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The Relationship between Metabolic Syndrome and Erythrocyte Deformability in Small
Vessel Disease Stroke Patients
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ABSTRACT

Objectives : The aim of this study was to assess the relationship between metabolic syndrome and erythrocyte
deformability in acute stroke patients.

Methods : Among 83 of the recruited patients, 52 were diagnosed as metabolic syndrome. We assessed their general
characteristics, risk factors. We compared the assessed variables between metabolic syndrome and control group. We analyzed
the relationship between metabolic syndrome and erythrocyte deformability. We analyzed relationship between cardiovascular
risk factors and erythrocyte deformability.

Results : The general characteristics waist and hip circumference, waist/hip ratio were higher in metabolic syndrome group.
The metabolic syndrome group was also diagnosed with hypertension, DM, and hyperlipidemia more often than the control
group. The blood test metabolic syndrome group showed higher triglycerides, total lipids, fasting blood sugar, and 2 hours
postprandial plasma glucose level and lower HDL-cholesterol than the control group. There were more patients diagnosed with
Dampness—-Phlegm in the metabolic syndrome group. There were more patients showing lower erythrocyte deformability in the
metabolic syndrome group. The plasma homocysteine level was negatively correlated with erythrocyte deformability.

Conclusion : The results reconfirmed that the risk factors are more in metabolic syndrome group. The results indicated
that metabolic syndrome lead to a lower erythrocyte deformability in small vessel disease stroke patients. The Plasma
homocysteine level was negatively correlated with erythrocyte deformability

Key words - Stroke, Erythrocyte deformability, Small Vessel Occlusion, Metabolic Syndrome, Homocysteine
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Table 1. General Characteristics of the Subjects by Metabolic Syndrome(MS) in Small Vessel
Occlusion Stroke Patients

MS Group (n=52) Non MS Group(n=36) p-value*

Age, mean 67.40£9.95 65.89+10.36 0.492
Sex Male 27(51.9) 25(69.4) 0.100
Female 25(48.1) 11(30.6)
Height(cm) 160.82+9.24 162.42+8.34 0413
Weight(kg) 61.98+8.99 61.58+10.28 0.850
BMI(kg/mZ) 23.93+2.62 23.25+3.12 0.284
Waist Circumference(cm) 89.46+6.92 84.00+7.40 0.002
Hip Circumference(cm) 94.58+5.75 90.88+7.08 0.015
W/H ratio 0.95+0.05 0.93+0.05 <0.001
NIHSS 3.71£4.02 3.96£4.13 0.077
Hypertension 43(82.7) 11(30.6) <0.001
Diabetes 22(42.3) 3(83) <0.001
Hyperlipidemia 6(11.5) 0(0.0) 0.035
History,n(%) TIA 5(9.6) 6(17.1) 0.300
Ischemic Heart Disease 2(38) 000.0) 0.234
Migraine 10(19.2) 4(11.1) 0.306
Stroke History 15(28.8) 4(11.1) 0.047
Hypertension 42(80.8) 18(50.0) 0.002
Final Diagnosis ~ Diabetes 24(46.2) 3(8.3) <0.001
Hyperlipidemia 31(59.6) 3(8.3) <0.001
Smoking 20(385) 19(52.8) 0.184
Alcohol 21(404) 20(55.6) 0.161
Risk Factorsn(%) Stress 15(28.8) 4(11.1) 0.047
Abdominal Obesity 42(97.7) 26(81.3) 0.016
Hyperhomocysteinemia A(7.8) 4(11.1) 0.603
Exercise(%) 17(32.7) 16(44.4) 0.263
Meat 26(50.0) 19(52.8) 0.798
Diet,n(%) Sea food 30(57.7) 21(58.3) 0.952
Fast food 7(135) 5(13.9) 0.94

Values are MeantSD / Values are Number(%)

BMI, body mass index; W/H ratio, waist circumference/hip circumference; DM, Diabetes mellitus; TIA,
Transientischemic attack

* | Statistical significance was calculated by independent t-test for Continuous variables and chi-squared test
for Categorical variables.
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Table 2. Distribution of Blood Test Result by Metabolic Syndrome in Small Vessel Occlusion Stroke Patients

Metabolic Syndrome

Variables

p-valuex

MS group Non-MS group
Homocysteine(nmol/ml) 10.74%9.05 10.59+3.68 0.925
Vitamine B12(pg/ml) 686.21£325.66 544.57+206.81 0.027
Folic acid(ng/ml) 7.07+4.24 6.74+351 0.708
Total Cholesterol(mg/dl) 182.29+56.54 161.97+37.83 0.063
Triglyceride(mg/dl) 191.76£171.74 102.28+53.19 0.003
HDL-chol(mg/dl) 3894+9.11 43.47+10.08 0.031
Total lipid(mg/dl) 619.19+236.34 477 42+129.43 0.002
FBS(mg/dl) 115.65+37.57 95.47+27.86 0.005
PP2hrs(mg/dl) 173.15+69.65 130.70+31.10 <0.001
WBC(10® /ul ) 7.74£3.09 8.10£3.22 0592
RBC(10° /ul ) 4.37£0.57 4.39£0.52 0.844
Hb(g/dl) 13.38+1.93 1341191 0934
Het(%) 38.82+5.31 45.04+31.45 0.165
Fibrinogen(mg/dl) 361.96+115.90 330.18+70.10 0.155

Values are Mean+SD

* . Statistical significance was calculated by independent t-test for Continuous variables
HDL-chol, high density lipoprotein cholesterol; FBS, fast blood sugar; PP2Zhrs, Zhours postprandial plasma
glucose level ; WBC, White blood cell; RBC, Red blood cell ; Hb, Hemoglohin ; Hct, hematocrit

Table 3. Distribution of Oriental Medical Diagnosis by Metabolic Syndrome in Small Vessel

Occlusion Stroke Patients

Metabolic Syndrome

Oriental Medical Diagnosis S on MS(=30) p-values
Fire & Heat 59.6) 4(11.1) 0925
Dampness & Phlegm 23(44.2) 6(16.7) 0.007
Blood Stasis 0 -
qi Deficiency 59.6) 7(19.4) 0.186
eum Deficiency 2(38) 12.8) 0.786

Values are number(%)
MS. Metabolic Syndrome

* 1 Statistical significance was calculated by chi-squared test
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Table 4. Distribution of Comprehensive Diagnosis of Qui Xui Shui by Metabolic Syndrome in Small

Vessel Occlusion Stroke Patients

Comprehensive Diagnosis of

Metabolic Syndrome

Qi Blood & Water MS(n=52) non MS(n=36) p-values
Qi deficiency 24(47.1) 15(45.5) 0.866
Qi counterflow 7(33.3) 12(36.4) 0.775
Qi depression 21(41.2) 11(33.3) 0470
Blood deficiency 26(51.0) 16(485) 0.823
Blood stasis 12(235) 7(21.2) 0.804
Water stagnation 28(54.9) 19(57.6) 0.809

Values are number(%)
MS. Metaholic Syndrome

* 1 Statistical significance was calculated by chi-squared test

Table 5. Erythrocyte Deformability Expressed by Elongation Index in Metabolic Syndrome and
Control Group in Small Vessel Occlusion Stroke Patients

Erythrocyte Deformability

Metabolic Syndrome

(Elongation index) MS(n=34) non MS(n=26) PRI
Lower rank 1/3 21(61.8) 9(34.6) 0.037
Higher rank 1/3 13(38.2) 17(65.4)

Values are number(%)
MS. Metabolic Syndrome

* . Statistical significance was calculated by chi-squared test

6. MET HYSo MEn A Hesne| M
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Table 6. Correlations between Elongation Index

and Various Parameters in  Small
Vessel Occlusion Stroke Patients

Variables r p-valuex
Age 0.112 0.298
Body Mass Index -0.044 0.687
Waist Circumference -0.002 0.990
Waist/Hip Ratio 0.000 1.000
Homocysteine -0.365 0.001
Fibrinogen -0.074 0.497
Total Cholesterol 0.006 0.955
HDL-Cholesterol 0.124 0.250
Triglyceride -0.145 0.179
Total Lipid -0.050 0.642
Fasting Blood Sugar -0.033 0.774

# . Coefficients (r) and P values were calculated by
the Pearson correlation analysis
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FAAFAXNE MSito] TG, Total lipid FBS, SREA2HQ 59 Z7l= MTHFR 44 #
PP2hrs7} 938H4] &3 HDL-Chole] #2JsHA o], Vitamine B12, Vitamine B6, Folic acid 2%
U Yebted o)A 3 ST A 1) o] FH oz FFNIHREY 7)5 o]
of 33 Axz AZAEHTable 2). 3 7HA dodlu RS Yo AR 4
4. sRA2H 0] LAASE SVO o= A

Ao et diEFE HET 4
#HA i A7e BA o dASETel

qge el dane *

T2 AL MSTA HEF BAZe] o & AT

& FFE Tkl dEiME o)Al o HE
kUl ] TEROE 434 HAN YA
QA T ZEAZHQ FA7F FofeA =
o} ZEAIZHQlO] F7 FHHOg:E A¥H

H oM N orr 2 X oo Mg @A o ofn

FolaA geEol B 0% 43 2 Aclgn ANE v A9 o
& Ao YEdTh(Table 3) ol olHol oAl A7 Wol2 A%k MTHFREAS] 24 A8
TN FETY #EASs e W 59 A2 dF TRAZHSQ FAE F7HAA FAY @
“o} dxat AR A st AT FAME E3] BEA L8P0 ZE3le] B
gHojshy] Jeke] 7hsAde Al & W AAEH dZ A2 FHE FAee L¥WHF
8¢ WS 7 WSy 539 AYgAo] FoH (microangiopathy) & X177 B o2 Az}
HEgYog B dydXe HET Wiy 7 ot dRoME e Ao SRAZH <1
Zte] 7185 WS BXo g #AVE et DA Aol loH WAHRE udE Ay
(Table 4). Zo| AT #HHE 4749 29E JA] TRA]
2 AT e HBN §8 F SVOTs e ZE1F #HHo] Sl AT ZAFAEo] YA
2 A3 A8 WYY ABEES Pt SEAZHSY F7HE A TS T8k @
Rzt std=d MSwelA AET HEso] Ast 1}e] @910 Holop dthe FU Yo gl
¥ 3A7E wMSTo] HlE) frolEtAl wokor o alEdEFo] wAstE o] nES) T, Hnt
(Table 5) o] HIFF $A5 g = Pd o] o] A st Aol THAZHIY
ATAH s} YAF dEde HYT WIS Z74E Z¥shs AL ofn] IA e Aol
AR e A8F 32U FEA At A Ho] dATelA HEF WS ded AFA
79 Hx2 #"sII? H2, d&d AT o] &9 AWWAE AL e Ao YA
WIEddFo] A9 5 S7MI7IL MY kA SVOTellA S RAIZEIQ1Y F7he}h AdT
¢ AsAZIgE Aol Bud wp k. tiAE WY At FHEAFL Qled AIAolge
F7o] AAZ9 Hele dedAFen I TEE By mAEEEZolgE TFE HHE
Jerz & AFdx dAEFa S AP AE F ds Aotk
HEso] A3t AL Qled Aoz Ay AeAor & dAFe A AFoE H7
T doH dAagFato]l o] MYs F =84 A SVOT A tARES 8te] AT M-S
S s e s & F ATk o] AstE o] i1, TEAZH]IO] H¥T HIF
AEH #4E A} AT W¥TY A & 29 AHIATE dve As Hedloh
g AHE AP M TRALEHI] F7EGE o 2 A7 dHE A2 F Ak Aleld]
Y Wyso] FYsiA Hasgen & A AFAAE A= ofefdon, A7 S



SEHR M ASTR HPPHH S DRy

97349 SVOTo2 BYste] 2A HNPABA
Ag3e Qg ARG, ol R
dete] F5 ¥4 WY AA 2wl YA
o2 § AW} 988 Aoz AnEh B3 5
BAZHAS 48T WPS] Aed AP
g3 H9HE AAnYE 2= A0E A7
3% Aed APAL 2ol 243 A4d A%
Azt AR WAs, zeAzEel Bl et
Q77 9o Ao 4eh

aAtel =

& Q7 sty Ko2009 A9
o} 5.

This research was supported by a grant from
the Korea Institute of Oriental Medicine (K09200).

I
rok

ks

1. Adams HP ]Jr, del Zoppo G, Alberts M], Bhatt
DL, Brass L, Furlan A et al. Guidelines for the
early management of adults with ischemic
stroke. Circulation. 2007 May 22;115(20):478-534.

2. s, Az, vl ojgul, AdHE. HEA

% AN tAESFTH SRAZEY
WA W78 333 A, 2005;23(1):9-14.

3. o], ol7lE, AWt S¥Y HEF ofFel
e Ak HEF AFAAY 9T Aol A
o], 2006,42(2):116-23.

78, 9EY, ANE A Bktacytometer

0]&-3} tert-Butyl Hydroperoxide, Verapamil

Ascorbate #|2] A&8o] M[FHEA MY

2. RIS A]. 2008;28(5):325-31.

5. Sola, E, Vaya, A, Santaolaria, M.L, Hernandez
-Mijares, A, Réganon, E, Vila, V. et al. Erythrocyte
deformahility in obesity measured by ektacytometric

=
i)
offl
ool

off WH

770

techniques. Clinical Hemorheology and Microcirculation.
2007;37(3):219-27.

6. Aloulou 1., Varlet-Marie E., Mercier J., Brun J.
Hemorheological disturbances correlate with the
lipid profile but not with the NCEP-ATPII
score of the metabolic syndrome. Clinical
Hemorheology and Microcirculation. 2006;35(1)
207-12.

8. Yong-Jae Kim. Metabolic syndrome and Stroke.
J Korean Neural Assoc. 2005;23(5):585-94.

9. A, tirAESFTd Adads 71493t
A]. 2005;25(11):502-6.

10. Executive Summary of the Third Report of
the National Cholesterol Education Program
(NECP) Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III). JAMA.
2001,285:2486-97.

11. Spence JD. Patients with atherisclerotic vascular
disease: how low should plasma homocystine
levels go?. Am J Cardiovasc Drugs. 2001;1(2)
:85-9.

12. Harold P. Adams, Robert F. Woolson, William
R. Clarke, Patricia H. Davis, Birgitte H.
Bendixen, Betsy B. Love et al. Design of the
Trial of Org 10172 in Acute Stroke Treatment
(TOAST). Control Clin Trials. 1997;18:358-77.

13 &34, HgA, AN, &F35, 23 44
FHAA dAEFTY 8 SEAIZHQIY
A 7H4 e 831 A]. 2008,29:499-505.

14. Grundy SM, Cleeman JI, Daniels SR, Donato
KA, Eckel RH, Costa F, et al. Diagnosis and
management of the metabolic syndrome: An



15.

16.

17.

18.

19.

20.

21.

22.

‘c__vll/gv’f// .

American Heart Association/National Heart,
Lung, and Blood Institute scientific statement.
Circulation. 2005,112(17):2735-52.

WHO Western Pacific Region, IASO and IOTF.
The Asia-Pacific Perspective : Redifinding obesity
and its treatment. Health Communications

Australia Pty Ltd;2000.

7107:1 Hl?gh’i]— 71564 :EI%E, 7eq A=
. AR 2AF A8 A sl g
F88-3] %], 2007;18(3):129-37.
Sehyun Shin, Yun-Hee Ku, Jang-Soo Suh, M.
Singh. Rheological characteristics of erythrocytes
incubated in glucose media. Clinical Hemorheology
and Microcirculation. 2008;38:153-61.

Shin S., Hou J., Suh J., Singh M. Validation
and application of a microfluidic ektacytometer
(RheoScan-D)  in
deformability. Clinical Hemorheology and
Microcirculation. 2007;37:319-28.

geite}l 712EAL SHE wle= A .
M FASIAE 2005, p. 48-110.

Sehyun Shin, Yun-Hee Ku, Jian-Xun Ho, Yu-
Kyung Kim, Jang-Soo Suh, M. Singh. Progressive
impairment of erythrocyte deformability as

{4

measuring  erythrocyte

indicator of microangiography in type 2 diabetes
mellitus. Clinical Hemorheology and Microcirculation.
2007;36:253-61.

I, A H, A4, ?J%J%, A
H737] S SAte] A
Frol et T ‘H? ko] 33 A, 2009
:30(2):56-62.

Aloulou I, Varlet-Marie E., Mercier J., Brun
J. The hemorheological aspects of the metabolic

g7 - Z/0/g - FA?

2. 2

21.

28.

20.

30.

cERA e FI/S . BIA2 - DA . 0/ F 4

syndrome are a combination of separate effects
of insulin resistance, hyperinsulinemia and adiposity.
Clinical Hemorheology and Microcirculation.
2006;35(1-2):113-9.

R, DAY, FAS, 15,

5.

dA AT .

S, AT, KEY, Y, 1A, olFH
5. 7185HFel % 7154 astEE S
HSHE A e AsE A 2004:25(2)
:224-31.

AN gt vpole FAF . TIAA Y.

2007'47(6) 49-55.

gz, g, AdE, 228, A
F. ATP 19 A&7]zel
FHES #d P8 4. 7PEYsksA.
2003;24:135-43.

oMM, o B, g, AEZ, A, oD
T, AL %‘—Hé Aol AEF M5
#Hek AT 7 1993;17(1):79-87.

o]ook.ﬁr., 7131%3, _ir A2 l 71HV~ o] y_/é:i(}/g
2R gt & M]*H HYF 5ol &
3k A w=37]. 1994 24(1)1-7.

Szapary L., Horvath B.,, Marton Zs., Alexy T.,

Dememter N., Szots M. et al. Hemorheological
with
cerebrovascular disease. Clinical Hemorheology
and Microcirculation. 2004;31(1):1-9.

disturbances in  patients chronic

A, olitg, MAs, Az, 7&% AR
= WA Sz} Li_w] H8Z3 67T
MTHFR #32 ©t&/3¢] gaaa. tgil7

78t 7). 2002;20(4):346—52.

77





