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- Abstract -

Background: The risks of both type 2 diabetes mellitus and cardiovascular disease are
mainly associated with the metabolic syndrome which is characterized by clustering of
metabolic risk factors, including abdominal obesity, glucose intolerance, hypertension, and
dyslipidemia. This study aimed to examine the relations among metabolic risk variables
and the underlying structure of the metabolic syndrome that unites related components.
Methods: Subjects were selected by strafified random cluster sampling among persons
aged over 40 years from a rural area. Waist circumference, BMI, fasting glucose, fasting
insulin, triglycerides, HDL cholesterol, systolic blood pressure, and diastolic blood pressure
were used as risk variables of metabolic syndrome. Factor analysis, a multivariate
correlation statistical technique, was performed on a dataset from nondiabetic 3,443 men
and women without history of coronary heart disease.

Results: Exploratory factor analysis identified three factors in both gender (obesity,
hypertension, and dyslipidemia-insulin  resistance in  men; obesity-insulin  resistance,
hypertension, and dyslipidemia in women). Fasting insulin was a common contributor o
the structure of metabolic syndrome in male subjects, smokers and alcohol drinking group.
Confirmatory factor analysis based on the results of exploratory factor analysis revealed
that metabolic syndrome was represented primarily by obesity factor in men,
obesity-insulin  resistance factor in women, and that dyslipidemia factor was highly
correlated with obesity factor in men, with insulin resistance factor in women.
Conclusion: Underlying structure of metabolic syndrome was different between men and
women, and obesity might be a primary target for prevention of both type 2 diabetes
mellitus and cardiovascular disease in Korea. (J Kor Diabetes Assoc 30:177~189, 2006)

Key Words: Confirmatory factor analysis, Exploratory factor analysis, Metabolic syndrome,
Obesity
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AR, Ao, daideld, el Plgat
off 522 FAE Aslo] tASET (metabolic syndrome)
o7 o3t thAIE Ll (metabolic risk factor)EollA]
54 HRle] givke ARo] QIA|Ho], Z7oll X F%
T (Syndrome X)' 52 ‘UERAPE SFL (insulin
resistance syndrome)’©]2} HWHE A} 199811 WHOOIA]
© AEAAPA T ke dAeIeRIEe] F
A1 Wjle] At RE AWERA etk
ste] tETolghe ol wiZdskes Aasigly,
w33k, AL o), wlRh, wlAchil, Apd Wiy
= Uidsels E3 AES AREIEP. 20014
National Cholesterol Education Program Adult Treatment
Panel IIl (NCEP ATP IIold= AAZQ Acky 28-S
Sl B35 waE, sk, Wkl At ld 55 7
To2 3 I AeEs AR,

AF gl Aok wske PSR <l
ApgEol 19904 7 ARbER 10.47dell4 20001 21.5
o2 2u)l ol ZTIEIE, UESTol AkE W
MRS b Eslo] AR ub® gl Ankg Z7Pe)
A3k fedo] Slvke e K u, AR¥ Jelut
g3 Azko g Qg AdE AE falie diAESroll
3k dARE A7t s, o] & Sl AT
A B4 gleteliol & Zlojck

dREESe sk e4E 7o) e ksl A
< A okt ekl A Sl
= tARIA} Aelell SAIF o7 AT o} A=
E5AA] (multi-collinearity) 52 A2 GubEQl o%
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OAEFEe 77k 9Qlge] EYH9l Yldow Ad
WALk fpiehe Zlo] ol S18eQlE el B3t
A9 AE 2 T (clustering) & LFERIE. 13}
H oA eqlEe] Ak Heleka T vjelshs A
o] 3 e ubAel] thel] Hr} v WA e} 2o A

2 ThselAl sjel, mak 391Rol viek ol #E g
22 A gl 7ofd & 9 ik

ol UAEFEE T ARl v Q1A
(factor analysis)|2R= B W Ball 428 5 9ok
LQARHLS WABFTE FASH: HEEIAAY 49
57h e WSS ol FEHOZ AGeks Yot 7=
& el AW s Tl wa 244
WIS Bk 2 o] el Qlo R ok
el ARgo] e wigEe] FEeglow P4
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Edwards 5'7°] I7MAIQkIA QEaAGAASIT-S
Aohe dARIAS] THAE BAR ol dhEETS
Ashe B tRIA FollA ol wigv) 1 Jug
™ o] dARIAES AWY = e 3F Adeglel &
AsR=Aol Tt QA7) o] Folghel .

7180l o] FolRl tAESTS A tiARIRll t]
3 QQIEAS Ui aMeEe] BHAS 2 B
AZ QolH.A (exploratory factor analysis)fL'i'H Z]A=RCN
IS 371 52 47l 291) FHeE T 9}
TP ofzigh gk @l Yol ojsl B 71A) Aol
A= Qe BREEE, B AdE W, FEEE
agle] ¢, FAE 2919] 314 Foll vt TRe sk
291E0] 270" TR vekel BES Holw, 7 @
Qoll FASIE A1l 2 Arht Holdt S
HOIRE Ao},

ofefdh BalE @RAE Wakshe Aol 357
Q29184 (confirmatory factor analysis) 22, (1) &=~
o 2]l Aolo] IS FAIsksl= o 2XQl M RS
ARslo] o5 AT = 3L, (2) oI5 Fl iRt A
olgoll Bofsh WA FHo] GheA, H2 4 74
27} saRIAe) QA el 4 glom, (3) 24 o
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SfollAls HollA] B @olEAlel eJ3t Qi o]
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Fskazl e
CHAF 2 2HH
1. SACHA

B o] ol Ik oFell Wk =il 4
A=le] b0, 2003132} 2004130l 27 29 RE] 497}
Z19] 717} &3t T4 5 Aol AT 404 o]
ARle o & sigiel. tdAGE 137 Hog F3ls)
I 7 5]l 3 vk A=k (cluster) TR FARS] 3
F3le] Bl vkl WAE AT 2k 72 A=
FH3EZ (stratified random cluster sampling) WPHOZ &
16370 w5 Asiedel. A4% vlkgoll A= 4041 o]
Aol 12,7729 F 41.7%9) 5,330 (EAk 2,1979,
oIz 3,1339)0] HoJsloiet. o] F AAAgke] zAHol
U 31377} 7]Eell ARY FIHEIAIAL M=ol AR
3 Faolelar Zvkel oA} s169] A9 tASF
To = olst Axle] A} (outcome)”} BHAYEE Aolekw 7+
Fslo] Faol|l A AlLslRet?. tAEIF = gzt
Ql HelEwl, AAEEASE, FEEE, FaRlEd, 44
W, HDL ZEI=EE, 57185k ols1¥st 5 ais%
T 91egl P AsrE B FHE @Ak 1,398 o7}
2,045% 5 & 3443789 A5 E HE FAWIE ik

B 2Es ddeE AvzAet AAAIS tisk
Alssigion, thid FRlEel tisle] #AH,
715E, 7o, AR, 2 5o AwEAel A
& AlRfElde. AAAIE 73k e ARgste] Al
7 Ag, deElEdE FAsen AEEAlTE AlF
(kg)/AVHm)* ol olsto] Alksigict. dst 342 sl
A 103 ol B AEE FAXZ ¥ gk AAlellA] =2
deHlE 57] diat olsb] dsks FAsIelh
kel sk 23] FAs] olsby] "ol Helrt 5
mmHg s}l 7% -+ kel Hdgks Tslsick
A Aol BE At 243 12417F oS4 9
Al #1943, PNEAS A A vl I flsled 5
okslsloirt. ¥4 EZH~H|E (total cholesterol)Z} 434
WS A o2 HDL FHlHIES Aez] A4S o] &
slo] FAsloly, AWEARMAZAIAHEE (low  density
lipoprotein cholesterol, ©|&} LDL Fd|*~HZ)2 Friedewald
formula® ol glo] ALY, T2 Heke A F 0
I gl 24HRE- 93l Sodium fluoride tubeE ARS8} 0w

Hexokinase methods ©]-&3l0] Z4319c). FE8Ads

2] Radioimmunoassay kit (Dainabot, Japan)E& ©]-&3}o]

x|
294 BE (skewed distribution)S Ho|E FAAME,

FEolgele] AS AQdEaE Hslo] HFEE I

ARGl BAo] AHol] wl} Xlol & Kol A& 7k

sjod?, Aol] whE 5AS vlazslich

2) EMME QOIEAM
(1) F4E 291 (principal factor) 3

FAHE- 54 (principal component analysis)< 538l Tl
o] Wi EE sk A2 o AR 522! (common
factor)= SHslgick ZF wieel =l a9l 7he] A4l A
S5 vEhlE 2913k (factor loadings)2S AHEsl3ich
ofuf] 574 2Qloll thel] B wi5re] eQlesleks Algslod
3t 7kl 31R37k (eigenvalue)o] 1Hc}t & 7395 55991
o FEeP?. wat FEQ9S Al BellA U
Bt afgke] ZrlseR, S R disk AHEe] A
2 2 eRle] HIFE Foialqih

(2) AL 2912] 34 (rotation of principal components)

FEE 7 e9150] AR SRS RS 31X
= ZZ3A (orthogonal rotation) E3l dl|4o] folsls
5 WFEe] QRIF=E Wik A3 W FollA
7+ QRlol] 3dsl QRS At kel 24k A
3FA71= varimax 313 AREsi3ic)

(3) 229lol] thek &4 (interpretation of the factors)

Zuge] golslEke] 035 AU e A% F
ZAWa7L g a]le] Z= E4He] oF 10% ol dE B3t
T 735olA SAuel e17ke] A AEr) Rl
3L Abgslar @l gk o3t A MR s Asiil.

aQIslgel] ol A HEEe 548 aEsie] 29l
o]

(1) 23 44

g Q1R Az 7k 9olollA FAdHe] a]ls}
o] 035}t T 795 Bl Eislo] ST n29l
23 gl 99l 7+ A 2l gt E4e ekl
ok ST 08 B A rolele 24 ARl e
91 (second-order latent factor)e] 12} 222l (first-order
latent factor) && FAEW, ZHzte] 13 A Q0 t}A
AT B ST ER HAdcke PR A4
3 2golck A 29l 7 Augedd BEe o
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Table 1. Characteristics of Subjects by Gender

T
Variable Male (n = 11\3/1962;1 F_ensla?le (n = 2,045) P value
Age (years) 61.6 + 10.4 619 + 104 0.4503
Waist circumference (cm) 84.0 + 84 81.9 +9.0 < .0001
Waist hip ratio 091 + 0.06 0.88 + 0.07 < .0001
BMI (kg/m®) 23.0 £ 3.0 245+ 33 < .0001
Fasting glucose (mmol/L) 53%06 5.1 %06 < .0001
Fasting insulin’ (mmol/L) 0.28 + 0.27 0.34 £ 0.30 < .0001
Total cholesterol (mmol/L) 10.7 £ 2.0 11.5 £ 2.1 < .0001
Triglyceride* (mmol/L) 8.8 +64 82 +47 0.0023
HDL-cholesterol (mmol/L) 2.8 £0.7 2.8 £ 0.6 0.1620
LDL-cholesterol (mmol/L) 64+19 73 %19 < .0001
Systolic blood pressure (mmHg) 138.3 £ 20.2 139.0 + 21.2 0.3492
Diastolic blood pressure (mmHg) 854 +10.7 84.9 + 11.0 0.2402

Statistics were analyzed by t-test.

* Statistical analysis was done after log-transformation.

ASZTe A4 Tl FEse Tedio] EAlghtls
714 sloll AR B o g 9ol 7+ AMAEE sjotst
& n

7] Fol3t 2ol o] ufj A& FAHTE s
1

Q) =3 A= 7%
Hh S o83 55 89EAS AldstaL, 2Hl
o] A% 742 Hu and Bentler”7} AK|EE oleje] 7]&

& Agaigik

e} A gk

@ CFI (comparative fit index): Zke] 0.95 o]ioJofof
et walolv] 10] THYHH 27 w2

(3 RMSEA (root mean square error of approximation):
kel 0.06Hx} 23t ool ZAIsHA, 90% AlE]7ke] 0.06
o} 0% Ehllok at wY)

(@ NNFI (non-normed fit index): Zko] 0.90 o]ojojo}
Edt melolv] 1o PHEGE 24 23

(3) =¥ A4

i) @]lell 2709 HHMTE AR R Q| 4
27} 18k &, & S2x84 o] WAl 739 (Heywood
case)olli= B3| tigt dide] Erla3td], olule dd &
Aol 3IE 43 delE 243 & BEe Al
Aslo] BAS AEsIIF?.

7168 A3 gaE 99lR A2 SAS  (statistical
analysis system) Windows version 8.01&, 5% Q9154

2 AMOS (analysis of moment structure) 4.0 ©]|-83}ich

1. Ch FEk| Qs 5y

ZA} tdAke] S Jat 61.6 + 1044, o312 61.9 =+
1044130}, A2 AAZPAE 9 H EAE vz
SR, AAEFEAT, FEREd, FEulelEdt LDL &
BldlE oJA7E, e, ST, 35EE, 4
Ak FATE FoleAl =9k oxke] A=A
24.5 + 3.3 kg/m’ 2 o Aol ek u|ukr| el 23t T
(BMI: 23 kg/m)ell 31las, slel-Er-gam]7}l 0.88 +
0.072 HHH|7F (Waist-hip ratio > 0.85)cl 3slds}3ict
(Table 1).

2. CHARIX} Zio| Atk

UARIAL k] AsiiAlE W HE s HAlsle] 24
sloted], o] wisrse] felst ARlAlE Holew &
3 Sl AR ol WRlellA 0.76 (P < .0001),
oJzlollA 0.69 (P < .0001) 9 =& ATIAIE BN, 53
71883} o971t Tl WAlollA] 0.73 (P < .0001), oiA}e]]
2] 0.74 (P < .0001) 9] =& ATAIS 29l HDL 4l
HIE2] 739 dAllA 5718y, olskr1dsks Alefgt vk
we} Fol AAIE B, oflelke s5dde Al
g BE werel 3o AAlE Kok (Table 2,3).

- 180 -



od]

rd

Table 2. Age Adjusted Pearson’s Correlation Coefficients Among Risk Variables in Male Subjects

Variable . Waist ﬁ:ﬁg Fasting fa];?irglg . Log. HDL Sl})llsct?)gc
circumference . . glucose insulin  riglycerides cholesterol oo

Body mass Index 0.76"

Fasting glucose 0.16" 0.15"

Log fasting insulin 027" 027" 021"

Log triglycerides 0.24" 0.23" 0.15" 0.19"

HDL cholesterol -0.20° -0.20° -0.02 -0.18" -0.30°

Systolic blood pressure 0.17" 0.17" 0.13" 0.06" 0.16" 0.00

Diastolic blood pressure 0.24" 021" 0.12° 0.09" 0.17° 0.00 0.73

* P < 0.0001.

t P < 0.001.

¥ P < 0.05.

Table 3. Age Adjusted Pearson’s Correlation Coefficients Among Risk Variables in Female Subjects

- Waist Body Fasting ng Log HDL Systolic
Variable . mass fasting . . blood
circumference index glucose insulin triglycerides cholesterol pressure
Body mass Index 0.69"
Fasting glucose 021" 0.18"
Log fasting insulin 027" 027" 021"
Log triglycerides 0.23" 0.17" 0.07" 0.13"
HDL cholesterol -0.16° -0.14° 0.02 -0.10° -0.41
Systolic blood pressure 0.15" 0.20" 0.07" 0.06" 0.14" -0.04
Diastolic blood pressure 0.19" 021" 0.05" 0.05" 0.13" -0.06" 0.74"
* P < 0.0001.
t P < 001
¥ P < 0.05.

Table 4. Factor Loading Patterns after Orthogonal Rotation of Principal Components by Gender

Male (n = 1,398) Female (n = 2,045)
Variable
Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3

Waist circumference 0.90 0.12 0.14 0.80 0.13 -0.21
Body mass Index 0.91 0.06 0.15 0.80 0.12 -0.14
Fasting glucose 0.21 0.18 0.28 0.52 0.03 0.15
Log fasting insulin 0.37 0.01 0.44 0.59 -0.05 -0.09
Log triglycerides 0.10 0.15 0.75 0.11 0.14 -0.79
HDL cholesterol -0.06 0.12 -0.77 -0.04 0.03 0.85
Systolic blood pressure 0.02 0.92 0.03 0.05 0.93 -0.05
Diastolic blood pressure 0.14 0.90 0.06 0.09 0.92 -0.05
Eigenvalues 1.86 1.75 1.47 1.93 1.76 1.45
% Cumulative explained 23.1 45.0 63.4 24.1 46.1 64.2

Data are factor loadings, the correlation between the individual variable and each factor. Variables with loadings >

+ 0.30 are in bold type.
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[N

oA FlelEdl, AAEEAT B FEQlERle] 29l 19, 7
=718t} olskr|™ste] 29l 20l], FERIET} FAA
gl HDL Zd|28|Eo] 22 30l FAEo] Yehdt) ool
Al slelEulet AT, FEEe] 29l 16|, 757
dstzt olsr|dste] WAk} vPIAIR 29l 20|, FAA
Wt HDL Falzdlge] 291 3o FA=e] velyich
(Table 4).

Aol A ArE diARIzke] e 4 e vl
33} (Table 5). 57183t o|g71¥ste] 40thE A9
3H A AR SolA e W Ed SRF R el 28 1A
=9ar, selEalel AAPEAT7E 500 o) dollA 29l 1
2 s FAEe] vkl gEQlEd, F48A,
HDL Fall2=ellZo] 40the} 60tholl = F-583a), 50t}
70t oldollA= FlelEal W AR T} 3 FUsE
2Rlo g A=t FEIERIo] 70t o d-& ALl A
AedsollA 270 QRloll FAlell R Ele] vElyich

ozt A AR E tiARIZES] e 4 e vl
3I8Ie} (Table 5). 571842 o|k718ste] 70t o]doll
A FAAE A TR Ae Alelstae A ARl
o2 HeEy) Eg-og 99l 22 FAE o] vepr) 3
g, AAEEAT, 3R, TElERlo] HAw Sl
Al Ehsk 99leg FAlEE Zlo® veldch FAAW
3l HDL Zal=elEo] 60th o] delld] ofE wgEa =3
HoZ a9l 308 AUk

[o

2) dasnd 84 BN
FATH BlFAToNA diARIAke] a9 R
]33k 23} (Table 6), - o= E5rellA] slelz], A

oL

Waist
circumference

Body
mass index

Systolic
blood pressure

Diastolic
blood pressure

Fasting insulin

Triglycerides

HOL Cholesterol

191 YR AN RASO| NN 2T S -

A, FEAY, FHQlETle] W T WrET Sy
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Fig. 1. Confirmatory factor analysis on three factor model of metabolic syndrome

based on the results of exploratory factor analysis in male subjects, with X =
58.449 (df = 12, P = 0.000), CFI = 0.983, NNFI = 0.970, and RMSEA (90%CI)

= 0.053 (0.040-0.067).
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Fig. 2. Confirmatory factor analysis on three factor model of metabolic syndrome
based on the results of exploratory factor analysis in female subjects, with X =
123.472 (df = 17, P = 0.000), CFI = 0.972, NNFI = 0.954, and RMSEA (90%CTI)
= 0.055 (0.046-0.065).
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Fig. 3. Confirmatory factor analysis of interfactor correlation model of metabolic
syndrome based on the results of exploratory factor analysis in male subjects,
with X° = 58.449 (df = 12, P = 0.000), CFI = 0.983, NNFI = 0.970, and RMSEA
(90%CI) = 0.053 (0.040-0.067).
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Fig. 4. Confirmatory factor analysis of interfactor correlation model of metabolic

syndrome based on the results of exploratory factor analysis in female subjects,
with ¥* = 123.472 (df = 17, P = 0.000), CFI = 0.972, NNFI = 0.954, and RMSEA

(90%CI) = 0.055 (0.046-0.065).
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