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[Abstract] Objective: To investigate the related factors of anemia in patients with diabetic nephropathy (DN) diagnosed by renal
biopsy. Methods: In this retrospective study, 178 patients with DN diagnosed by renal biopsy were included. The levels of hemoglobin
(Hb)<130 g/L(in males) and Hb<120 g/L(in females) were identified as anemia; The levels of Hb=130 g/L(in males)and Hb=120 ¢/
L (in females) were identified as non - anemia. The relationship between anemia and clinical manifestations, laboratory findings,
pathological classification of DN, renal tubular injury scores was analyzed. Logistic regression analysis was used to evaluate related
factors in DN patients of different genders. Results: In 178 cases with DN, duration of diabetes (DD ) , estimation of glomerular filtration
rate (eGFR) , urinary albumin/creatinine (UACR) , glycosylated hemoglobin (HbA1lc) , albumin (Alb) , triglyceride (TG) , low density
lipoprotein cholesterol (LDL-C) , serum iron (SI) , transferrin (TF) , high sensitive C reactive protein (hs-CRP) were significantly
different between the anemia and the non-anemia group. There were significant differences in DD ,eGFR,UACR,HbAlc, Alb, TG, SI,
TF, hs-CRP between the two groups of male patients; in female cases, DD, Alb, HbAle, UACR, hs-CRP were significantly different
between the two groups. Logistic regression analysis showed that eGFR , Alb and DD, hs-CRP were related to anemia in male patients;
Alb and hs - CRP were correlated with anemia in female patients. The tubulointerstitial damage score in the anemia group were
significantly higher than that in the non-anemia group, and significant difference in Hb level between pathological stage Il a and other
stages was also detected. Conclusion: Related factors of anemia in DN patients include duration of diabetes, renal function
deterioration, iron metabolism, inflammation and nutritional deficiency. Tubulointerstitial damage might be an important mechanism of
renal function deterioration associated anemia.
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Table 1 Clinical data in patients with DN

Il R BERE DN % (178 61)) ZLIMLH (12641 AL (5241) PH
BE(n(%) ] 93(52.2) 62/(49.2) 31(59.6) 0.207
AR () 54.49 + 10.54 54.47 + 11.01 54.56 +9.39 0.800
BMI[kg/m’*, [M(Pas, Pss) ] 24.67(22.83,27.17) 24.68(22.80,26.83) 24.44(23.03,27.82) 0.520
FEBEREL M (Pas, Prs) ] 10(8,14) 10(8,15) 10(7,13) 0.188
BRI [ TT, M(Pss,Prs) ] 7457.83(5 584.56,11 563.54) 7092.22(5 642.71,11 565.03) 8 397.85(5 514.26,11 535.30) 0.828
WE PRI AF, M(Pas, Prs) | 10(5,13) 10(5,14) 7(3,10) 0.015
WA [ (%) ] 38(21.3) 27(21.4) 11(21.2) 0.968
Kt (n(%) | 18(10.1) 11(8.7) 7(13.5) 0.342
IS 5 [n(%) ] 152(85.4) 107(84.9) 45(86.5) 0.782
DR [n(%) ] 26(14.6) 18(14.3) 7(13.5) 0.768
JEE LI [n (%) ] 12(6.7) 11(8.7) 1(1.9) 0.100
PR [ (%) ] 84(80.3) 66(79.5) 18(81.8) 0.811
JE 295725 (%) ] 9(5.1) 7(5.6) 2(3.8) 0.637
H EZIHAE [0 (%) | 1(0.6) 1(0.8) 0(0.0) 0.521
A i 2E [ n (%) ] 26(14.6) 18(14.3) 8(15.4) 0.851
DM %55 [n(%) ] 28(15.8) 18(14.3) 10(19.2) 0.424
IREG VN (%) ] 45(25.3) 30(23.8) 15(28.8) 0.483
BT K [n(%) ] 147(82.6) 108(85.7) 39(75.0) 0.087
SBP[ mmHg, M(Pss,Pss) ] 158.5(140,170) 160(140,170) 149.5(135,163) 0.061
DBP[ mmHg, M(Pss, Pss) ] 90(80,95) 90(80,95) 90(80,97) 0.979
ACEI[n(%) ] 92(59.0) 64(56.1) 28(66.7) 0.237
Prim/ M n(%) ] 14(8.2) 11(8.9) 3(6.4) 0.588
H R [0 (%) ] 79(44.4) 58(46.0) 21(40.4) 0.492
JiEE 2 [n(%) ] 103(58.2) 77(61.1) 26(51.0) 0.217
WREZ59) [n(%) ] 14(8.2) 11(8.9) 3(6.5) 0.622
G [ (%) | 10(5.8) 9(7.3) 1(2.1) 0.195
ESAs[n(%) ] 3(1.7) 3(2.4) 0(0.0) 0.275
#5[n(%) | 3(1.7) 3(2.4) 0(0.0) 0.271

SBP: Wi & ;s DBP : £F 1k 1K 5 ACEL: IS 5k 2 FE AL REHD 77 ; ESAs « 21 20 A SOl sl o

2641, I AEWA (54.47 £ 11.01) %, FLIf4H 5 E
LA  BMI 22 R LS #E X (H P>
0.05). AEFAIM4H eGFR \HbAlc Alb TG . LDL-C .SI,
TF #4825 T M4 (¥ P <0.05) . ZUL4 hs-
CRP.UACR % & THEZ M (¥ P <0.001) . P
208 PR s I e (AL X i 72 D B ] AR Ao 2 g A8
&) Ser BUN.TG BRI . 1,25- 2 4EE R DK
FHIG R L (FBIP>0.05,%2),

2.3 AEHA DN B 5 ah 4% B & 6 i A K
Logistic =2 oHT

T LB MRG0 R 66.7% .75.3% . 155

Pk #2314 DD . Ser . BUN, UACR . hs-CRP i
FEETAER M4 (B P <0.05) ; dEFT ML HbA e
Alb TG .eGFR S TF | Bk &5 A% 0 34 5 T4 i 4l
(¥JP<0.05,%3), fELctEEE T, eGFR . UACR,
Alb HbAlc . hs-CRP 7E Wi 41 2 [0) 77 7 &k 5 Pk 22 7
(1P <0.05,%4),

DAFR 55 51 by PR AR S AR AT R 2K 4y
Bras R DL B BRATE I 5T 48 , F 4705 . BMIL. DD (eGFR
Alb HbAlc TG hsCRP1EH H A8 3, #E47 Logistic [7]
5387 25BN, e BPEEFE T, eGFR (Alb 5 Hb
EIEAMSE(H P <0.05) , hs-CRP. DD 5 H 2 7 AH 56
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Table 2 Laboratory examination results of patients with DN

S E AT DN £ (178 1)) M4 (126 1)) AR M4 (52 41) P
IMELHEE H (g/L) 105.47 +21.42 95.13 + 14.31 130.52 + 13.63 <0.001
eGFR[mL/(min-1.73 m*) ,M(Pss, Pss) ] 44.58(24.88,75.32)  39.02(24.43,67.84)  64.47(36.21,103.82)  <0.001
CKD 53 [n(%) ]

134 24(100.0) 9(37.5) 15(62.5) <0.001

234 49(100.0) 27(55.1) 22(44.9) <0.001

34 57(100.0) 47(82.5) 10(17.5) <0.001

43 35(100.0) 31(88.6) 4(11.4) <0.001

5 12(100.0) 11(91.7) 1(8.3) <0.001
M/ [X10° AL, M(Pas, Prs) ] 194.00(149.75,244.25) 194.00(150.75,246.25) 193.00(149.00,242.00)  0.996
WAL MELEE [ %, M(Pos, Prs) ] 7.25(6.20,8.70) 7.05(6.00,8.03) 7.80(7.00,9.45) 0.039
JRZ [ mmol/L, M(Pas, Pss) ] 9.15(6.51,12.34) 9.68(7.07,12.78) 7.31(5.73,10.69) 0.005
WLEF[ wmol/L, M(Pss, Pys) ] 127.75(91.03,200.86) 139.40(95.88,220.13) 105.00(76.38,174.65)  0.038
HEE M (g/L) 31.21+6.98 29.31 + 6.65 35.76 + 5.52 <0.001
SR (pmol/L) 383.21 + 108.38 381.28 + 100.25 387.81 + 126.63 0.502
i =& mmol/L, M(Pss, Pss) ] 1.65(1.17,2.50) 1.62(1.07,2.28) 1.98(1.40,3.12) 0.039
SR FE [ mmol/L, M(Pas, Pys) ] 5.27(4.39,6.30) 5.20(4.31,6.16) 5.62(4.64,6.53) 0.096
HDL-C[ mmol/L, M(Pss, Pys) ] 1.16(0.94,1.46) 1.10(0.92,1.47) 1.18(0.98,1.45) 0.496
LDL-C[ mmol/L, M(Pss,Pss)] 3.32(2.62,3.90) 3.16(2.42,3.72) 3.77(2.87,4.49) 0.005
I8P (mmol/L.) 4.09 £ 0.64 4.12 £ 0.64 4.01 £0.63 0.317
154 [ mmol/L, M(Pas, Pss) ] 142.00(139.90,143.60) 142.00(139.85,143.7) 141.90(140.15,143.55)  0.979
1158 [ mmol/L, M(Pas, Pss) ] 107.05(104.60,110.00) 108.00(104.9,110.35) 105.10(103.90,108.05)  0.001
1Mi.%5 (mmol/L) 2.89 +0.50 3.00 + 0.50 2.62 +0.41 0.123
IS (mmol/L) 2.17 £0.20 2.14£0.19 2.25+0.20 0.107
1% (mmol/L) 1.31+0.27 1.32+0.26 1.29 £0.27 0.457
185 [ mmol/L, M(Pas, Pss) ] 0.84(0.76,0.89) 0.84(0.77,0.89) 0.83(0.72,0.90) 0.487
hs-CRP[ mg/L,M(Pss, Py) ] 5.34(3.20,10.02) 6.90(4.08,11.15) 3.20(1.73,5.75) <0.001
24 h IREE M [g, M(Pas, Prs) ] 3.83(2.30,5.32) 4.24(3.00,5.82) 3.00(1.05,4.21) <0.001

PRI A8 ALEF [ mg/g, M(P25,P75) ] 363.00(242.38,576.90) 425.00(317.75,664.25) 258.00(189.60,361.75) <0.001

& (pmol/L) 19.32 +9.31
24 2% B (pmol/L) 290.66 + 122.57
BRI [ng/mL, M(Pas, Pss) ] 196.00(71.08,358.70)
L5 (pmol/L) 10.88 +5.84
HEE N (g/L) 1.85 +0.48
SRS AR (%) 40.12 + 10.86

e A %, M(Pas, Prs) ]
1,25—:¥é2ﬁ2§5% D3[HIHO]/L,M(P25,P75)}
Eﬁjﬁ%ﬂ%iﬁ%[pg/ml;,M(P259P75>J

23.25(14.96,31.27)
19.31(11.60,34.00)
53.00(34.50,93.70)

18.07 £9.10 29.33 +8.20 0.041
278.81 +127.35 373.60 = 119.68 0.035
222.60(62.60,375.18)  156.35(81.88,242.20) 0.437
9.99+5.43 15.38 +5.98 0.003

1.76 £ 0.44 2.25+049 0.004

38.74 £ 10.43 49.35+9.73 0.039
22.28(14.23,30.04) 27.64(19.58,34.27) 0.120
19.31(11.93,32.35) 25.01(11.50,50.76) 0.235
54.20(35.65,94.05) 43.45(33.05,87.08) 0.245

(¥IP<0.05,%5); fEEEBHE T, Alb 5 Hb K-

1E #H 3¢ (P=0.004) , hs - CRP 5 H: & 1 #H 3¢ (P=

0.031),eGFR HbA lc S48 br-5 Hb 7 UL &k 25 PE 1K

(¥yP>0.05,%6),

24 DNBESHALFNEIESLE R oeh X R
FR 4 DN 95 B2 3094321, 11 a 399165724 Hb /K

B TR I AR B S 22 5 (F (B =7.359,
P <0.001), M HAAH (b I V)14 Hb /K
ZRITG LR (P>0.05,%7), F/NEHGIT
SR 2 = TR AL (P < 0.001) , FE 5 P
(P < 0.001) <z (P=0.002) 3% g 17 AE ik 3
M(FKR),
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Table 3 Clinical data of DN male patients with and without anemia
Il R ML (62 61]) AL (31 41) P1H

IM£r &M (g/L) 98.03 + 14.64 124.95 + 13.94 <0.001
WEPRI A (4F) 11.32 £+ 4.97 9.15+6.14 <0.001
eGFR [mL/(min+1.73 m*) ] 42.97 £29.75 69.80 + 33.28 <0.001
WAL 2T 26 1 (%) 7.29 + 1.68 8.16 = 1.42 0.043
JRZ: [ mmol/L, M(Pas, Prs) | 6.68(5.89,9.53) 11.20(8.10,15.03) 0.010
WUEFL wmol/L, M(Pss, Pys) ] 105.4(92.7,179.0) 185.0(111.7,270.4) 0.020
H#E M (g/L) 29.37 +7.28 35.93 +5.35 <0.001
H il =& [ mmol/L, M(Pas, Pss) | 2.04(1.38,3.12) 1.79(0.99,2.86) 0.033
LDL-C(mmol/L) 3.00 + 0.87 3.97 + 1.30 0.024
24 hJREHA (g) 470 +3.48 3.02+2.17 0.006
PRIV 1 8 /WL (mg/g) 458.22 +199.39 307.31 + 170.37 <0.001
ILIEER (wmol/L) 10.66 + 6.02 9.55 + 0.64 <0.001
%%EE (g/L) 1.57 +0.35 2.18 +0.43 <0.001

B 5 (%) 33.72 +8.99 50.73 £ 10.93 0.021
hs-CRP(mg/L) 8.06 + 4.90 3.10 + 1.31 0.002

x4 THERRFEREBERMASIFERMALR
Table 4 Clinical data of DN female patients with and without anemia
I R GEAL Z 1 2H (64 1)) JE#T M (21 41) PH

MELER 1 (g/L) 92.84 + 13.63 126.52 + 13.72 <0.001
WEPRI A (4F) 9.38 + 5.64 574 +4.79 0.015
eGFR[mL/(min-1.73 m*) ] 49.43 + 26.04 68.68 + 34.77 0.028
WAL IMLT 2 1 (%) 727172 8.04 + 1.37 0.044
FHE M (g/L) 28.70 = 5.92 36.92 +5.69 <0.001
24 hJREMA (g) 5.08 +3.14 3.02+2.17 0.005
PRI H AR F/LEF (mg/g) 486.59 + 236.59 307.31 £ 170.37 0.010
hs-CRP(mg/L) 8.29 +5.85 3.27+2.71 <0.001

£S5 Logistic BIIAR T E A BMER R SRR MEXEER
Table 5 Related factors of DN associated anemia in males

by logistic regression analysis

%6 Logistic B35 #TZME ABEHER % SR R MAE X E &
Table 6 Related factors of DN associated anemia in fe-

males by logistic regression analysis

A B SE Waldy P OR A B SE. Waldy P OR
IR (%) -0.094 0.064 2.147 0.143 0.910 A (5) -0.049 0.043 1.296 0.255 0.952
BMI(kg/m’) -0.211 0.132 2.550 0.110 0.810 BMI(kg/m?) 0.041 0.108 0.142 0.706 1.042
PRI e (4F) 0.296 0.110 7.211 0.007 1.345 BRI R (4F) -0.039 0.072 0.291 0.589 0.962
eGFR[mL/(min-1.73 m*) ] =0.042 0.017 6.026 0.014 0.958 eGFR[mL/(min-1.73 m*) ] =0.027 0.016 2.829 0.093 0.974
HEM (/L) -0.144 0.073 3.870 0.049 0.866 MM (g/L) -0.219 0.074 8.713 0.004 0.804
BT 1 (%) -0.209 0.165 1.616 0.204 0.811 AL M2 2 1 (%) -0.077 0.101 0.587 0.443 0.926

Hh = (mmol/L)
hs-CRP(mg/L)

-0.886 0.483 3.364 0.067 0.412
0.212 0.078 7.263 0.007 1.236

3o #

AHFFEIE T DN G HHZ T, 2047 T DNk By
RIPL B/ INE TR A o ST R R . S5k

hs-CRP(mg/L) 0.239 0.110 4.673 0.031 1.270

Iﬁd F£ 178 451 DN J v A4 DN B4 U 7404
R H A3 B 27 8] Hb K SEAEAE B 2E 5, 3%

J[LLZE '%/J\ﬁbl&l‘ﬂJﬁ?ﬁ%ﬂ‘ﬁﬁi%ﬁ?iﬂiﬁ 12 .
BARABFIE & B DN g B A 5 H [ SR A
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xR BRFESRFRESNPSRMAKLR
Table 7 Correlation of pathological stage and hemoglo-
bin level in DN (g/L)
- ‘ MELHE IR
ISP FE ELgc3
Ma%y 123.19 £20.80 124.81 £ 19.53 120.31 +23.84
b 102.66 +£21.02 103.79 £27.37 101.60 + 13.63

|| i 10254 £19.75 107.77 £20.33  95.90 = 17.02
\EiA 10258 £21.12  107.91 £19.64  99.65 +21.82
FA4 7.359 3.200 4306
P1H <0.001 0.027 0.047

£ HZ HETA WS A DN B 23 B JF R g o8
SRR R FRATTIRIAE & B DN g 2 43 754
53 M It AEL A O, 76 DN 1T a 3 Hb 7K B & 5
FHAW(ObL V), i I b L V4532
] Hb KPR R B 225 G B )
AE 1Y 35405 %5 T Hb 7K 19 5% i) 1T B8 A7 7E — %2 1Y 3
{8, BB S REH 05 B4 Hb A S0 I W28, i
P A G Hb R, H9 K HILH] i N
o BN DL R T 5 H TR R 2 U RE
EALBI ST fE R R 22— AR SR T T

*8 DNEEBNERBERBH IS SAMAIKXE

Table 8 Relationship of injury score (renal tubules and interstitial ) in DN patients with and without anemia

[n(%) ]
ik Fhe I
B/ INES AT el Fomdl EFmal P eFnimal P
(n=52)  (n=126) n=3) =e2) P Gz (eeesy P
/N[ B AR
WG /N (1) Jo 2 A Ak e 22 45 <0.001 <0.001 <0.001
0~24% 38(73.07) 62(49.21) 22(70.97) 29(46.77) 16(76.19) 33(51.56)
343 14(26.92)  64(50.79) 9(29.03) 33(53.23) 5(23.81) 31(48.44)
WG /N i) o A <0.001 <0.001 <0.001
0~143 33(63.46) 33(26.19) 21(67.74) 26(41.94) 12(57.14)  7(10.94)
24% 19(36.54) 93(73.81) 10(32.26) 36(58.06) 9(42.86) 57(89.06)
AR
MBI <0.001 <0.001 <0.001
0~143 47(90.38) 74(58.73) 29(93.55) 48(77.42) 18(85.71) 26(40.63)
24% 5(9.62)  52(41.27) 2(6.45) 14(22.58) 3(14.29) 38(59.37)
et Eie 0.057 0.203 0.149
0~14% 49(94.23) 120(95.23) 29(93.55) 59(95.16) 20(95.24) 61(95.31)
2% 3(5.77) 6(4.76) 2(6.45)  3(4.84) 1(4.76)  3(4.69)
B <0.001 <0.001 0.002
0~473 37(71.15) 37(29.37) 25(80.64) 17(27.42) 12(57.14) 20(31.25)
5~84% 15(28.85) 89(70.63) 6(19.35) 45(72.58) 9(42.86) 44(68.75)

INE B RGPS 55N 2 (B KR S5 R RN
WTE B MR 2Pk DN B, $ 4L B /NS B 50T
o3 E AR AL, WY R IR M4 Alb f 3 %
1%, 24 h jREE A LA UACR B 8 T, TR i A e 1 0
Frigis Alb AR S IRE A 2 A 5. FERIE N
PRAEMERT AL 3 5 /N 1] 461 47 , - B2 21 240 e 2
F (EPO) A i /b sl 480175 5 R - (HIF- 1) 3236
SR HIF- 1o 7E B IR R 08 F 20 T8 /ME E R
4R, R, EPO A s/ LA K HIF-1af 3505 Rl RE 2
DN B L& A B B ZE ML =2 —

DN ()95 43 750 A K B /NP 6143 T 380 T et

~

1k, HETE Z0E 52, 2018 M B FR v, 2 &
A R B S ARE YR BTN , 24 CKD s kA
ESRD B FE i AR #E ~ . fE—TREAR SR 1 H
JI 1% CKD ABERIIFZE i R R EE A 5% , i IR
s NFEBL I AG K995 5 240 30% , J&:—fi% CKD A B )
25 AHFIE &L, DN B3 AR A4 A3 i 2
FALE BT 09 B T 6 (eGFR) WL TG 3, LR 1
REAR Gk , 3T AY & A R Wi 7t i, 2 ESRD
I, 230 AR Rk 91% L) b, ARGE Rk —E s
T DN 19 ' s B A28 5 98 0l AH OGP o AR Lo-
gistic A4 S 7R 7E L 1 DN HE A i fh e B A
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REACEHIXT AR TP A2 R 245 A RE U Pk R
HEURE SR AT,

UEAR , ABIGEIE 434 155 %% AR 5 ) At I TR
R, 257 %8, AEF M4l HbAle  Alb TG \LDL-C
SI.TF ¥4 i 3 2 T4 114 ; DD \hs-CRP W ZK T4 1ML
. HbZKVA B SPER IR G, D AR SR M50 43
20,45 BRI B DN B B, DD Alb \hs-CRP ] 5
DN ZULA 5%, 74P DN B, Alb L hs-CRP 7K
5 B IR AT 5 A 2 )

BRANHIR i R BBk Z 76 DN 22 LAY &4 R
RIFEEAEN, AR LRI, 7540 ST TF Wi
R TAEFE ML, [R5 9 hs-CRP .35 T iZ 94
PR B fs AT BE 2 DN R 20 I A &K
AR, AR K- Z B RG22 5 . AR
KIN, B G I CKD B35 i FUKCFBE R IR
g3 CKD £ W 38 A , R WIBE RS CKD 83 1 I
IRAIER ST e 1% 22 R I EE MG ER R,
{HE X T34 DN S AW 2R, B8R i e
R = X G K P N A 4 & e (R o N T
DU W74 £ A FRPIR S 38 1T B S B 7 Bk e
MR Z —, MERFLEA R B 7E P PR UL
25, % BRI R4 B ABE G AR H ATk
ERBHEAREAL.

FERR PRI BB T = OB & I I A S
AT DR HE R R N B & AR A AR R —
AL A R E AL 2R = 7= A NF-kB 1)
PO o VRS RPN B AR AR S M R Rk, I A
-1 ML - BER E 7 (ICAM-1,VCAM-1)
Ko C BN 1 (CRP) , 33 56 5 1 7= 4 il s 4015 =
B EPO 774, AR SCUER ), hs-CRP 76 4[] A7
FE I 25 5, AR Hb 19 F R, hs-CRP /K VB 8 |
Tt X 5 DA S SR 25 R AR5 ARk
B, G IR Y CKD 25 B AR IRGS 1) CKD 8%
I3 R AR KT B8 &7 % 5 4 3 AR £ 5 i )
T RAEVE ", R A ARAE D A7 2R 1)
FE0R RN E R SRE B G AR IE ) o

B2 - KRR - RS (RAAS) R T2
550t DL B0 LA R ke i IR LAA AR 4 4N g
A EEEZEEN ., M kR 1S
EPO A BUARSELT AR A B, RAAS FOI0E & T3
BRANSIIKY TR A R NS ke , A B/ Nk R
PRI BY7KF- , AT/ i i it AR A b
PRI BB A AR 22 05 M LA B ARG (74 P 7K F-

I B oK R AL M 177 (ACEL LK ARBs 262451))

AT IR TS £ L A0 ) A

Mo SR, ABIEFE % B, DN &5 61 ACET LA K&

ARBs JE25 AN Hb K1 B . 5 IR EIZA

AR H RO 12 83 A BT TR 7 # 5

X AT RE S T EACEL 2 Y [B] TE S 1127 25 ¢

ARSI
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SR B ITSEAE R B 3 BT 2 I SR SR 4k

SEAP TR BT S8 TR Rl 2 2 P S i

PRIGYF R B Al FE RN
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