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Abstract

Objective: In a large number of published studies, 25 hydroxyvitamin D (250H-D), vitamin B12 (Vit
B12), vitamin C (VitC), and vitamin E (VitE) levels have been associated with the severity of diabetic
nephropathy, but the conclusions are susceptible to confounding bias and reverse causation. The
aim of this study was to investigate the relationship between vitamin levels and the severity of dia-
betic nephropathy at the geneticlevel by Mendelian randomization. Methods: Single nucleotide pol-
ymorphisms (snp) associated with serum 25 hydroxyvitamin D (250H-D), vitamin B12, vitamin (,
and vitamin E were obtained from published genome-wide association studies, and pooled-level ge-
netic data associated with diabetic nephropathy were obtained from The FinnGen Biobank. The
study focused on two-sample Mendelian randomization analysis using inverse-variance weighted
(IVW) method. MR-Egger regression (MR-Egger regression), Weighted median (WM), Simple Mode
(Simple Mode) and Weighted Mode (Weighted Mode) methods were also used as complementary
methods for MR analysis, and the Leave-one-out sensitivity test was used for sensitivity analysis.
Results: In the Mendelian Randomization Study (MR) on the effect of serum vitamin levels on dia-
betic nephropathy, the IVW methodology demonstrated a causal association between serum 250H-
D and a high risk of diabetic nephropathy, and no evidence has been found for a causal association
between serum vitamin B12, serum vitamin C, and serum vitamin E levels and the risk of developing
diabetic nephropathy. Conclusion: The results of this study suggest a causal link between serum
250H-D levels and high risk of diabetic nephropathy.
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1. By

B JRJ53 (Diabetes Mellitus, DM) 2 — 25 K] i 1 2% 468 5% BURH G 730 AN & R (B0 B &% 25 0 F B 5 | ke 4
R ALMEBON[L], BEEAEEACEIE S, A SRR R4 E, BB IR W (DN) 2 o L B ™ 8
(AL A I R AE , DABEAT MR A R AN /N ERJE I 3R (GFR)IZHT T B NHFAE, H i CRBUE 2 (L Ybs &9
HEFREIKLH DN, filtn: Serum cystatin C. E-cadherin levels. Type IV collagen 2£[2]. 30%~40%!¥) i
PRI o A B, DN R R (5 18 4 5% (Chronic Kidney Disease, CKD)J il s £ 1 = 4r 2 —[3], HA%
Gyt B IR AR, s i R BRI A5E H,  E RE AR RO R TS AR AR R R, (I AR
WATYER Z A6 IR YT Ji, 3e4 ik, BARBE LRI B0 I R B AT AE T v, AE LA S R 3R RS £k i ok
FEAME, HATABE R B AR = AR R (AGE) . #OIE M FAL I, BWR . Zbifkdh
iy REAREIZRAL . 8L 2 MR HLHI LR S 4]

FAEFMREL, REFFIAEGTEILRELE N —EEIEWE], KEERFMI. EFRM
2. R G AH RN, (R EERE . e I ZFMER .

Yi: Z D TERTIEZ 25-F2 b B HEAL RR 25 ¥2 354k 4L K D (250H-D), JEfE R IF4: la-F2 bt — i

Tk
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TR 1,25- 3 B 4E 42 3% D (1,25(0H)2Ds), 442 D {R3EE S B 400 Ca2 i, FFIR TS B A MIfEs,
fRBEfE R oW, AR, HILRE R - M8 B (RAS) I, 1,25(0H).Ds 1 22 fifk e MLk 75
S TI[6], WAL R AR, T O KSR T WL U B 25-F2 iR 3 D K
SR RIS 0 A 2 (AL AE S 2 A e

e R E &M RPUAT, RIS IR/ AL J8RE SN, AR BE PRI T 45 4EA R C A2
HBEE SRR, AN 2P R SR 1) A B R T R A B R N A PUR LR, ATk B
HHBE = A AN H R TE BR A BIPUEAAER, BSGE T DR [ D2 R (Hey) i SR — i s e AL,
SN DTS, SECEIN MMM, R RIEIE R E NI, 4R B12, nlEiBIE
R SR (Hey) BT & U AR &R . MR R Y Hey /KF, R Thfe, #4) DN #HE[7]. HElEH
ORISR VERE FOUE B4R R BV 4B R C. 445 BL2 fEMMRIRE . (RIS, ZEL2HE IR B
R S T T R AE B R AE

SR IR Le 2Pt 0 ke RS PRI 7T, SR REAIE S PRI B 5 4 A2 R 2 ) (R BT SR, L mT BE3Z FH
FHIEL FEN . KT SRR T, Tkl H BRI R, b5 LR 7L (MR)
(3 N, AT AIRAT R R TSR P R e R R 5 45 R R E 2 MR IR E R, f T isL £ R 2 B Loy
BC i, R R e Mk 2% DR 2R 2 v R SR A F 4

2. ARG
2.1, BIRFKIR

BT A FH T IR AS A R BE AL 2 B 1) L7 4 A 3R AR B B B4 29 AT AE. 1IEU OpenGWAS 7E 2K
BE 3R [8]. ML 25-F2FE4E4: & D (25 hydroxyvitamin D (250H-D))#I%#5k EH T 2020 4 Revez JA
[O155 R R IWT T, LEHT I T 417,580 FI BRI KL 70 ds, 8,643,988 1~ SNP 1T GWAS Z3#fr; IfiL
iE Vit B12, [Mif VitC, IMif VitE FEdEEk B T 95 E A P47 (UK Biobank) (http://www.nealelab.is/uk-
biobank), IfiLiF Vit B12, IfiLiF VitC, IMiF VItE = MEHEEMFEA S 64,979, ILit 9,851,867 1 SNP;
P PR B3 B0E R B 25 2= 800 2 (The FinnGen Biobank) (https://www.finngen.fi/en), Z#3EEFEA TN
213,746, {045 3283 ik 0w B £ AT 210,463 fil{g FEXT i, 16,380,453 1 SNP F T GWAS Z3#fr. H
TR FEET CRERATF GWAS ¥, KA 75 EA6 B A B 15 R = (WL 1)

Table 1. Summary of the GWAS included in the study
1. KFREAR GWAS SCREIRE

Items GWAS ID Sample size Number of SNPs Population

W PR ' 9 finn-b-DM-NEPHROPATHY 213,746 16,380,453 European
250H-D ehi-a-GCST90000615 417,580 8,643,988 European
44K B12 ukb-b-19524 64,979 9,851,867 European
geEFRC ukb-b-19390 64,979 9,851,867 European
HAERE ukb-h-6888 64,979 9,851,867 European

22. TEZTERIXE

AT T AL FH SR R 2 A P (snp) ME o T HAZ T (1Vs), snp /& DNA J7 51 F B AR ) A8 57 5 A (1
hiE . T THRR, WAL REYE. I, HfbiE =M. 1) KRBV 1E IVs g 132
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FERFEMIG 2) MOLMEMBE: Vs SR 3) HERIRHIERSE: Vs 55 EEIMITMRRH R
TR 1), M4 P <5 x 108 FIRZEEA E R >0.01 70 7lik#E 5 250H-D. 44K C. 4i4E K E.
Y F B12 AKCPAHIEHT snpo BEAL, FRATHHIGHE T snp I F it &, LURARGAAET TEWME. F4
HEAMEHL T ARTE: F=RY)/([1-RY/[n—k-1]), #H R %4 “TwoSampleMR” #4TFkE
A R BEALAL S AT

Confounders

*_,7 \

Instrumental variables ~ —> Vitami ——— Diabetic nephropathy

Figure 1. Mendelian randomized study design
1. HERBENRIARIZI

2.3. GESW

AT 5T R FHBEAL 0N 385 2 In A% (Inverse-Variance Weighted, IVW)TE N MR 23 #7 ) 32 3 041 5 1
BTG AR A S T AR AR, VW 20 PR RO, (A VB S AE R [10] » [RIESF, i MR-Egger [H11)5
% (MR-Egger regression). AL o A7 #i%: (Weighted Median, WM). &7 B85 74 (Simple Mode) F1 i A% 425 74
(Weighted Mode)iZ:/E A MR T UM 1. WM T2 XN FIH R 1Vs HEB1, K BT 15 FR A B E o i
45, MR-Egger [BIHERTAT MR 85 AT USRI A [11] . ARWFTERISE R = K8 &, WMeRAHUEL
(Odds Ratio, OR) & 95% & 15 [X [i](95% Confidence Interval, 95% CI)X} 4> #7 45 Bk 47174, P <0.05 INAH
it v Wi /KitE o = 0.05.

2.4. WM

MH] Cochran Q Fia PEAL B %48 R R RO R BAEE R, 4 P < 0.05 WH/RAAER T, &
FHEFAHUEN, IVW BRI 45 3 [12]. MR-Egger v2: 18R TR BAATEKFE 2 200k, HEEES 0 AHEE
e H P < 0.05 B, $RFIEKTFLZRME[11]. B —i%(Leave-one-out sensitivity test)3E T HURYE 4T, T
iR AFLE RS SNP X MR &5 3= A 520 . AR FTA MR 70 #r38 48 R 4.2.2 F11#) “Two Sample MR”
(RSN
3. &R
3.1. TRTEMZE

DU 4E A 27K A B FR R 2R, BE IR B N4 R &, WRAR AR SR iR IeAn i, &N T 212 4
L ifii# 250H-D, 9 A5 VitB12. 10 A5 VitC. 11 A5 VitE #5¢H) SNP. T TR RN F E KT
10, FH MR AT ANAEAE 55 T AR S ey IR 52 10
3.2. & 250H-D 7K SHERK B IREI MR 5347

PLIMLYE 250H-D /KR FE R 2R, DO PRI B v 4 R AR s AT I FEAR MR 08T . BENLSN. IVW &5
FEIRIME 250H-D 7K 555 FR A5 B 99 =1 R 9 AU AH 9% (OR = 1.522, 95% CI = 1.212~1.910, P < 0.001) (i
7% 2). MR-Egger [AI VA5 56 3 B 25 EAAEAE /KT 2 240 1E(P = 0.539), Cochran’s Q #5363 /A 7E it .
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Figure 2. Sensitivity analysis of causality between 250H-D levels and DN
2. 250H-D 7K FF1 DN E R X RAVERR M 5347
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Figure 3. Scatterplot of the relationship between 250H-D and DN
3.250H-D #l DN Z [E% RHIE = E
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Figure 4. Funnel plot of the relationship between 250H-D and DN
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Table 2. Univariate MR study results of the relationship between 250H-D and DN

5% 2. 250H-D 5 DN Z [B]X A MR 45 R

Method Number of SNPs OR 95% CI P
Inverse-variance weighted 212 1.522 1.212~1.910 P <0.001
MR-Egger 212 1.400 0.988~1.985 0.539
Weighted median 212 1.533 1.095~2.145 0.013
Simple Mode 212 1.764 0.800~3.890 0.161
Weighted Mode 212 1.444 1.083~1.927 0.013

3.3. M VitB12, VitC. VitE K FE5HERBZHEI MR 94

DALY VitB12, VitC. VItE KV RZREEHE, LIKEIRI B Wi s R 8 ST A MR 24T, BEAL
RN IVW &5 B R R R IILIAL IS 442 3 B12 (OR = 0.718, 95% CI = 0.279~1.848, P = 0.492 > 0.05). 4/l &
C (OR =1.123, 95% CI = 0.615~2.052, P = 0.705 > 0.05). 4’k % E (OR = 1.095, 95% CI = 0.682~1.759, P =
0.707 > 0.05) -5 ¥ JR 973 B 9 2[RI A7 16 R 9k &R W72 3~5. MR-Egger [F1 4656 A R BL4E A4 & B12 (P =0.602).
£ 2 C (P =0.591). 4EE% E (P = 0.433)FE/AKFZRUME, Cochran’s Q K303 FH VitB12 474E 7 i Pk .
VitC. VitE AFEF M. R Leave-one-out yZ3E AT U 73 LAKE IS BN SNP A7 i 5 AR B R G R
FISZM, 45 PR REERBRAAS SNP XA MR R E RIFARFZE R E L.

Table 3. Univariate MR study results of the relationship between VitB12 and DN

3% 3. VitB12 5 DN Z [] X &#H) MR D4R

Method Number of SNPs OR 95% ClI P
Inverse-variance weighted 9 0.718 0.279~1.848 0.492
MR-Egger 9 0.400 0.039~4.066 0.602
Weighted median 9 0.774 0.333~1.796 0.550
Simple Mode 9 0.523 0.173~1.578 0.283
Weighted Mode 9 0.673 0.241~1.876 0.471
Table 4. Univariate MR study results of the relationship between VitC and DN
3 4. VitC 5 DN Z B X &H MR S 455R
Method Number of SNPs OR 95% CI P
Inverse-variance weighted 10 1.123 0.615~2.052 0.705
MR-Egger 10 0.817 0.228~2.936 0.591
Weighted median 10 0.820 0.391~1.717 0.598
Simple Mode 10 0.678 0.199~2.307 0.549
Weighted Mode 10 0.705 0.300~1.660 0.445
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Table 5. Univariate MR study results of the relationship between VitE and DN
2 5. VItE 5 DN Z[g)x ZH#) MR 74 R

Method Number of SNPs OR 95% ClI P
Inverse-variance weighted 11 1.095 0.682~1.759 0.707
MR-Egger 11 0.780 0.306~1.994 0.433
Weighted median 11 0.967 0.504~1.856 0.920
Simple Mode 11 0.939 0.369~2.392 0.898
Weighted Mode 11 0.957 0.452~2.025 0.910

4. g

25Nk, CAREVFRY, 250H-D F0A] & 2 e b R e S iR gs f A Thfe, BT 250H-D
7E DN KA R @ 4 A B2, 250H-D %t DN (Is2ma 5182 1 2 Kk In i —Iish Py seied, fEE i
BREPRA BTN RS, B 4842 R D (VD) FIAEARE, 028 4 4, XHRAIERESE, 25 16 )4
ML, 134 VD i IS Klotho/p53 J8 B0 R BT /N BRUE IE 5 2 2 R4 7E A [13], GUANQING LI %
NB—Tsh it FE e, 44K D3 wf AR E /NG L i rh oI WINLBhE IR E-E5 KGR A RIS,
B S NE R A 4. R Bax/Bel2 B LU, ki S NE bR 4I R T[14]. i DRI AR
250H-D S5HERIE ERIOC R, AT E AT T — RANGIRBE T —TEET 95 5IHE R B o 263 1) T
JPE T, SR RLEAE R D 4UAHE(33.33%), b iEgE A F D AL s 4R R D AL PRRR
SRR 55 80.65%F1 74.19% (P < 0.001 Al P =0.002) [15], 5—TiJET- 90 i 2 U JR I B 9
BE B 7R : 25-(OH)Ds AKFAH L, XREZH>IE R & H IR (24 h-UAE <30 mg)4H > T & R (24
h-UAE >4 30~300 mg)4i > IR 1R (24 h-UAE > 300 mg)4, %56 4t X (P < 0.05) [16]. &
ENGIN 2 BURESRI EE 126 51, AR B Nk 26 R R B U HR B 73 B PRV B 3 4L (DK D) Bk B2
DKD #11fif 25 ¥2E4 % D3 B R /K V254 19.64 £ 6.12 ng/mL 1 13.95 + 5.63 ng/mL &KXt FEZH
27.32 + 6.84 ng/mL (t = 3.084, P = 0.003)#1 16.95 + 5.19 ng/mL (t = 2.456, P = 0.016) [17]. A¥ KFEAE,
Yomna E. Dean %5 N —IRAYN | 23 Ui 78R 7722 45 525 (1) Meta 70 ST b B 7 aX— 55, [RIBF A Tl 52

W& AR PR AR RN 4EAE 3R D K ESR[18].

SRTM, Mingjie He %5 AXF 7751 151 | B9BE PRI AH G 95 (TIDN) AT 9933 1] 11 Bk bR 3 AH 5% ¥ 9 (T2DN)
SRE AT T 4R E D ORHRE R B R R S s ) AR FE[19] . H AR R, 25(0H)D Rl i TIDN
W A 995 KUK (OR = 1.213, 95% ClI: 0.367~4.010), F#{% T1DN 5 H% % XK (OR = 0.903, 95% Cl:
0.229~3.555), T2DN L1 % %5 XU [K:(OR = 0.588, 95% Cl: 0.182~1.904; T2DN J5 ] 9% X% : OR =0.904,
95% Cl: 0.376~2.173). fEAWIFCH, FATELE MR Mk B 250H-D A3 ik FR 5 B9 i A . Mingjie
He % NI 7045 R TA T FL IR AFEAE— E 2 5%, $27n 25(0H)D HHE R B s o8 R AT R N E 2%,
T Bk — P (R 70K BH B L AEAS [ S B ANAS [F] B Bob R B d v (R L ARAE o JRATTE 20 i bl 2 i e W 4%
PEWFFESRAL T SRR M AR, DR e s S P R I 7 VSR HEBR K ST 22 R B O £ T BE A

L5 250H-D Lk, 4E4E3 B12. 4i4EEK C. AR E SHEIRM B AT U > . 2018 4F
—TiRTY4EE R E SR B IR PRSZ K CAR H4E 4 R E B3 RALEF[20], B )G Z0RHESE ANK—
TSLAN 8 J BN HEIRIR(RCTs), 5 S 31 552 B s 5 5 A8 1) Meta 70 i 25 RoR4EA &R E B3
# 24 h JREH[MD = —47.31, 95% CI (-50.8, —43.81), P < 0.00001] ML ALEF[MD = —11.10, 95% CI (-12.78,
—9.41), P < 0.00001]. A AH[E EE[MD = —0.27, 95% CI (0.36, —0.18), P < 0.00001], # 57 HAG 4 it X[21]
2021 F— T4 N\ 108 il 760295 G - 53 DN B B ) A 78, X HRZH 7 DA R AR T, a4
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B TIIR SN A 4EA R CIRYT, IBIT EER A S EE EE TC (5.71 £ 0.41) mmol/L. JRZ% BUN (20.51
+ 3.28) mmol/L ¥E T XFHEZHA1(9.32 + 1.34). (24.09 + 3.87) mmol/L, ZER¥EASG T2 X (P < 0.05)
[22]. W] WA4EA K C fEIEZEME PR Bt J i R AR ARAE A . FA7E 2015 SEENFERR A R T 4E 4 5 B12 7K
P 505 R A CPE IR PRARE 72, 75 H S 442 3 B12 "B 411K /K~F(181.6 £ 17.6 pg/dL) . E (K T L &
Jpi2H.(286 + 30.1 pg/dL) (P = 0.03) [23]. 7575 A —IUm 455 FE 5045 th 42 3 B12 BEG HHBRIGTT B IR
993 ' 95 (DN A1 i 7] 3L 242 JOk 220 R LE (HHey) J 3 AT R E Z AR A Hey, & RT R 3P B3 105 Dhae,
il DN fdkfE[7]. 52K, House S5 NM—IikfF iR, 7EMIHRE RN B EE D, mAERgE
A E VitB6. VitB9 Al VitB12 £x/™ & §40H 5 Th Ag[24]

AT MR TR WI4EE R B12, 4E2E R C. 445 E A E RS MRE R B IR 2 . 4t
ZIAEH B RERR, KGR TR, TR S WEMET R R ¢, WS MERE 7t 2
WA TR BT, ASBEAE A LI 4k AR 3 K- S50 PR B 2 8] R SR SCHR ) B3 o 1 75 S — B A 5T
RAESLIX — A

ATV FAFAE LT LS, 1 ol i B8R BEAUAA 7T, R0 2 Fhde AR 22 508 R0 B s 2 A 1)
IR G R, BAUFHMESE THSLE) snp, FHHAT 7 — RIVBURIE AT,  DLIRIR TR 2% IR 3 0] DA SR AR 1 52
W IXAESEARIA R R . RFERLR, FEAREARNE . SRS RS - BRI, HRAEH
DR P, FEAR BRI R I BT 58 L b B Af2 1975 4 A2 2 /KPR R R o3 B s R A
NI R B TR 78N 53 3E— D0t Fi 4R At — 2 S N E

SRIM, FRATTRIBE FEARAFAE — S8 R PR PR A B R BEHLAL 23 HT BT A 1Y) GWAS 8k B Wi if 4
N, S5 IE T IR A AN BE S . T AR BE 2 MR W SR B A Ao 45 SR (1 T 48
PE, Rl RAEIERRIN AT . 5140 MR 34T I 32 SR SR B AL AR Ul i 442 3 D MREERZ I DN, {HoR
SRV RET 8 A% AR S (V) 52 i th m BE AT R0 DN Rtz AMB 75 2 K ARG DN AS[RI SR AL R %
B R A Bk 44 2K 75 DN R Z iR &R BRI TIL S8, (AA YA RIEE
KEEFBR, Fal4i4 3 B12. C. E MAEARENCH 64,979, WRESFEWSA IR, SEURMITEZ R,
AR BB FE AT DL RE R IR AR & DA S S v 28R

5. &hig

LR PR, TS MR EA KPR R BN OB R G R K MR WEFE, A LS TR R B
25(0H)D. #irEz B12. 4i/EE C. 4R E SRR EMA MR, HEAIN MR #FERY]
25(0H)D 5 R 5 9 v UL A7 AE DR SR OG IR . 422 3R B12., 4EZEEK CL 4EZEZK E PHE RIS B P AL S i
FIRTREMER D, BRI, JET AATRIBISS R, WAL REW e 4R D, 453K B12. 443K C. 4
2R E ATREX TRPITHE Om B A . HFREERRE, RN IFARIGLAAE, BT AW B AEA
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