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[Abstract] Objective The aim of this study was to investigate the relationship between
obesity [ measured by body mass index(BMI) , waist circumference(WC ) , waist-to-hip ratio(WHR ) ]
and arterial stiffness on community populations in Beijing area. Methods In a cross-sectional study
of 2664 subjects (1379 men and 1285 women) aged (53.19 £ 15.73 years, mean % standard
deviation) , BMI, WC, WHR and other cardiovascular risk factors, were measured and carotid-
femoral pulse wave velocity (cfPWV) was measured to assess the arterial stiffness. All the data were
analyzed with linear correlation analysis, univariate analysis and stepwise regression method to
explore the relationship between obese indexes and arterial stiffness. Results We noticed that a
showed the existence of positive correlations between BMI(r=0.0829,P<<0.01) and ¢fPWV,WC(r=
0.2659, P<<0.01) and cfPWV, WHR (r=0.2749, P<0.01) and cfPWV. In univariate analysis,
cfPWV was associated with WC=85 cm(male) or =80 cm (famale) (P<<0.01), WHR=0.90 (male)
or =0.85(famale) (P<<0.01). Stepwise regression analysis revealed that WC was an independent risk
factor of cfPWV, other than age, gender, systolic blood pressure, HDL-C, OGTT2h etc. Conclusion
Our findings indicated that obesity was an independent risk factor of cfPWV, which was an early
marker of cardiovascular and renal diseases, among community population in Beijing area. There
were different relationships between obesity measurement parameters (BMI, WC, WHR ) and cfPWYV.

[Key words] Obesity; Arterial stiffness; Community population

- i 7 Vs Ay -

RSS2 2 Ml M ey L O VPG B LB FRPII AT p BEEE  TTTAC
VRIS G S5 S R P 3R, SRR R i SO AL 5 ph e o 8 o sl o A A R S B

DOI : 10.3760/cma.j.issn.0254-6450.2011.05.010

M) 3k S48 1

) e BIFE 3 Z A . AN E A SClik 4 AL

HATH: b fEHES R BRI ®  csmp  HEEIIKEEENGRER" . BNz S
(2009-2038) Bl AR RS 3 2 (R AE DG B R TR 2E IS, 2RI AN

FEF A7 100853 Jb5T, MRl 45 s e ma A% e A o 1l A5 — R

M 6 A 41

B e HEL RS 0 X 0 R 12



- 466 - FPAETRATIN 2R 201145 5 4532855 5] Chin J Epidemiol, May 2011, Vol. 32,No.5

B P, ARTFEE i REEA A T eE I A, PR AL
JHE B HEAN RTINS 4 b5 Sk AR JEE At DX AR R 1Y
FRRAE

M&EEFE

1. X4 2007 4E 9 H %2008 4 11 H W], %fb
T X AR I A TR S B, AR 2
F2ATORE, R B BEN LRSS S R R A 7 v
2853 4 IAES SR . ZILEFR =18,
HESS AR AE LG O HE A H AN R ShIKEE AL AE | 45
SRS TERRE BT R, BIBR 110 2% Al B ik
1L .79 44 18] 36 A 6 RN SE 3 AR S Hr LA
2664 %2 o T ZiR G LB RS R =,

2. )k

(D FE R g 2B 120, RS
HE, e AT I B A SR A B AR
SGEE WAR  BERI2  S R DL . IR
R 2K F 23 EF KN 10 ml, J54T 75 g IR 49k
i i3 (OGTT) (H5 32 K &7 WA s <8, 1745
W), 2 h 5 B bk 5 ml. i bk
IS 1 h PN 43 B I A8 4 A sh A LA SR i 4% |
A BB g%

() A AGAT 45O A VAR IE R A T 5 25 2]
W gt G — R0 BB D s b+ 52 A .
AR ML AR, S min S5, B FHAR AR AT K AR AE Rl
B A bR A 57 1L, Wi 4 T (SBP) RT3k I
(DBP) 43 51l U] £ 35 56— R3S o B O 1 324,
[ B 2 min J5 I 1K, B3 YO RI(E . R 4R
FELERUM = F 2 5% A LBl 2 =2 v i T T T
R K S0 2, O s L e (WHR) = [ Bl (WC) /B
Filo DU 2 VR B2 R

(3) 30— s ik Jik 47 00 1 5 T (cfPWV) T 5
R H A 8 PWV 23814 (Complior SP, France) Il & .
TR BUMEM , M cfPWV IS W e e g T
A5 8 Jok AN B S ok D5 20 e BH S PR Ao, 000 oA ) 35
Sk 2 M sh Bk S R AR IR B i AT HL, PWV
R 1P gl =2 T F 5 L R A% S s T
BAE] AN PWV (m/s) = L/T AEHERE T
PN IE R I 1) 22 , BB L A A0 2 1] Ao R s
HELECSE 16 M EITETE , 250k 3 A KAE A 3 e/
{8, BORI4 10 N BUEREAEN PWV I E(E

(4) 12 Wi b5 v < AR op AR B () 0T 41
(WGOC) B H AR A7 48 H 108 ST A A 1
WrbrifE™, R R E $5 %0 (BMI) \WC . WHR {1}y 1

Mrisr. BMI=28 kg/m” WAERE, WC=85 em (5 )=k
WC=80 em(Zr) A O HIAL B, WHR =0.90 (55 ) 1
WHR =0.85 (%) A BUAERE . cfPWV K FH R
f MUEFE R 8 PW V> 12 m/s VRO LA A0 57 G
K &, L M [ Artech-Medical 2 &) Y B 3% 5k
(Complior SP)PWV Il i {SAG M 41z 45 rh 2 ik 1 2 2%
BWIHRIE : cfPWV>12 m/s 878 K ik 3 hE I 5 s
iR, AT A& A B M TR AR

3. Geit=E AT B f 2 BRI GO RS Ui
L NXGEATTENL, R SPSS 17.0 A4k 17 481+
I3 o AN IR AE B A ot A XN TR sl Jok A s o 5
RIS R K5 K3 A R Z R B
AT, P<0.05 M2 A Geit i L

# R

1. —MRFAE . 2664 N 554 1379 A (51.76% ),
1 1285 N (48.24% ) , V- 4 4F 1% (53.19 £ 15.73)
% KRR SCHR 3], % 2664 2 W 5T 04235 cPWV
HERSTHABWAH, Kb AAMFRXT LM
cfPWV<12 m/s, B4l cfPWV>12 m/s. 5 A 414
I, B4 4ER \WC  \WHR ,SBP . TC .LDL-C TG . %%
Ji§ A (FBG) \ 4 )5 2 h IMUBE (OGTT2h) . cfPWV 5
T A4, ZRAGI2EE L (P<0.05) ;B4 H M
PR L CHDL-C /KPR F AL, ZRA G FE X
(P<0.05), Z5HILFE 1L,

R LA 2664 24T XNRERYIEA TR

Z B A#H(n=1993)  B#H(n=671) P
IR () 48.398+14.479  67.440+9.427  0.0000
Tk 1058(53.09) 321(47.83) 0.0186
WA 532(26.69) 203(30.25) 0.0743
BMI(kg/m?) 25.167£3.479 2543043262  0.0751
WC(cm) 84.302+£10.375 88.7669.170  0.0000
WHR 0.8570.065 0.888+0.062  0.0000
SBP(mm Hg) 123.382415.999 136.599+17.890  0.0000
DBP(mm Hg) 75.745+10.018 76.210+10.376  0.3111
TC(mmol/L) 4.899+0.920 5.060+0.962  0.0002
LDL-C(mmol/L) 2.71940.752 3.016+0.747  0.0000
HDL-C(mmol/L) 1.40840.363 1.340£0.344  0.0000
TG(mmol/L) 1.68041.205 1.860£1.339  0.0021
FBG(mmol/L) 5.145+1.315 5.557+1.837  0.0000
OGTT2h(mmol/L) 6.492+3.262 8.776+4.460  0.0000
Scr(umol/L) 68.0111+17.953  68.34418231  0.6818
cfPWV(m/s) 9319+1.424  14558+2.578  0.0000

T 452 AN g A B L F 2 RO R (%) s FEA N
x%s; 1 mm Hg=0.133 kPa

2. ANFEIREREFE RS cfPWV Al FRAE N - BMI,

WC . WHR . cfPWV $E4T IE S PER L (3h 22 46 57K



A FATIRE R E20 5 A8 28258 Chin I Epidemiol, May 2011, Vol 32,No. 5 . 467 -

#fE:0=0.05) ,4 M EBIRIER . 5300 BMI,
WC WHR 5 cfPWV M E AT, 4553 7R BMI
(r=0.0829, P<<0.01) . WC (r=0.2659, P<<0.01) .
WHR(r=0.2749,P<0.01)5 cfPWV X5 IFAH5E

3. cfPWV 13 114 5347 - LA cfPWV 2hy [ 742
i, TR S ofPWV A Y A A8 & (AEES M5 K
{1 . SBP, DBP, TG, LDL-C., HDL-C. Scr. FBG,
OGTT2h) 44 A 3% [l 1 43 B, Herp 3 4> IR b 35 A
(BMI.WC . WHR)EN A 28 & 73 iR A I 2P (]
H5 AT, A5 R B : WCAE R ofPWV [ fa i R 2%, it
SETAERS PESI SBP .HDL-C .OGTT2hfE1E(FK2) .

Wi

UEAESK , R ERNERE A2z EA . HETT
JE Jie 58 5 1) B SRV A 2R (R A I R S i
FRA TG IR A b, S 0 14 B2 BMLLWC
FIWHR"™  WF5E EoR", AL 5177 2408
GRS R 2R B UIAHOC . BTk Ak Z2 Rt il I
IR ) L A BRI A, = B4 o0 kD e S 4544
MU . ST R, 7 B ok R AP 1 2 T 3l ik
UIfe el AR e kA, EERBUN S bk tGR | 3h
AR REE g 14 i " DRI XoF 5 i e e g R T A
T FR A TR O LB LA R A O
cfPWV 2 KLU & 30 2 ok o 1 o R AFeE s 52 15 L 3
DU i M58 R W BB, ofPWV AR R B ik
T b % S AR i () — A S B W AR A, SR —
FE 5 R 28 2 5 AH G, RH SRR B an ], WA AES ] 2
FRPRAENS B AT bt T S MK ok R AL Y — G T B,
AT 1

AWFFEEE 3 R : BMILWC .WHR 5 cfPWV 1
5 EL 2R IE A OC A OGP % V)RR AR I WHR >
WC>BMI. W05 NREFE cfPWV U & 25550 P
2H (A ZHAFFE R0 cfPWV <12 m/s, B A FE R4
B cfPWV>12 m/s) , 7] il B4 AY WC.WHR & T A
A4, 2ZRA5 0 X (P<<0.05) ., 7EZ 4 BIHMT

H WCAHER cfPWV GRS B 2, A7 Tk AR
SBP .HDL-C.OGTT2h %5 [ & 4276 . B 4ios , e
JE S 1% AR Bl PR AR B S R IR L IERE S
55y ok feef 8 154 o (7% = 2 D PR Sk P B T REZEAL L o
BT WA BT RE SZ 40 R 5 R IEPT  TC KT
A b RERES R A RR IR R 3 T B R K
PR SRAE P R TR T R SE, B RT B0 F K
PO v R FLE T LSO SSRGS BN
Bz F -1 R 8 A Bk, Sh kAR RE B3 hn
I JE R R A8 9 5 257K 8 DD ARG, T rpocs U AT
JHE L 4 B RURE e 5 e 5 3R IR A DGR T ™ A
WFFE T A5 IR SCRF FiRZ51E . Schneider 45
() — TR 6 7R |, 24 44 1L 1E A F RS TG
P IR S E IR BEA w4l 120 mg, BF H 39, 3L 12
A, WA SBP . DBP A543 R U0 Al AT A%, K
BHKIR A BT R (P<<0.05) , 37 il o m e
RSN KARRE R . LA AT 8 AR E s in 1 ek
5 F AU FEARAE IR 25 H R B R KOT A
R R AU VA B fa e R R e R, A
FEAE DX T IC R AL A o F o 20 R AR 2 1 A
D, PEA IS T RE S 75 32 01 S48 T AR sl iR
X S AR A, AR O I 4875 AR T 3
RN A9 1E L

ARSI %, AS R A RE e FE bR cfPWV
AR SEMEARTE . FEARRES cfPWV B Z -, 1
iy e BUAE JHE A A 45 AR, WC L WHR JE cfPWV [
a2, 1 BMIAE by 4= 5 SRR A I 2 R A D F AN
JECfPWV INFER: N2 . FEZ A HIH ST  BEIE T
PE 5] AR (W 4K . SBP .DBP.TG.LDL-C,HDL-C,
Ser .FBG.OGTT2h %K J7 , WC AT SR & cfPWV [
M7 GRS R 1) WHR . BMI A2 cfPWV 4 i ST
FERE 2 . DIEWFIE B , AN ] (4 JR 0 2 3 o Xl
NBEREFRPFE MME A R, BMIFE 4 5 R
JHE B I B 6 A, 5 R TR 43 H (TBF% ) 78 B B AH 56
P, T BRAN ) B i X AT (5200, A 1 S e T

F2 AFNLFEN SRR T cPWV IS 2R R

e BMI wC WHR

= B 5 off P 8 5 fH P B 5 ol P
R 0080 0004 19827 0000 0080 0004 19434 0000 0079 0004 18964  0.000
e 0462 0156 2968 0003 0457  0.57 2901  0.004 0418 0159  2.628  0.009
MERESFE 0050 0015  -3.452  0.701 1890  0.820 2300  0.029 1235 0843 1464  0.631
SBP 0.049 0004 13631 0000 0047 0004 13.065 0000  0.047 0004 13.191  0.000
HDL-C ~0450  0.145  -3.100 0002  -0299  0.47 -2.030 0042 -0263  0.145 1817  0.049
OGTT2h 0.082 0020 4074 0000 0079  0.020 3947 0000 0078 0020  3.856  0.000

AR PRI CA =1, L =2); IR =1, AN =0); LI BMI R A28 ik i AR S50k fPWV (P =0.400, F=126.730, P<
0.0001); LA WC Jy [ 7255 B R U 2800 ofPWV (P=0.397, F=125.229, P<<0.0001); 1A WHR Jy [ 25 5 Bsf (455 750 280K ofPWV (P=0.398,

F=125.484,P<<0.0001)



- 468 - AR T A AT

201145 %5 3245455 Chin J Epidemiol, May 2011, Vol. 32,No.5

FEREEESS . (H BMI JR A7 76 — 2 Ja B, FR 4l R ]
BMIASGE S B RAT S 51 Rl e 46 22 2 3
(ARG & A AR AR XTHLRAR & 35 132 8l Dt
oA K b i H 2, BMIT AT BE B e A 3 e
JHE7 R TR, T 2 A N DR A 2 207 A i 444 4 T A
TP, T BMI AT A (A T A e A
WC SR A it i 17 A R 25 L CRI Ac RO P ) A B 1)
Fa bR , H R T S (RO SRR Wk ) 2 & A=
S PE A& e b s 1 Bk ST FE I P 2. WHRAE A
HC R R 1) o — 5 FHAR b, o5 N g 5 T AR
Ktk BAF. ARk E A — L fifF 55 N, WC 2
WHR F6 5 4 i S5z Bt Ay A A e ) 1 222 {ELAS [ o
e AN A Y B E5 R IR AR S e — B AR
FAER R, 5 WHR M L, WC 5 fPWV A1
TR, —IZERE 1S A A5 5 (251 884 A filFEA
Y Meta 437 875 2, WC Al WHR ¥ 5.0 1fiL 5 5+
P B FE RS S 3 A DG (B R TR O M A R R FE B
)ik AR v R O IR TR A A N . BAREES
WHR 5 WC A 18 Z A s AR AE S il i i A8 bl
BEMNEE , S WHR S B E MG, PR, 1
$£ WC A & WHR 75 AR 45 I 2 ) 855 DA R A T 3
8o ARV A B R BB 5, PR A Tl g s
i) WHR RS B2 , T S2 0 WHR 55 cfPWV YA G
P WO BUE KA A TR F i A Fe >R FH WC
VE RPN BRI FR AR o
S £ X #

[1] Orr JS, Gentile CL, Davy BM, et al. Large artery stiffening with
weight gain in humans role of visceral fat accumulation.
Hypertension,2008,51:1519-1524.

[2] Coorperative Meta-analysis Group of China Obesity Task Force.
Predictive values of body mass index and waist circumference to
risk factors of related diseases in Chinese adult population. Chin
J Epidemiol,2002,23(1):5-10. (in Chinese)

o IS e ) R 2 RSB A BT DML 3Rl e A A i 2K
FRLE FEL X AR 9 A 86z PR 2% S ) TR A 1« 35 PR e A O
RIS IIIETE. HARRA T 2A AR, 2002, 23 (1) 1 5-10.

[3] Mancia G, De Backer G, Dominiczak A, et al. 2007 ESH-ESC
Practice Guidelines for the Management of Arterial Hypertension:
ESH-ESC Task Force on the Management of Arterial
Hypertension. J Hypertens,2007,25:1751-1762.

[4] World Health Organisation. Obesity: preventing and managing
the global epidemic. Report of a WHO consultation. World
Health Organ Tech Rep Ser,2000,894:1-253.

[5] Ogden CL, Carroll MD, Curtin L, et al. Prevalence of overweight
and obesity in the United States, 1999-2004. JAMA , 2006, 295:
1549-1555.

[6] Chinese Ministry of Health, Ministry of Science and Technology,
Office for National Statistics. The nutrition and health status of
the Chinese people. Chin J Cardiovasc Rev, 2004,2(12) : 919—
922. (in Chinese)

DAER, B, E ARG R, b e R R SRR,
O I ERHFFT 24, 2004,2(12) :919-922.
[7] Jones JM. The methodology of nutritional screening and assessment

tools. J Hum Nutr Dietet,2002,15:59-71.

[8] Alberti KG, Zimmet P, Shaw J. The metabolic syndrome—a new
worldwide definition. Lancet,2005,366:1059-1062.

[9] Zhou BF, Wu YF,Li YH,et al. Risk factors and 13—year incidence
of coronary heart disease in a Chinese population cohort.
Abstracts of the 5th International Conference on Preventive
Cardiology. Japan J Cardiovasc Dis Prev,2001,36 Suppl:S110.

[10] Cecelja M, Chowienczyk P. Dissociation of aortic pulse wave
velocity with risk factors for cardiovascular disease other than
hypertension. Hypertension, 2009, 54(6) : 1328-1336.

[11] Maneia G, De Backer G, Dominiczak A, et al. 2007 Guidelines
for the management of arterial hypertension: The Task Force for
the Management of Arterial Hypertension of the European
Society of Hypertension (ESH) and of the European Society of
Cardiology (ESC). Eur Heart J,2007,28(12) : 1462-1536.

[12] Seifalian AM, Filippatos TD, Joshi J, et al. Obesity and arterial
compliance alterations. Curr Vasc Pharmacol,2010,8:155-168.

[13] Baud L, Ardaillou R. Tumor necrosis factor alpha in glomerular
injury. Kedney Int, 1994, Suppl: S32-36.

[14] Randriamboavonjy V, Schrader J, Busse R, et al. Insulin induces
the release of vasodilator compounds from platelets by a nitric
oxide-G kinase-VAMP-3-dependent pathway. J Exp Med, 2004,

199:347-356.

[15] Maxwell M, Hebet D, Waks AU, et al. Role of insulin and
epinephrine in the hypertension of obesity. Am J Hypertens,
1994,7:402-408.

[16] Schneider R, Golzman B, Turkot S, et al. Effect of weight loss on
blood pressure, arterial compliance, and insulin resistance in
normotensive obese subjects. Am J Med Sci, 2005, 330: 157-160.

[17] Barinas-Mitchell E, Kuller LH, Sutton-Tyrrell K, et al. Effect of
weight loss and nutritional intervention on arterial stiffness in
type 2 diabetes. Diabetes Care,2006,29:2218-2222.

[18] Yu K, Du CW, Tao X, et al. Relationship between body mass
index, total body fat and dyslipidemia. Clin J Clin Nutr, 2007, 15
(6):343-346. (in Chinese)

TRE, A, B 2, SF . ROAE R BORLE AR IR D7 5 ML
IARDCHE. IR R E IR A4, 2007, 15(6) : 343-346.

[19] Heymsfield SB, Baumgartner RN. Body composition and
anthropometry//Shils ME. Modern nutrition in health and disease.
10th ed. Baltimore: Williams & Wilkins,2006:751-770.

[20] Working Group on Obesity in China. Prevention and control
guidelines of overweight and obesity adults in China. Beijing:
People’s Medical Publishing House, 2003 :2. (in Chinese)

o ] A SR (] TR 28 ) e A T RIS e o By 42 1 4
Jent: NRTA: Hi A, 2003 2.

[21] Yang WY, Yang ZJ,Li GW, et al. Prediction of metabolic syndrome
with combination of waist-to-hip ratio (or waist circumference)
and blood pressure measurements. Clin J Endocrinol Metab,
2005,21:227-229. (in Chinese)

W SCoE IR ZE 0, A 1565 0 i TP T L {1 (iR )
L7 AT SO 255 AE. AR 2 W AR 2% A, 2005, 21
227-229.

[22] Chand C, Watts GF, Barreet PH, et al. Waiste circumference,
waist-to-hip ratio and body mass index as predictors of adipose
tissiu compartments in men. QJM,2003,96:441-447.

[23] Wang Z, Hoy WE. Waist circumference, body mass index , hip
circumference and waist-to-hip ratio as predictors of cardiovascular
disease in Aboriginal people. Eur J Clin Nutr, 2004, 58 : 888—893.

[24] De Koning L, Merchant AT, Pogue J, et al. Waist circumference
and waist-to-hip ratio as predictors of cardiovascular events:
meta-regression analysis of prospective studies. Eur Heart J,
2007,28:850-856.

[25] Dalton M, Cameron AJ, Zimmet PZ, et al. Waist circumference,
waist-hip ratio and body mass index and their correlation with
cardiovascular disease risk factors in Australian adults. J Intern
Med,2003,254:555-563.

(e H#1:2010-11-26)
(ARG - TRARAR)



