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Abstract

Background/Aims: \/itamin D (VD) is widely recognized as renal protective. However, whether
VD supplementation provides benefit to patients with diabetic nephropathy (DN) remains
controversial. Here, we performed a meta-analysis to systematically evaluate the impact of
VD supplementation on indexes of renal function, inflammation and glycemic control in
DN patients, and to explore the potential renal protective mechanism of VD. Methods: We
searched Pubmed, Embase, Cochrane Library, and three major Chinese biomedical databases
(CNKI, WANGFANG and VIP) for randomized controlled trials (RCTs) examining the effects of
VD or its analogs in DN patients, published between September 2007 and July 2018. Quality
assessment and data extraction were performed independently by two authors, according
to the Cochrane systematic review methods. Meta-analysis based on the extracted results
were performed via Revman 5.2 software. Results: We included 20 RCTs representing 1,464
patients with DN in this meta-analysis. VD supplementation significantly reduced 24-hour
urine protein [MD = -0.26; 95% Cl (-0.34, -0.17); P < 0.00001; I? = 95%)], UAER [MD = -67.36;
95% Cl (-91.96, -42.76); P < 0.00001; 2 = 97%], hs-CRP [MD = -0.69; 95% Cl (-0.86,-0.53); P
< 0.00001; 2= 0%], TNF-a [MD = -56.79; 95% Cl (-77.05, -36.52); P < 0.00001; /= 89%] and
IL-6 [MD = -0.73; 95% CI(-1.03, -0.44); P < 0.00001; I = 0%]. However, VD supplementation
failed to decrease SCr [MD = -0.83; 95% Cl (-3.67,2.02); P = 0.57; > = 0%] or increase eGFR
[MD = 2.13; 95% Cl (-2.06, 6.32); P = 0.32; I?= 0%]. In addition, VD supplementation showed
no impact on indexes of glycemic control, such as HbA1c [MD = 0.01; 95% CI (-0.09, 0.11); P =
0.84; I?= 0%] and FBG [MD = -0.05; 95% Cl (-0.29, 0.20); P = 0.70; I? = 0%)]. Analysis of 24-hour
urine protein, SCr, eGFR, hs-CRP or HbA1c revealed no difference between subgroups based
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on the type of VD supplementation, including calcitriol, alfacalcidol and vitamin D3, and the
dose or duration of calcitriol usage. Conclusion: In patients with DN, VD supplementation
provides beneficial effects on 24-hour urine protein and inflammation indexes, but not on
SCr, eGFR or glycemic control indexes. More RCTs that comprehensively evaluate the impact
of VD supplementation on indexes of renal function, inflammation and glycemic control in DN

patients are required in order to reach conclusive results. © 2019 The Author(s)

Published by S. Karger AG, Basel
Introduction

Diabetic Nephropathy (DN) is one of the most common microvascular complications
of diabetes and the major cause of end stage renal disease (ESRD) [1]. Diabetes is likely
to remain a huge threat to public health in the 21st century [2]. According to the Diabetic
Charter for Canada [3], the prevalence of diabetes in Canada is 9.2% in 2016, resulting a
$3.4 billion economic cost; Such cost is estimated to reach $5 billion with 11.6% of diabetic
prevalent rate in 2026. In the U.S,, the total estimated cost of diagnosed diabetes in 2017
is $327 billion, including $237 billion in direct medical costs and $90 billion in reduced
productivity [4]. The rising prevalence of diabetes and the high cost of ESRD treatment have
brought heavy financial burden to the healthcare systems worldwide. Therefore, it is urgent
to explore low-cost and effective treatment plans in order to decrease the incidence and
mortality rate of DN.

Generally, Vitamin D (VD), a fat-soluble vitamin formed from 7-dehydrocholesterol in
the skin, is transported to the liver and hydroxylated to 25(OH)D,, which is then transported
to the kidney and further hydroxylated to 1, 25(0OH)D,. This active form of VD binds to
vitamin D receptor (VDR) in target cells and plays a central role in calcium homeostasis
[5]. Importantly, many studies have shown that VD plays a renal protective role [6, 7]. VD
supplementation is then expected to delay the progression of DN. Nonetheless, it remains
controversial whether VD supplementation provides clinical benefit to DN patients. One
previous meta-analysis showed that Vitamin D3 ameliorates proteinuria and protects DN
patients from kidney injury [8]. However, other meta-analysis did not find potential benefit
of vitamin D supplementation on UACR [9]. Therefore, we sought to perform a systematic
review of randomized controlled trials (RCTs) to evaluate the effects of VD and its analogs on
indexes of renal function, inflammation and glycemic control in DN patients, and to explore
the potential renal protective mechanism of VD in DN.

Materials and Methods

Literature search strategy

We performed a systematic literature search (Pubmed, Embase, Cochrane Library, CNKI, WANGFANG
and VIP) to identify articles published between September 2007 and July 2018, using the search items
vitamin D, cholecalciferol, calcitriol, 1, 25(0OH)D,, paricalcitol and diabetic nephropathy in the title, abstract,
and keywords with no restriction imposed. Additional papers were found through a manual search of
reference lists of review articles. The literature search was conducted by two of the authors (Y.W. and S.Y.)
independently.

Selection criteria

We included RCTs that assessed the impact of VD or its analogs on DN, regardless of whether blinding
was used in the trials, in the following groups: treatment group that received supplementation of VD or
its analogs vs. control group that received placebo or blank treatment, or that received placebo/blank
plus conventional treatment when it was used in both arms of study. All included study participants were
diagnosed with diabetes according to the 1999 WHO diagnostic criteria for diabetes [10], and concomitantly
diagnosed with diabetic nephropathy based on the Mogensen classification of diabetic nephropathy [11].
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Exclusion criteria

Exclusion criteria were: 1. RCTs that were missing important and unrecoverable information; 2.
Duplicate publications; 3. Reviews, animal studies or case reports; 4. RCTs with unclear primary outcome
or outcome measures; 5. RCTs based on non-DN patients; 6. Sample size of either experimental group or
control group was less than 20; 7. RCTs whose data were not described with mean and standard deviation.

Primary outcome measures

Primary outcome measures included: 24-hour urine protein; urinary albumin excretion rate (UAER);
serum creatinine (SCr); estimated glomerular filtration rate (eGFR); high-sensitivity C-reactive protein (hs-
CRP); tumor necrosis factor-alpha (TNF-a); interleukin 6 (IL-6); hemoglobin Alc (HbAlc); fasting blood
glucose (FBG).

Quality assessment

The quality assessment of the selected RCTs was performed independently by two authors (Y.W. and
S.Y.). If there were any discrepancies of whether a specific RCT should be included, the last author (Y.B.) was
consulted to reach consensus. Based on the Cochrane Handbook for Systematic Reviews of Interventions
(Version 5.2.0), all included RCTs were assessed according to the following criteria: 1) Was randomization
properly used? 2) Was there allocation concealment? 3) Were methods of blinding used? 4) Was there
incomplete-data bias? 5) Was there selection bias? 6) Were there other potential biases?

Data synthesis and statistical analysis

The results of all 20 included RCTs were pooled and analyzed via Revman Review Manager 5.2.
All continuous variables were expressed as mean deviation (MD) and standard deviation (SD) with
95% confidence interval (CI). The x*test was used for heterogeneity assessment. In the absence of clinical
heterogeneity (P = 0.05 and F < 50%), the fixed effect model of meta-analysis was applied; in the presence
of substantial heterogeneity between studies (P < 0.05 and ¥ > 50%), the sensitive analysis was performed
to find out the source of heterogeneity and to assess whether the results could be significantly influenced; if
the source of heterogeneity remained unclear, the random effect model of meta-analysis was used. A P value
of <0.05 was considered statistically significant.

Results

Summary of literature search and study selection
We identified 1,152 articles via
literature search. 42 studies remained
after reviewing title and abstract,
and excluding non-RCTs, duplicate

1152 potentially relevant

studies identified and
screened

publications and nonclinical research.
We further examined the full text of
these 42 studies and excluded those that
enrolled less than 20 cases for either
treatment or control group, or failed to
provide qualified endpoints or complete
data for our meta-analysis. Ultimately
20 RCTs [12-31] were included in the
review (6 published in English and 14
in Chinese), involving a total of 1, 464
participants (T/C: 732/732) (Fig. 1).
The characteristics of all included RCTs
were summarized in Table 1 and the
methodological quality of the included
RCTs were shown in Fig. 2.

128 studies for more
detailed evaluation

|——

42 studies retrieved for
further assessment

Je—e

20 studies included
in meta-analysis

1024 irrelevant studies
excluded on the basis of
title and abstrast review

86 studies excluded
for: Not RCT

S

22 studies excluded for:
Other outcome: 9
Unavailable data: 4
Wrong population: 9

R

Fig. 1. Diagram of study selection.

74


http://dx.doi.org/10.1159%2F000498838

75

© 2019 The Author(s). Published by S. Karger AG, Basel

www.karger.com/kbr

Kidney Blood Press Res 2019;44:72-87

DOI: \01152/00048030

Kidney
Blood Pressure

Published online: 22 February 2019

Wang et al.: Vitamin D Effects on Renal Function, Inflammation and Glycemic Control

Research

S . g- 0 - el ] V/.]S et e - - < _— -’3 - 0 [7) rf D - [7,) p— - - yu’ e )hz r e - -
S§ £FCTECEPETACTE RGOS E L  AnBY2E888SPEE0238 R8T TERE BT
QU 2 = [1, = 0 . += { ! Fr | PRI . N
¥ SE5EE8 AlEgdNo2gn=2 ® -85 =92 Owem.nm(mWOHO\,degOWWmsO
T 29— gEE>-89Eno 2 og o RESEIEEDMI S g g8 759 FL—T g2
. —
ST SE2 eE2535880C23 Q) <°EE8s SSLESSEEEScEgE IS g BuggEST
Q' = =) = — st L O O N Q n o o) B 2 v O = OO o ¥ .=
. (%) — " [V o~ —_ 0 = o |l o [<H) w oS 0o o A 7o N 1]
3 LT g + o E© Bg= o S =8 i = 8 — DN TS ww®EA
< = 2o 0 o og QN VvV = 8 ;@ Qs T O =% X 2 o= o = o o~ = O X =
. { %] o O S5 — 0 © o= <= x0O 0 5= s
S o T g S 78 a— o L2859 b = 9 = S 28 < = 3
: © A3 O o A 82 nmomn =9 > =0 no go=2=
w8 35w 8 = o oS cclepScoecs g oo S — DL H oo _m Mo s aw —
SR == 88 09 a o .~ o b= CESma—=002 s ~3220308 % c o8
S 3o O 8 S Q0.5 3 TR _ B33 S oo e e O == sme S E 8T oERT -~ LS n
" . = o + + ~ —_ = — — —_ —
SES3®E_SESE2S50=8°88cE258 S u e CnEEE s o3E 28V asE
.mecuﬁh T e a g s o [5) o 9V g al(_|._540.P0\J. h— 3 o TN 5SS A BA o S
el pOneerar[_evm mar.m01190.. CA%.lodrde ﬂﬂgo.m_ u.-oo
S S Y o L 52 .22 52 3= s L3 E TS -~ a B S o3z oS L 2582 g
= SN o N O~ O MO 22— O - =& O }= S o n —. 3Y(t o O N o 2 = 1 ~E X
S s rPgcuo = comE RoazZclses It =208 _ £ 3°83SLRS3, 5 lo@
vl ZeoE §TIIETSsSSH® NS TSI N2 ITaE~T 5O 2138 QP
MUf llounmATA.lAT..e.lenau.lATaaS.O S0 i S O WOT @ w0 3] — =SS B =N
ZIES) Mmoot n.= NN nANOUL SO a9nndN QOO TAROT SO oW oOoMAN S c—O Il SR oY =2 Il ©—
syoam g oqooeld 399M/1 000°08 IHead £q urweIA %Mwm.wwo"“uh 82/67 NaZL uexy £107 1uawop
spuow £ep/3u 09T-08 ULLIES[EA Kep/3w 09T-08 UeMES[eA + Aep/8ri 570 [oLIO[ED wumwmumm w 0€/0g NQAZL+NATL eum) Dwm
Seam 71 [P 0/m £ep/3 570 [otID[ED Jorees ov/ov NAZL+NATL euny) oree
Syoom 47 ogeveld fep/8 57°0 1o0IED oo 0s/8v NazZL o, 4
sypuow ¢ £ep/Su 0§-GZ WNISSEI0g UELIESO] Kep/3uw 05-7 wnisseIod ueiieso + Aep/8ii 570 [oLI0[ED mumwwm w 09/09 NAZL+NATL eury) E_mw_
SH2oM $Z 0q2eld AKep/3ri 57°0 [or[E) Z€7995 L 89/89 NaZL eury) %:ﬁw,
(sx99m g 1aye Aep/3wi og 01 paseauour) Aep/Sw 09FL'6% D 9102
syauow 9 (s3(99m g 1o3ye Aep/Sw o8 03 Buiseaour) Aep/Suwr o uelIesIw[a], Ob UL + (99M T Joye Aep/Sl ¢ 03 paseaour) Aep/Sti 70 [OLI[ED 207505 1. v/€h NAZL+NATL eury) Suem
s¥eam z1 Aep/Bui 00E-0ST ueMESAQI] Aep/Bwr 00E-0ST ueLESaq] + Aep/Bri §Z°0 [OPWIEIEIIY b deat vz/1z NazL euny) e
syeam z 19yye Aep/3w 03 paseaaour) Aep /3w s 102
syuow 9 (s3pom 7 1oyye Aep/3wi 0g 01 paseasour) Aep/3wi o uerresiwa L, 0b ueLtEsIW[, MMT% zmH hwﬁ >N. \Mlo%a ow Emmub_wa >mm /3 57°0 [oD[ED T9FELS AL £v/ey NAZL+NALL eury) wsy
squow g [orp[es o/m Aep/81i 570 [orp[E) T'9%0'95 “L S¥/S¥ NAZL+NATL eury) Hmmm
Sy9aMm ZT Aeq/3w 0QS 21eUOQIED WIND[E) Aeq/8w 00s 21eUOqIRd WND[E) + 81 §°( [oLIID[E) m‘omlﬂ@.mmmu sz/se NAZL+NAT.L eisAe[ey $10Z Tejeasniy
S'670'SS °L
(Aep/81i 0'1-5°0 Jo as0p 8425 D €102
stpuow g fouored o/m wnuixew e 0} $%99M 4 K140 Kep/3 570 £q paseasou) Aep/8i 5z°0 (LIP[ED  0'BFIES L velve NAZL+NATL eu uayz
(sx9am g 1ayye Aep/ Swt gog 03 paseatour) Aep/Sux ¥6F9°EY D €102
syjuow 9 (s3(pam 7 1933e Aep/ Swr 0O€ 03 paseaour) Aep/Sw OGT UeLIESII] 05T ueLIESaqu] + (3oam T Joye Aep/Sil 50 03 paseatour) Aep/3 570 [OLAD[ED VTILFLLh L 9¢/9¢€ NAZL+NATL eury) noyz
(s>1pam 7 103yE ABp/Sur 08 01 paseatour) Aep/Sw £8FEVS D z102
stpuourg (s:190m 7 1o Aep/3ut 0g 03 pasealour) Aep/3ul op ueIIESIWIDL, 0¥ ueltesIWR L, + (3eom T Joye Aep/8ri g'0 03 paseasour) Aep/8r 570 [orIdED Y8FGES 1L ze/ee NAZL+NdT.L 'Uy) uenn
syoom 71 oqaveld 99M/0 00005 Head £q urwenA LomLen 0e/0g NazL ued| e
s¥eam 91 [oLn[ed 0/m Ap{aam 9211 81 §°0 [OLIDIED PR Sv/9% NaZL pueeql  Z10Z reyomuery
syuow 9 [019j10[B23[0YD O/M Ae@/n1 008 [012j19[ed3[0Y) MMWMMWW w vz/ze NazL eutyd mmmwm
s3oaM 7T Aep/3w 0p-07 UeLIESIW[A, Aep/8wi 0%-07 uertesiwia, + Aep/3ri 5z°0 [opRIL Y WMWWMH w 0z/02 NAZL+NATL euiy) mwmw
syuow 9 [o1I[ed 0/M Aep/81i g0 [oLnp[ED MWMMMW w 2e/ve NAZL+NATL euryy WH:H—VM
sHoam ZT lopwIEIEE 0/Mm Aep/8ii 5°0 [opwIRIRY A se/se NazZL eunpy 1o
uoneinqg Apmgs (D) qusuneaiy, (1) 3usuneal], (&) a8y O/1) uonendod Apnig Anuno) JIeax pue .loyiny

syuedpnaed

dnous [onnuoo :) ‘dnoad Jusunea) 1, :suoneladlqqy 'sLOY Papnoul 0z jo sonsLeldeley) | ajqer


http://dx.doi.org/10.1159%2F000498838

Kidne Kidney Blood Press Res 2019;44:72-87

& DOI: 1Q.1122/000408838 © 2019 The Author(s). Published by S. Karger AG, Basel
B|°°d Pressure Published online: 22 February 2019 | www.karger.com/kbr
Resea rch Wang et al.: Vitamin D Effects on Renal Function, Inflammation and Glycemic Control

95% CI (-0.36, -0.01), P
= 0.04] with high study
heterogeneity [IZ = 73%’ Randomsequencegeneration(selectionbias)_:l
P = 002], and at longer AIIocationconcealment(selectionbias)- |

duration of calcitriol usage
(4_6 months) [MD - _0 31 Blinding(performance hiasanddelectionhias_ |

95% CI (-0.44, -0.19); P < Incompleteoutcomedata(anritionbias)_
000001] with low StUdy Selectivereponing(reponingbias)-

heterogeneity [ = 46%; P |
- 0.10]. | |
UAER. The effect I I - I - | - |
of VD supplementation 0% 2 W 75% 100%
on UAER was evaluated
in elght RCTS involving .Lowriskofhias DUnclearriskofhias .Highriskofhias

676 participants (T/C:

Otherbias

339/337) (Fig. 4A-C).

UAER  was  markedly Fig. 2. Methodological quality of the included studies.
decreased in DN patients

in response to VD [MD =

-67.36; 95% CI (-91.96,

-42.76); P < 0.00001] with high level of heterogeneity between studies [ = 97%; P <
0.00001]. Analysis based on type of VD supplementation showed significant decreases of
UAER in patients assigned to receive calcitriol [MD = -77.80; 95% CI (-110.21, -45.38); P <
0.00001], or alfacalcidol [MD = -44.26; 95% CI (-54.74, -33.78); P < 0.00001] relative to their
control treatments (Fig. 4A). Subgroup analyses based on either dose (Fig. 4B) or duration
of calcitriol usage (Fig. 4C) showed that calcitriol reduced UAER at lower dose (< 0.25 pg/d)
[MD =-87.07; 95% CI (-137.21, -36.93); P = 0.0007] with high study heterogeneity [F?= 98%);
P< 0.00001]; at higher dose (>0.25 pg/d) [MD =-65.06; 95% CI (-109.54, -20.58); P = 0.004]
with high study heterogeneity [I?= 86%; P = 0.008]; at shorter duration (2-3 months) [MD =
-30.11; 95% CI (-60.17,-0.05); P =0.05] with high study heterogeneity [F#= 94%; P < 0.0001];
and at longer duration (4-6 months) [MD =-109.01; 95% CI (-171.65, -46.37); P = 0.0006]
with high study heterogeneity [I?= 98%; P < 0.00001].

SCr. Nine RCTs involving 560 participants (T/C: 283/277) reported SCr as primary or
secondary outcome measure (Fig. 5A-C). VD supplementation showed no impact on SCr in
DN patients [MD = -0.83; 95% CI (-3.67, 2.02); P = 0.57] with low level of heterogeneity
between studies [I?= 0%; P = 0.95]. Similar effects were observed in patients assigned to
receive calcitriol [MD =-1.40; 95% CI (-4.76, 1.96); P = 0.41], alfacalcidol [MD = -0.69; 95%
CI (-6.91, 5.53); P = 0.83], or vitamin D3 [MD = 4.42; 95% CI (-6.09, 14.93); P = 0.41] (Fig.
5A). Such effects were also consistent at lower dose of calcitriol (< 0.25 pg/d) [MD = -3.30;
95% CI (-9.05, 2.45); P = 0.26; I?’= 0%]; at higher dose of calcitriol (= 0.25 pg/d) [MD = -0.42;
95% CI (-4.56, 3.71); P = 0.84; ?’= 0%)] (Fig. 5B); at shorter duration of calcitriol usage (2-3
months) [MD = -6.60; 95% CI (-16.05, 2.85); P = 0.17; P = 0%]; or at longer duration of
calcitriol usage (4-6 months) [MD = -0.65; 95% CI (-4.25, 2.94); P = 0.72; I’= 0%] (Fig. 5C).

eGFR. Only four RCTs reported sufficient data to evaluate the effect of VD on eGFR,
involving 290 participants (T/C: 147/143). eGFR was not affected by VD supplementation
in DN patients [MD = 2.13; 95% CI (-2.06, 6.32); P = 0.32; I?= 0%]. Such effect remained
regardless of taking calcitriol [MD = 2.71; 95% CI (-1.83, 7.25); P = 0.24] or vitamin D3 [MD
=-1.18;95% CI (-12.02, 9.66); P = 0.83] (Fig. 6). Further subgroup analysis based on dose or
duration was not performed because of limited sample size.
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Experimental Control Mean Difference Mean Difference

Study o Mean [V, Random, 95% Cl Year [V, Random, 95% CI
Calcitriol

Ding 2011 1.51 067 24 198 065 22 4.0% -0.47 [-0.85, -0.09] 2011
Guan 2012 1.51 067 33 182 057 32 57% -0.31 [-0.61, -0.01] 2012
Zhen 2013 149 068 34 189 073 34 49% -040[-0.74, -0.06] 2013
Zhou 2013 0.16 0.02 36 036 0026 36 21.5% -0.20 [-0.21, -0.19] 2013
Duan 2014 0.12 0.03 45 019 0.04 45 21.5% -0.07 [-0.08, -0.06] 2014
Chen 2014 1.32 058 43 1.8 062 43 73% -0.48[-0.73,-0.23] 2014
Liu 2016 142 058 60 174 062 60 9.0% -0.32 [-D.53, -0.11] 2016
Wang 2016 143 058 43 175 063 41 7.0% -0.32 [-0.58, -0.06] 2016
Li 2016 186 051 40 221 055 40 B2% -025[-048, -002] 2016
Subtotal (95% CI) 358 353 89.2%  -0.25[-0.34, -0.16]

Heterogeneity: Tau? = 0.04; Chi® = 214.18, df = 8 (P < 0.00001); I* = 96%
Test for overall effect: Z = 5.44 (P < 0.00001)

Alfacalcidol
Wang 2014 131 083 21 175 078 24 35%  -0.44[-085 -0.03] 2014
Subtotal (85% CI) 21 24 35%  -0.44[-0.85, -0.03]

Heterogeneity: Not applicable
Test for overall effect: Z = 2.08 (P = 0.04)

Vitamin D3
Momeni 2017 007 055 30 022 045 30 7.3% -0.29[-0.54,-0.04] 2017
Subtotal (85% CI) 30 30 7.3%  -0.29[-0.54, -0.04]

Heterogeneity: Not applicable
Test for overall effect: Z = 2.24 (P = 0.03)

]

Total (95% CI) 409 407 100.0%  -0.26[-0.34, -0.17]
Heterogeneity: Tau? = 0.01; Chi* = 217.06, df = 10 (P < 0.00001); I* = 85% 1 e i n"s 1
Test for overall effect: Z = 5.99 (P < 0.00001) e ;

Test for subarouo differences: Chi* = 0.85. df = 2 (P = 0.65). = 0% Favours [expermental] - Favaurs fcontrol]

B.
Exparimental Control Mean Difference Mean Difference
Study o pan D F: 3 i V. Random, 95% Cl Year IV, 95% CI
Calcitriol <0.25ug/d
Duan 2014 0.12 0.03 45 019 0.04 45 241% -0.07 [-0.08, -0.08] 2014 T
Liu 2016 142 058 60 1.74 062 60 101%  -0.32[-0.53,-0.11] 2016 e
Li 2016 186 0.51 40 221 055 40 9.2% -0.25[-D.48, -0.02] 2016 R
Subtotal (85% CI) 145 145 434%  -0.19[0.36, -0.01] >
Heterogeneity: Tau® = 0.02; Chi* = 7.44, df = 2 (P = 0.02); F = 73%
Test for overall effect: Z = 2.05 (P = 0.04)
Calcitriol>0.25ug/d
Ding 2011 1.51 067 24 198 065 22  45% -0.47 [-0.85, -0.08] 2011 = 5.
Guan 2012 1.51 067 33 182 057 32  64% -0.31[-0.61, -0.01] 2012 i
2Zhen 2013 149 068 34 189 073 34 55% -0.40[-0.74,-0.06] 2013 ST
Zhou 2013 0.16 0.02 36 036 0.026 36 241% -0.20 [-D.21, -0.19] 2013 -
Chen 2014 132 058 43 1.8 062 43 82% -048[-0.73,-0.23) 2014 e R
‘Wang 2016 143 058 43 175 063 41 7.9% -0.32 [-0.58, -0.06] 2016
Subtotal (95% CI) 213 208 56.6% -0.31[-0D.44, 0.19] &>
Heterogeneity: Tau® = 0.01; Chi® = 8.23, df = 5 (P = 0.10); P = 46%
Test for overall effect: Z = 5.01 (P < 0.00001)
Total (95% CI) 358 353 100.0%  -0.25([-0.34, -0.18] L
Heterogeneity: Tau® = 0.01; Chi* = 214,18, df = 8 (P < 0.00001}; I* = 96% 1 43.5 p 0:5 ‘

Test for overall effect: Z = 5.44 (P < 0.00001)

Test for subarouo differences: Chit = 1.36. df = 1 (P = 0.24), = 26.3% Favours [experimental . Favours foontro]

C.
Exparimental Control Mean Difference Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random. 95% Cl Year IV, Random, 95% CI

Shorter duration(2-3 months)

Duan 2014 0.12 0.03 45 019 0.04 45 24.1% -0.07 [-0.08, -0.06] 2014 e

Li 2016 196 051 40 221 055 40 92%  -0.25[-0.48, -0.02] 2016 =

Liu 2016 142 058 60 174 062 60 10.1% -0.32 [-0.53, -0.11] 2016 S

Subtotal (95% CI) 145 145 434%  -0.19[-0.36, 0.01] -

Heterogeneity: Tau? = 0.02; Chi* = 7.44, df = 2 (P = 0.02); P = 73%
Test for overall effect: Z = 2.05 (P = 0.04)

Longer duration(4-6 months)

Ding 2011 151 067 24 198 065 22 45% -0.47[-0.85,-0.08] 2011
Guan 2012 151 067 33 182 057 32 64%  -0.31[-0.61, 001 2012 e
Zhou 2013 016 002 36 036 0026 36 241% -0.20[-0.21,-0.19] 2013 '
Znhen 2013 149 068 34 189 073 34 655% -0.40[-0.74,-0.06] 2013

Chen 2014 132 058 43 1.8 062 43 B82% -0.48(0.73,-0.23) 2014 —
Wang 2016 143 059 43 175 063 41 79% -0.32[-0.58 -0.06] 2016 St
Subtotal (95% CI) 213 208 56.6%  -0.31[-0.44,-0.19) <>
Heterogenelty: Tau® = 0.01; Chi* = 8.23, df = § (P = 0.10); I* = 46%

Test for overall effect: Z = 5.01 (P < 0.00001)

Total (95% CI) 358 353 100.0%  -0.25(-0.34, -0.16] *

Heterogeneity: Tau® = 0.01; Chi* = 214,18, df = 8 (P < 0.00001); I* = 96%
Test for overall effect: Z = 5.44 (P < 0.00001)
Test for subaroun differences: Chi*=1.36. df = 1 (P =024} 2= 263%

-1 0.5 1] 0.5 1
Favours [experimental] Favours [control]

Fig. 3. Effects of VD supplementation on 24-hour urine protein. A. Effect on 24-hour urine protein based on
type of VD supplementation. B. Effect on 24-hour urine protein based on dose of calcitriol. C. Effect on 24-
hour urine protein based on duration of calcitriol.
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Heterogeneity: Tau? = 1158.21; Chi? = 202.66, df = 7 (P < 0.00001); P = 97%
Test for overall effect: Z = 5.37 (P < 0.00001)
Test for subarouo differences: Chi*=3.72 df =1 (P =0.05). P=73.1%

B.

Heterogeneity: Tau® = 1522.63; Chi* = 201.52, df = 5 (P < 0.00001); ¥ = 98%
Test for overall effect: Z = 4.70 (P < 0.00001)
Test for subaroun differences: Chi* = 0.41. df =1 (P =0.52). F=0%

Heterogeneity: Tau® = 1522.63; Chi® = 201.52, df = 5 (P < 0.00001); I = 98%
Test for overall effect: Z = 4.70 (P < 0.00001)
Test for subarouo differences: Chi* = 4.95. df = 1 (P = 0.03). P = 79.8%

A.
Experimental Control Mean Difference Mean Difference
% Cl Year 1V, 95% CI
Calcitriol
Chen 2014 280.8 74.88 43 37152 79.2 43 11.0% -90.72 [-123.30, -58.14] 2014 ==
Liu 2016 7119 1944 60 116.18 21.82 60 134% -44.99 [-52.38, -37.60] 2016 B
Li 2016 1278 28.7 40 1421 29.8 40 13.1% -14.30 [-27.12, -1.48] 2016 AT
Wang 2016 8208 3168 68 10224 36 68 132% -20.16 [-31.56, -8.76] 2016 -
‘Wang 2016 71.2 19.45 43 116.19 21.83 41 13.4% -44.99 [-53.85, -36.13] 2018 -
He 2017 504 100.8 30 7992 432 30 10.1% -295.20 [-334.44,-255.96] 2017 ¢
Subtotal (35% CI) 284 282 74.2% -77.80 [-110.21, 45.38] -
Heterogeneity: Tau® = 1522.63; Chi* = 201.52, df = 5 (P < 0.00001); I* = 88%
Test for overall effect: Z = 4.70 (P < 0.00001)
Alfacalcidol
Xu 2011 1129 30.38 35 150.05 45.65 3B 127% -37.15 [-56.32, -18.98] 2011 =
Zhou 2012 6822 21.01 20 11602 20.38 20 13.1% -47.80 [-60.63, -34.97] 2012 =R
Subtotal (85% CI) 55 55 25.8% ~44.26 [-54.74, -33.78] ’
Heterogeneity: Tau® = 0.00; Chi* = 0.88, df =1 (P = 0.35); F=0%
Test for overall effect: Z = 8.28 (P < 0.00001)
Total (95% CI) 339 337 100.0%  -67.36 [-91.96, 42.76] A 2

200 400 0 100 200
Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference
d Subgroup ean D Randorm, 9 IV, Random, 95% Cl
Calcitriol=0.25ug/d
Liu 2016 71.19 19.44 60 116.18 21.82 60 17.8% -44.99 [-52.38, -37.60] 2016 =
‘Wang 2016 8208 31.68 68 102.24 36 68 17.6% -20.16 [-31.56, -8.76] 2016 i
Li 2016 127.8 287 40 1421 298 40 17.5% -14.30 [-27.12, -1.48] 2016 ™
He 2017 504 100.8 30 799.2 432 30 14.2% -295.20 [-334.44,-255.96] 2017 ¢
Subtotal (35% Cl) 198 198 67.1% -87.07 [-137.21, -36.93] -
Heterogeneity: Tau® = 2503.89; Chi* = 190.96, df = 3 (P < 0.00001); P = 98%
Test for overall effect: Z = 3.40 (P = 0.0007)
Calcitriol >0.25ug/d
Chen 2014 2308 74.88 43 37152 79.2 43 152%  -90.72[-123.30, -58.14] 2014 -7
‘Wang 2016 71.2 1845 43 116.18 21.83 41 17.7% -44.99 [-53.85, -36.13] 2016 =
Subtotal (95% CI) 86 84 32.9% -65.06 [-109.54, -20.58] -
Heterogeneity: Tau® = 897.27; Chi* = 7.05, df = 1 (P = 0.008); I* = 86%
Test for overall effect: Z = 2.87 (P = 0.004)
Total (95% CI) 284 282 100.0% -77.80 [-110.21, -45.38] >

200 100 0 100 200
Favours [experimental] Favours [control]

C.
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Randorm, 9 IV, Random, 95% CI
Shorter duration(2-3 months)
Liu 2016 71.19 19.44 60 116.18 21.82 60 17.8% -44.99 [-52.38, -37.60] 2016 >
Li 2016 127.8 287 40 1421 298 40 17.5% -14.30 [-27.12, -1.48] 2016 ]
Subtotal (95% Cl) 100 100 35.3% -30.11 [-60.17, -0.05] S
Heterogeneity: Tau® = 442.42; Chi* = 16.52, df = 1 (P < 0.0001); I* = 94%
Test for overall effect: Z = 1.96 (P = 0.05)
Lenger duration{4-6 months)
Chen 2014 280.8 74.88 43 371652 79.2 43 15.2% -90.72 [-123.30, -58.14] 2014 -
‘Wang 2016 82.08 31.68 68 102.24 36 68 17.6% -20.16 [-31.56, -8.76] 2016 -
Wang 2016 712 1945 43 11619 2183 41 17.7% -44.99 [-53.85, -36.13] 2016 &
He 2017 504 100.8 30 7992 432 30 14.2% -295.20[-334.44, -255.96] 2017 1
Subtotal (95% CI) 184 182 64.7% -109.01 [-171.65, -46.37] I
Heterogeneity: Tau? = 3909.35; Chi* = 181.93, df = 3 (P < 0.00001); ¥ = 98%
Test for overall effect: Z = 3.41 (P = 0.0006)
Total (95% CI) 284 282 100.0%  -77.80 [-110.21, -45.38] <

200 100 0 100 200
Favours [experimental] Favours [control]

Fig. 4. Effects of VD supplementation on UAER. A. Effect on UAER based on type of VD supplementation. B.

Effect on UAER based on dose of calcitriol. C. Effect on UAER based on duration of calcitriol.
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Heterogeneity: Chi* = 2.66, df = 8 (P = 0.95); F = 0%
Test for overall effect: Z = 0.57 (P = 0.57)
Tast for subaroun differences: Chi* = 1.07_ df = 2 (P = 0.59). F = 0%

Heterogeneity: Chi* = 1.57, df = 5 (P = 0.80); FF = 0%
Test for overall effect: Z = 0.82 (P = 0.41)
Taest for subaroun differences: Chi* = 0.63. df =1 (P =0.43). F=0%

Control

Mean Difference

A.
Experimental Control Mean Difference Mean Difference
_Studyor Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl Year IV, Fixed, 95% Cl
Calgitriol
Ding 2011 8207 1148 24 8153 1356 22 152%  0.54[6.75,7.83] 2011 —
Guan 2012 8554 1536 33 8653 1642 32 135% -0.99[-8.73,6.75 2012 ——
Duan 2014 117.31 3121 45 12417 1023 45 88% -6.86[-16.46,2.74] 2014 — = .
Mustafar 2014 165 95 25 163 103.5 25  0.3% 2.00[-53.07,57.07) 2014 ¢ »
Wang 2016 8261 1574 43 8345 161 45 183% -0.84-7.49,581] 2016 —a—
He 2017 853 143 30 866 141 30 157% -1.30[-8.49,5.89] 2017 =R
Subtotal (95% CI) 200 199 T1.7%  -1.40 [-4.76, 1.96] -
Heterogeneity: Chi* = 1.57, df = 5 (P = 0.90); I = 0%
Test for overall effect: Z = 0.82 (P = 0.41)
Alfacalcidol
Xu 2011 80 17 35 81 17 35 128% -1.00[-8.96,6.96) 2011 —
Zhou 2012 81 163 20 812 158 20 82% -0.20[-10.15 975 2012 =
Subtotal (95% CI) 55 55 20.9% -0.69 [6.91,5.53] e
Heterogeneity: Chi* = 0.02, df = 1 (P = 0.90); I = 0%
Test for overall effect: Z = 0.22 (P = 0.83)
Vitamin D3
Ahmadi 2012 9637 1857 28 9195 1945 23 7.3% 4.42[-6.09,14.93] 2012 -
Subtotal (95% CI) 28 23 7.3% 4.42(-6.09,14.93] =TT
I geneity: Not af l
Test for overall effect: Z = 0.82 (P = 0.41)
Total (35% CI) 283 277 100.0% -0.83 [-3.67, 2.02]

20 10 0 10 20
Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference
an D A xed, 95% ixed, 95% Cl

Caleitriol =0.25ug/
Duan 2014 117.31 31.21 45 12417 10.23 45 122% -6.B6[-16.46, 2.74] 2014 L I
He 2017 853 143 30 866 141 30 21.8% -1.30[-8.49,5.88] 2017 =
Subtotal (95% Cl) 75 75 34.1% -3.30 [-9.05, 2.45] N
Heterogeneity: Chi® = 0.83, df = 1 (P = 0.36); P = 0%
Test for overall effect: Z=1.12 (P = 0.26)
Calcitriol >0.25ug/d
Ding 2011 8207 1148 24 8153 1356 22 21.2%  0.54 [-6.75 7.83] 2011 a—
Guan 2012 8554 1536 33 8653 1642 32 18.9% -0.99[-8.73,6.75 2012 e
Mustafar 2014 165 95 25 163 1035 25 04% 2.00(-53.07,57.07) 2014 * »
Wang 2016 8261 1574 43 B345 164 45 255% -0.84 [-7.48,581] 2016 - T
Subtotal (95% CI) 125 124 65.9% -0.42 [4.56, 3.71] -
Heterogeneity: Chi* = 0.11, df = 3 (P = 0.99);, F = 0%
Test for overall effect: Z = 0.20 (P = 0.84)
Total {95% CI) 200 199 100.0% -1.40 [-4.76, 1.96] . * ’ .

2 0 0 10 20
Favours [experimental] Favours [control]

Mean Difference

n Mean gd, 95% pd, 95% CI
Shorter duration(2-3 months)
Duan 2014 117.31 31.21 45 12417 10.23 45 12.2% -6.86[-16.46,2.74] 2014 . - R
Mustafar 2014 165 95 25 163 1035 25 04% 2.00[-53.07,57.07] 2014 ¥ e
Subtotal (95% CI) 70 70 126% —6.00[[—13,05. 2,8;]} -
Heterogeneity: Chi* = 0.10, df = 1 (P = 0.76); I = 0%
Test for overall effect: Z = 1.37 (P = 0.17)
Longer duration(4-6 months)
Ding 2011 8207 11.48 24 8153 1356 22 21.2%  0.54[-6.75,7.83] 2011 m—
Guan 2012 8554 15.36 33 8653 16.42 32 18.9% -0.99[-8.73,6.75 2012 e
Wang 2016 8261 15.74 43 8345 161 45 255%  -0.84 [-7.49, 5.81] 2016 —r
He 2017 853 143 30 866 141 30 21.8% -1.30[-8.49, 5.89] 2017 -
Subtotal (95% CI) 130 129 874% -0.65[4.25, 2.94] >
Heterogeneity: Chi* = 0.14, df = 3 (P = 0.99); F = 0%
Test for overall effect: Z = 0.36 (P = 0.72)
Total (95% CI) 200 199 100.0% -1.40 [-4.76, 1.96] : : * 3

Heterogeneity: Chi* = 1.57, df = 5 (P = 0.80); FF = 0% ‘2‘0 ‘1'0 0 1.0 20
Test for overall effect: Z = 0.82 (P = 0.41) 4
Test for subarouo differences: Chi* = 1.33. df =1 (P =0.25). F=24.7% Favous iipemental]. Favours foortol

Fig. 5. Effects of VD supplementation on SCr. A. Effect on SCr based on type of VD supplementation. B. Effect
on SCr based on dose of calcitriol. C. Effect on SCr based on duration of calcitriol.
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Experimental Control Mean Difference Mean Difference
__Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed. 95% CI
Calcitriol
Krairittichai 2012 369 19.8 46 355 176 45 29.6% 1.40 [-6.29, 9.09] 2012 i
Mustafar 2014 3?2 #15 25 34 24 25 50% -2.00[-20.79, 16.79] 2014 I T
Tiryaki 2016 67.48 14.33 48 63.54 1545 50 50.5% 3.94 [-1.96,9.84] 2016 =
Subtotal (95% CI) 119 120 851%  2.71[-1.83,7.25] »

Heterogeneity: Chi* = 0.52, df =2 (P =0.77); P=0%
Test for overall effect: Z=1.17 (P = 0.24)

Vitamin D3
Ahmadi 2012 72 1963 28 73.18 19.68 23 14.8% -1.18[-12.02,9.66] 2012 =
Subtotal (95% CI) 28 23 14.9% -1.18 [-12.02, 9.66]

Heterogeneity: Not applicable
Test for overall effect: Z = 0.21 (P = 0.83)

Total (95% CI) 147 143 100.0% 2.13 [-2.06, 6.32] ?
Heterogeneity: Chi* = 0.94, df = 3 (P = 0.82); P = 0% +
Test for overall effect: Z = 1.00 (P = 0.32)

Test for subarouo differences: Chi? = 0.42. df =1 (P =0.52). P=0%

0 25 0 25 50
Favours [experimental] Favours [control]

Fig. 6. Effects of VD supplementation on eGFR.

The impact of VD supplementation on indexes of inflammation

hs-CRP. The effect of VD supplementation on hs-CRP was evaluated in seven RCTs
involving 534 participants (T/C: 269/265) (Fig. 7A-C). VD supplementation significantly
decreased hs-CRP [MD = -0.69; 95% CI (-0.86, -0.53)]; P < 0.00001] relative to control with
low level of heterogeneity between studies [I? = 0%] in DN patients. Subgroup analysis
showed significant decrease in patients assigned to receive calcitriol [MD = -0.66; 95% CI
(-0.83, -0.49); P < 0.00001] or alfacalcidol [MD = -1.03; 95% CI (-1.58, -0.48); P =0.0003]
(Fig. 7A). Further subgroup analyses showed that hs-CRP was reduced in response to lower
dose of calcitriol (< 0.25 pg/d) [MD = -0.76; 95% CI (-1.03, -0.49); P < 0.00001] with low
study heterogeneity [I? = 0%]; higher dose of calcitriol (= 0.25 pg/d) [MD = -0.59; 95% CI
(-0.82,-0.37); P < 0.00001] with low study heterogeneity [I?= 0%] (Fig. 7B); shorter duration
of calcitriol usage (2-3 months) [MD =-0.63; 95% CI (-1.00, -0.26); P = 0.0008]; and longer
duration of calcitriol usage (4-6 months) [MD = -0.67; 95% CI (-0.86, -0.47); P < 0.00001]
with low study heterogeneity [I?= 0%] (Fig. 7C).

TNF-a. Only three RCTs reported TNF-a as primary or secondary outcome measure (Fig.
8), involving 284 participants (T/C: 143/141). Heterogeneity assessment indicated high
level of heterogeneity between studies [I?= 89%; P < 0.0001]. Using random effect model,
we found that calcitriol supplementation significantly decreased TNF-a by 56.79 mg/L [MD
=-56.79; 95% CI (-77.05, -36.52); P < 0.00001] relative to control in DN patients. Subgroup
analysis was not performed due to limited sample size.

IL-6. Only three RCTs involving 284 participants (T/C: 143/141) evaluated the impact
of calcitriol supplementation on IL-6 (Fig. 9). Heterogeneity assessment indicated low study
heterogeneity [I? = 0%; P = 1.00]. Meta-analysis performed by the fixed effect model showed
that IL-6 was dramatically reduced by 0.73 mg/L in response to VD supplementation [MD
= -0.73; 95% CI (-1.03, -0.44); P < 0.00001] in DN patients. Subgroup analysis was not
performed due to limited sample size.

The impact of VD supplementation on indexes of glycemic control

HbA1c.The effect of VD supplementation on HbA1lc was evaluated in ten RCTs involving
692 participants (T/C: 348/344) (Fig. 10A-C). VD supplementation did not affect HbAlcin DN
patients [MD = 0.01; 95% CI (-0.09, 0.11); P = 0.84] with low level of heterogeneity between
studies [I?= 0%; P = 0.72]. Such effect remained in patients assigned to receive calcitriol [MD
=0.02;95% CI (-0.08, 0.12); P=0.71], alfacalcidol [MD = 0.10; 95% CI (-0.34, 0.54); P=0.65],
or vitamin D3 [MD = -0.24; 95% CI (-0.82, 0.34); P = 0.42] (Fig. 10A). Calcitriol showed no
impact on HbA1c regardless of lower dose (< 0.25 pg/d) [MD = 0.04; 95% CI (-0.16, 0.24);
P = 0.70]; higher dose (> 0.25 pg/d) [MD =0.01; 95% CI (-0.11, 0.13); P = 0.84] (Fig. 10B);
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Experimental Control Mean Difference Mean Difference
He 5 - o sn xed. 95% od 95%

Calcitriol

Ding 2011 233 08 24 29 102 22 96% -0.57[-1.10,-0.04] 2011 |

Zhen 2013 231 076 34 289 0986 34 16.1% -0.58[-0.99,-0.17] 2013 -

Chen 2014 243 1.08 43 3.02 0.96 43 146% -0.59[-1.02,-0.16] 2014 =

Wang 2016 239 095 43 3.01 113 41 136% -0.62[-1.07,-0.17] 2016 -

Liu 2018 238 084 60 3.01 1.2 80 19.8% -0.83{-1.00,-0.26] 2018 Ve

He 2017 22 11 30 31 01 30 17.4% -0.90[-1.30,-0.50] 2017 — =

Subtotal (95% CI) 234 230 91.1% -0.66 [-0.83, -0.49] L

Heterogeneity: Chi? = 1.83, df = 5 (P = 0.87); I* = 0%
Test for overall effect: Z = 7.47 (P < 0.00001)

Alfacalcidol

Xu 2011 294 1.01 35 3.7 1.33 35 8.9% -1.03[-1.58,-0.48] 2011 T

Subtotal (95% CI) 35 35  8.9% -1.03[-1.58, -0.48] -

Heterogeneity: Not applicable

Test for overall effect: Z = 3.65 (P = 0.0003)

Total (95% CI) 269 265 100.0% -0.69 [-0.86, -0.53] *

Heterogeneity: Chi* = 3.40, df = 6 (P = 0.76); I = 0% 25 & s y 2

Test for overall effect: Z = 8.22 (P < 0.00001)

Fav xperimental] Faw ntrol
Test for subaroun differences: Chi? =1.58. df =1 (P =0.21). I = 36.6% 2vours ixperimenial] \kavours lcontl]

B.
Experimental Control Mean Difference Mean Difference
dy o gan D 2 2 2 xed, 95% IV, Fixed, 95% CI
Calcitriol <0.25ug/d
Liu 2016 238 094 60 3.01 112 60 21.8% -0.63[-1.00,-0.26] 2016 =i
He 2017 22 14 30 31 01 30 19.1% -0.90([-1.30,-0.50] 2017 -
Subtotal (95% CI) 90 90  40.9% -0.76[-1.03, -0.49] >
Heterogeneity: Chi? = 0.96, df = 1 (P = 0.33); 1= 0%
Test for overall effect: Z = 5.49 (P < 0.00001)
Calcitriol >0.25ug/d
Ding 2011 233 08 24 29 1.02 22 10.5% -0.57[-1.10,-0.04] 2011 ]
Zhen 2013 231 076 34 289 0.96 34 17.6% -0.58[-0.99,-0.17] 2013 T
Chen 2014 243 1.08 43 3.02 096 43 16.0% -0.59[-1.02,-0.16] 2014 D [
Wang 2016 239 095 43 3.01 113 41 149% -0.62[-1.07,-0.17] 2016 T
Subtotal (95% CI) 144 140  59.1% -0.59 [-0.82, -0.37] L 4
Heterogeneity: Chi* = 0.02, df = 3 (P = 1.00); F = 0%
Test for overall effect: Z = 5.15 (P < 0.00001)
Total (95% CI) 234 230 100.0% -0.66 [-0.83, -0.49] L
Heterogeneity: Chiz = 1.83, di = 5 (P = 0.87); 17 = 0% 2 1 5 1 2

Test for overall effect: Z = 7.47 (P < 0.00001)

. Favours [experimental] Favours [control]
Test for subaroun differences: Chi? = 0.85. df = 1 (P = 0.36). P = 0%

C.
Experimental Control Mean Difference Mean Difference
dy o Mean D al Mea 2 C xed, 95% og IV, Fixed, 95% CI
Shorter duration(2-3 months)
Liu 2016 238 094 60 3.01 1.12 60 21.8% -0.63[-1.00,-0.26] 2016 =
Subtotal (95% CI) 60 60 21.8% -0.63[-1.00,-0.26] -
Heterogeneity: Not applicable
Test for overall effect: Z = 3.34 (P = 0.0008)
Longer duration(4-8 months)
Ding 2011 233 08 24 29 102 22 105% -0.57[-1.10,-0.04] 2011 |
Zhen 2013 231 076 34 289 096 34 176% -0.58[-0.99,-0.17] 2013 A
Chen 2014 243 1.08 43 302 096 43 16.0% -0.59[-1.02,-0.16] 2014 ]
Wang 2016 239 085 43 3.01 113 41 149% -0.62[-1.07,-0.17] 2016 Sele ne
He 2017 22 14 30 31 041 30 19.1% -0.90[-1.30,-0.50] 2017 '_"';
Subtotal {35% CY) 174 170 78.2% -0.67[-0.86,-0.47] -
Heterogeneity: Chi* = 1.80, df =4 (P = 0.77); F = 0%
Test for overall effect: Z = 6.68 (P < 0.00001)
Total (95% Cl) 234 230 100.0% -0.66 [-0.83, -0.49] L 2
Heterogeneity: Chi* = 1.83, df = 5 (P = 0.87); I = 0% 2 _'1 A 1 2

Test for overall effect: Z = 7.47 (P < 0.00001)

5 Favours [experimental] Favours [control]
Test for subaroun differencas: Chi? = 0.03. df = 1 (P = 0.86). I = 0%

Fig. 7. Effects of VD supplementation on hs-CRP. A. Effect on hs-CRP based on type of VD supplementation.
B. Effect on hs-CRP based on dose of calcitriol. C. Effect on hs-CRP based on duration of calcitriol.
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Fig. 8. Effects of VD supplementation on TNF-a.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI 1V, Fixed, 95% CI
Li 2016 516 1.58 40 591 172 40 16.8% -0.75[-1.47,-0.03] |
Liu 2016 452 1.06 60 525 1.29 60 49.4% -0.73[-1.15,-0.31] = =0
Wang 2016 453 107 43 526 13 41  33.8% -0.73[-1.24,-0.22] —
Total (95% CI) 143 141 100.0% -0.73 [-1.03, -0.44] <>

Heterogeneity: Chi* = 0.00, df = 2 (P = 1.00); I = 0%

= -1 1
Test for overall effect: Z = 4.84 (P < 0.00001) 2 c 2

Favours [experimental] Favours [control]

Fig. 9. Effects of VD supplementation on IL-6.

shorter duration of usage (2-3 months) [MD = 0.04; 95% CI (-0.16, 0.24); P = 0.70;] ; or
longer duration of usage (4-6 months) [MD = 0.01; 95% CI (-0.11, 0.13); P = 0.84] (Fig. 10C).

FBG

Only three RCTs reported FBG as primary or secondary outcome measure (Fig. 11),
involving 230 participants (T/C: 115/115). Heterogeneity assessment indicated low study
heterogeneity [?= 0%; P = 0.78]. Using fixed effect model, we found that FBG was not affected
by VD supplementation in DN patients [MD = -0.05; 95% CI (-0.29, 0.20); P = 0.70]. Such
effect remained in patients assigned to receive either calcitriol [MD =-0.09; 95% CI (-0.37,
0.19); P = 0.53] or alfacalcidol [MD = 0.10; 95% CI (-0.42, 0.62); P = 0.71].

Sensitivity analysis and publication bias

We performed sensitivity analysis on all 20 included RCTs using Leave-One-Out
methods. Variations of the combined effects after excluding each indicator variable was
relatively small, indicating the robustness of our meta-analytic results. Funnel plots were
used in our meta-analysis to evaluate publication bias. Except for studies assessing HbAlc,
studies evaluating all other indexes were asymmetrically distributed on the funnel plots,
suggesting the presence of publication bias.

Discussion

VD supplementation has long been used in the treatment of chronic kidney disease
(CKD), primarily to regulate calcium homeostasis and bone metabolism. Our meta-analytic
results demonstrate that supplementation of VD or its analogs could reduce urinary protein
excretion and lower the levels of key inflammatory factors, such as hs-CRP, TNF-a and IL-
6, suggesting that VD might protect kidney functions and delay DN progression via other
pathways. Importantly, these results were consistent in all our included RCTs regardless
of the type of VD supplementation, including calcitriol, alfacalcidol and vitamin D3, and
regardless of the dose or duration of calcitriol usage.
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Fig. 10. Effects of VD supplementation on HbA1lc. A. Effect on HbA1c based on type of VD supplementation.
B. Effect on HbA1c based on dose of calcitriol. C. Effect on HbAlc based on duration of calcitriol.
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Fig. 11. Effects of VD supplementation on FBG.

Albuminuria reduction is considered as an important factor to predict future renal
outcomes [32]. It remains controversial whether VD supplementation could reduce
proteinuria and provide clinical benefit to DN patients. Consistent with our results, Zhao ]
et al. showed that vitamin D3 ameliorates proteinuria and protects DN patients from kidney
injury, which is independent of blood pressure and glucose reduction [8]. On the other hand,
Derakhshanian H et al. did not find potential benefit of vitamin D supplementation on UACR
in DN patients [9]. Several possible factors might affect the results of this meta-analysis: six
cross-sectional studies were included in this meta-analysis; the number of patients in some
included studies was small; VD supplementation failed to elevate the serum vitamin D level
significantly in some included studies. A most recent meta-analysis in CKD patients showed
that paricalcitol reduces the risk of cardiovascular events, but does not affect proteinuria
level nor protect renal function in CKD patients [33]. Unfortunately, this meta-analysis did
not further analyze the data based on the primary causes of CKD (e.g., diabetic nephropathy,
hypertentive nephropathy). Our meta-analysis was specifically designed to include patients
with diabetic nephropathy and our results demonstrated that VD supplementation, including
calcitriol, alfacalcidol and vitamin D3, could reduce urinary protein excretion. However,
paricalcitol was not included in our final analysis because the limited studies of paricalcitol
in diabetic nephropathy patients could not provide sufficient data for our meta-analysis to
proceed.

Our meta-analysis did not to find any evidence to show that VD supplementation
decreases SCr or increases eGFR, which is consistent to several other systemic reviews. For
instance, Xu et al. found that VD supplementation decreases proteinuria, although it did not
significantly change the eGFR in non-dialysis patients [34]. Additionally, Zhang et al. showed
inarecent meta-analysis of both CKD and non-CKD patients that vitamin D receptor activators
lead to elevation of SCr and decrease creatinine-based measures of eGFR[35]. This result was
unexpected because it demonstrated that albuminuria reduction was not associated with
renal function improvement. Possible explanations are that other risk factors (such as blood
glucose, blood pressure, blood lipids) are correlate with the deterioration of renal function
but was not considered in this meta-analysis; that eGFR loss might occur independently of
albuminuria or even in the absence of albuminuria in some patients with diabetes [36].

Inflammation is pivotal in the progression of DN [37], which eventually leads to renal
fibrosis [38]. A previous meta-analysis demonstrated that VD supplementation improved
micro-inflammatory state in patients on hemodialysis [39]. Mansournia’s analysis showed
that VD supplementation resulted in a significant decrease in hs-CRP in diabetic patients
[40]. Eleftheriadis’ group found that VD analog paricalcitol decreased basal concentrations
of TNF-a and IL-6 in peripheral blood mononuclear cells (PBMCs) of healthy volunteers [41].
Additionally, VD supplementation was able to lower the levels of inflammatory markers,
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including TNF-q, IL-6 and ICAM-1, in the serum and urine of type 1 diabetes patients [42].
Our meta-analysis also found that VD supplementation could reduce the levels of key
inflammatory factors, including hs-CRP, TNF-a and IL-6, in DN patients, which was consistent
with other studies.

It is not clear whether VD supplementation provides benefit on glycemic control based
on previous meta-analyses. Naghmeh Mirhosseini et al. found that VD supplementation
may significantly reduce FBG and HbA1lc and facilitate glycemic control in type 2 diabetic
patients [43]. However, Li et al. didn’t find that VD supplementation would improve FBG
or HbA1c [44]. Our meta-analysis assessed the effects of VD supplementation on glycemic
control in DN patients, and showed that levels of FBG or HbA1c were not different between
the experimental and the control group. As the number of included studies is relatively
small, studies with larger sample size are required to further evaluate the effects of VD
supplementation on glycemic control in DN patients.

The limitations of our meta-analysis include: relatively small sample size; varying
lengths of follow-up time; varying amounts and forms of VD supplementation; inconsistent
treatments among control groups; lack of long-term follow-up results. There is an urgent
need for RCTs of larger sample size, placebo-controlled, comprehensive outcome measures,
long-term followed-up and multi-centered in order to clarify the real impact of VD
supplementation on indexes of renal function, inflammation and glycemic control in DN
patients. VD supplementation would become a low-cost and convenient treatment strategy
with social benefits in DN patients if a clear conclusion is reached that VD supplementation
prevents and treats DN.

Conclusion

The results of this meta-analysis support the use of vitamin D or its analogs to reduce
urinary protein excretion and the levels of key inflammatory factors, including hs-CRP, TNF-a
and IL-6, although VD supplementation did not have significant influence on SCr, eGFR or
glycemic control. As these results are generated from an exploratory meta-analysis without
a specifically defined hypothesis, more RCTs that comprehensively evaluate the impact of
VD supplementation on indexes of renal function, inflammation and glycemic control in DN
patients are required in order to reach conclusive results.
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