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An inverse correlation between obesity and arterial stiffness has been reported, but there are no
consistent results in elderly subjects. This study examined the relationship between the arterial
stiffness measured by the CAVI (cardio—ankle vascular index) and BMI (body mass index) in healthy

elderly people. This study included 629 healthy elderly people aged 65 and over who underwent
health examinations at a general hospital in Gyeonggi from July 2018 to June 2019. Metabolic
syndrome was diagnosed using the criteria of the Adult Treatment Panel (ATP) |1l of the US National
Cholesterol Education Program (NCEP). Among the criteria of NCEP-ATP I11, the waist circumference
and obesity criteria were based on the WHO criteria. All subjects underwent a biochemical blood
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test and an assessment of the CAVI. In both men and women, the CAVI was lower in the obese group
than in the normal weight group. Gender (P=0.047), age (P<0.001), BMI (£<0.001), and waist
circumference (P=0.008) were factors affecting the CAVI. Gender, high blood pressure, and
hyperglycemia were independent positive predictors of the CAVI levels, while obesity was a

negative predictor. Therefore, the CAVI and BMI showed an inverse correlation. In conclusion, there
was an inverse correlation between the CAVI and BMI in the elderly, and obesity was a negative

predictor of the CAVI.

Copyright © 2019 The Korean Society for Clinical Laboratory Science. All rights reserved.
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AA =, SHET T5-2] HA % o 7]x8te] ZARITHT,
8]. CAVIE= 92 1 3k= Bramwell-Hill ®7g 41 2J3)] A
AME| B8 PWVETH 53743} A=A B Jestal A 4e]

o2 HI=EH9, 10]. CAVIS E9t 5] AR 240

.
=
)

pay o& °1‘11‘N
e rlo
rl
j>
\
ﬁ
1o
offt
=)

[ _IE
1o
N
b
I
ox,
i)
tlo
Sl
=y

o
(@)
=
=
rir

>,

gk

o
O

>

N

(@)
=
=
rlr
i)
r
ok,
=
ek
o
o
>~
2
)
)
ek
olN
A
ot
re,
A=)
L
lo
jubad

(A A S =)
lo i ok

o

-,
i

tH14-18
7HA 71l 7101 7R

fhaias’

2

(&)
ook

ofN o fm
olN

32 rlo
o
=
>
=
1o
N

Fofl whet CAVIZ 243t
o] #& SRl A A1Z 1k
& A= A el o
T, AR Al A= A

B
ot
ek
H,
o,
I
k1
N

.3

2
o L
I
flo
O
=
rir
=

o} kA 9(body mass index, BMD&}
CAVIZtl AR 3A1 7} ekl B rslieHe]. AA| = Aole}
AAAES o= viuha} F3 72 =71l QA A7 B

QoA = A

bl
i o
2
o
iy
ok
=
D)
ok
2
=

o] 9191= 20184 7¥HE 20199 64714 7| %ol 914
SF S oAl AR A3t 654 o) A3 eQlS
o2 AAE QI o] 7|7H gt A A RS AAIRE65A] o]
&0 AL F AETERA, HEF, AAEAL, PR,
559 HAGo] = HUAE ALt HF A+ k=
62950191tk T o] et = A7 ol $1X|3 FEy

4]

Aol A 71 H-5-2] 9193 (institutional review board, IRB)
9] 501 & A= JTHIRB No: SP-2019-07-032-001).
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2. gl
1) AHAZL EEY
AAE BA 7] olute] 720 (Biospace Co., Seoul, Korea)S
Soto] A Ale-E S0k Al A Alsos U
o] BMIE AlAtseiet. v vHEF-= A4 BMI7F 18.5~22.9
kg/m?, T4 BMI 23~24.9 kg/m?, BMI 25 kg/m” oA
H|REO & AJoJeteiTH20]. dlelEd| 54 dulw 71 sk
o} ZRke) 7Hd =8 F919] S AR 7P FHol F2 79
£ A A Ao A Zgott. A2 Qg E Aol A BAH
ofiEo|=4] A7 7](Medisave UK Lt
UK)E et 110l A &7 31l

d., Weymouth,

2) S =T el W TEHI|IE

ARG Ak 20019 ¥atE US National Chole-
sterol Education Program (NCEP)2] Adult Treatment Panel
(ATP) I11¢] 7]zl whet 57FA] 918 881 & 37FA] o4 sl =]
W ARt o 2 A SIATH21]. FAIA ] ARt
[l O3 Ed); ¥4 =102 cm, 94 =88 cm @8k 4
%71 8% 2130 mmHg %= 0971 E9F =85 mmHg @35
g =110 mg/dL @HDL-ZH AHE; B4 <40 mg/dL, o]
A <50 mg/dL ® A4 A =150 mg/dLo| It NCEP-ATP
I8} thAtE3- A1 881 & 3l 2l=el= WHOS] ofAloe
A 9] 7150 A FA) =90 em, 14 =80 cm 48
SFRATH20].

HHA = AT o w4] - oFlof] T4 M (antecubital
& &0l DHS Fsto] A8, = A H|E(total
cholesterol, TC), S A% (triglyceride, TG), 18 %= Ak
| 2| E(high density lipoprotein-cholesterol, HDL-C),
A 2okl S AEE(low density lipoprotein-cholesterol,
LDL-C), 3-8 fasting blood glucose, FBG), 8 4Kserum uric
acid, SUA), 117 % C-1hg-AJ ekl (high sensitivity C-reactive
protein, hs-CRP)9] 8% %5742 TBA-200FR NEO
(Toshiba, Tokyo, Japan)= =31 W o] wheh 248} c).
o] H|ePH (turbidimetric immunoassay, TIA)2] Y2]& 117+
T C-HEA TS A EATsklt). ©3FE A4 (hemoglobin
Alc, HbAloys w&somxasntE JeaHhigh performance
liquid chromatography)2] ¥2]& Variant II (Bio Rad, CA,
USA) Z787d) 2 ARSI Sl 7] 3kehig ol =A]



H(electrochemiluminescence  immunoassay)2] 2|2
Roche Modular Analytics E170 (Roche, Mannheim,
Germany)& =41t

4) CAVI &4

CAVIE= & AFAollA Qg2 3138t £ VaSera VS-1000
(Fukuda Denshi, Tokyo, Japan)& ARg-sto] 243}ic).
CAVIE= toh29] Wg4ls Foto] ddlth CAVI, stiffness
parameter p=a [2p/(R—Fy) X In(Ps/Pd) x PWV4+b (a, b; A+
T, p A U, B/ Ry 57] E/0197] B8, PWV; Wt
AE&E)0] W Alo|tH9]. PWV= W7} tfgu ol A 3
A e = A0 R E3 ol & U gho =, Aot
BoA] AXLE AMESI] 2B BE 2A gl AALe.
VaSera VS-1000°] 23f] A0 = 4=2J =] qlr}, o] e} 22 1y
o5 243 CAVIS| Bt HEAGE= 5% Wl et 33
& CAVIE= 9 /s ool S8 RIflel g == A o= 49
ATH22]. o] Aol S48 53 9-52] CAVIE= EAA &
& 523t XJo] & Ho| 1 QIA] YFoK8.47+1.24 vs 8.46+1.29)
9] CAVIE QAo o] 85131t

ogﬁurm

3. SA=M

[y |

EABAL SPSS EA 2218 24.0 (SPSS Inc, Chicago,
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I, USA) 71 2 B4 BAstglon REdoleBad+E 2ok AHP<0.001), A1F(P<0.001) 9 8]l Z8|(7-0.012)
Table 1. Characteristics of male and female participants

Variables All (N=629) Male (N=482) Female (N=147) P value
Age (years) 71.32+5.16 71.46+527 70.88+4.76 0.238
Height (cm) 161.24+7.93 164.02+6.34 152.12+£5.37 <0.001
Body weight (kg) 63.59+9.77 65.01£9.90 58.96+7.70 <0.001
BMI (kg/mz) 24.45+318 24.13+3.19 25.50+2.92 <0.001
WC (cm) 84.47+8.20 84.92+8.38 82.98+7.41 0.012
sBP (mmHg) 119.90+£15.21 119.32+£14.57 121.80+£17.07 0.112
dBP (mmHg) 74.80+9.21 74.53%8.85 75.68+10.29 0.224
TC (mg/dL) 187.20£33.96 183.64+32.63 198.88+35.67 <0.001
TG (mg/dL) 123.41+69.91 121.11+£67.43 130.95+77.24 0.136
HDL-C (mg/dL) 53.71%£13.74 53.42+13.77 54.69+13.63 0.327
LDL-C (mg/dL) 113.75+£30.96 110.51£29.66 124.36+32.83 <0.001
FBG (mg/dL) 98.29+22.64 99.06+23.31 95.77+20.19 0.123
HbA1c (%) 6.04+0.89 6.06+0.94 6.03£0.78 0.714
Insulin (uU/mL) 6.16+5.14 6.11+5.95 6.20%4.46 0.944
SUA (mg/dL) 5.32+1.44 5.57+1.40 4.51+1.27 <0.001
hs-CRP (mg/dL) 0.24+0.50 0.27+0.56 0.16+0.25 0.002
CAVI 8.47+1.24 8.58+1.28 8.11+1.00 <0.001

Values are presented as means*standard deviations.
Calculated by independent #test.

Abbreviations: BMI, body mass index; WC, waist circumference; sBP, systolic blood pressure; dBP, diastolic blood pressure; TC, total
cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; FBG, fasting blood
glucose; HbA1c, hemoglobin Alc; SUA, serum uric acid; hs—CRP, high sensitivity C-reactive protein; CAVI, cardio-ankle vascular index.
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L Aol 2A Yepgtonl, BMI (P<0.001)%= ojAdo] =4
UERTE @9 #Ql $ F= el 2H1E(P<0.001), LDL-E3|12~
HIE(P,<0.001)2 o/do] F-of81A =3k, 84HP<0.001),
hs-CRP (2=0.002), CAVI (P<0.001)= FAlo] §-2J31A =2
Ao Pty Ty A dof uket o5, 2579} oleh] &
o, A%, HDL-C, 358, HbAlc, J&d2 EAH o=
I3t 2o 7k 1%itTable 1). E3F Ao wpeh B,
HDL-C9] #2, ARG St &2 oot of ol 4] =2
TS B OLHESE P<0.05), =2 8, 18 9 154
A AJof w2 (o3t vk Xjol= Holz] okgtt

(Figure 1).

2. H|THHE0| S CHARS = IR0l R CAVIS| Xto]
A AR ST veEe] AFo] folsHA] Eqke
o, BMIS} &l 2l dl= /A it 2|15/ Bluhkto] =49k
thZtz} P<0.001). FEHIAERE(2-0.029)2} LDL-C (2=0.004)
2 AT B B Fto] woko ], A A1
TR T 3| F/ B ekLo] = TH(P<0.001). ZLev HDL-C

0] =] UERGoH, BItS IS O =9tz P<
0.001). SRR GAA|STE T IAS/H]RkEo] EHk0
H(£=0.001), HDL-C2 Al SR ot T4/ ghto] b
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Figure 1. Prevalence of MetS and MetS components in males and
females. Prevalence of central obesity (25.5 vs 69.4), reduced
HDL-C (14.7 vs 42.2) and metabolic syndrome (13.1 vs 30.6) was

A SR IS /R WA YERGTHP<0.001).
oA o] 7-$- BMI9} 8l 2| Edll= AR TF 2 5/H]k

higher women than men.

Abbreviations: See Table 1; MetS, metabolic syndrome.

*P<0.05.

Table 2. Comparison of risk factors of metabolic syndrome according to obesity degree

Variables Normal weight Overweight Obesity P value
Male (N) 133 129 220
Age (years) 72.72+5.65 71.58+5.47 70.62+4.76° 0.001
BMI (kg/m?) 20.28%1.65 23.47+0.50° 26.86+1.95% <0.001
WC (cm) 76.18+6.17 84.40%4.12° 90.51+6.60% <0.001
sBP (mmHg) 118.05+15.11 119.73+14.36 119.84+14.37 0.497
dBP (mmHg) 73.53+9.06 74.65%9.46 75.07+8.32 0.284
TC (mg/dL) 178.34+31.78 189.06+32.20° 183.66+33.01 0.029
TG (mg/dL) 89.99+52.95 124.40 %64 .41° 138.00+70.65° <0.001
HDL-C (mg/dL) 58.51+14.65 52.16+13.19% 51.07+0.86° <0.001
LDL-C (mg/dL) 104.14+28.27 116.17£30.30° 111.02+29.49 0.004
FBG (mg/dL) 96.27+27.28 97.91+19.98 101.41+22.39 0.108
Female (N) 21 34 92

Age (years) 71.25+5.83 71.21+4.15 70.73+4.77 0.835
BMI (kg/m?) 21.35+0.87 23.59+0.50° 27.20£2.19% <0.001
WC (cm) 74.05+6.06 79.68+3.72° 86.34+6.24% <0.001
sBP (mmHg) 127.25+16.81 120.15+15.78 121.03+17.50 0.283
dBP (mmHg) 76.50%6.90 73.68+8.64 75.98+11.17 0.475
TC (mg/dL) 194.00+33.73 188.53+35.73 203.70+35.66 0.087
TG (mg/dL) 85.25+38.70 112.35+55.30 147.70+85.31° 0.001
HDL-C (mg/dL) 61.05%14.51 56.00+13.30 52.70+13.24° 0.036
LDL-C (mg/dL) 119.40+26.64 115.00%30.60 128.97 £34.40 0.082
FBG (mg/dL) 97.70%16.71 91.94+21.98 96.82+20.31 0.443

Values are presented as means+standard deviations.
Calculated by one way ANOVA and Scheffe test.
Abbreviations: See Table 1.

“Significantly different from normal weight at 2<0.05, "Significantly different from overweight at £<0.05.
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SKEHP=0.036) (Table 2). CAVEE B BLFo A A5
ot HlRkEol A 2l RtThZkzE P<0.05) (Figure 2). E3H
5|0k HDL-CO] 7] thaflAs 18 8 .¢lo] EA18H=
2ot ¥ aglo] gli=toll A -8 CAVIAE Brk. 18jut &
83k, ndge] gisfA g agle] ghatrt 988
o] EAfehs ol A =& CAVINE Yeick 2z £<0.05)
(Figure 3). 3t HIAZ S 7 ATk tiAZ D2 v A ek s
T} CAVIX 7} 22 73RS H gl o1} B2 0 & 908z oF

Skt

@Male ®@Female

CAVI

Normal weight Over weight Obesity

Figure 2. Comparison of cardio—ankle vascular index (CAVI) values
according to degree of obesity.

Abbreviations: See Table 1.

“Significantly different from normal weight at £<0.05.
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Figure 3. Differences in cardio-ankle vascular index (CAVI) levels
with and without metabolic syndrome risk factors.
Abbreviations: See Table 1.

*P<0.05.
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3. CAVIOf| Hgks O|Xl= Q2!

AR(P=0.047), A(P<0.001), BMI (P<0.001), 3]
(P=0.009)= CAVIZ %7€ 54 74 ofl 982 vAl= 82l
© 2 YERGTE T3 CAVIZE A A BMIE 2folA= o443t 3
Aol loH, BMI= CAVIE 745 5 A Eof n] A= FoF
o] U2 A HE KBt & A0 & YehytthTable 3).

4, CAVISH HAS =R 120! 5! BMIte| Ak

Aol A=(=0.232, P<0.001), BMI (;=—0.101,
FP=0.026), %71 EU(=0.145, P=0.001), F-EEF(=0.246,
P<0.001) CAVIS} AT -0]8t AdS vepll o, o4
of| A &= 918 (,=0.288, £<0.001), BMI (7= —0.229, £=0.005),
7] AA(=0.194, P=0.018), 358 (=0.185, £=0.025)
o] CAVIS} 3-2J3t A& Bt T3 Hd B0l A] CAVI
= BMIF-R-218t 3 A S B9t Table 4). T3 CAVI=9
m/s o[ v]eke & tro] thARS- S 1E 8 91 -5 9l H[Rt
o] w2 CAVI 194 T8 52 ERIet 23} oA Ko 73
of| A CAVIQ] S X] 9hH 52 2,144 &9ko ] &0 Hte
& E YT CAVIY] 184 W&ol 1.484 =9t} 118
7o AAFSETLH T =0 CAVIX S 5 Y 3HE0] 3,044 &=
o, H|PE-E A S E T =2 CAVIA & B 250
74 1o 7/-\13_7;1_ 1,}&1;,\&4. tq.g]./q A =0 Gol j1gck

= o2y 3T - EHy =2 0>
Bk

=& CAVIX O] = A Q o501 HeRgthTable 5).
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Table 3. Correlation of cardio—ankle vascular index (CAVI) with
metabolic syndrome risk factors by multiple regression

Variables B SE P value
Gender 0.082 0.121 0.047
Age (years) 0.206 0.009 <0.001
BMI (kg/m?) —0.263 0.024 <0.001
WC (cm) 0.164 0.009 0.009
SBP (mmHg) 0.112 0.005 0.047
dBP (mmHg) —0.004 0.007 0.944
TC (mg/dL) —0.197 0.009 0.444
TG (mg/dL) 0.100 0.001 0.158
HDL-C (mg/dL) 0.120 0.010 0.254
LDL-C (mg/dL) 0.182 0.010 0.450
GLU (mg/dL) 0.215 0.002 <0.001

R=0.172, adjusted =0.157, P<0.001

Abbreviations: See Table 1; SE, standard error.
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Table 4. Correlation coefficient of cardio—ankle vascular index with metabolic syndrome risk factors

Male Female
Variables

r P value r P value
Age (years) 0.232 <0.001 0.288 <0.001
BMI (kg/m?) —0.101 0.026 ~0.229 0.005
WC (cm) —0.004 0.935 —0.081 0.328
sBP (mmHg) 0.145 0.001 0.194 0.018
dBP (mmHg) 0.076 0.096 0.055 0.505
TC (mg/dL) 0.062 0.174 —0.112 0.177
TG (mg/dL) 0.026 0.564 0.091 0.273
HDL-C (mg/dL) 0.055 0.230 —0.127 0.124
LDL-C (mg/dL) 0.031 0.492 —0.086 0.301
GLU (mg/dL) 0.246 <0.001 0.185 0.025

Abbreviations: See Table 1.
Table 5. Odds ratio (95% CI) for high cardio-ankle vascular index (CAVI)
Odds ratio 95% Cl P value

Gender (male; 1, female; 0) 2.135 1.367~3.334 0.001
Central obesity 1.155 0.745~1.789 0.520
Elevated BP 1.482 1.035~2.120 0.032
Reduced HDL-C 0.789 0.508~1.224 0.290
Elevated GLU 3.036 1.913~4.817 <0.001
Elevated TG 1.310 0.889~1.930 0.173
Normal weight (reference)
Overweight 0.688 0.427~1.109 0.125
Obesity 0.371 0.228~0.604 <0.001

Abbreviations: See Table 1; Cl, confidence interval; BP, blood pressure.
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