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[ Abstract] Objective Total 25(OH)D (t-25[OH]D), a marker traditionally used in the assessment of vitamin D
(VitD) in the human body, includes 25(OH)D,, 25(OH)D,, and C;-epimers-25(OH)D, (C,-epi). In this study, we analyzed
the relationship between serum VitD metabolites and renal impairment in patients with diabetic kidney disease (DKD).
Methods We covered, in the study, 339 subjects, including 114 otherwise healthy controls (HC), 74 type 2 diabetes
mellitus (DM) patients with no glomerular filtration dysfunction, and 151 DKD patients. According to the results of
combined evaluation of estimated glomerular filtration rate (eGFR) and urine albumin-to-creatinine ratio (UACR), the
DKD patients were further divided into four subgroups, stage 2 subgroup of patients of DM combined with stage-2
chronic kidney disease (CKD2), stage 3 subgroup of patients of DM combined with CKD3, stage 4 subgroup of patients of
DM combined with CKD4, and stage 5 subgroup of patients of DM combined with CKD5. The levels of 25(0OH)D,,
25(OH)D,, and C,-epi were measured by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-
MS/MS), and the activity level of 25(OH); (AVitD;), t-25(OH)D concentration, 25(OH)D,/25(OH)D, ratio, C,-epi/t-
25(OH)D ratio, and C,-epi/AVitD; ratio were calculated. Results The levels of 25(OH)D;, t-25(OH)D, and AVitD, were
lower in the DKD group than those in the DM and HC groups (all P<0.05). C,-epi/t-25(OH)D ratio and C,-epi/AVitD,
ratio were higher in the DKD group than those in the HC group (all P<0.05). The levels of 25(OH)D;, t-25(OH)D, AVitD,,
and C;-epi were lower in the stage 5 subgroup than those in the stage 2 and stage 3 subgroups (all P<0.05). The levels of
25(OH)D,, t-25(OH)D, and C;-epi were lower in the stage 4 subgroup than those in the stage 3 subgroup (all P<0.05). The
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25(0OH)D,, t-25(0OH)D, and AVitD; levels were lower in the stage 4 subgroup than those in the stage 2 subgroup (all
P<0.05). Conclusions UPLC-MS/MS can be used to perform accurate evaluation of VitD nutritional status in DKD
patients. DKD patients have decreased levels of serum t-25(OH)D, 25(OH)D,, and AVitD;, all of which progressively
decrease along with the rise in CKD staging. The trend of C,-epi and 25(OH)D, changes were not consistent.
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1 PR B 337 (diabetic kidney disease, DKD)AE R
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Table 1 General information and laboratory observation indicators of the subjects

Indicator HC group (n=114) DM group (n=74) DKD group (n=151) P

(Male/female)/case 71/43 42/32 89/62 0.684
Agelyr, ¥+ s 62.9+13.8 62.4%+12.1 66.0+11.9 0.057
HbA1c¢/%, median (P, P,;) 5.5(5.3,5.7) 7.40 (6.50, 8.80)" 7.50 (6.50, 9.40)" <0.001
FPG/(mmol/L), median (P,;, P,;) 5.20 (4.91, 5.55) 7.76 (6.05, 9.70)" 7.83 (6.00, 10.10)* <0.001
Alb/(g/L), median (P, P.:) 41.00 (39.00, 43.00) 41.00 (39.10, 43.50) 40.50 (36.00, 44.30) 0.369
C-epi/(ng/mL), median (P, P,,) 1.32 (1.05, 1.90) 1.56 (1.03, 2.03) 1.32(0.97, 1.77) 0.195
25(0OH)D,/(ng/mL), median (P, P;;) 0.95 (0.62, 1.67) 0.92 (0.55, 1.24) 0.82 (0.52, 1.45) 0.390
25(0H)D,/(ng/mL), median (P,;, P,.) 20.28 (14.76, 23.69) 19.85 (13.82, 25.30) 16.91 (12.00, 22.34)""" 0.001
t-25(OH)D/(ng/mL), median (P,, P,;) 21.26 (16.04, 25.20) 21.81 (14.67, 26.43) 18.35 (13.04, 23.65)"" 0.008
t-25(OH)D states 0.056

Deficiency 20.4% (23/114) 26.7% (20/74) 36.5% (55/151)

Insufficiency 68.1% (78/114) 58.7% (43/74) 53.6% (81/151)

Sufficiency 11.5% (13/114) 14.6% (11/74) 9.9% (15/151)
25(OH)D,/25(0OH)D; (median [Py, P.]) 0.06 (0.04, 0.08) 0.04 (0.03, 0.07) 0.05 (0.03, 0.11) 0.121
AVitD,/(ng/mL), median (P, P,;) 20.68 (15.35, 24.14) 21.24 (13.98, 25.55) 17.21 (1235, 22.56)"" 0.002
C.-epi/t-25(OH)D (median [P, P,;]) 0.07 (0.06, 0.08) 0.08 (0.06, 0.09) 0.08 (0.06, 0.10)" 0.012
C,-epi/AVitD; (median [P,;, P]) 0.07 (0.06, 0.09) 0.08 (0.07, 0.09) 0.08 (0.07, 0.10)* 0.007
CysC/(mg/L), median (P, P,;) 0.81 (0.71, 0.94) 0.93 (0.76, 1.05) 1.38 (1.09, 2.13)"" <0.001
eGFR/(mL/[min-1.73m’]), median (P,;, P,,) 96.00 (83.00, 109.00) 84.00 (75.00, 102.00) 58.00 (38.00, 72.00)"" <0.001
UACR/(mg/g), median (P,s, P,;) 6.90 (3.80, 14.55) 6.50 (3.70, 11.90) 126.00 (44.60, 901.40)"° <0.001
Urea/(mmol/L), median (P,,, P,,) 4.60 (3.65, 5.50) 5.60 (4.70, 6.71)" 7.40 (5.58, 11.40)" <0.001
Crea/(umol/L), median (P,;, P,;) 61.30 (53.40, 74.00) 62.00 (51.00, 77.00) 94.60 (66.00, 151.0)"" <0.001
UA/(umol/L), median (P,,, P,;) 324.00 (257.00, 361.50) 311.00 (244.00, 386.00) 358.00 (294.25, 445.0)"° <0.001

HbA1lc: glycosylated hemoglobin Alc; FPG: fasting plasma glucose; Alb: albumin; C,-epi: C;-epimers-25(OH)D;; t-25(OH)D: total 25(OH)D; AVitD,, the
activity level of 25(OH)D,; CysC: cystatin C; eGFR: estimated glomerular filtration rate; UACR: urine albumin to creatinine ratio; Crea: creatinine; UA: uric

acid. " P<0.05, vs. HC group; * " P<0.05, vs. DM group. *', " are P values after adjustment for age, sex, serum albumin, and glucose.
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(P<0.00) & FDMALMHCH, 2 FH 545 X
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Table 2 Laboratory observation indicators of subgroups of different stages of DKD

Indicator Stage 2 (n=60) Stage 3 (n=61) Stage 4 (n=18) Stage 5 (n=12) P

(Male/female)/case 31/29 34/27 14/4 9/3 0.143
Agelyr., X+ 63.23+10.78 66.71+13.41 70.16+11.53 69.83+5.52 0.073
Course of disease/year, median (P, P,;) 9.50 (6.00, 15.00) 10.00 (9.00, 15.50) 15.00 (10.00, 17.00) 16.00 (10.00, 20.00)* 0.004
HbA1c/%, median (P, P,;) 8.35 (6.93, 10.8) 7.30 (6.30, 9.15) 6,45 (5.78, 8.38)" 8.35 (6.73, 10.00) 0.004
FPG/(mmol/L), median (P,;, P.;) 7.92 (6.23, 10.48) 7.60 (5.95, 9.97) 6.27 (5.77, 8.32) 10.54 (7.16, 15.20) 0.070
Alb/(g/L), median (P,;, P,;) 42.30 (38.48,45.00)  40.00 (35.00, 44.00) 38.10 (33.00, 42.90) 36.65 (31.90, 40.53)" 0.008
C,-epi/(ng/mL), median (P,;, P,.) 1.40 (1.10, 1.78) 1.44 (1.08, 2.06) 1.04 (0.92, 1.35)" 0.85 (0.69, 1.19)*""" 0.001
25(OH)D,/(ng/mL), median (P, P,;) 0.83 (0.56, 1.37) 0.96 (0.53, 2.09) 0.68 (0.48, 1.01) 0.81(0.38, 1.19) 0.275
25(0H)D,/(ng/mL), median (P,;, P,.) 18.22(13.20,22.68)  17.79 (11.87,23.50)  12.87(10.09,16.27)""*"  10.64 (7.30, 15.63)""" 0.001
t-25(0OH)D/(ng/mL), median (P, P,;) 19.36 (15.08,23.65)  19.44 (13.17, 26.59) 13.60 (10.56, 17.08)"" 11.84 (7.92,16.77)*" <0.001
25(0H)D,/25(0OH)D, (median [P,;, P,.]) 0.05 (0.03, 0.88) 0.07 (0.03, 0.16) 0.55 (0.04, 0.85) 0.65 (0.05, 0.10) 0.628
C,-epi/t-25(0OH)D (median [P, P,;]) 0.08 (0.06, 0.09) 0.07 (0.06, 0.10) 0.09 (0.07, 0.10) 0.06 (0.05, 0.09) 0.701
C,-epi/AVitD, (median [P, P,]) 0.08 (0.07, 0.10) 0.08 (0.07, 0.10) 0.09 (0.08, 0.11) 0.09 (0.63, 0.11) 0.641
AVitD,/(ng/mL), median (P, P,;) 18.72(13.61,22.91)  18.21 (12.35, 24.70) 13.13 (10.24, 16.50)" 11.13 (7.51, 15.98)"" <0.001

The abbreviations are explained in the note to Table 1. * P<0.05,

age, sex, duration of diabetes, serum albumin, and glucose.
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stage 41.2H25(OH) D, 7K T stage 2HIstage 33720 (PH)<
0.05),

DKD# V.41 [8] L7 C,-epi/K ¥ 22 A G245 X
(P<0.05) ., HRGAEHE P B R . ITLN 8
MRS TR 1E S5 P A EL 3R, stage 58 41 1) Cs-epiZK AL T
stage 2FlIstage 37 4 (P#4< 0.05); stage 43V 2H ) C;-epiZKF-
I Fstage 32 (P< 0.05) .

DKD# 21 8] 1135 AVitD; | t-25(OH) D/KF-22 5747
il L (P<0.05) . stage 5WALAYAVItD,, t-25(OH)
DKl T stage 2 Flistage 33F2H (P34 < 0.05); stage 437.2H
FAVitD KA T stage 23740 (P< 0.05), t-25(OH) D7KF-

K F stage 2 Fllstage 33V 2H (P¥< 0.05) .

DKD# W.4H [a] Iy 25(OH ) D, 7K. 25(0H) D,/
25(0OH)D,lfH . C,-epi/t-25(0OH)DL{EMIC,-
epi/AVitD, U H 22 S e gt i3 Lo
2.3 DKDE&EMiFEVitDR Y5 WEIEIREIMN X R

W#%3. DKDEFIMWE25(0H) D, KFER T 5
UACRUAH I (P<0.05) 4k, 5 H Al S T REFE A5 ASHH G
25(OH)D,/25(0H) D, [U(E 5 it A 5 Ui s ds br A AH 5C;
t-25(OH)D, 25(0H)D,. AVitD,C,-epi/K 5 FIHETE
#r(Urea. Crea, CysC, UACR) 2 fiAHM:, HeGFREIE
A (FIP<0.05), SUABIAFHE,

%3 DKDEEMBFVitDRE SMBIEFREHIX R

Table 3 Correlation between serum VitD metabolites and observational indicators in DKD patients

C,-epi 25(0OH)D, 25(OH)D, t-25(OH)D 25(OH)D,/25(OH)D, AVitD,
Indicator
r P r P r P r p r P r P

CysC —-0.206 0.011 -0.058  0.476 -0.239 0.003 -0.237 0.003 0.098 0.232 —-0.238 0.003
eGFR 0.229 0.005 0.063 0.439 0.275 0.001 0.273 0.001 -0.110 0.180 0.275 0.001
UACR -0.283  <0.001 -0.222  0.006 -0.285  <0.001 -0.330  <0.001 -0.057 0.487 -0.300  <0.001
Urea -0.210 0.010 —-0.089 0.275 —-0.182 0.026 -0.197 0.015 0.049 0.552 -0.192 0.018
Crea -0.218 0.007 -0.052  0.523 -0.225 0.006 -0.223 0.006 0.090 0.269 —-0.221 0.006
UA —-0.014 0.869 -0.103  0.207 —0.064 0.435 —-0.108 0.188 -0.030 0.713 —0.085 0.299

The units of each indicator are as follows, 25(OH)D,, t-25(0OH)D, 25(OH)D,, C;-epi, and AVitD,: ng/mL; CysC: mg/L; eGFR: mL/(min-1.73 m®); UACR:

mg/g; Urea: mmol/L; Crea: pmol/L; UA: umol/L.

3 it

B IERE 256 M VitDEER Y 285 H, VitD
e 2 S B R 1 — S LRI RAE . ASBFSE R FHUPLC-
MS/MSHE A MDKD & #1414 25(OH) D, 25(OH) D, Al
Cs-epi/KF, I SHCA MDMAL 5, & BLDKDZL )
25(OH) DK AR Tt BB B4, C,-epiZkF-F125(OH) D7k
AR 225 . [RIEARFSE K BLC,-epi/t-25(OH)
DI . C,-epi/AVitD, W (E /7 1fi, DKDA1¥ /R THCAL, #2
/RDKD B H NI BE S &AM C,-epi & AL,
DKD & E VitDI G 4 HUAE T gt — MR B2 1 e
Fro ARBFFEHEWTC,-epi/t-25(OH)DHAE . C,-epi/AVitD,
{H A BB TMIDKD & A4 465 . Ci-epiMULFIA £
P 0 P TR R AT LS ] A R IR S T AR Y
C,-epilfRJE 2 R WA, HETXT L LA C,-epiF 5 5
Z, — s N O EH A LS8 L (< 12 ) i C,-
epift L T RN, K25 VitDEY8.7% ~ 61.1%™), Bi#E
BELAF B B, AT i 22 ] A A KOS B B, IFAE
BN BUFAE T hRERFFAAE . AW A DKDE#
C,-epi/ AVitD, L AE H1137%70.08, £t #51%0.19. HEIC,-epi5

DKD [R5 8% 8 B 1 PR 5 R, BRIC, -epiZK P X
DKD I AE 2 M AL 7 2k — 25 B

ARBFFE L A DKDA 2 H % (Vi DI 7K
DA B TR AL AR 1 AH 56 56 R AEWT, 25(OH) DK
A RE 5 DKD AR B DI RE/K T 2520 1) it JR 5 U AH G
DKD £ #25(0H) D, IfiLiF /K V- FEAR T BEA 7 J7 T 5 B
Je, B BE B AT YA, B R AN Lo R Ab Bl
PUECER FIIE MR, 5:8025(OH) DA AL/, B
FEPUR BURE S B /R UE T R T R, CKDAE TR MRS
B e B IURE | I 1 v 2 AN ) TR B A T
HRAEM K . IR T (1 T A
K- (FGF-23) A e #0 [n] 5% 4% B 5057, FGF-23R8 1K 1M @ 7K
S ] st A1 /N 1o R A S T DA T 5 1R Vit DY)
FRIAERT, FOR, BT RE SR KA KRR, HIRR
B, FETEI T 2185% ~ 90% I VitD 5 FF5k 1 2k A B 2 AE
D#5 4 H (vitamin D-binding protein, DBP) £% 454,
PRI T VitD-DBPE A Y 145 2 T BB 5 B /NS Y 18405
K,

t-25(OH) DFE MG h & b dfe iy, 2P g, &
RN W AR VItDE TR W He bR . AR H
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UPLC-MS/MSEAR IR T 38 5 (1) e ik A ReHERR 1) =
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UUE S — MR RE RN VItDR A L. ASBFSE &
DKDZHt-25(OH) DIE/NF 15 ng/mLEIVitDHk = #4 L5 =5
1K836.5%, [l i & BRASHF 58 H DX (AR ) bR T DKD AL
b, R AREVItDER Z (1) L A R o
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1 VT EEIMER IR, AU AR L X ) 7K
-, ATRRGE A R A2 R SIS Tk =
B 15 LA KRB VitD 5 32 IF DI RE . B T RE %*I@;
EEWR DA KB 5 55 Z MR A I R A, AT
B VitDACE I ACE (Il R A — & B R FR1E, S 25
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B2, A5 R HIUPLC-MS/MSK5:ill 25 (OH ) D, Fl
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