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To investigate the relevance between erythropoietin sensitivity and insulin resistance
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in patients with maintenance hemodialysis. Methods

The clinical and laboratory data were measured in 12 patients

with diabetic nephropathy (group A) and 66 patients without diabetic nephropathy (group B) as well as 12 healthy indi-

viduals (the control group). The insulin resistance index (HOMA-IR) was calculated by erthropoietin response index,

which regarded as the ratio of the dosage of rHUEPO and Hb. Results Erythropoietin hyporesponsiveness occurred

both in group A and group B, and the erthropoietin response indexes were 56.6% and 32.4%, respectively. Patients in

group A and group B had significantly higher serum triglyceride (TG), total cholesterol (TC), low density lipoprotein
(LDL), parathyroid hormone (PTH), lipoprotein a (Lpa), high-sensitivity C-reactive protein (hs-CRP), and HOMA-IR

(P<0.05) but significantly lower serum albumin (P<0.05) than the control group. The changes in group A were more

profound. There was a significant negative correlation between (rHuEPO/HD) ratio and serum albumin (r=-0.166, P<

0.05), high-density lipoprotein (r=—0.233, P<0.05), and a significant positive correlation between (rHuEPO/Hb) ratio
and parathyroid hormone (r=0.382, P<0.05), high-sensitivity C-reactive protein (= 0.258, P<0.05), and HOMA-IR (r=
0.416, P<0.05) in the two groups. There was a significant independent positive correlation between (rHuEPO/Hb) ra-

tio and HOMA-IR (r=0.461, P<0.05). Conclusion Insulin resistance is associated with erythropoietin responsiveness

in patients with maintenance hemodialysis.

[Key words] Hemodialysis; Renal anemia; Erythropoietin; Insulin resistance

B34 5 1 355 A (MHD) H 35 19 52 1 40 A
LT AE L (flE41 %, rtHUEPO)IBY T 5 , LM 2185 1
REIKBIFHAE KO (H 1A 29 1/4 B R B TR, 7
rHuEPO #ILHT" . R 5 2R HCHT (IR) A8 ML XS Ji &
() SN IR , T T I 2 AR T IR AR 2
BN 1A — FofobR A B JR 52 2R MU P X Ji B R 1
AT IO A B P, H A B R e . A
FE I IR i 19 5 28 IME -5 B DR 9 1) 2 AR 2% 1)
FHIEEY, F3 tHUEPO VAT Ik ZF 2R RS &
HCHOE L1 28 S M i iR B /D AR SC B AERR T
BRI G , DA B AT ARy T PRIt R

1 BERS5HE

11 ASERRE  HHLLBGEST 6~ H LA E, ##
MR, WK 1T > 200 ng/ml H. < 800 ng/ml &4k
FILATEE KT 20% H/NT 50%, BT A g FER41N
{RLT ANMEAE 29671100 Ulkg: JED], 43 2~3 Uk Bz R iE
5T ENTE B S bR SRR 3 H N TG
I s s, BB PEA M AN R R G , I HERR
FKFpRYe FEEEIRNR I D LG s R
gy, AR R e R . e A e B
YRI5 2R FH R RSS2 BT #45 S i R S R B AT, BT
A 500 ml/min, ML 2 200~300 ml/min, B 2~
WA, 3~4 WK, AERF IR RS BRIEEU(KU VY E > 1.2,

1.2 WFREXTS e A R &R 8 2008
A1 2201148 1 AFERR B B AT 12 He32 4edek
T I ELAT S B TOREBME R B R 12 ],
B84, 4z A1), F-149(58.20+22.80) % , AL W s 5 s
B 66 ], Hor 55 43 5], 2z 23 4], ~F- 15 (54.20+12.20)
2 BRI 6~22 4 AERE PRI B 2 i ke 1
PR /INER B 48 33 491, i IR B s 13 461, e XU B S
4.

], A PEAERE B 5 1], 248 4 ), HoAh 6 ], [
I VEBEAE WS 1k I DT FC Y 12 051) it R AAAS: 2 1 g %o TR
A, HeAp B 76 A 5,34 ( 53.3£25.20)% ¢

1.3 W5 ()X S2 464 i B 5 (m) |
BTG TR (kg) T 12 RSS2 43 R A 21 25 4 A
Hto Q) F BT H 23 M6 B bk i I i £1 2 (1 (Hb) . 1
JULTEF (Ser) . Ifil. 11 25 11 (Alb) . 25 B8 Ifi B (FPG) . Ji /5 &
(FIN) . H ¥ —BR(TG) I [ BE(TC) & % AR & 1
li% (HDL-C) . IX %% J& i £ 11 IH [ 52 (LDL-C) \ g £
1 a (Lpa) A C I 25 [ (hs-CRP) , HUIR 55 R I R
(iPTH). (3)LAfif 12 J& 135 f R AR 210 2 4 A A i
55 1M 41 7 11 Al ((HUEPO/HD) 1 A 21 % Bk 45
B 5 2R FHAS AR R 1R 1) 28 HIK L 46 2L (HOMA-IR) 1A
[ ZAHHUFLT , HOMA-IR=%5 Ji§ Jifi 5 2 (mU/L)x %5
Ji 1 (mmol/L)/22.5 ; 14 B 45 %5 (BMI)=14 i i (Kg)/
B (m’),

1.4 Giitepabd SR SPSS13.0 840ttt 143
Mo TR B R UE 22 (o) TR o THRPERI
A1) LA FH o K, 22 4 1) () LA R B IR 2R 2243
BT 5 2810 LU R Pl R 36, A DG PEAF 5T 3 R R
Pearson AH ¢ | 71505 B K H Spearman A 5¢ 4347 ; P<
0.05 W ZEFA G478 L . HOMA-IR M & A0,
Ph B SRR A A T 53T o

2 &#F R

2.1 AE#&SWHERR L tHuEPO/HD HWE R
PN 10.88, LU>10.88 5 SR LT Z ARSI, 4 bR
B L I B R B R A A AR LT R AR, 4351 K
56.6%F132.4% , I 25 7 A Ge it 75 X (P<0.05). Hil
R B 4 A R B 20 5 1 R REZELA L,
S AR O BMI L 22 7 o4 22 E L (P>0.05), JE4k



Yol.23 No.2 January 2012

HAINAN MEDICAL JOURNAL

(BEEZEN2012E 5235528

FLAAT et (E P 20 ¥4 B 8 3 = 09 TG . TC . LDL
iPTH . Lpa (P<0.05), [fi]iist hs-CRP \HOMA-IR 13 i {5 }i#
1 (P<0.05), i H o Bl FR 9 ' 95 41 TG, LDL, Lpa,
hs-CRP . HOMA-IR P 5 {EWH PR B i 2 38 v L 25 57
HGEiT2E 7 L (P<0.05), ILAMFiZH Alb \HDL-C $#444% 1E
B AR(P<0.05), BH R B 2 Alb T REEE Bl 5
A i 5 e A PR 25 R e AR R L(P<0.05),
k1.
F1 ARERIEFRE B, xas)

IRE| WEBRAE MRS R4l TR
(0=12) (n=66) (n=12)
PR L) 8/4 43/23 7/5
AR () 58.20+22.80 54.20+12.20 53.3£25.20
BMI 24.6642.71 24.7742.47 23.6543.67
Alb(mg/L) 31.3648.68" 38.2247.32° 55.33+6.17
iPTH(pg/mol)  472.76+112.14°  388.77+96.23" 42.23+13.77
TG(mmol/L)  5.13+1.66" 4.56+1.88" 1.22+0.98
TC(mmol/L) 6.08+1.69° 5.86x1.12° 4.06+0.87
HDL(mmol/L)  0.92+0.32° 0.99+0.44" 1.45+0.38
LDL(mmol/L)  5.19+1.27" 4.81+1.29° 1.08 £0.47
Lpa(mg/L) 650.18+190.67"  580.174220.22°  180.17+110.11
hs-CRP(mg/L)  8.58+2.25" 5.26+2.58° 0.56+0.21
HOMA-IR 8.39+1.89" 6.44£2.37 2.85+2.21
FRELFARIY,  56.6" 324 -
RHH(%)

T xRt P<0.05; SR BREE . S R S AR LAtk P<0.05,
SRR SRE R, P<0.05,

2.1 rHuEPO/Hb MG/ BT 45 5L B[R 3R AH G 43
Mr 2 B , tHUEPO/HD . {5 Alb (=-0.166, P<0.05).
HDL (=-0.233, P<0.05)5: i #H5¢ , 5 iPTH (=0.382, P<
0.05) . TG (-=0.258, P<0.05) ,hs-CRP (=0.399 , P<0.05) /I
HOMA-IR (=0.416, P<0.05) 5 IEAH5E, W2, #h—4
T ImAH M7 , 45 578 rtHuEPO/Hb 5 HOMA-IR £ IE
K (=0.461, P<0.05), 1% H] HOMA-IR /& rHuEPO/Hb
ST A 2R o

&2 rHuEPO/Hb XS HER

A RfH PH

Alb -0.166 <0.05

TG 0.258 <0.05

HDL -0.233 <0.05

hs-CRP 0.399 <0.05

HOMA-IR 0.416 <0.05
303 #

H ¥ rHuEPO 1 I TR 7 18 v B St A 1y
BB I LA , K2 E0E M A S A 2 4 A
BN S5 L2188 11 (Hb) ek EIHE H AR, M ]9 A= 1 it
RO UGE B D BGE BT E Hb ARRIR ] H

P, BROAR LA AR AR AR M, F2 B2 Tk
F = AL L1 2R I, I AN GY R AE B TR A
K4k % Pk B 2 IR AL RE TCHE L BR b #E A g ] 5]k
EPO RS o

AT ARG BIEEAHERR T8k = JaBmr A s
a3, BE RSN PRI 2 S AR PRI A A AR 2L 2R A
FLE A3 9h 56.6%F132.4% , BEFRIZH MHD 2 55
B o 4 fa) b4 K AH 56 4 B ¥ 7R Alb . TG HDL .
hs-CRP .HOMA-IR WAL 2 BURE A2 [ &, E—
HATRA S BT HERR Alb iPTH , Apa . hs-CRP [1)5#11i
J& ,tHUEPO/Hb 5 HOMA-IR Sl 7 #H¢. DA 45 R 3%
B, SRR TEHEBR LA R B 4k & v HIR 52 AR D e T
HE NEARIH S8 | SE S N RZ R 1S L, HOMA-IR
JEF M rtHUEPO S AL R RN K Z — . SARWF5R 4,
T, Abe ZEIFFT LB, 5 RIRPT S 1L L0 AL
IEPEAR DG W PRI AR ML RGE T R o) KA S R
HCHURGE LT AR B M , o] E— 2B e i R ACHT RN
PR ZARS A o V822 SCHRIRIE 4 R s AR
B L ARBE PR B R T e A B MR I >, B A
BAT ' D Re IR B & R S T, X AT RE S
RRAERKE T P 2R R REEAER
F A F A R R A,

IR BB 5 2 A SURRAE T B, SR8 LA 2 = 1
LB HFIE LA B i 420 X g 5 28 199 S g
RO RRAIS A2 0 sl ke 2 1 7™ A — R 4o AR AL TR
AR, 5 0E 87 B8 1 A | s ) B e
DI SR ik 55 T D RE S . 2o R, IR
T e JiR 5 2% IRE 55 B IR0 1) & A 8 DDA G, ¢
A B U AR A A R IR BLGE , i T M AT 45
IR, CRF BE A IR &5 47.0%, JREEAE T 2R
80% ™1, 35 [EJEBE JR 9 B 5 CRF F 35 1 biF 55 45 S 0k
— RS TR — M, SRR IR AT REE LT 41
ML BB 455 O BNk Py 3G, DA 524
TR TR TR s QIR IR S BAEAE K IR e A K
7B, L5 46 HSUE K R SRV B DR s 4 il -1
SR LA AT INE B QWS B R - B R
R0, SUE IMAE YR AN B R -1 R — AR A L
5] 30 B A 5 BTG SR A I B s i AR
o R T IR (W R AR R 0 2 T IR W AHE, AT R S IR
By ZIE bRt B R EE S TG VERRAIR B IR
REM ahil AR heg gk kv RS B
RETUUE EA R D= FIARAE S5 A7 C", IR AT L5 [
PREGAE B E R ZE AL, AW & B, JCie il R
ZH s ARRE R MHD 3534314 TG . TC .LDL . Lpa

.5.



(GEEEZE)2012E5 235521

HAINAN MEDICAL JOURNAL

Vol.23 No.2 January 2012

H R, TR T3 SO A B JBORX i 25 g o e 17 410 i
EE IR I O Ol W e S A [ e N
FH I = B = B3N, FLIPE S R ARPTIT, B 26 1 e
AR P B35 , AR A28 Al 1 DL e AR aeh — B A3
Bk 2D, 10T it R AL ] P2 B 2 P M R i
IXEETE A S A AR B B 1 o T = AR
WIERRE A MINRREE R, X E AL E BE A sE R in
PREGAE BB O IS 2 0 PO FE B P | DT S 802K
W B R BT

AHF5E % B rtHuEPO/Hb 5 hs-CRP & 1E A, 2
IR IEIR S S PR 2T F R AR K 2
— o hs-CRP J& S i AH s b 2 11 B oy 2 — , il
Vi SR8 1 B 3 i 6 38 (CRF) FH 4 35 M 1LV 33 BT B
18 Pk B R AE IR S AR B 1. Kaysen "IA Ky, T
SR R W AR 2 7 Wy A B R v P BRI
B vl A B AT DL BRCRRE N 2B, (5 Sk S A s I B
M FE & o Melntyre 25"V & 31 I W3 A BB & P & ik
53%01) L E CRP Fh iR o IR AT £ & CRP Fh 5 (14 Ji
WA TER T, Al AR S BT N B R Y
P RS A LA B, B85 388 A A ) AN A 2 M S TR R
{7 2 i 11V U1 S R R R4 B S S i1 7 B 1 e o |
g AR 5 5 b T BB B R BEAE 1 SCRRE RN, T
FLRENE A EE AL AT LS B P Hz 35405 i =k
RICRA . MHD B E AELEAAE N, B R AT T4
I PR FEAE S 0L Y8075 BT R 01 2 R R 2 T B 3 o 5%
Fig e 8O N E AR 2T R AL o

WF 55 & B, B DR 96 41 | K B IR 9% 41 MHD B %
iPTH K- H 55 1 A1 B B3 v (A T H A K B
rHuEPO/Hb 5 iPTH HA A G , 5 B 58 A AE 22
5L A RE SO R B2 A G, T FRAT T
Jik 5 AT MR AL IR S A A E A BAE
HIE BOGPEIRER, e RACHT A ge iy,
7 16 R 1 5 ZEAKT M B AL el D BRI R
RS B BT — 5 A BAE R 6 2 e 41 28 ek
P B IR BT R B AR TR A A

B % X ik
[1] Cameron JS. European best practice guidelines for the management
of anaemia in patients with chronic renal failure [J]. Nephrol Dial
Transplant, 1999, 14(Suppl 2): 61-65.

[2] Mlinar B, Marc J, T anez A, et al. Molecular mechanisms of insulin

resistance and associated diseases [J]. Clin Chim Acta, 2007, 375
(1-2): 20-35.

[3] Peralta CA, Kurella M, Lo JC, et al. The metabolic syndrome and
chronic kidney disease [J]. Curr Opin Nephrol Hypertens, 2006, 15:
361-365.

[4] Abe M, Okada K, Soma M, et al. Relationship between insulin resis-
tance and erythropoietin responsiveness in hemodialysis patients
[J]. Clin Nephrol, 2011, 75(1): 49-58.

[5] Mc Gill JB, Bell DS. Anemia and the role of erythropoietin in diabe-
tes [J]. J Diabetes Complications, 2006, 20: 262- 272.

[6] Al Khoury S, Afzali B, Shah N, et al. Anaemia in diabetic patients
with chronic kidney diseases prevalence and predictors [J]. Diabeto-
logia, 2006, 49: 1183-1189.

[7] Ritz E. Anemia and diabetic nephropathy [J]. Curr Diab Rep, 2006,
6: 469-472.

[8] Mojiminiyi OA, Abdella NA, Zaki MY, et al. Prevalence and associ-
ations of low plasma erythropoietin in patients with type 2 diabetes
mellitus [J]. Diabet Med, 2006, 23: 839- 844.

[9] Lorber D, Reddan D. Clinical characteristics of chronic kidney dis-
ease patients with and without diabet es: a subanalysis of the PAERI
study [J]. Clin Nephrol, 2006, 66: 11-16.

[10] Thomas MC, Cooper ME, Rossing K, et al. Anaemia in diabetes: Is
there a rationale to T REAT? [J]. Diabet Ologia, 2006, 49: 1151-1157.

(1] AU, 222800, (] . PRI B2 P T 1 B I REAN 22T il
FRIEE R R (D], BRI R EE 2 A 1 R 2Rk, 2001, 7(1): 48, 78.

[12] Peralta CA, Kurella M, Lo JC, et al. The metabolic syndrome and
chronic kidney disease [J]. Curr Opin Nephrol Hypertens, 2006, 15:
361-365.

[13] bk 3. B IEBEI P B 2 FRARBL ). R ARBE 2 2332 23 M,
2002, 22(5): 283.

[14] Chen J, Muntner P, Hamm L, et al. Insulin resistance and risk of
chronic kidney disease in nondiabetic US adults [J]. J Am Soc
Nephrol, 2003, 14(3): 469-447.

[15] Savage DB, Petersen KF, Shulman G. Disordered lipid metabolism
and the pathogenesis of insulin resistance [J]. Physiol Rev, 2007, 87
(2): 507-520.

[16] Diez JJ, Iglesias P, Fernandez-Reyes MJ, et al. Serum concentra-
tions of leptin adiponectin and resistin and their relationship with
cardiovascular disease in patients with end stage renal disease [J].
Clin Endocrinol, 2005, 62(2): 242-249.

[17] 45220, 25 5L SRAE TR BT A 5 B4 Sl K oG A T P I 452
FERHLOIAI]. AR B I AR, 2005, 21(19): 499-501.

[18] kaysen GA. C-reactive protein: a story half told [J]. Semi Dial,
2000, 13: 143-146.

[19] MclIntyre C, Harper I, Macdougall IC, et al. Serum C-reactive pro-
tein marker for infection and inflammation in regular dialysis pa-
tients [J]. Nephrol, 1997, 48(6): 371-374.

[20] Schomig M, Erisenhardt A, Ritz E. The microinflammatory state of
uremia [J]. Blood Purif, 2000, 18(4): 327-335.

(ks H 7. 2011-08-22)



