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AL 3 UAx, 98 (321%)2 ¢
dAgo] gidde A
v F 33, 4% 44
¥E+ F6, Fresenius Medi-
cal Care, Germany)& Al8-8le] AN S Als) wb
o AYe, Fd 94 7§ (urea reduction ra-
tio)2 666+ 1.0%Hch #A=e] HF F57] Y
153.7+3.2 mmHg, °]¥7] ¢S 81.9+1.3 mmHg
9120, BMIE 214706 kg/m* ATt (Table 1). i
Ao oA HE F@aHom 713k SGA”’, 139
(46.4%)°] A4 Fdddelg o), 13% (464%)& 7
o] dokdzx Addiglen, 29 (7.1%)&

A BEAjul (

M 97401 g/dLAa, et
P Az dy 4R 37401 g/dL, 5 &
2 203.1+14.2 mg/dL, 2~ = 142.1£5.8 mg/
AAM 1076*£11.3 mg/dL, HDL Sul=HE

Table 1. Clinical and Biochemical Characteris-
tics of Patients”

N=28

Age (years) 60.1+£1.0
Gender (M : ) 13:1
Duration of dialysis (months) 341£40
SBP (mmlg) 153.7£3.2
DBP (mmifg) 819+13
BMI (kg/m®) 21.4+06
Urea reduction ratio (%) 66.6E£1.0
Hemoglobin (g/dL) 9.7+0.1
Albumin (g/dL) 37201
Total cholesterol (mg/dL) 142.1£58
Triglyceride (mg/dL) 1076 +11.3
IIDL cholesterol (mg/dL) 468126
LDL cholesterol (mg/dL.) 85.7+t5.8
Fasting blood sugar (mg/dL) 203.1%14.2
Creatinine (mg/dlL) 8.0*0.4
C-reactive protein (mg/dL) 1.2+04
iPTH (pg/mL) 66.5*10.9
PAI-1 (ng/ml.) 173%£1.7
vWFEF (%) 153.4%£10.0

"Values are expressed as mean *S.E.

Abbreviations - SBP, systolic blood pressure; DBP,
diastolic blood pressure; BMI, body mass index,
HDL cholesterol, high-density lipoprotein choles-
terol, LDL cholesterol, low-density lipoprotein cho-
lesterol, iPTH, intact parathyroid hormone, PAI-1,
plasminogen activator inhibitor-1; vWF, von Wille-
brand factor
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468126 mg/dLeliew, LDL E¥2HEL 867+ #Fade o, A% dPdHe 139 (464%) A0
58 mg/dLel1al, CRPE 1.2+04 mg/dLAth 2] FYHEETLE 16 (B36%)At F o Atele] A&
St PAIM1E 173*+17 ng/mLlow, vWFE 1534 4 54 3 A8t #4A Ans vasds o, 4
i100%9§t¥ (Table 1). 5 % &R 3 BUNo| gzl M
3% Oé%k VRl ol A RolshAl 3ke} (Table 3 p<

%ol 288 o §st] 23T YUY YZo

AR E 4284012 mmBm, AZE Fob A% 00D

HES ST T AZE Fu 85 WY gy Gpgeel FBAL BAYA SGASG The A%
of AUz ol ¥ FAT JAFH WF) FEFA B Aolo) 4u@AT ohs] 18 Pearson g,%g_

4481010 mm¥o®, FMD (%)9 dwx+= 5.1 e A 43 AlF, BMI €% ¢Rwo] 3G
+1.0% 94t} (Table 2). o} F93 o dHaAst gdlen, CRPE w«l?ﬂ

9 AAAAE Bt (Table 4). & FAEAS
Algst A, BMI (£=0.400, p<0.05), 3 ¥4
SGA®l 93 A4 FIPeTY JFdrTFor B (£=0.320, p<0.05)7 CRP (B8=-0.321, p<0.05)7}
HH o2 SGA® 43 MAE AT

2. SGAO| H&2 Olxls AR 24

=
o
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=
=

Table 2. Parameters Measured by Brachial Ar-
tery Doppler Ultrasonography” 3. [HDQ #ao| Y= 2o Y= P Al0|Q H|T

N=28

g 83 = 129 (429%)44 IHDE I we
BOEDD (mm) 4.2870.12 ejo] glglth IHDS) Wo] SRR $A25 MHD
RH-EDD (mm) 448%0.10 o o 5 .
o 1 o8 BFE &
VD (99) 10 | 3o 9ud BRTOoR ERSHAL W, §
AtelellAl A®, A, FdH, F47IE BML SGA,

*Values are expressed as mean*S.E. -
Abbreviations : B-EDD, baseline end-diastolic di- ol¢t7] d¢, M4, CRP, 18l ¥4 ¢wwl

=
ameter; RH-EDD, end-diastolic diameter during 2 H = slakz ALl Ao S xjo|A
reactive hyperemia; FMD, flow-mediated vasodila- I 15 5 AsEs A A Trv{ ol
tion = ek 2y, THDS] #ge] e #xltellA]

Table 3. Comparison of Clinical Characteristics and Biochemical Parameters between Well-nourished
and Malnourished Diabetic ESRD Patients according to SGA”

Well-nourished (N=13) Malnourished (N=15) p-value
Age (years) 60.0=2.6 602121 NS
Gender (M :F) 16:1 1.1:1 NS
Duration of dialysis (months) 389%6.3 29.4+49 NS
SBP (mmHg) 153.1£46 154246 NS
DBP (mmHg) 835%19 80.4%1.6 NS
Weight (kg) 61.8%£3.0 516x72 <0.01
BMI (kg/m®) 23.1+08 19.7+0.5 <0.01
Urea reduction ratio (%) 655+ 1.5 677112 NS
Hemoglobin (g/dL) 99+02 9610.2 NS
Fasting blood sugar (mg/dL) 189.9+16.2 2146£22.7 NS
Blood urea nitrogen (mg/dL) 66.5+3.6 497144 <0.01
Creatinine (mg/dL) 86105 7.4%0.6 NS
Albumin (g/dL) 40101 35101 <0.01
Total cholesterol (mg/dL) 144.7£10.0 139.8*6.9 NS
C-reactive protein (mg/dL) : 06103 1707 NS

“Values are expressed as mean*S.E.
Abbreviations : SGA, subjective global assessment; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure;, BMI, body mass index
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IHD¢] WHol AR FAwol Hlg] 57 ggol
FrelabAl Eokom, FMD (%)7} fostAl #Haso]
UATH (24£09% o] 7.171.4%) (Table 5, p<0.05).

A
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4. FMDO| g&2 0|xl= 21X}

HE

N s )
nloi'

i gatEo] H8 Fojvl oFA 4 ?i?“’ﬂ uE
FMD (%)9 el ##=HA gkgkon, FMDeF 4
HHAE HolE AAE golry] ¢4 ]536& Pear-
son ATEA A SGA, €F LR CRP7t
FMDe¢} frofg AaaAg 2o}, F4717he A
#HHAAE Hol At SGA 2 ¥H

FMD$} ojrile ko] 4#uAE Belew, CRPe
FMDsE frel3k &of daaAg Helil, PAI-1 %

;(] o)

Table 4. Simple Correlation between SGA and

Variables
r p-value
Weight 0.611 <0.01
BMI 0.656 <0.01
Albumin 0.659 <0.01
Creatinine 0.177 NS
CRP -0.492 <0.01

NS not significant
Abbreviations : SGA, subjective global assessment;
BMI, body mass index; CRP, C-reactive protein

N gabel A BT E 7

Soldel JFe wHE AR —

vWF£ FMD9 &9 4##AE BHA SA4e
2 fosRle Ut (Table 6, Fig. 1). ok 34
A4S Al A3, CRPyle] AR 22 9% 9
ATt (8=-0.567, p<0.01).

I &

A3 (endothelium)= % A 1.8 kg, EHA
< 700 m® FEolw A7HEH] (autocrine), FHEH]
(paracrine) 2 W& (endocrine) 71%< 72 sk}
o H7l2 olsiEn led, AFHE (vasoacti-
vity), BE&AE 4, 849 &7, @ 53 R

& 2
8, dA&3 (thrombolysis), E&4 &,
¥ AK7] (free radical) A2 2Hy 2L Fa3l
88 i o
AWM EE dd5std wals @gxske] oy
242 3Adsi o] AL ol EA Alole
ol sl F3 =
b8 2 (nitric oxide)® e AL 2do] E3)
%}}L%L Sare webabn quph D,
WA REL] TFe) S Hrkshr) A oy 7}
A “o”ﬁ T FMD+= WA xejEy a3
thelium dependent vasodilation) Y& =
o na ABUIAMEL 75Tl E Hrlst= 2

:

X
)
=
A
3

Table 5. Comparison of Clinical Characteristics, Biochemical and Doppler Parameters between IHD

and Non-IHD Diabetic ESRD Patients”

IHD (N=12) Non-IHD (N=16) p-value
Age (years) 61.812.3 588122 NS
Gender (M : F) 20:1 10:1 NS
Duration of dialysis (months) 39.7£6.8 30048 NS
SBP (mmHg) 161.4£36 148044 <0.05
DBP (mmHg) 832419 81.0%1.7 NS
BMI (kg/m"*) 204%23 220%3.2 NS
Hemoglobin (g/dL.) 98+0.3 9.7+0.1 NS
Albumin (g/dL) 36+0.1 3.8%0.1 NS
Total cholesterol (mg/dL) 148.7%+10.4 137.1+64 NS
LDL cholesterol (mg/dL) 95.1+9.2 77.8+7.0 NS
C-reactive protein (mg/dL) 1.2£05 1.2106 NS
FMD (%) 24+09 71%x14 <0.05

“Values are expressed as mean +S.E.
NS not significant

Abbreviations - IHD, ischemic heart disease; SBP, systolic blood pressure; DBP, diastolic blood pressure:

BMI, body mass index; LDL cholesterol, low~density lipoprotein cholesterol,

lation

FMD, flow-mediated vasodi-
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FMD+ 7= & Akgt B-9jof 7hol fAHo] e¢A o
2 3¥ (ischemia)& X3 & olgd x}Tef 93]
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Table 6. Simple Correlation between FMD (%)
and Variables

r p-value
Age -0.186 NS
BMI 0.183 NS
SGA 0.376 <0.05
Albumin 0.498 <0.01
Total cholesterol -0.050 NS
log (CRP) -0.666 <0.01
PAI-1 -0.319 NS
vWF -0.208 NS

NS not significant

Abbreviations - BMI, body mass index; SGA, sub-
jective global assessment, CRP, C-reactive pro-
inhibitor-1;

tein. PAI-1, plasminogen activator
vWF, von Willebrand factor
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20
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Fig. 1. Interrelationship between FMD and PAI-1 (Panel A), SGA (Panel B), serum
albumin (Panel C) and CRP (Panel D) in diabetic ESRD patients on hemo-

dialysis.

NS not significant. Abbreviations - FMD, flow-mediated vasodilation;

PAI-1, plasminogen activator inhibitor-1; SGA, subjective global assessment;

CRP, C-reactive protein.

,52,



— Dong-Ryeol Ryu, et al.: Affecting Factors on Endothelial Dysfunction in Diabetic ESRD Patients on Hemodialysis —

71w, £ dyelMe v 9%
= %1}9% WA E 7]gold dEs Ay »
A= & kvt mEkA ol2d FaUmAE )
ojde] i AA Wil ESRD WE1x sl
= gl

71 olge ez AyZE) B

!

H 3 ESRD #AbolA 22449 (plethysmog-
raphy) 252 SA% s 58 3 Ja433 (fore-
arm postischemic vasodilation)®] AE7} BAFl6
Hi3l ZaEe] dled, 94 gRvs o] vy
Ag BAa, PAI-1%E 29 4aaAg ungey”
o] BAE o of bW 3 AR Ay @
AT 7ol AN B 43859
T BE Ao &4 A% BAglel ZE 49
o8 Al Aol gluk= Ay Aaprl wgd
AP, B Aol FMDE SGA, 2% ¢iul o
CRPY #93F JadAE 299 PAI-1 @ vW

o

=

5

2 o)
G5 g AE Eged Be 43 gy
4

= =
PAT-1 3 vWFHe] @@ g a7 283

HAog Azter}

A Ty ARH S BRE = dRUgA
9 7)%%o] e CRPY 22 F47] @9 (acute
phase protein) ¥ A RolE7IQ1Y ZFrisl AAE
of denz FHHAEe 7)Foldo] T EEF
AABAZ US Aoz AZEHR YIP. quy F
P+ IL-1, IL-6 ¥ TNF-«
94 22 AT ¥54 M)EF) (proinflammatory
cytokine) 9] A& wrgst=s Aoz AZHm 97

MEAY PRI AL 7 5ol why dZE e
FRBAAE A 8 B AyedE 99 B
A22 CRPE &A3tgth

%3 ESRD #xpollA vk 9%, 9@z 2 =

)

ARFEE ME EAEES ABRBA (malnutrition-in-
flammation-atherosclerosis syndrome, MIA 3%
@E molud®, Aoy 3o RE WY 2
AEA Aol T AFEL TN THT, g%
= =

ud gAP gash ¥ ALY

frasted Fa3% ‘%ﬁ‘% 3}"%% BoATASA Aol
E7Qle]l F7tse] Foll A *4*‘1 9 Ryl g
AL A gug O]ﬁ}’gr% (catabolism)°] &7}
dto] 2 o] 2"l gl ESRD -t A
Zhe ATAaEA weldEs A
gl % -E RS RE
CRP7} Gvia RAd: AgEs fee gua
E K vl oW B2 A= CRPo] AMRE
o] f2% d=ARAqcty Bug u ok
Ao g #REe] dYAEHES ﬁﬂé}ﬂ
A A SHES A, T FA o
A GIFEHE Hrlshzd FAg ukg
Bl

[e]
27 SGAE AFstdom? 1 A BMI, &
b=
012} &

2

Aol EFARIL A
1 9] 0. 3

E A
‘r‘

mz A rﬂ'

‘e‘

H#73 CRP7l 98202 SGA 4¢SS v
A4t =3 FMDS AaaA =2
ol 7] 93} Pearson % iJ—Er g
2 ¥3 4¥9E FMD9 #9
2y e CRP¥ FMD$ 593
A, v FAHELS A
Hog fojgh izt

FH ¥ ddd 3 IHDe ¥Ee) Iy
A IHDS #HEo] gid Fabiel vis) FMD (%)
7b FrelatA ZraEoel dded, ol IHDS WA

T

Holx 9l
Alget A SGA
Ei S e O R=2
=9 AHdAE B
A1t CRP3to] %4

Al 33k

X 7]5old Alele] A AuaAE B Aoz
AzZbdn, add, @A7A d@r)te) oFE e &%
Aol o3l FMD7F &d=s FMD7F g9 84
oA AbgEol FrtEtE 97 Axrt Gy vie
e, FMD z7o] #7142 Are Aoz 4
A=Al disiMes FE F7F A e Ao

2 Alg®ch

MAS QALY webd, Bh AT Bxjel
CRPE 24 7b5@ SollslAE 75olael 93e)
A7t 8 5 e Aoz Ard



— g A24d A1E 5P A 915 2005 —

= Abstract =

Affecting Factors on Endothelial
Dysfunction in Diabetic End Stage Renal
Disease Patients on Hemodialysis

Dong-Ryeol Ryu, M.D., Hoon Young Choi, M.D.
Shin-Wook Kang, M.D., Kyu Hun Choi, M.D.
Ho Yung Lee, M.D., Dae-Suk Han, M.D.

Ea Wha Kang, M.D.", Young Ah Kim, M.D."
Sung Jin Oh, M.D.", Beom Seok Kim, M.D."
and Sug Kyun.Shin, M.D.”

Division of Nephrology, Department of Internal
Medicine, Yonsei University College of Medicine,
Seoul; Department of Internal Medicine” and
Laboratory Medicine , NHIC Ilsan Hospital,
Goyang, Korea

Background : Non-traditional risk factors of car-
diovascular disease such as endothelial dysfunction,
inflammation and malnutrition may be significant
contributors to the excessive cardiovascular mortality
in end stage renal disease (ESRD) patients. This
study was undertaken to evaluate endothelial func-
tion in diabetic ESRD patients on hemodialysis and
correlation between endothelial dysfunction and clin-
ical, biochemical parameters.

Methods : Twenty eight stable diabetic ESRD pa-
tients (M :F=1.3:1, average age:60.1T1.0 yr) on he-
modialysis were included. flow-mediated dilation
(FMD) of brachial artery was measured using Dopp-
ler ultrasonography with 10 MHz transducer. Sub-
jective global assessment (SGA) was used to assess
the nutritional status of patients.

Results : The FMD (%) (% change of brachial
artery diameter between before and after cuff infla-
tion) was 5.1%1.0%. Serum albumin and C-reactive
protein (CRP) were independent factors influencing
SGA. When the patients were divided into groups
according to history of ischemic heart disease (IHD),
systolic pressure was significantly higher and FMD
(%) was significantly lower in the group of patients
with IHD compared with the group of patients
without THD. The FMD (%) showed significant posi-
tive correlation with SGA, serum albumin, and sig-
nificant negative correlation with CRP. On multiple
regression analysis, however, only CRP was an
independent factor affecting FMD (%).

Conclusion : These findings suggest that CRP
influenced the nutritional status of diabetic ESRD
patients on hemodialysis, and endothelial dysfunction,
estimated by FMD, was significantly correlated with

CRP. Therefore, CRP can be a modifiable risk factor
for endothelial dysfunction in diabetic ESRD patients
on hemodialysis. (Korean J Nephrol 2005;24(1):47-
56)

Key Words : Endothelial dysfunction, Flow-meli-
ated dilation, Diabetic end stage re-
nal disease (ESRD) patients, lHemo-
dialysis
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