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7} Z7}8k=2 SBP, DBP, TG, TC, LDL-C, AST, GGT, ALP?| H# A= 90514 Z7}5}¢on, HDL-C= $-9]3H4|
245tk BMI= SBP, DBP, TG, TC, LDL-C ¥ GGTS} $-9J3F oko] Almta#|7} 914 € 9l1, HDL-C= 5|3
o) Azt AgEeIch £49 chas 2x2e 3784 Av BMIZE $7Klel we} SBP, DBP, TG, ALT,

GGT] HlgARA| o] that $19ult olskA St

Abstract The purpose of this study was to investigate the association of blood pressures, hematological and
blood biochemical properties according to the degree of obesity based on differential combinations of BMI in
health checkup examinees. Study subjects were 3,731 adults of 20 years and over (2,312 males, 1,419 females),
not recognized as taking medicines for or having cardiovascular diseases, who underwent health package
check-up at the Korea Association of Health Promotion, Daejeon Branch from Jan. 2007 to Dec. 2009. As a
results, the mean values of SBP, DBP, TG, TC, LDL-C, ALT, AST, GGT, ALP were significantly increased
with higher level of BMI, but the HDL-C was significantly decreased with higher level of BMI. On correlation
of BMI with various factors, the BMI was positively correlated with SBP, DBP, TG, TC, LDL-C and GGT,
while the HDL-C was negatively correlated. Based on the result of ordinal logistic regression analysis, the risk
ratio to the abnormal level of SBP, DBP, TG, ALT and GGT were significantly increased as BMI increased.

Key Words : BMI, Blood pressure, Blood biochemical properties, Health checkup.
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AMEEE At R IR E R SR whef il AT 4
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A5BMI), $%7] 9 71 B, obd B2 A9 Fol
sh2) W Fobgsleby] WA Folgieh 2ARFE| et

FAH 24 W B et g st

221 ARHAE Y HlatE
A Y AEe A s
e MEARE 5 Re7L Ao S sjol
AEAAZA7|(DS-102) 2 245
= AFe Agel Ao We Queteletx|4:  (BMI
(kg/m =R F (kg A1) 2 AAFSIATE Hlgbe] i
£ AARA7ITE ofAlo} e 721970 we} 185 ke/
w RS AR, 18.5 ke/n' o)A 22.9 ke/n U]THE 3
AHAE, 23.0 kg/nt? ©)A4F 24.9 kg/m® oSS A, 25.0
ke/m' O HITH 1), 30.0 kg/m O]AHE BT I)E 3}

3073



)= A A2 A7s, 2011

., HSKT)O] 7F U5 Aol Rk 1)} HlgkI)
2 FHA uiRom Easiact

222 Eef, gHsHx 3 HMMSISHY X|H

4227]8" U (systolic blood pressure; SBP)1} &+-317]d
Q¥(diastolic blood pressure; DBP)Q] &% ALAof wS-
H EAP S 2BYAE ol 5to] TARES 108 o]
AF QEYAIZL 5 ORe: ALIOIA] $ AebEnE 23] 5
Hohol 1 BRAE Sgick Ae] AAX THE SBP
120 mmHg ©]4}, DBP7} 80 mmHg ©]A4}2 & 3} tH20].
otz 0 Folasiely K| Eo] AL T ANES 7
P S8 1047 AT A2 B4 5 S0
Aol AEelglon, WHETF(WBC),
(RBC), EAi4~(Hb), Hematocrit(Het) 2= FNSHEL
(Sysmex XE-2100 D, Japan)E ARg3}o] =4
AST, ALT, GGT, Z47A(TG), iieﬂ/\Eﬂi(TC)
W = X el Z9| AH|[E(HDL-C), Alkaline phosphate

(ALP), F2A FYEBS)S  AHEHsksiEAr]
(Hitachi-7600 110, Japan)S ARga}o] ZAs1ocy. A
=AY AH E(low density lipoprotein cholesterol;
LDL-C)< Friedwald®] ZA/(LDL-C = TC - HDL-C -
TG/5)ol oJsf AbEstaleh21]. 2 AAAES FAIA]
Bo TCL 200 mg/dL oJ4l, TGE 150 mg/dL o]A}
HDL-C= 40 mg/dL w|YH(dA}), 50 mg/dL m]TH(IA}),
LDL-CE= 130 mg/dL oJAto & 3}9iti22]. FBSE uj
Frrgshs] 7]2e] o8l 100 mg/dL o]Fe g siglen
[23], AST 40 IU/L o]4}, ALTE 35 IU/L o4}, GGT:=
11 IU/L 1|9k} 64 TU/L oAb, 8 TUL u]wkat 36
UL o]AHoI7p), ALPX: 77 TU/L ]9k} 294 TU/L o)A
© & 3¢tk WBCE 4,000 mm® w9k 10,900 mm® ]
Ao 2 RBC: 3609 mm’ ]2k} 5909k mm® o]ANE
Zh), 3409t mm’ w]gkEl S309F mm® oA Ab), Hbi
13.0 g/dL w9k} 165 g/dL o]AH(EP), 12.0 g/dL u]wla}
15.5 g/dL o]AH(olxh o & 3}gitH24].

2.3 Xtgo ®z| H 2o

2}@0] EAA T SPSS WIN(ver. 10.0) AT &1
S ol g5i9ih A, A=Y BMIS] ol dfet Aol
= BARAE si9on], BMI 2o e B, Holst
A 9 Bepysisa Aol gk BEA Aole] AHe
Welch®] A% U A8 x]EAHE 4] (one-way ANOVA)S-
shAr. BMISH €oF, Soliskal W doiasiela] x| T Ab
olo] A Pearson®] FHATASE Telo
A AFELE) 23S BRIt Eak BMIS|

Feo] o2 E9f, s 9 HEsety X7 F 5
YA G v)A= JAAE Tofs}y] fisto] vl o=
8 (proportional odds model)2 ©]-8&3t =A¥ ThHZF
2R AE 3] A E A (ordinal

sholek. mE

multiple logistic regression

analysis)S EA S $ol4EL p<0.052

ahgic.

3. g3 Zxt

3.1 BMI F20f 2 A et ¥ SYX[e
H|m
AA| At dARe] BMI 2o whg d¢F 9 d99
BoAl= ® 13 Zth SBPY HAAE HAbolA
122.81+15.26 mmHg, ©JZ}o]|A] 121.36£17.12 mmHgZR
o xpE T FRto A §-0181A] &3k THp=0.009). BMI &
U2 HH @ 25 BMIZL S7Fe5 SBP7} F-9]5HA
F7Voh= A o2 UEHgthp=0.000). H<t DBP= g4t
Al 81.42£10.99 mmHg, JZ}of|A] 78.39+10.65 mmHg=
o ik Aol A -o]ahA] E3hthp=0.000). BMI i
HaE Hi Y 2% BMIV} Z7184~E DBP/} 8-9]5k
A Z7}3FHtHp=0.000). FBSX|= Jx}of| 4] 92.65+18.36
mg/dL, oJ=&}Fof|A] 93.50+23.14 mg/dLE o]z}7} FRlH T}
lﬂ‘ztour freJgt Zpol= glich BMI FEEEE H
T Y3t Zpol& HolA| gttt

3.2 BMI 720 M2 BF HAStX|O| H|m
A Qe Are] BMI ol tE Bejst o] Bt

A= ® 29k Tk WBCHY Hzle HRbolA
66.56+28.37(10°/mm’), o} Z}o)| A 64.03+21.46(10°/mm’)=
AXpET} Gt A §-0181A] E=9kTHp=0.004). BMI &
HE= J BE {93 Xfo|§ Holx] ¢ttt RBCH
o] PHA = PRl A] 453.29+66.67(10%mm’), &J=}ofA]
446.42+83.27(10°mm>) 2 oJRRT} URloA S-2l5H
EUTHP=0.009). BMI F+EHE = Ty BE {oJ8t 2}
olF Ho|A| ¢kt

HbZ| 9] B2 YRpol A 15.46£1.21g/dL, o]=}o||A]
12.98+1.32g/dLZE X} HT} HRboA F-25HA =3t
(p=0.000). BMI 2= F=}e] 749 BMIZ} 571
5 HbA % {2314 F7FFS 2 H(p=0.002), o <}oflA]
£ ATl o2 Fol wHE feskA Wkt
(p=0.002). Het]Q] Hix|= Wajo|A] 44.86+£5.45%, o
Ao A 38.07£3.96% %2 ARRTE GRjo|A F-2J5HA &
SFCHp=0.000). BMI LEE 2= ¥zie] ¢ BMIZF 5
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7FERE HotZ) 7} §-9151) 3781900 (p-0.000), o

oAM= FEAIELel B ol His frolshAl Wkt

[E 1] Z=AgAe] BMIO| whg df 3 939 oA &2

(p=0.017).

[Table 1] Mean scores of blood pressure and fasting blood sugar according to BMI of study subjects

e
pee BMI o FE7|1ES FA71Eet TEAYEG
°= (kg/nr’) ° (mmHg) (mmHg) (mg/dL)

| =S
Uz} ?Eﬂlg s 119 117.58+16.70 77.60+10.66 92.85+26.23
AT
AN 960 120.19+13.64 79.72+ 9.99 92.54+17.06
THA| S
350545 618 123.74+16.09 81.60+11.22 90.4420,24
e
) 615 126.97+15.43 84.64+11.53 93.00+16.41
A 2312 122.81415.26 81.42+10.99 92.65+1836
p-value 0.000 0.000 0951
| =S
oAz} ?Eﬂlzs 5 52 116.6714.34 76.80+ 8.60 89.67+18.23
AT
LAY 693 117.75+15.90 76.23+10.14 93.1724.41
THA| S
350545 315 122.81£16.74 78.88+ 9.99 95.77+25.29
H|gk
EH) 359 127.74+18.07 82.37+11.26 92.70+18.82
A 1,419 121.36£17.12 78.39+10.65 93.50+23.14
p-value 0.000 0.000 0.170
1}k
AL vs oA 0.009 0.000 0242
p-value

(B 2] A2 BMIO| w2

HolstAo] B BE
[Table 2] Mean scores of hematological parameters according to BMI of study subjects

@) HgsREEA
BMI EIEEE AFIL SRS ulEaEE
PSh=:] ™
o'l (kg/m) e (10°/mm’) (10%mm?) (e/dL) %)
| =S
gz} ﬁf}ggg 119 67.36+45.39 444.91483.10 14.76+1.44 42.90+5.59
1“/\]‘iﬂ-€\—_‘ﬂ-
Heaiss; 960 64.46+20.14 450.31466.78 15.2841.19 44.1746.15
THA| St
50545, 618 67.48+21.78 455.06+64.28 15.56+1.13 45.16+5.12
H| k-
(2555) 615 67.75:38.86 45779+65.06 15.76£1.16 46.02+4.15
A 2312 66.56+28.37 453.29+66.67 15.46£1.21 44.86+5.45
pvalue 0.052 0.071 0.000 0.000
| =S
=P ﬁf}ggg 52 66.32+24.99 457.88+78.99 13.05+1.10 38.07+3.31
AT
ST 693 63.18+21.11 44639+86.65 12.85+1.24 37.74£335
THA| St
250545, 315 64.50421.56 445207649 13.06+1.45 38.36+4.34
e
(2556) 359 64.93:21.52 44591+83.13 13.16£1.36 38.47+4.67
A 1,419 64.03+21.46 446428327 12.98+1.32 38.07+3.96
pvalue 0.482 0.785 0.002 0017
1}
At vs off 0.004 0.009 0.000 0.000
p-value
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3.3 BMI 7220l [ME Hd FJX[EX[L| Hlw

AtehdARe] BMI ko] w2 FA XA X 2] HiA
= % 33 k. TGY HAA=  "AIA
160.82+101.64mg/dL, oJ&}ojlA] 120.01+77.10mg/dLZ o
AL h G2l A §-0l8HA] = 4ThHp=0.000). BMI &3
2 Y 2E BMIZ} 27188 TGR|= -ol8H &
7}5} th(p=0.000). B TCA| = Ao A
189.92+34.09mg/dL, Sz}ol|A] 183.27+36.48mg/dLZE o
AL h G2l A §-0l8HA] = 4ThHp=0.000). BMI &3
2 dY 2% BMUVL $71ERE TCA = FofsHA 5
7181 tHp=0.000).

3 HDL-CX|= JFAlol| A 54.42+14.12mg/dL, oJ=}o]
A] 5820+26.40mg/dLE GRFETH SRl A] §-0la1A] =
StHp=0.000). BMI F-EHE 2= Ty W% BMIZF 57t
42 HDL-CHE:  oJshA]  #H4sk3r(p=0.000,
p=0.009). H+ LDL-CZ]= F}o| A 103.30+34.04mg/dL,
o Zpof| Al 101.35+33.29mg/dLE R} T} FAjol| A =%
o1} folgk Aol gl BMI FEHEELE T %
BMIZ} £7}84:8 LDL-CA%= §ojalA Z7tatsict
(p=0.000).

3.4 BMI 120 2 HF HHSAX[Q| H|W
AGteiAFAF2] BMI o] whE Fo

= ¥ 42} Tt} Hot ASTA| = EA| A 27.97+46.631U/L,
o2} A 16.40£12.291U/LZ SR} T} Rl A 5251
Al =StHp=0.000). BMI JLEE 22X i 2% BMIZ}
S7FdE ASTA 2 23514 S71F8F3ith(p=0.000). 3
I ALTHE  Gpol Al 24.59+40.821U/L, o] =follA]
18.79+9.92IU/LE ofzbH Tt FRpo|A]l §ol8tA] =Tt
(p=0.000). BMI FFEHE 2= g1 5F {05k 2jo|7} ¢l
k. Bt GGTAE ERbol|A] 29.27+40.251U/L, o]=}o]|
A 11.66+14.661U/LZ 2L E T} GFjol| 4] 32814 =9F
Ch(p=0.000). BMI 2 ¥ 2= H HEBMIZF 7k
£ GGTA7} F-2JsHA| Z7FsFtHp=0.000). Ha+ ALPX]
L oA 159.23+42.52IU/L,  SdRFollA]  134.86+
4480IULE  oAXFHETE FRMOJA fFosHA w8t
(p=0.000). BMI FEHZL= i BMIV} Z7}d4E

ALPX|7} G-08}A] 2718+ thp=0.037, p=0.000).
St o HoHMSISHE

3.5 BMIQt g, oA
X|E2fe| Azt
Aokl BMI<E o, doehs 9 dolxysielA|

A ete] AAlE & 59 Lok gAbe A2 BMIE
SBP(r=0.120, p<0.05), DBP(r=0.128, p<0.05), Hb(r=0.135,
p<0.05), Het(r=0.109, p<0.05), TG(r=0.220, p<0.01),
TC(=0.188, p<0.05) = LDL-C(=0.117, p<0.05)2} £-2]

(& 3] A2 BMIO| mhe EHAEA Y] B3] 2
[Table 3] Mean scores of lipidemia indices according to BMI of study subjects

w9l A EEUR
e BMI - SAAA FZYAHE HDL-ZYAHE LDL-ZYAHE
° (kg/nr) °© (mg/dL) (mg/dL) (mg/dL) (mg/dL)
| =S
o ?Lxﬂlg 3 119 10373 5313 170.06+3122  61.24%15.16 86.95+32.95
AT
?igosx_ﬂzg 5 960 13225+ 7844 182.10£3241  5637+1427 99.20+32.07
= =S
(gﬂ]_g(%) 618 170.49+102.59  193.10£32.67 537741392 105.37+32.75
HRE 615 20673411850 2027843357  50.70+12.84  110.80+36.46
iy 73118, 78433, 70+12. 8036,
A 2312 160.82+101.64  189.923400  54.42¢14.12  103.30+34.04
p-value 0.000 0.000 0.000 0.000
| =S
oA} ?Eﬂlg s 52 90733020  17555+27.02  65.36+12.86 91.44+29.62
AT
?igosx_ﬂzg 5 693 102.28460.25 1754743527 59.88+13.62 94.6130.56
=S
(ﬂzg_gt%) 315 124.53+81.48 186.19433.66  5596+13.95  104.66+30.25
e 359 15450£92.80  196.86+38.09 55884674  112.9137.57
(>25.0) 50+92. 86+38. 88+46. 91£37.
A 1,419 12001£77.10  18327+3648 58202640 101353329
p-value 0.000 0.000 0.009 0.000
1}
ng_vv;uqu} 0.000 0.000 0.000 0.087
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gk ool AR & HDL-C(r=-0.138, A7} G = ATt WAk} 25 st AR =A =}l
p<0.05)¢h= 28t 9] AV A= Aot A9] BMI=  SBP(=0.151, p<0.05), DBP(r=0.152,
o z}o]| Al 2] BMI= SBP(=0.258, p<0.01), DBP(=0.239,  p<0.05), TG(r=0.233, p<0.01), TC(r=0.195, p<0.05),
p<0.01), TG(r=0.299, p<0.01), TC(r=0.243, p<0.01),  LDL-C(r=0.143, p<0.05) ¥ GGT(=0.102, p<0.05)2} &
LDL-C(r=0.236, p<0.01), AST(r=0.233, p<0.01), 23+ oFo] AaA7} ©1AE 7, HDL-C(r=-0.105,
ALT(=0.128, p<0.05), GGT(=0.142, p<0.05) 2  p<0.05)e}= 905t 5o ATTA 7} AA =t
ALP(r=0.175, p<0.05)2} 323t 2] ATTA 7 A=
{31, HDL-C(1=-0.197, p<0.05)&H= 93k &9 A

X
N
o
X
5}
=3
[

[ 4] 2049 BMIo] T2 HojasA e BA 2
[Table 4] Mean scores of blood enzyme indices according to BMI of study subjects

] BMI(kg/n) ) AST(IU/L) ALT(IU/L) GGT(U/L) ALP(IU/L)
Uzl AHEI(<18.5) 119 1746+11.53 24.63+38.35 23.94+54.47 157.62436.87
A AFH| (18.5-22.9) 960  24.13+67.40 24.10£60.08 23.60+37.92 1582143998
THH| 25(23.0-24.9) 618 28281878 B.67+12.84 30.96+42.70 160.52+448.45
Bk (>25.0) 615 35682456 2628+13.53 37.44+36.37 169.15+54.37
A 2312 279744663 24.50+40.82 292744025 159.23442.52

p-value 0.000 0.682 0.000 0.037
oxl  AAE(<18.5) 52 14.01+10.98 18.88+12.81 9.69+13.23 128.15+43.00
A Z1(18.5-22.9) 693 1439+ 952 17.80+ 7.44 10.28+17.88 132.71+72.94
T 2(23.0-24.9) 315 1559+ 8.52 18.00+ 5.01 1129+ 852 133.87+39.70
|k >25.0) 359 2132417.67 2122+15.13 14911139 149.00+44.35
A 1,419 16.40%12.29 1879+ 9.92 11.66+14.66 134.86+44.86

p-value 0.000 0.147 0.000 0.000

WA vs of A 0.000 0.000 0.000 0.000

p-value

[E 51 BMIo @el, ®oisha @ gopusist x|xolo] Atk
[Table 5] Correlation coefficients between body mass index and mean scores of blood pressure, hematological parameters,
indices of dyslipidemia and blood enzyme

Al = C A
G
%78 % (mmHg) 0.120" 0.258" 0.151"
327] d 9N (mmHg) 0.128" 0.239" 0.152"
Wl E S1(10°/mm’) 0.044 0.020 0.039
ZE1(10%/mm”) 0.030 0.007 0.019
A 2 (g/dL) 0.135" 0.074 0.097
FutE A8 E(%) 0.109" 0.065 0.095
%232 A(mg/dL) 0.220" 0.299" 0.233"
258 A Z(mg/dL) 0.188" 0.243" 0.195"
HDL-Z8)| ~H|2(mg/dL) -0.138" -0.197 -0.105
LDL-Z3) AH|S(mg/dL) 0.117" 0.236" 0.143"
AST(IU/L) 0.063 0.233" 0.077
ALT(U/L) 0.008 0.128" 0.019
GGT(U/L) 0.096 0.142" 0.102"
ALP(IU/L) 0.010 0.175° 0.041
TE A S (mg/dL) 0.006 0.004 0.004
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[Table 6] Ordinal
parameters according to BMI of study subjects

logistic regression analysis for severity of blood pressure,

hematological and blood biochemical

IR o1
S ; Stg?ril)a;rd p g SIg?r%?—rd p

227]89H(>120 mmHg) 0255 0.095 0.007 0.428 0.126 0.001
7] 8k(> 80 mmHg) 0218 0.095 0.021 0.240 0.125 0.046
A2 (ngfdL)

Y2H(<13.0~16.5<) -0.180 0.186 0331

o] 2H(<12.0~15.5<) 0.309 0226 0.172
&b =12] = (ng/dL)

U2H(<39~53<) -0.191 0233 0.101

A R|(<36~46<) -0.260 0.169 0.124
Hl-‘tf]
(240 108<10%mm’) 0.000 0.147 0.998 0.09%4 0.178 0.596
& 7(10%mm’)

2}(<360~580<) 0.285 0240 0236

] 2}(<340~520<) -0.100 0.170 0.556

ZAAA(>150 mg/dL) 0.840 0.088 0.000 0.696 0.134 0.000
228 AH2(>200 ng/dL) 0355 0.110 0.001 0255 0.162 0.117
HDL-Z3)| ~H| E(mg/dL)

2H(<40) 0238 0.123 0.053

] 2H(<50) 0.540 0.118 0.000
%5%3‘0%3;/%5)% 0221 0.125 0.077 0333 0.183 0.069
AST(>40 TUL) 0.036 0.203 0.860 -0.364 0511 0.475
ALT(>35 TUL) 1255 0.114 0.000 1.050 0305 0.001
GGT(IUL)

UH(<11~63<) 0.603 0.101 0.000

o] Z}(<8~35<) 0.686 0.113 0.000
ALP(<77~293< TUIL) 1.143 0.443 0.010 1.001 0314 0.001
FEAFTH>100 mg/dL) 0.116 0.099 0242 0.066 0.128 0.607
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