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FuHE A 2Ae PEN EF okl
uhg o Agke g, YAIES Tlsels HA o
£ ol Zefgicl A Bad wiol] ofsh
o] F34Y, oleH o WAEe T, 8 SaA
I "a e F7L AT HEY gl uE
HYF o) ok Sol A Aol wide gaz
Ze] g F vl Ea] W, A9l AR
5 e 7heE el TSI 22 AU
Aol ol2r7bA] F5r) viekslag AdAgk 2y
o] Hgstch WMoz, Fu FAlollA] Hhsl
W gy AeEst duse] sl
AE, 4k wlel By 2, TS 5 e o)9
FHZ gcle) o3 Zlog Yztslof i) L 3
I $RlollAl fiQle] WtebA] b2 Hide] FF
Zigloll whel, i AR Ee Furst o uldg
A4 diabdelzl Wigst fade] glrke 7ol =4
23 AN, g, i AREEe Bt
3k uid RhlollA] A erythropoietin (Epo) X187} &
A AnS HQl Fwih Haisle], Fiaty )2
213 x5l 34 Epo Foi7l EpEEA] of el
of AFH Y’ B ATE AVbs BAg Blel
A 2k Fu FAlellA fddo] wEA] A2 Hide]

Hordak 1998 1Y 5Y
Egtak 19999 7Y 239
WAzl -84, At olohoiE Wizbekadd

QU B4 o o] QARIEste) BAE Frke
384 Bpo $ES Suslo] 4ol & oliE &
9 shirah shadck

CHa 9 Wy
1. s

1991 195E] 19954 1297}x) odalelsta <a)
el K dleakayl dazeldel] Wi 9
gl wlgE Hlskar Algrleel vl f24
1926019] 257158 ZARle, ol wldel]l ot dA
9 7P AL 2kas] 62615 vl o g videl Yee
gHslde) widle] sk WHO 7]5l| we) A2
M4 13 gidL ofsl, o442 12 g/dL o)t Aejs}
et wldel] digh Alatae] ofgks Ayl 9
slo] zdloteld "Ag 30 mL/miym® o)A} (79.8+
27.0 mL/min/1.73 m"), ¥ zzaleleld 1.2 mydL v
7H(0.9:103 mg/dL)gl #HRHE oo & #i9dc) 1 9],
oMdEel 7HHS G5 FHk A9 tiidollA e
gk

Hige] giclo] BHapala] ok G 34} 35415
ddez g3 Epof Fsled dizdat vlaslgick
F 3500 F 260 eVl B T AR
Z2tsl9d5 9ol 19961 1ell4] 19964 129744
Eeloll g Gt $hajolia Aslrt. Epo 34
3 2871gel A3kg viX)s 9918 wiAklr] flsed
FrEsh 9 AAaAske] Wide] Qly 39t kAl 2 EIA

- 669 -



Table 1. The Clinical Characteristics of Diabetic Patients with Anemia in 62 Medical Records

Age (years)
Gender (female)
Duration of diabetes (years)
Glycated hemoglobin (%)
BMI (kg/m*)
Hemoglobin (g/dL)
Hematocrit (%)
Red blood cell indices
Mean corpuscular volume (um’)
Mean corpuscular hemoglobin (pg/cell)
Mean corpuscular hemoglobin concentration (g/dL.)
Absolute percentage of reticulocyte (%)
Serum creatinine (mg/dL)
Creatinine clearance (ml/min/1.73m°)
Microvascular complication (%)
Retinopathy
Neuropathy
Nephropathy

57.5 + 11.2
42 (67.7%)
102 £ 74
13.3 43
30.0 3.0
10.7 1.4
318 44

i+

+ B H

91.8
30.9
33.6

1.1 1.5
0.9 0.3
74.8 + 270

9.1
3.6
31

H M+

H

25/62 (40.3%)
37162 (59.7%)
25/62 (40.3%)

- Nephropathy : 24 hour urine albumin > 30mg

HAEE4L AAlangiotensin-converting  enzyme
inhibitors), T EZA|, HE AA & Hdsl= As
= thiollA Alelsisdcl. dizdtg "ol A4eln
tEbAel e 5w o] "Ml AR Bolv wids
2 2042 BGick tzge] A3, nide] ™ A
Y, A, A FeY gy Belqivk

2. Higo] 2AWTICHE I8t Al

aige] AHTHE % AAE dukdlzig g
AYFAg, WAFTEE (absolute percentage of reti-
culocyte)-& 481, ¥A ferritin 52} trans-
ferin THEE FASE o AEukge g A
Tl F"HoIRE s, 94 8lel] B12e) ¢f
g ekl o), gl v A, 247
A, A3 1l 7] Coombs test 2 "A) haptoglobin-£-
Hgoll upel A o2 Arlsict o] HAelw
sk ulEe] Hgle] HEk ok A Wy

o] vige BRsigict dubEaiAg HETe, v
o, HAdkr, HEEET 28 MCV, mean
corpuscular volume), 3338+ M4 (MCH, mean
corpuscular hemoglobin), HFHETL €ML: 2%
(MCHC, mean corpuscular hemoglobin concentra-
tion) 2 2HEET-EA7) (Sysmex 9000 automatic
counter, Japan) ¥ AWl D, @AW FEe A
S colorimetry &, A ferritin 55t nephelometry
(Array protein system, Beckman, USA)Z Z331%]
ch @A wlell Beol oi4he ARHAH(Ortho-
Clinic Diagnostics, Amersham, UK)2 g &43l9]e
o, ahar g2 s FAER-4 7] (Sysmex R-3000,
Japan) 2 57838} ¥, supravital SdMo 2 FRlsled Al
Arsheich TRAEARS] AT of S-S 24417 Auiu)
zgpteld Bl 9d adeteld w5, A4, AlEeE
ARt Zaletelsl dagw HWrhsick Zaleleld

=X Jaffee BH2 (Hitach 747 automatic analyzer,
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Table 2. The Causes of Anemia in 62 Diabetic. Patients

Male (n=20)

Female (n=42)

Total (n=62)

Causes undetermined (%) 9 (14.5) 19 (30.7) 28 (45.2)
Causes determined (%) 11 (17.7) 23 (37.D) 34 (54.8)
Iron deficiency (%) 2 (32 13 (21.0) 15 (24.2)
Chronic disorder (%) 4 ( 6.5) 9 (14.5) 13 (21.0)
Folate deficiency (%) 2(32) I ( 1.6) 3 (4.8
Vitamin B,; deficiency (%) 1 ( 1.6) 0 (0 I (1.6
Hemolytic anemia (%) 1 ( 1.6) 0 (00 1 ( 1.6)
Aplastic anemia (%) 1 ( 1.6) 0 (0.0 1 ( 1.6)
3007

o o (-4 Oo o

— o

= 250 ° e °

E

~ 200

w

33

@

< 150

@ °

2

g 100 i

=

(5]

E 50 . ° o °

g ° o * " ° - - -

@ 0 .'0'.1:0‘.. 03.'*.’.‘00‘

7 8 9 10 1 12
Hemoglobin levels (g/d L)

Fig. 1. The serum erythropoietin and hemoglobin levels of diabetic patients with anemia of uncertain
causes (@) and non-diabetic patients with similar degree of anemia (D)

Japan) 2 &, 247} A ] oke nephelometry
(Boehring nephelometer analyser 11, Germany)& 2
Asdek

X  Epoy= Epo-TrancTM RIA kit (23200,
INCSTAR Corporation Stillwater, Minnesota, U.S.A)
& o] 83 whaheyog ZHT I9lE miU/mL
2 FARBIACL

3. BAHINzE

A HF + EAANE AN 9wy 8
2] gl Eet Padote] WAE Hrlsh] sle]
Peurson's rank correlation analysisE AJefe}gl o,
ulgo] fiqlel ¥z ok < skl dladyhel
&4 Epos= Mann-Whitney test 5. B]aasiict. EAix]
2ly= SPSS/PC+ FAlZZ18ig olgsldiem, st
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Table 3. The Clinical Characteristics of ‘Diabetic Patients with Anemia of Uncertian
Causes and Non-Diabetic Control Group

Diabetes group Control group

(n=35) (n=20)

Age (years) 574 + 134 398 + 11777
Gender (female) (%) 23(65.7) 40"
Hemoglobin (g/dL) 98 + 1.1 92 £08
Transferrin saturation 021 + 0.11 0.50 + 0.12°"
Serum ferritin (ng/m}) 198.5 + 1229 176.1 + 318
Erythrocyte indices
Mean corpuscular volume(im®) 873 + 55 931 + 6.1
Mean corpuscular hemoglobin (pg/cell) 29.0 + 2.0 30,1 + L5

usc n .
:gii';nf:’ar:i’m ‘:;;L‘;emogk’b’ 334 + 16 347 + 17
Absolute percentage of reticulocyte (%) 05 + 04 22 + 077
Serum Erythropoietin (mIU/mL) 17.6 + 8.1 144.9 + 108.0°
Serum creatinine (mg/dL) 1.0 + 0.1 08 + 027
Creatinine clearance (mL/min/1.73m") 58.8 + 230 103.5 + 205"
Duration of diabetes (years) 134 + 7.6 -
Glycated hemoglobin (%) 12.7 + 2.6 -
Microvascular complication (%)
Retinopathy 28(80.0) -
Neuropathy 29(82.9) -
Nephropathy 28(80.0) -

Transferrin saturation : serum iron (ug/dL) / total iron binding capacity (ug/dL)

24 hour urine albumin > 30 mg
“p < 005, ":p <001, :p < 0.001

o] folEe 005 vRke g slgict

d o
1. Sz SXoM 2ol Jol U eldA Ry

ulg-g Faket g $hatb 620d|9) QA B4
33} 7eiTable 1). ®A4E 56 (90.3%)cdlll A 9.0
gidLolde g dickyrt ko] Wldg Hejen, uhy
FEEE 11115 %8 Y4 Zhdol uhE 7t n|
Folxck wide] AL A BHo) 154, WAl
o wled-2- 13e]] (A4 10o]], FulxleA] Fed 20,

ALK BubA B 16l o, 28 (45.2 %ol WIE
9 flgle] wizkslA] wlaxiz) 9o} 412 wigke] wid
B B3sgekTable 2).

2. S EXOIAM Rel DjAle] pigst BN
Erythropoietin &

fiQujakel wlEHR 35¢|e] HYAE 9.8+1.1
g/dLolga, e -§42 30albik 44 (86~98 um’),
Solelld] 4o ksl WTE-ES 05+
0.4 %2 wisol] it HAH 27} BEslodcTable
3). G4 aeolely] A4, ¥4 Adpeleld 9

- 672 -



24R07F A SElnodsl foldt AanaAlE Bl
A, duHe] 77 JEEas Sake feldt
BANE Ho|x] Yk Table 4). ¥4 Epoi= 17.6+8.1
mIU/mL (9.0~40.1 mIU/mL)& thEt A9l (9.
1~30.8 mlU/mL) E= u]i3t 2748 Hglow, 742
Aol WiEg FHIgh vy tHET(144.9£108.0
mIU/mL)oll sl ok e ZhE R
(p<0.001)(Table 3){Fig. 1).

WL

A7l sAslol]l olgt uld e 2 AtAleda-gol A
g2l 30% viRkel A AV, 34 A4l
A AW Al ol whsle, Alake] Al
=34 734 €4 (tubulointerstitial damage)ol] 2]k
Epo2] 7Hat 2 fdQlolel®. oju] Alsed Vol
Al Epo?| 8 AT AR =9 722
AN AH{oldIE 7PHAE (fibroblast  type |
interstitial cel)%Je] FRIxlgict WAl AlEo] F
L W 4 PRk ARl 8ol g, 4l 7E
ol HlA) 4A1F PAlel] Skl wisle] AL R
3 gglell ofgt ez Fgslo] glok B A
2} o) ZA} (preliminary study) & AFEAjo] ol 30
mL/min/1.73m* o}olml, uld& Fulk iy $z}
192042} 2|71 58 =ARE Aat gafel Part 3
el 717 84 Zelobeld, A odakg, 24
AlZb Ao ZAE 4l okt foldh AiakAlz}

A5 Wsick 1920019] 7|5 FahelE A9
HFRo] ohix HWislel el w3t raksle] wme)
- Rlate} widel AAE Adudshi=dl Qo] cHEA
off Tz} QAARE Al7lEel vl A= gzl
& Eslar Wige) AEge] #zdo] 98-S o AsiAl
shedr.
tHA8ER} 620d] < 28 (45.2%)cllollA] ulsle) Wikl
& Rl 4 qladrk. B odolla] A3yt uiwle)
Y A4 4 A9, 29 849, vlell B 9 g4t
A%, A 5 wEE obrlel= diE39) 23]
Zgso] Jlomg olF wiAlgt wlde] HWeld H
sl 2 A gbe dolel. BE, dlg3AE Aus)
= 274 7 7AE ke 92 sltlena U9
wl4te] vy $hay) Al wid gxlelld xpAjsh v
- A T gloat, G #haloll] wigle] ¥
Hx] ok uldoe] M) ghe-& Hel¥ 4 Ugich
AQlEne] Wikl vz o g
Holw, "HAlay adeleld A48, U3 =zdlole]
W, 24417k A gglokat ol ARAlE Hod
ofjpjaltella] AR AAEgTte] Akl S 9
AstAl &)9dck Fioretto 598 Al7l50] F4ola ok
a7 gL vlAlsbis g Bol 7] idAdAl
o] Al {44 B At divlgols 41703
off Wido] ubAgs Hwsled, W4 Az 27|
oflie AlARA W) vlEo] =zl vie] 2y
o] gRlsglel o]tz AlVlso] vlad fAER: ¢
w4 Al 2olell Pz wiklell oslel widol

Table 4. Relationship Between Hemoglobin Levels and Clinical Factors in Diabetic
Patients with Anemia of Uncertain Cause

Anemia with uncertain causes (n=35)

correlation coefficient (r) p-value
Age (years) ' 001 09s
Duration of diabetes (years) 0.20 0.26
Glycated hemoglobin (%) 0.22 0.21
Serum creatinine (mg/dL) - 0.49 0.003
Creatinine clearance (mL/min/1,73m") 0.34 0.03
Albumin excretion rate (mg/24hour) - 0.4 0.009
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o7l 7hsAdel g AzlsA gt

"4 Epow MM A4 a7 o a4 7] =
el Zholl weh =AY WA wEE AY YL
o4l 10~12 mIU/mLolt} AJ%F uldo] Fuksl A5
100~1000 mIU/mL7}4] Z7} sha), W7|318A45 %
2% dldell gkt BA4e g A4Rc) 2 kg Hol
T A7 EcP). qEniel wige Bake wn
i %7 350lloh ulvkiol th=F 20019) WA Epod
248 A7} Fid $k219] Epot= 17.6+8.1 mIU/mL
2 "5k ite) 144.9+4:108.0 mIU/mLol] 88} wi§
k3L, A4H (9.1~30.8 mIU/mL)yeJAY, 48] F
7}E Bl gA4 Zhdoll gt Epodl Hhgo] #5553
£ R F Ydrk YH e gl sk A+
oli] EA Epo7} 312 ol ulsled - Zlo] HRlw
o], 3jol] uhE Epo?]| At wide} U0Y 7HsA
o] AXEHR}?. B Aol thardt dud 3Rk
o] dedol] Hol7t JE-S F-bsiedok shl, Gty
g2ke] Epo w57F tizgol vl #As] k=
Qlow, wigelel uidel tigh Asged ' VollA) o4t
7} 704] ol el nEEUE aeisbd Epogiel
7AE AYHEQ 3o s HulslE ofHE
Aoz Azt ol2idt Azhe AlVls st €A
Al ok B ExloliA] vl digt Aldel o
o] A7} HAE 7HeAE AR

Epos) Auifaiel Y52 w4 A3y A% oHE
o = ubAAzlol] <9J3t ¥i4 (anemia of chronic
disease)2] EAHQ LAol7% sh} Y. nkAl Aol
ojgl dlgel 71A-2 Z7}%l wmor necrosis factor,
interleukin-1 5] Alo]E71Qlo] A1ake] Epo 484 4
F Epo 287158 AAlsle] sl 2o &
24 At it dal, Gade wlFEE uiel
3he- vk A slol of3t wigde] fQ1AglNA AlelEo]
ek =3 o]l afE UYL Aol wIRRIES] 24
1 wlga) oddksie] leR| ool dwiR|A] gket
o] & kg dslell ofgt uig g E3|rie AL 24X
okt

Kojima” $-& €&t G4l 2-g4744 5
o] FFE B FxjollA] ARl sel ARIeE &
515 Epo2] A Ao}t g wldo] wiAsl F

A Basled, By &4 Fol Epod] =4
e of7l & 4 A& YA Epool 24 7
A obd] A¥s) glA dA o), nitric oxide,
adenosine, eicosanoid 3 52 wZAAVEAP) oifsle
Ao A vk e, A AREARA S
& R 9y #Ae divker A S-S Bt
s, B odFeliag} 7ol Al7igel vlad fA1E 7
Sl Epodl Aohd vt wAiehg aedsledof 5
Ak B Aoz, fAglEHe] Wil FulE g
el 714 =19, A DS
T A4 W RE FAsle, 35901F 29 (829
%rollollr AVdgEel BENEE s,
Epo 2471623 A7Fd AHA% 13747 Ais=lel
UA ghot olE #FH T gllek

nomato 59 B4 AE 270l BaslE o
A Epog=e] hay AHA wuio] Alegg ojulsi,
thE ghalol] vlsle] Alago] whE ZPg Ho =
7lell wk7] AR ez efshE rhsdoe] Avka X Hs}
Ak ol fUle| wHakA] ofe- widkE Bk Juy
Alol|A 1A% "W A "skAd) Al 4 3
ol 9] 742 o] a7E A4

floh 22 wldel A WHleg ¥4 Epol| Fo
F 2#% 4 9ok ok 91 digh wid HE,
AL, Yo YFE, sl Y £E 5& 37
s Alge] AAslolof slzlet Richey 598 A%
A el FUHeR gvg s =A% Ay =
Tl AT RAE 542} Epocl] tigt =¥ RA¥ )
Hhgol E719hg Harsle] n¥ga} AHs o] W
317} Epocll digh SrAlEe] ubgell ofgkg miXE
AR Rasidet ol9t 32 Ak did 3o
slgx] 5ol dAe ddzAdo] H=A] FHbslojof
& Zzsia ek

2 Shajolla] HbAgst figle] Wik ke wide
A7lgel vlA A1 739elle A71s % Epos] 4H
Q) zhiet datgle] IS8 o g Asick AR
Ldelldl A7Ts #talr} Aol ok it hAjollA

o5 Azpsl, g§- olol] gt Tt HERE 7Pa e ¢
317] 913 A vt e g Hog Asst

- 674 -



2 %

QY 2 Rl wlde] ficle]
alA) e A7) FE U= ole] A 1l X&
ubdol digh #Ale] Frlsta ek ¥ A AVlE
HA-g FulehA] ok i shajela] fQle] st
2 ok wHidel Qd BAS Wrlela, ¥
erythropoietin (Epo) 32 4thd s} o5& H7}
shaa} sdct

g 1991 1988 1995w 1297kR) dAllehst
2 ouefst B Alughaniel azzeldel Yl
& Pt A algg Akl Ag7lsel vl
FAE 192¢)] F wlgell oidl EHA7E 2EH 62
ole] oJF715-g tldoR sick =3, Ugle] HY
2] gk wIEER} 35018 4Alsle] €A Epo FEE
Zgsla olzd vl Zsiich

Z ok RiEskAe] H YAeE 107114
g/dL, FHFEEE L1+1.5%0 3, dix widel ¢
A& A A 150, AR 134, JHEH 3o,
vitamin B, g, F55A, £84 g 22 10l A
o, 280fjoll4] (45.2%)0llA] wiEe] AE w¥s] &
= glaick

2) Yolm)ate] widdz} 35049 HF Gt 9.8
1.1 gdLg e PATFEEL 0.5+04% 82 B2 o
Skor, P Adeleld A4g (1=0.34, p=0.03),
w2 Faloleld (r=-0.49, p=0.003) 3l 2447 AH
AHu)e] of (r=-0.44, p=0.009)7 F-elgk 4UTHA|
£ Hgrk

3) Udwldkel nlgskxie] Epogsy 17.648.1
mIU/mLE 72 A Ee] w1dg Faksh v di=
T (144.9+108.0 miU/mL)ol] v}l of$- &k Zhg B
JeHp<0.001).

A B gy leld gt fijle] wWEkx] &
2 W82 41715 9 Epoo| AuiF zhiel dao] 9L
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= Abstract =

Reduced Erythropoietin Responsiveness to
Anemia in Diabetic Patients before
Advanced. Diabetic Nephropathy

Yong Seok Yun, M.D., Sung Cheol Kim, M.D,,

Nae chun Yoo, M.D., Young Duk Song, M.D.,

Sung Kit Lim, M.DD., Kyung Rae Kim, M.D,,

Hyun Chul Lee, M.D., Jee Sook Hahn, M.D.,
and Kap Bum Huh, M.D.

Department of Internal Medicine,
Yonsei University College of Medicine, Seoul, Korea

Background: We have often encountered some
diabetic patients, in whom the causes of anemia
were not  clearly identified, despite differential

We,

clinical and biochemical characteristics of diabetic

hematologic  studies. therefore, studied the
patients with anemia of uncertain cause. The study
measured erythropoietin levels in diabetic subjects
without significant diabetic renal disease.

Methods: Among 62 medical records of diabetic
patients - with anemia, showing no evidence of
advanced diabetic nephropathy (creatinine clearance
> 30 mL/min/ l.73mj). the causes of the anemia were
evaluated. In addition, we recruited 35 diabetic
patients with uncertain causes of anemia, in order to
evaluate the serum erythropoietin (Epo) responsive-
ness. Also, we compared their Epo levels to a
group of non-diabetic subjects with similar degree of
anemia.

Results: The causes of anemia were not able to
be identified in 28 (452 %) of 62 patients. The
serum: Epo levels of diabetic patients with anemia of
uncertain cause (17.6:+8.1), were significantly lower
than those of non-diabetic patients with the same
degree of .decrease in hemoglobin levels (144.9+

108.0 mIUfmlL., p<0.001). The hemoglobin levels of



diabetic patients were correlated with creatinine
clearance (r=0.34, p=0.03), serum creatinine levels
(r=-0.49, p=0.003), and albumin excretion rate
(r=-0.44, p=0.009). But, showed no relation with
age, duration of diabetes, glycated hemoglobin,
presence of retinopathy or neuropathy.

Conclusion: We concluded that reduced Epo
responsiveness to anemia could explain the anemia
present in diabetic patient but without advanced
diabetic nephropathy. This may reflect early renal

interstitial damage.

Key Words: Erythropoietin, Anemia, Diabetes
mellitus
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