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PA S JAAE 1) o] 7}7<]J— A= S Al A
apolipoprotein B/Al ratio®} d=HA A, pulse wave
velocity?] A
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Ale S sMAstsel o Adadsd Fash
og&S  Fm, Apolipoprotein B/Al  (Apo B/Al) ratio:
WAS St AdEe] sWAstSI Folgh AddAzE dva
g A vk, # A e AT 27|xIEE Y skl
Pulse Wave Velocity (PW)} Apo B/Al ratioz}e] @A =
olEUAILAS ¥EeH5to] Apo B/AL ratioo] FFTFS WA & A=
orol 1 ofrt.

W 1,887 S oo R A AS 2 A4H B4, dAsF
o] K- Adiponectin, HOMA-IR, Apo B/Al ratio®} PWE A 3to] 4
F3H] AHAdEs A el

A3 gAbSsF el wel AREAS, s, #5719
o]t7] &9}, Total Cholesterol (TC), Triglycerides (TG), HDL-
cholesterol (HDL-C), Fasting Blood Sugar (FBS), Serum Insulin,
HOMA-IR, Adiponectin, Apo B/Al ratio, Aortic PWV, Leg PWV7} &
7FeFAth. Apo B/AL ratio= ™It AR A7k A, 1C, TG, HDL-C,
LDL-cholesterol, FBS, Adiponectin, HOMA-IR¥} 45 Aol <
Qlow  o]= TC, TG, HDL-C®] Apo B/Al ratiod] S HeIxFAt},
AE: ARSI TS 2 oA Apo B/AL ratio, 9E¥ A A
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(intima media thickness), Pulse Wave Velocity (PWV), &%
9=, 49 A" 452G 5o A

Apolipoproteine Aol WAI=R, sWAHASSSTH  Fost
daAol dnta A lew, o] A+ -EolA Apolipoprotein
B/A1 ratioZ} wWHAMSSFT¥ HAHS A #AE 2 AR

JERasy 2o FUgszel Sddd dudes nad.
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e IxE A7 Ades A9 gle AAon. w2
ATl s HAFS S JAAE DR o] 7HA L &= @ A4
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LA di%
2008 3YEE 20083 12¥€97}A] AL U= 17719 3z A=
71AE ke g sl tAkS

Tt IAE 17 ol 7R U=
= Al 3, 1349 e Wi e® §igla, o T 7|5 Aoy

Z, sg=EdE, 757 d4H oj¢r] dUEs
B2 2590 gAEE o] Age 20014
% Third report of National Cholesterol Education Program

(NCEP) Adult Treatment Panel (ATP)olA g% 5709 &zt
% 37 ol AS AL e ASE ATt (Table 1)



Table 1. NCEP-ATP III Guideline about Metabolic Syndrome
(Asia-Pacific)

Male Female

Abdominal Obesity
> 90 > 80

(Waist Circumference) (cm)
Triglycerides (mg/dL) > 150
HDL-cholesterol (mg/dL) < 40 <50
Blood Pressure (mmHg) > 130/85
FBS (mg/dL) > 110

NCEP-ATP III = Third report of National Cholesterol Education
Program—Adult Treatment Panel; HDL = high-density lipoprotein;

FBS = fasting blood sugar



uh. Asksta 54 9 Apolipoprotein Al, B ZA}

8AIZES] T4l FAI% - Adedar, AE A5 A YA
3 A A o]&d w7bA -70" C oA Aeraitt.
g2  Standard Glucose Oxidase Reference Method (747
Automatic Analyzer, Hitachi, Tokyo, Japan)E& &3l 433,
Total cholesterol (TC), HDL cholesterol (HDL-C) =12]ar
Triglycerides (TG)= Enzymatic Color Test (Daiichi, Hitachi
747, Japan)dl <3 FAsRew, LDL cholesterol (LDL-C)<&
Friedewald Formula®l] <3} A48} tE. Fasting Serum Insulin<
Chemiluminescence (RIA kit, Daiichi, Japan)oll <J3l =7d3}Slct.
Apolipoprotein B (Apo B), Apolipoprotein Al (Apo Al)&
Immunoturbidimetry (Hitachi Auto—Analyzer, Model 705,
Japan )oll ola A3kt

2]

o Qled A g

HOMA-TIR ~ (Homeostasis  Model Assessment of Insulin
Resistance) Th&3 £ 324S5 o] &3t AlAtslalt.
HOMA-IR = Fasting Serum Insulin (pU/mL) X Fasting Blood
Sugar (mmol/L) / 22.5

He
rJ

4 A

=]
e

Adiponectin %% Anti-Human Adiponectin Antibody (Komed
Co., Seoul, Korea)ol] <J3l 3s{sla HWk2S F23k 5 ELISA

W (Hitachi 747 Analyzer, Tokyo, Japan)< ©]-&3Fo] =A 3k t).

ARl HAa 5 b Fell HIHFH AE Ty 47
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(Automatic Waveform Analyzer: PP-1000, Hanbyul Meditech Co.,
Korea)& Ab&3ste] HAAs™, diEsw, FHRsHA FH3E
SAlel S48l Wak AAE veAE ok AlA (Model 1451,
MSIUSA Co., USA)E ol&staL, o4 B 2EHS Fdto] s
wWets HEsIgY. W] oldZIFE  Cutoff Frequencys
0.0620 Hzz= Hojlem 6709 Az (WA=, As, 4719

s
Fushe 2o 9% Al B 0z B4 S
_]

Ay = F2& vy, FAstax st 7 AF 19
Aol F AHZr] AEE = WMol AIZExel wukx o] Al 7F
(Pulse Transit Time) O & [BR A Ak o} o) A =

BE A8 EAE SPSS (Windows Version 11.0, SPSS Inc. IL,
USHE  ol&sl ®#4e Adsiddd. 74 @2 Bad
EodzkE Jepdt, giAbeST £5, dEd A3 Apo B/AL
ratiodl wel ZHz} JfAlEel THA Qe vEFdE A9
HAXE v 2sl7] ¢Jall Unpaired t test® One-way Analysis of
Variance (ANOVA)E o] &grt. WFIte] AddA  E4d&

Partial Correlationg ©o]&3l] HAITAZL, o T Jude

=

WEES AEsto] Apolipoprotein B/A1 ratioo] S WX +=
Helzxts  Felstr] sl Multiple Linear Regressions
Al Yst Tt pvalueZb 0.05 v9EQl A5 FAgHoR {3
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ZFol 7k = Ao Ayt

AA A7 gAY A 54S BY, dA 1,878 (F
9979, &} 8907)el Ht AH-S 55.89+11.11 A, A=A
25.51+3.44 kg/n’, S HEd 88.95+18.88 cm, F7] I+ 127.36
+14.87 muHg, ©]¢+7] < 80.20+10.14 mmig, TC 181.01+36.53
mg/dL, TG 154.65+96.73 mg/dL, HDL-C 51.21+13.16 mg/dL, LDL-C
112.41+42.60 mg/dL, Fasting Blood Sugar (FBS) 113.09%38.95
mg/dL, Fasting Serum Insulin 6.45+7.85 plU/mL, €=
Adiponectin %% 8.06+£6.10 mg/L, Apo B 126.67+38.39 mg/dL,
Apo Al 185.46+51.19 mg/dL, Apo B/Al ratio 0.72%0.27, HOMA-IR
1.83+2.61, Aortic PW 7.78+1.32 m/s, Leg PWV 9.76+1.51 m/s
ojtt. ¥, FuH, oAANIFTE GRS Abgho] 747} 1476
g (78.22%), 674 Y (35.72%), 663 T (35.14%)°1R3 FAAT}
766 Y4 (40.59%)°]AtE. AHE] wE ANH EAL YAE FAFS
WX S HIITH (Table 2)
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Table 2. Characteristics of Study Population

Total Men Women

(n=1887) (n=997) (n=890)
Age (yrs) 55.89+11.11 54.49+11.64 57.47+10.27"
BMI (kg/m”) 25.51%+3.44 25.58+3.34 25.44+3.55
WC (cm) 88.95+£18.88 91.13%8.16 86.51+25.89"
HIN (%) 1476(78.22) 808(81.04) 668(75.06)
DM (%) 674(35.72) 317(31.80) 357(40.11)
Dyslipidemia (%) 663(35.14) 390(39.12) 273(30.67)
Smoking (%) 766(40.59) 401(40.22) 365(41.01)
SBP (mmHg) 127.36+14.87 128.07%14.63 126.56+15.11"
DBP (mmHg) 80.20+£10.14  81.67%£10.40 78.55+9.58"
TC (mg/dL) 181.01+£36.53 177.411+36.67 185.04+35.97
TG (mg/dL) 154.65+96.73 168.12+109.22 139.56+77.80"

HDL-C(mg/dL)
LDL-C(mg/dL)
FBS (mg/dL)

Insulin( p IU/mL)
Adiponectin (mg/L)

Apo B(mg/dL)
Apo Al(mg/dL)

51.21+13.16
112.41+£42.60
113.09%38.95
6.45+7.85
8.06+6.10
126.67+38.39
185.46+£51.19

48.20+£12.10
108.69%32.00
114.82+34.33
6.27+7.81
6.45+3.75
125.05£38.74
178.10£46.49

54.57+13.48"
116.58£51.67"
111.16+43.49
6.66+7.90
9.86+7.55
128.49+37.93
193.72+£54.86"

Apo B/Al 0.72£0.27 0.73+0.24 0.70£0.31
HOMA-IR 1.83+2.61 1.75+2.21 1.92+2.99
Aortic PWV (m/s) 7.78+1.32 8.00£1.26 7.54+1.35"
Leg PWV (m/s) 9.76%+1.51 9.98+1.48 9.53%+1.50
Values are mean=SD

" p<0.05 for differences between gender

BMI = body mass index; WC = waist circumference; HIN =
hypertension; DM = diabetes mellitus; SBP = systolic blood
pressure; DBP = diastolic blood pressure; TC = total
cholesterol; TG = triglycerides; HDL-C = high-density
lipoprotein—cholesterol; LDL-C = low-density lipoprotein—

cholesterol; FBS = fasting blood sugar; Apo B = apolipoprotein
B; Apo Al = apolipoprotein Al; Apo B/Al1 = apolipoprotein B/Al;
HOMA-IR = homeostasis model assessment insulin resistance; PWV
= pulse-wave velocity



g ddasivt.” o1 A3
At to] e welA §le wRT AAFEAF, e,
=719} olk7] &<}, TC, TG, FBS, Serum Insulin, Apo B/Al ratio,
HOMA-IR, Aortic PWV, Leg PW7} %2 4x& H3it}. whd HDL-C,
d% Adiponectin &%= Aol Q= ol o WA uE
W ol d S Al BAglel HY ESolA 3 4 3l
ATh. (Table 3)
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Table 3. Baseline Characteristics of Study Population
according to Metabolic Syndrome
Men Women
MS () MS (+) MS (=) MS (+)
(n=519) (n=478) (n=452) (n=438)
Age (yrs) 55.52+11.59 53.36%+11.61 56.91£10.58 58.05+9.92
BMI (kg/mz) 24.48+2.89 26.77+3.40" 24.45+3.40 26.46+3.41"
WC (cm) 88.08+7.28 94.,44+7.78" 82.69£9.07 90.46+35.33"
SBP (mmHg) 122.14+12.68  134.50%+13.88"  121.11+13.00 132.20+15.09"
DBP (mmig) 77.63%£8.52 86.05+10.49" 75.14£8.19 82.08+9.63"
TC(mg/dL) 174.67+35.17 180.39+38.04" 183.99+£33.50 186.11+38.36"
TG(mg/dL) 125.33£67.58 214.57+125.68" 105.00+49.93 175.23+85.03"

HDL-C (mg/dL)
LDL-C(mg/dL)
FBS (mg/dL)

Insulin( p IU/mL)
Adiponect in(mg/L)

Apo B(mg/dL)
Apo Al(mg/dL)
Apo B/A1
HOMA-IR

Aortic PWV (m/s)

Leg PW(m/s)

51.35%£12.01
108.67+30.81
108.04+30.00
5.52+7.12
7.00£3.91
119.50+37.05
177.63+46.06
0.69£0.22
1.43£1.80
7.92%x1.24
9.89t1.44

44.78+11.25"
108.72+33.29
122.17437.13"
7.08+8.43"
5.86+3.49°
131.08+39.67"
178.60+46.99"
0.7640.26"
2.09+2.54°
8.08+1.28"
10.07+1.53"

59.42+13.16
117.10+64.79
100.76+21.10
5.82+7.73
10.99+8.41
124.77+36.93
199.58+57.20
0.67%0.35
1.46£1.97
7.44+£1.34
9.39+1.47

49.57+11.90"
116.05+33.15
121.89456.23"
7.53+7.99
8.70+6.33"
132.33+38.61
187.67+51.69"
0.7440.25
2.39+£3.71"
7.64+1.36"
9.66+1.53"

Values are mean=SD
" p<0.05 for differences according to metabolic syndrome
MS = metabolic syndrome
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3. HOMA-IR Quartileol] w2 U444 54
HOMA-IRS 22 71X 9] Quartile =

H Bkt HOMA-IRO] w2 IHU £2 oA ALZFAS, =

g, =7] €<, TG, FBS, Fasting Serum Insulin, Apo B/Al

ratio, Aortic PWV, Leg PWV7} fojd o= Frlets 4S B,

HDL-C, Adiponectine ZrAasleE S-S XStk o] % Apo B/Al

ratio®t HOMA-IRZO] #AE =xd o= Yells o 7 #53ke

e o BasAl o & AT, (Figure 1)
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Figure 1. Correlation Between HOMA Quartiles and mean of Apo
B/A1 ratio

0.74+

— p<0.05 "

0.73-

0.70-

0.69 , , ,
1 2 3

HOMA-IR Quartile

13



4. Apo B/Al ratioE 2709 Quartile® FE3¥ S w 1o w}&

Qg 54

Apo B/A1 ratio®] Cut-off value$l 0.9 o]AFel ol A mwkel +
of W& TC, TG, LDL-C, FBS, HOMA-IR, Aortic PWV7} %
B, HDL-C, ¥% Adiponectin %X o YA eyt
(Table 4)
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¥
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Table 4. Clinical Characteristics according to Apo B/Al Ratio

At or Above v.s. Below 0.9

Apo B/A1 Ratio

<0.9 > 0.9
(n=1540) (n=347)
Age (yrs) 55.99+11.00 55.48+11.62
BMI (kg/m*) 25.49+3.49 25.60+3.22
WC (cm) 88.95+20.49 88.98+8.75
SBP (mmHg) 127.09+14.86 128.57+14.90
DBP (mmHg) 80.06+10.02 80.82+10.62
TC (mg/dL) 176.22+34.63 202.24+37.21"
TG (mg/dL) 148.20+£92.87 183.25+107.86"

HDL-C (mg/dL)
LDL-C (mg/dL)
FBS (mg/dL)

Insulin (IU/mL)
Adiponectin (mg/L)

Apo B (mg/dL)
Apo Al(mg/dL)
Apo B/A1
HOMA-IR

Aortic PWV (m/s)

Leg PWV (m/s)

52.69113.35
107.80+43.37
112.05£38.12
6.30+7.66
8.33%£6.06
118.924+33.99
193.33+50.69
0.63%£0.15
1.7512.37
7.74%£1.31
9.75+1.51

44.65%9.90
132.89+31.79"
117.73£42.21°
7.12+8.61
6.88+£6.12°
161.10%£37.95"
150.58 £36.90"
1.11£0.35
2.15+3.45°
7.95+1.36"
9.83+1.52

Values are mean=+SD
p < 0.05 for differences according to the Apo B/Al value

%

(0.9)
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5. Apo B/Al ratio®] oS w|X+= AAE
Apo B/AL ratio$} U& 94 545 e ZEds FAs

sl A= JHS B3kl Partial Correlations AldYe Az}

s Zbal e Ao YERRTE. Apo B/AL ratio® PWVeF 9%
A

BAE weFA RPo, ALAAFY AXEW Fol@
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Table 5. Partial Correlation Coefficients of Apo B/Al ratio
with Characteristics of Study Population adjusted for Sex and
Age

Y D
TC 0.330 < 0.001
TG 0.173 < 0.001
HDL-C -0.260 < 0.001
LDL-C 0.269 < 0.001
FBS 0.073 0.001
Adiponectin -0.093 < 0.001
HOMA-IR 0.052 0.024

y = partial correlation coefficient adjusted by sex and age
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6. Apo B/Al ratioo] SHAH o w2 J3FS 1

Apo B/Al ratio®} &3t LS ZHe=

3] Multiple Linear Regressiong A&k A3 TC, TG, HD
o

Apo B/Al ratio®} =5€ZAQ FAAAES 2=
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ol e A mel oA Feg AxRE  YFHAIL,
AxAH R A Ao wWE LDL-Co H® FAZ AHdlo] Uit
g-g3tar vt

LDL-C v=% % 100 mL o] £} 9+ LDL particlesol
¥stx]o] Q= Cholesterol® %4&  w3ith. 22y LDL
particles ZHz} ulFo] Eo9)& Cholesterol®] <Fo] t=a1,
Non-LDL-C2] &A= <218] HA CholesterolS w3l Hatt}
Mol dAAMNS zre=th. Apo B-1003¥ Apo B-482% z}zb 7hy)
ol A==, Apo B-1000] W AIg ¥&] B-48¢l W] 7
FE7F B E7] uliol Apo B-48%WHS "o Z 3 EHEE A4S
Aesta= ol Apo BE dl®mste] Wwdtch ™ Apo Bi= LDL-C¥}
g2 HDL-CS #1€]% Non-LDL-C#} LDL particle Z}zto] #d3&}A

rr

=

w3t o] glo] LDL-CRth #A Cholesterols tiwls]E
olygl d%F % Apo BE % TMAIA particlese &= F
AdAehE AHS 2t Aok AAZ Quebec cardiovascular
studyoll 4] Lamarche S Apo B7}F &% TC, LDL-CEt} 3 dA
A Agte] QojA gtttz Budk uF Qok.®7 Apo AlS HDL

particlesol U= FL2 apoZ Cholesterols X AMIZHE

=

to g FHHElE Reverse Cholesterol TransportES W @sls=dl,
Apo BE E3ste WA particlesol= EFHA i F2

gemAsA ] Fig wkdc M o] A ®EA Apo B9F Apo
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A9 G8Ao] AEAWA, AlZAMNAH  Apo B/Al  ratio9]
o o] Apo B/Al ratio®l] tjjgh
oY A5 AFHeR MNPHL Jow, 7|E Ady Feito

e AdHdol ASHNE tAS oy dedARY S
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segEd, F5719 ol¢kyl &k, TC, TG, HDL-C, FBS, Fasting
Serum Insulin, Adiponectin, Apo B/Al ratio, HOMA-IR, Aortic
PWV, Leg PWVell lolA &3k Apo]lE Hilt= AdE L3l
ol 2004¢ FAH Fol "W B udsHolt fle =
Aels Ao w 3 A4 A3t 20064 Lars Lind S5o] 2999
50t 180099 S didem  Adge AT T Ak
2 5}o) T} 8:15.19.20

AadAILAE  AdAd HOMA-IRS  #2  FES  Quartile®
e skl HOMA-IR #hol 7Hd e w%EH £ «7kA Al &
wepleh. QladAqddolst, FAA7] Ao EAe= Qded
|AoF e Adruds A olF9 Ax W AsdeE
Folzh TG AEE ovldts Aow, & dAelM e AdZEAT,
slgl=d, %7 9<%, TG, HDL-C, FBS, Fasting Serum Insulin,
Adiponectin, Apo B/Al ratio, Aortic PWV, Leg PWVelA]
SAMC® Fo3 Aol Hol 7|Eo] Had Axpel AR
53] PWVel HOMA-IR¥FO] Aol disir e H B2 A7 1138
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o,
k)

oJu} 1996% Despres &©| Quebec cardiovascular studyol 4]
Add dee] SyAd RN adaeddFS Bk F
T 7Y dATEddA dEdATE A" doae] dAG
HAZY olm dFE ARAI PWIE AEd HSe] Al dd
o td HAE S nHEES wW, Pwvet
HOMA-IR¥}e] A& 53 = e Aaet stk ™

Apo B/A1 ratioZ F+ 719 Quartile® Yo A3 EAA =
71E€ A5 vz A2 TC, TG, HDL-C, LDL-C, FBS, HOMA-IR®]
T3 ZolE HJFERTF. Adiponectin HE3dF HOMA-IRT} 79|
ol Apol7b Sle Aow UEEAL, Aortic PWVOlA = o]
ZA4 zFo]7b Ho] Adiponectin, Aortic PWVeF Apo B/Al ratio
ool AHAES AT F AT, 2 yolop 4EE FAlst
Apo B/Al ratioo] w3+ Partial Correlation AnalysisZ A& 3k
A¥, TC, TG, HDL-C, LDL-C, FBS, Adiponectin, HOMA-IRWF Apo
B/AL ratio®} A4S B o Apo B/AL ratiool ™3k Multiple
Linear Regression Z¥4F TC, TG, HDL-Co] WA}ZIZ i QA=
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Abstract

Apolipoprotein B/ALl ratio and insulin resistance, pulse wave velocity
in Korean adults who have more than one risk factor of metabolic
syndrome

Yoon Bum Lee

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor : Kyung Rae Kim)

Background: Metabolic syndrome is associated with atherosclerosis
such as cardiovascular disease, cerebrovascular disease and peripheral
vascular disease. Apolipoprotein B/A1 ratio is related to atherosclerosis
associated with metabolic syndrome and insulin resistance. The aim of
this study was to assess the association of apolipoprotein B/AL ratio
with pulse wave velocity, one of the diagnostic tools about
atherosclerosis, in Korean adults who had more than one risk factor of
metabolic syndrome.

Methods: total 1887 participants (997 men, 890 women) were enrolled
in this study. We assessed the clinical characteristics and biochemical
parameters of subjects like risk factors of metabolic syndrome, markers
of insulin resistance, apolipoprotein B/AL ratio, and then analyzed the
data to know their interaction.

Result: Metabolic syndrome showed significant association with body
mass index, waist circumference, systolic and diastolic blood pressure,
total cholesterol, triglycerides, HDL-cholesterol, fasting blood sugar,
fasting serum insulin, HOMA-IR, adiponectin, apolipoprotein B/A1 ratio,
aortic and leg pulse wave velocity. Apolipoprotein B/A1 ratio showed
dependent relationship with LDL-cholesterol, fasting blood sugar,
HOMA-IR, adiponectin, and independent relationship with total
cholesterol, triglycerides, HDL-cholesterol. (p < 0.05)
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Conclusion: Metabolic syndrome revealed significant relationship with
apolipoprotein B/AL ratio, insulin resistance and pulse wave velocity.
Apolipoprotein B/A1 ratio was associated with insulin resistance.

Key Words : apolipoprotein B/Al ratio, metabolic syndrome, pulse
wave velocity, insulin resistance
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