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Relationship between biochemical indicator and
erythropoietin hyporesponsiveness

in hemodialysis patients

Ji-Young Kim

Department of Industrial Microbiology, Graduate School of

Industry, Pukyong National University

ABSTRACT

More than 90% of dialysis patients respond in a dose-dependent
manner to ervthropoietin (EPQ) administration and the others are
resistant. The causes of EPO resistance are iron deficiency, vitamin
deficiency, severe hyperparathyroidism, aluminum toxicity, and
inflammation. Many literatures have been published concerning iron
deficiency and its tole in EPO resistance. However, little attention
has been given to the contribution of inflammation to EPO-resistant
anemia observed in hemodialysis patients.

In the present study, the contribution of parathvroid hormone levels,
iron idices, biochemical markers (albumin, GOT, GPT, BUN,
creatinine, uric acid, Fe, TIBC, ferritin, intact PTH, Na, K, Cl, Ca.
IP. cholesterol, TG, HDL-choesterol, LDL-choesterol, CRP, b, Ht,
MCV, MCH, MCHC, RBC count, WBC count. PLT count) to



erythropoietin  resistance index were examined (weekly TthEPO
dose/hematocrit/body weight: ERI) in clinically stable 36 hemodialysis
patients.

The ERI was correlated with C-reactive protein (CRP) (R=0.676,
p<0.01). In stepwise multiple regression analvsis, the independent
factor affecting on ERI was CRP (R°=0.4600). Group (=04 mg/dL)
with normal CRP (<04 mg/dL) was significantly different from
serum albumin (3573023 vs. 3804024 g/dL, p<0.05), sodium
(137.6+3.33 vs. 1406+2.68 mEqg/L, p<(.05), potassium (5.75£1.06 vs.
515+0.71 mEg/L, p<005), and ervthropoietin resistance index
(6.44+2.65 vs. 3.36=1.85 ER] p<005) between high CRP group and
normal CRP group. Acute-phase response, assessed by the level of
CRP. was the most important resistance in stable hemodialysis

patients.
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g9 Batol wE 7l nho] gEw And S A Eee
capillarve) o Ao A BusEe Ao BuFHI UTH WAPUAFHT
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A 450 unit/kg/week IV Z-& 300 unit/kg/week SC AEWH i dH4 4
of mgd £ dx ez < dew ARV HuA T
unit/kg/week V(30 unit/kg/week SC) 459 Ffor Hxo =H3
= ALy ol wapA A7) £ 4-670E AbE ZBoE whEE ¥kgl

wgol g A$E  rhEPO A®A,  thEPO e



t}. rhEPO*} =g+
A 38 Z(iron deficiency)e| th. o] 2] rhEPOSt A

iy

]

(hvporesponsiveness)2F A &

%

T
"
T
et

1Ho

o}y

B

ofJ

K

ole™ (1,10,11,12,13) 2 el o} &

Y

Jlo

Hjo

B

9

o

SEDREE

H

70

A7, o

1

i

t}} &l

ol

& A A Fr0,14).

L
jun

ol 3 A

=
=

2

)

C-reactive protein(CRP)& th# %<l acute phase protein®]

o)
=~

IL-1, -6

%ol

o7

e
S|
proinflammatory cvtokine®] %% o] &

E
T

A

™

CRP7}Y &7t= =

g

b

X
=
i
lijs

=
<

B

W

TO
©

olJ
'

B

—

¥ 3 4oh10,15,16,17,18). ol & |+

F hyporesponsiveness) 2]

5

o A erythropoietin ¥-& #

g,

s}

! AERE olE

£

Aol lei A 7]

+

G
S

o ol o



2003¢ 39 @A B4 YulF Bl 67 o]t BAEA
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A2 342 oo g9, #9 me 234 FF HEo] gl
= 38 A7 A g o, F49e GFY Plusl? | PolyfluxTM 6L
(surface area 1.3 m2, 1.2 m2, polysulfone, hemophan fiber dialvzer,
Gambro, Sweden)E o353, FH5EE 200-250 ml/min ©] ¢},
2. A

3 Hematocrit

4

thEPOE 4 o] 952 Fof3tdon, &F2
20-33%% SA8t7] $iske] 2F vttt 25-33% A &¥E TS
o™ % thEPO &2%% hematocrits #< 4539 BT
UoRE A= A7 ARAES B&stn QoW tid g1 24

N H e g4 HAHalbumin, GOT,
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GPT, BUN, creatinine, uric acid, Fe, TIBC, ferritin, intact PTH, Na.
K. ClL Ca, IP, cholesterol, TG, HDL-choesterol, LDL-choesterol,
CRP, HBS Ag. HCV Ab, Hb, Ht. MCV, MCH, MCHC, RBC count,
WBC count. PLT count)& 7AAratgen, 8% CRPx 04 mg/dLeld
o] Moo Zrty Aoz HFselth thEPO A A< (ervthropoleun

resistance index: ERDE= A#AZ2% #urgzazEd digh 59 rhEPO



22 (weekly ThEPO dose/hematocrit/body weight) 22 &}
(10.19,.20).

3. 3A%H

L=
2= =

il

57 A

rlr
o,

wrRFAAZ FASHI, ERIC ¥ e <

it

AHE Yot 7] YEe] G, "dAFEM F7 albumin, GOT, GPT,

BUN, creatinine, uric acid, Fe, TIBC, ferritin, intact PTH, Na, K, Cl,

Ca, IP, cholesterol. TG, HDL-choesterol, LDL~-choesterol, CRP, HBS

Ag, HCV Ab, Hb, Ht, MCV. MCH, MCHC, RBC count, WBC count,

PLT count®t ERIs}e] #aEML Astdoy, 57 AAE dopr

7] ¢l A@EMAH EAHOR F3A U URESE WHFE
o)

o} 5 3] 7 ¥ A (stepwise muiltiple regression analysis) .2 H3 8%

A CRP# (<04 mg/dL)® 32 CRPV (204 mg/dL)o.2 %3t
T2 719 Zoli: duix BAlEA (ANOVA) Agsisd. SAA

of e] & p-value 0.05 olatel Aol ofv|7t Qrtw WAFAC



m. 2 =

L #49 54

WAl St 36w e o2 dEe 547712614, Y 7E 161019

o, WEAY|7hE 408324024 APel ATk W) HARE T

(22.2%) ol vt (Table 1).

A BAe] Hb 9792073 g/dL, Ht 29.19+2.33 9%, RBC count
205.40+28.10 104/mr, albumin 3.7320.26 g/dL, Cl 99.646.41 mEq/L<
Raye=xo]  wlEl wgki, BUN 58.83:1692 mg/dl, creatinine
8552271 mg/dL, uric acid 6.3041.49 mg/dL, fermtin 552.47+414.84
ng/ml, K 5284086 mEq/Le AdFAef W& xsten, CRP
0.3420.33 mg/dL$ ERI 4.34+261 ©] it (Table 2).



Table 1. Characteristics of patients (n=36)

Sex (M @ F)
Age (years)
Duration of hemodialysis (months)
Cause of renal failure (%)
Diabetic nephropathy
Chronic glomerulonephritis
Hypertension
Diabetic nephropathy, Hypertension
Ig A nephropathy
others
Body weight (kg) after
before

161
54.77+12 61
40.83240.24

62.40=10.43
60.02+10.11




Table 2. Biochemical and urea kinetic paraments

Albumin

GOT (AST)

GPT (ALT)

BUN

Creatinine

Uric acid

Iron (Fe)

TIBC

Ferritin

Intact PTH
Sodium (Na)
Potassium (K}
Chleride (C1)
Calcium (Ca)
Phosphorous (P)
Cholesterol, Total
Trigivceride (TG)
LDL-choesterol
C-reactive protein
Hemoglobin
Hematocrit

MCV

MCH

MCHC

RBC count
WBC count

PLT count
Ervthropoietin resistance index (ERD

373 £ 0.26 g/dL
20.16 = 7.78 U/L
21.29 + 14.13 U/L
58.83 + 16.92 mg/dL
5+ 271 mg/dlL
6.30 = 1.49 mg/dL
64.14 + 31.11 pg/dl

+

277.14 = 50.77 pg/dl
595247 = 41484 ng/mi
7566 * 66.81 pg/m
139.36 + 3.45 mEq/L
528 + 0.86 mEag/L
9964 + 6.41 mEa/L
9.00 + 0.98 ma/dL
485 £ 15 mg/dL
192.39 + 40.73 me/dL
139.69 + 70.51 meg/dL
10573 £ 2757 meg/dL
03 = 0.33 mg/dL

= 0.73 g/dL
r)91 233 %

96 + 4.00 fl
3228 = 1.69 pg
3351 = 0.81 g/dL

305.40 = 28.10 10%/mn

5891.42 + 1638.93 /mn’

181.88 + 59.63 10%/nm
434 = 261




2 ERIY 93g mAE Ad#

ol 7 =9l €% CRPE W E =g ARA  (stepwise
multiple regression analvsis)& Al &g A3 ARAS7 R=04600°]

¢ tH(Figure 1).
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ERI

12.0

10.0
8.0
6.0
4.0 |,
A y = —0.3708x° + 4,3065x + 2.7523
' b R? = 0.4600 _
OO “ . . - e
0 0.5 1 1.5 2 2.5 3
CRP

Figure 1. Stepwise multiple regression analysis between
ervthropoietin resistance index (ERI) and C-reactive
protein (CRP).
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Table 3. Independent factors affecting on erythropoietin resistance

FaAs®R FeASEP)

Age (vears) 0.031 0.860
Duration of hemodialysis (months) ~-0.029 0.868
Albumin (g/dL) -(0.419 0.015
BUN (mg/dL) 0.259 0.127
Creatinine (mg/dL) 0.236 0.165
Uric acid (mg/dL) 0.033 0.859
Iron(Fe} (ug/dl) -0.279 0.104
TIBC (ge/dl) -0.243 0.150
Ferritin (ng/ml) 0.118 0.500
Intact PTH (pg/m) 0.034 0.858
Sodium{(Na) (mEq/L) —-(.324 0.054
Potassium{K! (mEqg/L) 0.120 0.486
Chloride(Cl) (mEq/L) 0.118 0.507
Calcium(Ca) (mg/dL) -0.222 0.193
Phosphorous(P) (mg/dL) 0.309 0.066
Cholesterol, Total (mg/dL) -0.403 0.030
Trigivceride!( TG) (mg/dL) -0.404 0.030
LDL-choesterol (mg/dL) -0.283 0.137
C-reactive protein (mg/dL) 0676 0.001
Hemoglobin (g/dL} -0.641 0.000
Hematocrit (96) -(.577 0.000
MCV (D 0.181 0.299
MCH (pg) 0.112 0.520
MCHC {g/dL) -0.125 0.473
RBC count (10°/mm) -0.549 0.001
WBC count (/mr) 0.165 0.345
PLT count {10°/mm) -0.002 0.989

_12_



3. A% CRP#% 3 CRPT 9 HlX

il CRP# (=04 mg/dL)el A A4 CRPT (<04 mg/dL)el 8] &t

3 glbumin (357x0.23 vs. 3.80x024 g/dL, p<0.05) sodium
(137.6+3.33 vs. 1406+2.68 mEg/L, p<0.03), iron (Fe)< & F9=2 %
23l o0 ervthropoietin resistance index (6.44+2.65 vs. 3.36+1.85
ERL p<0.05)2} potassium (5.75+1.06 vs. 515x0.71 mEq/L, p<0.05).
ferritine 2w Q1A = <ekrh(Table 4}

.—13_



Table 4. Difference of the high and normal CRP groups

Cause

Albumin (g/dL)
Iron(Fe) (ug/dl)
Ferritin (ng/ml)
Sodium (mEq/L)
Potassium (mEq/L.)
ERI

>0.4mg/dL

N=14
357+0.23
49.77x19.96
669.1+358.0
137.6=3.33
5.75=1.06
6.44£2.65

- 14 -

<0.4mg/dL
N-22
3.80£0.24 (p<0.05)
70.63+35.18
497.9+347.7
140.6x2.68 (p<0.05)
5.1520.71 (p<0.00)

3.36+1.85 (p<0.05)




4. 44 0d/4) v R

olglu|x BAFZA (ANOVA) 2% Hemoglobin (¥ 9.620.83 vs. <
10.1+0.42 g/dL, p<0.05), Hematocrit (‘F 28.5£2.57 vs. o} 30.2+1.38 %,
p<0.03), RBC count (& 287.3%30.12 vs. o 31752015 104/mm,
p<0.05), PLT count (¢ 164.6+4825 vs. of 207.7+67.18 103/mm.
p<0.05), Creatinine (& 9.4+3.04 vs. o 7.2+1.27 mg/dL, p<0.09)F A&
g 7kd] 98 2elrh dslew, MCHC (& 3384081 vs. =
33.0£0.6]1 g/dL, p<00bhE U tel == Feig Aelrk AT

(Table o).
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Table 5. Difference of Biochemical and urea Kkinetic paraments

between the male and female

Male Female
Cause N=14 N=22
Hemoglobin (g/dL) 9.6+0.83 10.1+0.42 (p<0.05)
Hematocrit (%) 28.5+2.57 30.2+1.38 (p<0.05)
RBC count (10%/mr) 297.3+30.12 317.5220.15 (p<0.05)
PLT count (10°/mi) 164.6+4825  207.7+67.18 (p<0.05)
Creatinine {mg/dL) 0.4+3.04 7.2+1.27 (p<0.05)
MCHC (g/dL) 33.8+0.81 33.010.6] {(p<0.01)

_16—



Az @Bz F 95% A wolA rhEPO3} ¥H83-4d Hematocrit 7t
Z7he R vh10, 21, 22). EF FRe) 20-25%°] A 105 U/kg/week ©] 3t
o) geke] wrestm, 60-70%9] Ftel AlE 105-450 U/kg/week 2 B
of WEEEm, YA 10-15%2 BxpolAlE 450 Ulke/weeke]del £
groll A wbgsbelvh(10, 230 e #HAddAME  TH-150
U/kg/week® thEPO &8k wlgste Zlez <d8lA glom 130
U/kg/week o] 4Fe] §# o2 17§93 FoI3te hematocrit7h 19 o174 4
e g ASdE o JFgAe] TFE & vkI2). el rhEPO

®

% & A4 (erythropoietin resistance index: ERDE A F 2 FulE A
Eo] hE Zo rhEPO &% (weekly thEPO dose/hematocrit/body
weight) 0.2 A 2kated sl7R21e] 4 rhEPO| W& vh&& FAHS A o
= B 37b 9eduh24). oo B AFelMx ERIZ AlLMste] rhEPO
LI T R e e e R

thEPOC] 18 A4S ol 714 & 99L& Fvd 22 29 9

Bolo, 2 Yo EPOY AYHE Hols BeE nd F& vy
GzaE, BE G a4, T s FUE, ER0E 5, 2
AME Q4 B2 vEY By 4BF, 4 25E, 9929E, §Y

Zo 9912 B 4 9low (1,10, 11, 12, 13) 22 o)&& o} 4 o] Ee] gl
2 7be A dE Ba
b lth(l), A B AT E£EE RE @2 AT A vk
RE S2uE F§ okEe B Fol oste] vER FEHI SFUH
o 9]& thEPO A4S 7hsAL gle Zo g HFaT
hate] 242 B fgia 2 6o d#E 5477412614, B
Bl 7} 1.6:10)2 3, EAEA7)7HE 40.83:40.24 ALl At ofet 2& 2
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hA 229l Hb 9.79+0.73 g/dL, Ht 29194233 %, RBC count
305.40+28.10 104/mr, albumin 3.73:0.26 g/dL, Cl 99.64t6.41 mEq/L2 #
AZ=z)o] HlE ez, BUN 58.83+16.92 mg/dL, creatinine 8.55+2.71
mg/dL, uric acid 6.30+1.49 mg/dL, ferritin 552.47+414.84 ng/mi, K
5.2840.86 mEq/L-& 34l vlE) H¢hew, CRP 0.34+0.33 mg/dL<t
ERI 4344261 o|gith ol& A% So) AFM IR AF7|eS 4
bt Aol wlsbA s AgvlEel HAB Egs o 7 ANTHED).

ERISl 23S mAs Qas 3o

it
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2
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=
2
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o2k
e
N
s
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>
rr

s

83 CRP (R=0.676, p<0.01)7} A&l 7k3 =9ttt ERIC| F3¥Fs T
=Rl zkE oelr 7l glale] AtmEM A Adude] 71 =4E ¥
A CRPE W42 23 dEA (stepwise multiple regression analysis)
£ M@ B3 AR AL R=04600 °l et

3 CRPE3} A7 CRP#E vlzE B 31 CRPE (=04 mg/dL)ol A

H

44k CRPo (<04 mg/dL)el Bistd ®3  albumin (3.57+0.23 vs.
3.80+0.24 g/dL. p<0.05)T sodium (137.6£3.33 vs. 140.6+2.68 mEq/L,
p<0.05), iron{Fe)& w9, ERI (6.44+2.65 vs. 3.36+1.85 ERI, p<0.05)%
potassium (5.75+1.06 vs. 5.1520.71 mEq/L, p<(.03), ferritin< & A 14
Elve g ¢ 5 ddTh

Guzk vnE 2y dgdulx BEAEA (ANOVA) 23 hemoglobin
(4 964083 vs. ¢ 1012042 g/dl., p<0.05), hematocrit (& 285+2.57
ve., 9 30.2+1.38 %, p<0.05), RBC count (3 29733012 vs. o
3175+20.15 104/mm. p<0.05), PLT count (& 16464825 vs. o
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207.7+67.18 103/mm, p<0.05). creatinine (& 94#3.04 vs. & 7.2£1.27
mg/dL, p<0.05), MCHC (& 33.8£0.8] vs. & 33.0+0.61 g/dL, p<001}¥
S zhe] zbol7) @itk o)ajd AFde FARMNEA F 53 G40 o

goll wlal WA A 447 A Bavhe 2E YIS ¢ & Utk

o
I )
i3
n
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~J
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o
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X
olN
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WA Zrke £ ogle Aoew B HATH26,27). B AT Ao
g% CRP9 %7}7} thEPO A&ol 717 & d%&E vxAe SHAdAE
BRI TR

CRPE 1930 g o2 ARTHA HHadzte] AolM 27y ¥F
o] BEshwolr) ol &AL HYEF T C-polysaccharidest ®Hb® 27
2 Qoqld ol C2 7 o]&e Eo|li C-polysaccharide®d] &4 o]

2zt 2eleu, 1% CRPE AR dd ¥4 gl o9 714 €5

webA rthEPO X848 294 thEPO &3¢ 52 3lof ofuet Al
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V. 89

ATz 36 B8 o R rhEPO WA ste] delat 45y
AFre) A ot B AFE A#S thEPO AZAT

(erythropoietin resistance index: ERDE AA % sntEZHE] e
Z2 thEPO €3 (weeklvy rhEPO dose/hematocrit/body weight) .5 8
&3, rhEPOE 4 Fo Hsiz Fodgion, £¥E =R
Hematocrit 30-33%% #2137 9&tsd 2Fvit} 25-33%4 £8& =%
e F% rthEPO 447 hematocrits # & 45308 A e g 3t

.

agkal dae 54.77+12614, e 161003, FAFEAVNE
40.83+4024MLollom 2o AAgte S AWEF 119H (30.5%),

1
g AR AN G 9% (250%) ¥ A 8w (222%) £olUd. o
Ab ghzbe] Hb 9.79:0.73 g/dL, Ht 29.19+2.33 %, RBC count 305.40+25.10
104/mr’, albumin 3.73+0.26 g/dL, Cl 99.64+6.4] mEq/L-& Z4rFAol 1]
&) worm BUN 58.83+16.92 mg/dl., creatinine 855+2.71 mg/dL, uric
acid 6.30+1.49 mg/dL, ferritin 552.47+414.84 ng/ml, K 5.28+0.86 mEq/L
e masAel da 49 ERew, CRP 0346033 mg/dleh ERI
4342261 otk AFREXA ERI dFE Fv dAE €A
CRP(R=0676, p<0.01)7} 4gkide] 7+3 %9tk ERIOl 4%g F& 53
QAaE Lolr 7| §fdte] @A Aol 7hE =dd FA CRP

ol

2 w2y gEIA2A (stepwise multiple regression analysis)& 4| 8l
g 23 Z4 ASr R2=046000] At 3 CRPT (=04 mg/dLiolA 4
2 CRPT (<04 mg/dl)e® BHsto uudd-& of &34 albumin
(357+0.23 vs. 3.80x0.24 g/dL, p<0.05)% sodium (137.6+3.33 vs.
14064268 mEqg/L. p<0.09), iron(Fe)d & FAE HYlow,
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ervthropoietin resistance index (6.4422.65 vs. 3.36+1.85 ERI, p<0.05)%+
potassium (5.75+1.06 vs. 5.15+0.71 mEq/L, p<0.05), ferritin® & F2o=
o} o5 7k 2n|glEx z}o]Z H FHTh Hemoglobin, hematocrit, RBC
count, PLT count, creatinine, MCHCX= 32l A=z 23 249 #
o3t apolE H AT

AEHOE rhEPO AL B Aol rthEPO §%F& WA 3¢

¥,
bz
g

>
>
(gal
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