseline eGFR level. Weighted mean difference in serum creatinine (umol/L)
in patients who received VDRAs compared with control therapy. Weights are from random effects analysis.

doi:10.1371/journal.pone.0147347.9007

treatment led to significant increases in SCr and 24-h urinary creatinine output, but no changes
in clearance of creatinine, urea, or iothalamate. Such findings are consistent with the interpre-
tation that VDRA alters creatinine metabolism but does not harm kidney function. In our
study, subgroup analysis of the 5 studies that not use SCr-based measures did not indicated
lower GFR in the VDRAs group(WMD -0.97 mL/min/1.73 m2, 95% CI -4.85 to 2.92). Hence,
it is important to select the most appropriate method to measure renal function in patients tak-
ing VDRAs, such as iothalamate or cystatin C.

Vitamin D and its analogs suppress renin expression [53,54], so an increased SCr concen-
tration may have indicated a true decline in GFR, which was seen with use of ACEIs. Thus, we
cannot exclude the possibility that VDRAs may have induced or accelerated the progression of
renal dysfunction.

Our findings indicated that the VDRA and control groups had no significant differences in
the hard endpoints (e.g. all-cause mortality and CVD) and severe adverse events. Episodes of
hypercalcemia were more common in the VDRA group than in the control group. In general,
treatment with active vitamin D analogs was well tolerated and only a few patients had to stop
treatment.
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Table 2. Results of secondary outcomes. Values are numbers of participants.

Variables No of studies VDRAs Control Relative risk Risk difference I
(references) group group (95% Cl) (95% Cl) (%)
All-cause 16 12/942 6/821 1.49 (0.58 to 0.00 (-0.00 to 0
mortality 3.80) 0.01)
Cardiovascular 12 15/575 19/452 0.84 (0.42to  -0.00 (-0.03 to 3
events 1.71) 0.03)
ESRD 4 14/360 3/263 3.02 (0.91 to 0.03 (0.00 to 0
10.09) 0.05)
Adverse events 18 361/1009 286/849 1.24 (1.04 to 0.07 (0.02 to 42
1.47) 0.13)
Severe adverse 5 101/491 71/397 1.15(0.75 to 0.02 (-0.07 to 56
events 1.77) 0.12)
Hypercalcemia 24 159/1203 40/1037 3.29 (2.02 to 0.09 (0.04 to 35
5.38) 0.13)

VDRASs = vitamin D receptor activators.

doi:10.1371/journal.pone.0147347.t002

Our study has several strengths, including the use of a comprehensive search strategy (S2
Appendix) and the large study sample. We included all studies that examined the effect of
VDRASs on GFR and SCr. This study is the first meta-analysis to assess the effect of VDRAs on
kidney function and safety end points. Our study has several limitations. Firstly, most of the
included studies were not designed to directly examine SCr or GFR as primary endpoints. Sec-
ondly, the dosages of VDRA of the included studies were also different. However, we excluded the
study with the highest dosage of calcitriol [45] and the result did not change. Finally, the generaliz-
ability of all meta-analyses is limited by protocol heterogeneity and differences among study pop-
ulations. We attempted to account for heterogeneity by conducting subgroup analysis according
to baseline GFR level. This analysis indicated that a VDRA-induced decrease in eGFR was more
likely in patients with baseline eGFRs below 60 mL/min/1.73 m®. In other words, patients with
poor kidney function are more likely to be adversely affected by VDRAs. The treatment durations
of the included studies ranged from 1 month to 3 years, a time during which true changes in renal
function could occur. Hence, our results should be interpreted with some caution.

In conclusion, the main finding of this systematic review and meta-analysis of RCTs is that
VDRAS can lead to elevation of serum creatinine. Future long-duration RCTs with large sam-
ple sizes are needed to assess the effects and safety of VDRAs on renal function as the primary
endpoint, using non SCr-based measurements.
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