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Red Blood Cell Aggregability in Diabetic Retinopathy
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Abstract

Blood samples from patients with diabetes mellitus were studied in tems of red blood cell ag-
gregability (RBC-A). The whole-blood red blood cell aggregometer introduced by Tomita et al. was
used (Am. J. Physiol. 251: H1205-H1211, 1986). RBC-A was 0.147+0.028/sec for diabetic patients
without retinopathy (52 subjects), 0.140+0.024/sec for diabetic patients with background retinopathy
(32 subjects), 0.169+ +0.026/sec for diabetic patients with proliferative retinopathy (15 subjects), and
0.122+0.026/sec for control (47 subjects) respectively. RBC-A was increased in diabetics compared
with the control, and was more so in diabeties with proliferative retinopathy. Increase of fibrinogen,
decrease of albumin, and increase of globulin may be related to the higher value of RBC-A in diabetic
patients. (Acta Soc Ophthalmol Jpn 92: 1166—1170, 1988)

Key words: Diabetic retinopathy, Red blood cell aggregobility, Whole-blood red blood cell ag-

gregometer
I - OB NMEREECIOEL 4 = o —0RELES L
= TWBEFEZBRTWAY, FRMEREEE T ERE KR
BRBAOEBELEHIEO O L SICMEEEND D, CHETLHEEBOMNMIREE CHE s TEH

ARIGERE © 326 EFTHAM 3 —2100 EFHTFHEES BT 2% (WH6MEIH1 HZf)

Reprint requests to: Kimio Miyashita. M.D. Department of Ophthalmology, Ashikaga Red-Cross Hospital.
3-2100 Honjho Ashikaga-shi 326

(Accepted for publication March 1, 1988)



WEFI63F 7 A10H

LED OFF
|

5 Increase in optical density

L

87—(1167)

Bl FmME77va774
FEE(LINAE © optical density, BRI B, REOHE THE ([$°0 ), shear) &
% B & HER iR O 729 optical density (3385, FiHEOEIE £ & 2 optical den-
sity (GHiE LERICRES, o FAERERBOENMAOEH (K, 248 EBOR L
hEtE L, ARMBREEARORELE Lic Cutl12) X b5/,

fhvdes—HFO12THAEA, HEEEEMBEEC
BT 5 HmMEREERE (RBC-A) ofshiivEiet+a
ThBEEV LV, ThbbitRoBE VDL
FAEEEMEC L HRREROBEP VA - TR
AwTo RBC-AQHEIETH Y, BRKMcEHRT 21
BLEFLEBLCRVWEWEBbRS, T, KFEH
Te M/ MEREE S T H 5 MELEE £ RBC-A L oB# IS
WTh—EDRBIBLR T,
TTREZDO—ATHHHIE L, XHEAELFIAH
L@ mmnikrs 7 v £ —5 —%HBL, B
RRBECIEEACEL RBCABXTHELTVWSHE
RO L., SEGERFEEREEEOEES L UL
DEE - RBC-A oBFGEIc TR ML, Fio
RBC-A e #E83+5RT & LCiAROREDHE & M
BHEEFIEZLRTEY, BBIEOLTET LT ¢
vORY, e 7)ol 747V = OH
A RBC-ATL#iA B+ L& vbhTW5AN, &
EzhbomE#ERTFIEo>-ThBEEEMA,

n x =&

BBFI614 4 A 05624 6 B BRI R +FRbt &
ZHLERREEVALNELEL, UF0X5i3
2o, (1) @EER - T FI(NDR)
524 % 1B, (2) HAHEMEAE % £ -> T 5 HI(SDR)

324 % 11 BE, (3) MEFAMEMEIAE % ff > TV 5 6I(PDR)
1BAEXINEEE L., MEEoRFEIHEREOERL L
UG HIRE CHE L, BB THEMEZRE LY
Shnifliciz o RERE 2 T L CHEE%E
B OH B HE Uiz, SRIEERALTE & L,
s 1 B T59.0+14.65%, 11H¥T60.3+12.4
%, BF©51.5+13. 25%, W R THI.4+5.9FTH » 1,
SEEEah: 1B, %, WRclEEERx], MIH
PMEBEL h AR ES - (p<0.05),

1 7 oS

Rz ER i ERE Ok L D #910cc BRM L, —
RirFpMEE - BEE - EESE 74 7V /=4
YOMER &L, —HILMROERT 7LV a2 — 42—
1wk % RBC-A e (EDTA #n) & L7,

RBC-A @ #lE 12k Tomita H2O £ MRMER 7 7
v A—2—FFERLK, BHEY=—1LFi EDTA
g vh, FRIMEY - s FEHFIA—F L) 2
V7 A P EAF = VDb bBIET oA -8 —
~v Fiz X b M OFERN > EtELE L >, o
Wit ([0 ], shear) #5425 LM77/ v =
774 (M1)2H86h5, RBCAOHRELLTZ
OHRIMET 7 v =7 5 2D TREERREOHBREBEED
EHE B,



88—(1168)

IV & R

RBCADER*H2 1757, RBC-ARx & ©
0.122+0.026/sec, I BETI10.147+0.028/sec, 1 EFT
120.140+0.024, I T 120.169+0.026/sec T & -
fo. M LT I#, 18, B E LiwEEic RBC-
ADPTHEL T W (ERZhp<0.0), IR
BHEZERZLGAT, [#H, N#FckLIIFRIsre
RBC-A B"HFICTTEL T o (FRFH p<0.05,
0.01),

ZeRREIE A (350 IR ©83.049.5g/dl, 1 BET153.6+
50.4, IT#ET150.7+69.8, I C180.5+55.3TH b,
MR L T8, OB HNPFEIERcEETch-1
(p<0.001). LAL 1%, HF NFEoMclEER
FEDbRhich -1,

HbAlc X3 o —HcoRBEL, I B 5 324
8.46+1.83mg/dl, 1B D 5 174 T9.55+2.40, I
BoH5H 68 T.95+3.84THH FhFNEEELR

RBC-A
(/sec)
0.20- )
. 1 {
. "l ' |
0.151 , i - v
{
i : i
& 1 -
0.104 v
“ —P <0.01—
. P<0.01 =]
P <0.001 4
0.05- —N.5——
P <0.05
—P<0.01—
ﬂ.

CONTROL | (NDR) 11 {SDR) 11 (PDR)
2 AW MEREEGE
ik L, NDRE (I#) T1 RBC-A OJTHEA L
Lhiz, SPR#F (IIFF) R IBFLAEEXRD bR
froF25% PDR B (I3 T2 X 512 RBC-A oL
BB b,

Hilt&i 928 7%

=1 EFOMIBEHETOHLE
RBC-A 0 Z bicBiE T e O S 2HF L LT
i, 7AF IR, Fe 7Y voln A/GED
B ErnEz bR,

CONTROL 1 1l m

o

% 43.14’[3&3.1915.1? 395.75:,4.89 3'{.98‘]4.95

Hematocrit e —

X10*/cmm | 22.83+0.40 | 21.75+5.95 | 23.47+9.07 | 22.16+7.38
Platelet

g/dl | 7.0310.40 | 7.2140.56 | 7.03:0.57

6. 'Iﬂ +0.79
Total Protein

g/dl | 4.4240.22| 4.45+0.43 | 4.33+0.44 | 3.83+0.85
Albumin | L 1 |

g/d | 2.61+0.28 [ 2.73+0.39 2.701’0.33| 2.94+0.33
| —t—J [ - —

Globulin LY.

1.711+0.18 | 1.66+0.25
A/G EE=——F

1.62:0.25 | 1,32 0

e

mg/di | 299.4+43.5 | 308.5+77.9 | 328.1+72.2 | 366.8+ 94.3
Fibrinogen e |

t: P<0.1

*  P<0.05
*k P<0.01
%% P<0.001

Hbhich -1,

EIRf R L 2o K EEF T (EL), ~= 7
Voy MIRRICEELU TR, IR, IBEE ST ICE
TFLTED (FhFhp<0.05 0.01, 0.0), F&I
I LI A ELRE FAL 6 (p<0.01), L
PL—IZ~=+ 2 Vv F D{E T RBC-A &g
LAAVWIMETIRELBEDT, ZO~< 20 5 b D
ZAkiz RBC-A L oB#ECcREROBBEE T 2
Tsihatc,

M 4 BEOMICEEZE 2 - e,

BELE IHLINFEOM CIFCEELE TR
72(p<0.05), 747 3 vidlIB o\ Cig, 18,
N#OT XTI LTEERE TS AL (Fh
Fhp<0.05), 7= 7V vxIIBECHs, Dokl
THBECHEMLTWAZ EAED LA (p<0.0013% &
U'p<0.05), I#CHLTHML CLvAHEIED
bho, ¥ ISRl LEnL T3 @@ H
Holo,

a, B, y-7r 7T, EFCEEEREDHA
ot

A/G @, T BRI L TEBRETL T A
(p<0.0D), IWELNBFRIEEZERAbRLh -1
2, IR, DG EdeBct ULETLTV 5 6M
Bdh ot

747V =¥ r3NBclE LR INCES




FEFI63F 7 A10H

fegin (p<0.01) 2FED BRI,

V % #

WRAEICE T A vA e 2 —RRE E L TRl i
BEM, $REERY, AMERZETLEE', AIMEKESERE™, M
WHEEE O 7 FORE MRS h T D, Lo L, BRA
BE ok 5 RBC-AICo\WTIE, WEED RS
Th T CTWRBC-AMTILEL T 5 & DFEDIH
b 00, PEGEEOBEICOWTIE—ED BRI
oy,

Ditzel G2 FEEME I X 2 EBEMFRICH T 5
MR FRMEBEEDBELL 5, NDR, SDR, PDR 0%
BB T RBC-A 2B < JLAET 5 & LT3, Isogai ¥
BAERBAMEBIC L Ao BIZE L Y Scott 0 ~ 111zt
L, Scott I~ V-TiE RBC-ADTT#EL T\ cE LTw
5, ¥fSaten b v A 2—7CPDRITK W 5
RBC-A® JL i ¥ % L T\ % 25, Schmid-
Schoenbein 62 v 4 &2 2 — 7 & f\ 72 % © PDR
TIX NDR, SDR 2tk LT RBC-A @ TH# LIz
L LT3, Tillmann 58 HEE © FEAE 12 (2 7R M Bk
TAEL b RBCAPBEEL Tt LTV 5,

Zhbodh, EEEMECL S RBC-A OHER
EEMERY T AERALTBBLTAT y v 7
DL LRI OMERICLD v —F 4 v 7 %S
LOTHY, LTLHEERNEZFT LV, Fhov A
Aa—FkEflichh BIEIMEMTH D, LicdisT
chbiBWThbEREALF— v icERAL 2R &
Bbhs, ¥, vARa—7RRIECEORMERD
Tz BlERic L 2O DX HGTER Y EBP TR
W, SEER LT = — 7R O4LIMi [ h (shear)]
whE 2 CTHRMBY I E €5 ko ln X h ABC
HhHEELLE, ThbbEECORA G207 7V
T A —& =Rk D ERN, ¥iodAsEY, Hofiiffic
BETE, BRTOFHCMAAbDEELBRS,

LE DR LR EHICERITH RBC-A M
Al LEBECLE LT wioh, SDROBERKETI
NDR Lt oIz EBEZXRDbhicholz, TOT &
b, T3 NDR & SDR i1 5 M/ MEREEORE
DF=Eiic, RBC-ADITHOBEESA L EE2RLT
WhHEEZ LKA, SDR O L 5 ic/ M EREEOES
TlhWEETiRrv+Ae — 2 —IC NDR & £ HIEE
Epfp\WATEEM S B, ¥RiC, NDR & SDR TEN K
Mo foO ik EAK T X 5 NDR & SDR o458
BB D - L b\ 2 b, Thbbh, WEHEH

BE IR MR 1 35 1 5 R MERBEAEEE - B T it

89—(1169)

BETRELD TEEOMBEEIREL 5 2 a[iEMEs
#H, NDR & SDR DK FiEH 5 RE O AR X %5
FEBEB/BEVDHBETH S,

¥ 7, PDR 0B I RBC-A X bz i L T
WhZ ERB B LIS - 7o, PDR TlRflFFICE L TR
WA E -7, L L—BIC RBC-A BFEROT
W2 ETTEL TWAW-% PDRICE T 5 RBC-A D
T Z D FEHERHBOEDOR S I\ L E L BRS,
Tirhb, MMEE{LREUcEBCRs L, TOH
MEBREE I} RBC-A OTTHELRESE L TW5 L)
AEEELAE . bhiz, 20z &L )RR RBC
A ofIEC L b EEEEL, TWLETORETSH
EOETFOFMAETFRL I Z2WHEELH H 50T
windkBbhs,
BRACRIAMBERELLTUL, 747V 7%
Vo A/GEHEDET, e 7Y volm, vAES
rT A vOEPEEORENRS L, SERFLA
PDR iz #17% RBC-A © TS L TV 57 EEH
OHAEMBRTICOVTIET 4 7Y 7 — ¥ v ohkEm,
TATIvoEd, Fe ) voBNGE LR,
Bife, BERRFICE T 5 NEEEOFE X MR ok
RERBZEIC L » T\ 52, BUMEREEE OFHE £ o
5 TLMARMERT 7 V=24 —2—12k % RBC-A
OHlEFERFEY a2 v r—1T5 LT, BEEL
F—VEBRBEETVIBFHLLAFTA—F—Cith )
BOTRIWE B,

VI & &

1 £M7 7 v x—2—%BCBRREREE
& A EREEHRE D B R & RS L7,

2) fEE A UEEEORE ST TSI 2Rk
MERBEREDOTHEI L Bh, FhITIE7 4 7Y /=%
volgn, A/GHEOE TR EOMEREAOEEOMS
2E z bhic,

FHOEEFILE 6 OEERERMESHED ARSI TREL
;e

X ik

1) BESE BEEFomMBEL A= —, @RELD
B, EE®l 29: 319326, 1987.

2) Ditzel J, Moinat P: Changes in serum pro-
teins, lipoproteins, and protein-bound carbo-
hydrates in relation to pathologic alterantions
in the microcirculation of diabetic subjects. J
Lab Clin Med 54 : 843—859, 1959,

3) Isogai Y, Mochizuki K, Yokose T, et al:



90—

4

—

5

~

6)

7

8)

9

p

100

11

(1170)
Intravascular erythrocyte aggregation and
hemorheological abnormalities in diabetes.

Biblthca Anst 20: 161—165, 1981.

Sato M, Imaizumi K, Bessho T, et al: In-
creased ervthrocyte aggregation in diabetes
mellitus and its relationship to glycosylated
hemoglobin and retinopathy. Diabetologia 27 :
517—521, 1984.

Schmid-Schénbein H, Volger E: Red-cell
aggregation and red-cell deformability in
diabetes. Diabetes 25(Suppl) : 897—902, 1976.
Tillmann W, Lakomek M, Heidemann P, et
al: Aggregate formation of erythrocytes and
diabetic retinopathy in children, adolescents,
and adults with diabetes mellitus (tvpe I). Klin
Woch 62: 1136—1139, 1984.

ARAREL, FFILE, BILF— | BERFSHE )G
BREBBOBET—WERFABEELEES Lo,
Therap Res 5: 681—683, 1986.

Benis AM, Lacoste J: Study of erythrocyte
aggregation by blood viscosity at low shear
rates using a balance method. Circ Res 22: 29
—41, 1968.

Tomita M, Gotoh F, Tanahashi N, et al:
Whole-blood red blood cell aggregometer for
human and feline blood. Am J Physiol 251 : 1205
—1211, 1986.

HsAck, BB B, BEH R BREREECE
it % ik Ek aggregation rate izo\ T, [RES
26: 933, 1986.

Yamamoto M : Effects offibrinogen, globulin,

12)

Lo

13

N

14

(&

15)

16)

bl

18)

19

Hit&sE 925 7%

albumin and hematocrit on the kinetics of
erythrocyte aggregation in man. Angiol 37 : 663
—671, 1986.

Witsiok, #EEXS, BB &l JRMIK aggre
gation rate & M¥EFEHT £ OB, HAR- 141
*r 2 —FEmTrE, 215—218, 1986.

Chien 8, Usami S, Taylor HM, et al: Effects
of hematocrit and plasma proteins on human
blood rheology at low shear rate. ] Appl
Physiol 21 : 81—87, 1966.

Sagel J, Cowell JA, Crok L, et al: Increased
platelet aggregatin in erly diabetes mellitus.
Am Int Med 82: 733—738, 1975.

TRET, mEEE, REEAM | BIFmEE R
EORER L MBEFROB X LBEIZ OV T OB,
HER 74:151—167, 1970.

McMillan DE, Utterback NG, Puma JL:
Reduced erythrocyte deformability in diabetes.
Diabetes 27 : 895—901, 1978.

Wautier JL, LeBlanc H, Wautier MP, et al;
Erythrocyte adhesion to cultured endothelium
and glycemic control in type I (insulin-
dependent) diabetic patients. Diabetologica 29 :
151—155, 1986.

Bode WA, Fonk T, Veen EA, et al: Blood
viscosity in diabetic retinopathy. Neth ] Med
28 : 449—453, 0000.

WiEsicx, EA I8, HBEXSE . R agerega-
tion rate O ZBERIFE—FWMELicov-T—, IRk
BE 27:1041, 1987.




