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Relationship between Serum 25-hydroxyvitamin D Concentration and the Risks
of Metabolic Syndrome in Premenopausal and Postmenopausal Women*
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ABSTRACT

Metabolic syndrome (MetS) has become a global epidemic. In particular, it is known that there is a dramatic increase
in the prevalence of MetS among women during the postmenopausal period. Recently, accumulating studies have sug-
gested that vitamin D deficiency may be inversely associated with the risk factors regarding MetS. However, evidence
from postmenopausal women is limited. In this study, we examined the association between the serum 25-hydroxyvita-
min D [25(OH)D] and the MetS in Korean adult women aged 20—69 years (n = 2,618) by using the 20072008 Korean
National Health and Nutrition Examination Survey data. The geometric mean of plasma 25(0OH)D were 17.16 + 6.28
ng/mL and 20.20 + 7.69 ng/mL for premenopausal and postmenopausal women, respectively. The percentages of vita-
min D deficiency [25(0OH)D < 12 ng/mL] were 22.5% and 14.4%, respectively. MetS was more prevalent in postmeno-
pausal women (43.0%) compared with premenopausal women (11.2%). When serum concentrations of 25(OH)D were
categorized in quintiles, there was no relationship in the prevalence of MetS in both premonopausal and postmenopausal
women. However, in premenopausal women, compared with the lowest 25(OH)D quintile, the odds ratio for hypertri-

glyceridemia in the highest quintile was 0.57 (95% CI 0.34—0.95, Piend =

(95% C1 0.42—0.85, Pyrend =

0.041) and for low serum HDL cholesterol 0.60

0.014) after adjusting for all potential confounders. On the other hand, we observed the ten-

dency of an inverse relationship for 25(0OH)D regarding low serum HDL cholesterol (OR 0.78, 95% CI 0.50—1.22, Piena

=0.029) and a direct relationship with abdominal obesity (OR 1.94, 95% CI 1.01, 3.74, Pyend =

0.049) in postmenopausal

women. Further studies are needed to confirm these findings in other research settings. (Korean J Nutr 2012; 45(1): 20 ~

29)

KEY WORDS: 25-hydroxyvitamin D, metabolic syndrome, premenopausal women, high-density lipoprotein

cholesterol, hypertriglyceridemia.

HAed:20129¢ 19 64 / +=HY
A 20129 29 144

*This work was supported by the sixth stage of BK21 Project in
2011 and the Ministry of Knowledge Economy for the Regional
Innovation System program in 2011 (No. B0012328).

To whom correspondence should be addressed.

E-mail: orank@ewha.ac.kr

120129 19 31¥

et

SvtA| bt A2% T WY Fagh RiIAlE o
2 ek Ford 52 1998ERE] 2004714 2 11%] Ak
o] H4LE EA3%t A1} National Cholesterol Education
Program Adult Treatment Panel III (NCEP ATP I11D)¢] &
Olof W2 tiAtEFwtat Agybagte] gt A e
1.65 (95% 41277t 1.38~1.99) 18] Fierof| gt A9
HIr= 299 (95% AF T 1.96~4.57)Q1 A0 2 B 313k v Q)
o} olo} Ho] ST S Eo] A S71sk otk
£ HE A2 dAESE] 88 W 047} Bk 7912
B et 2050 1o w 204 oy 23
74919] 24.1%7t tiAtSFoll olek H Ao R BrEF o, U

2

i)

© 2012 The Korean Nutrition Society



o7} E42 G E0| Z715F0] 20~204 44%, 30~394] 14.9%,
40~49A)| 24.7%, 50~59A)| 41.3%, 60~69A] 48.3%, T0A| ©)A4+
48.0%°1ct”

3+H Kannel 52 A7tof w2 A
60A olFlell= Fdo] o JHTt = ulf W
Aot o7} Z7tekel| whet Aof e
o2 HiE v 011;].9 o= ]/\E§ _,]
H7d F o2 H7H A oA duh AEdA A
OJ5HA S7FHE A Harskal Qlrk TﬂUrE'MW 2005Lq

S 7|FE0 &2 PA= 50~59M0f diAMRSF FrEEC] 44.7%
2 37} =9l on, oxt= dAFe] IS AT &
HEo| 37F8F] T0A] o4l A 55.1%= 2117t Eo] HAks

g4
ko
Holy

7n

i
% =
Ky

o nTN
o
[N
i)
fr
do KU ORI ofIF

H—i
rﬁyruf>
ro
oEErQL’
i

:(o

o} oA =9kt ESt Kim 5] Aol A= 917 $- o}
<= 97 A oAGET sjREd, 571k WY F E L)

2 AU ATHEY AEE U 242 o] ok B 13 vf
O‘E} Zivkovic G- A|28]otol| A #H 7 A o JHrt H7
3 Aol A BMIS} thatsStt d5 S9AH o] 12 0}74]
E1L, 5184 AR HES G FEEC] FYsHA =
Aoz Hustgom” ol ABof| A Z3YE Pandey 52| ¢
FONE SAFeE ATHE BRI 5 ek olae] ATE %
of H7 3 oA LFY2EEES LFEANE
AHDLE | 2B 5859 FEC] wobA e
A Aghe] A 917lo] o= Ae e 4 0“’%
A& sk ofe] 91 F, Aol QQlolA et
91 D ZAHo] F83% Itz Q1A 7| *lx—}fi}i Uk F|E H]

o
o

=
A
h=

>4-E 01N

el D Ago] AAAQl JUEAR FEa glomz” v
EHYl D 293} A5 S7e] IAE drele 42 w5
[t} e 4= Qlk AA9] HlEl D J¥-S B st 7P =
2 glo]enpA 2= T4 25-hydroxyvitamin D [25(OH)D)7}

A lom, 25 OH)Dw= 2t o] thAHE oftjet 4|
Arey Wz, A e 8 Aok St olo) Akl et
U= Aoz A3 ek Ford 4% Lu E20) 23 2=

3 Aol whEw 204 o] e] ml=elat 50~70419] T=

%

Ol

oA &3 25 OH)D =0 &5 tAtST2o] 913
o] FosHA HAast Ao 2 B EQILh Choi 52 AFoIA

T @3 25(OH)D 0] W= 79 Fie o] A IFo] =4t
o, IAHF Ei= vlvket ARloll A E4 25(0H)D 4=} Q1
£ AL Jo Aol go] BEIrE” Kim 59
Aol A= 404 o] /Fe] gl AjlellAl B34 25(OH)D <
o] JAFZS o 9l 1Felo] &} L.0] AtAo] 9)e-S H
I3t BHE Khader 59 ol 2. 20ke] Aol

uoflA &7 25(0H)D & A5t 7kl iAol
Q= AoF EJ_O].oﬂr,].W AH|019] AJel vRkSIALE Ak

3=+ <4 oF 8} 3] R| (Korean J Nutr) 2012; 45(1): 20 ~29 / 21

ol

ot Rueda 5] 917+ = 29jjo]2] A2l HRHEALE iAo
I Hielmesaeth 52 ¢171"” @ Jd@h=9] 654] oA} =
40 2 3t Snijder 5] AT-"IAE EH 250OH)D 4
Z5 3 B AL AAo] gl Ao g H
U—]'E}/ﬂ 94 25(OH)D 423 A 7] A
Feluli= g2 ofA7H] =20 & ol Qich
ool A 4t vie} o], vetwl D AL %
FHASHA ==L glom o9 HiarES ta=y
HA71E A2 G43] F7I6tes o= HiEa ‘E]'
2hA] ARl oS Yo 2 H7 ofF e} vlEwl D
o WE thAS T FHES B4t E Y2 TAIEE] o
WA ZHo A Fa3t 9o E 7HITE & 4= ik 7
TolAs S7HEAAE R 241t AlEdo] SR =i
ZdGFERAL AARE AHESEO] 204 o4 70*1] a]Rk el o4

ofi
jan

ﬂ.llﬂJ —r‘ HN [‘.94 HU HU
EE 0 L ﬂ.l r
L £ 9.:

2
i

OL

< 97 ojftof wel F o & e 5, 83 25(0H)D %
I A E S 9 2 9E el (154 Xlﬂ&fﬂz AHDLZ
dAEHEES, LEY, S HET ol SREThRe] WAE

w4517 stk
AT

ooy

& AT ol AR BAATE A47] St dd2At
2007~2009 LAAES AHESHITE F 8,631 £AF A=
S 2041 o)/ T0A wlgt ARle g o2 A7 RS whot 5]
=9, Eeh ¥9, 5 94, B HDL S2H s 8%
25(OH)D 59 AAIAIS 9 @ Al dlofel7} glew, 1Y
oAz AdFIFol YR EAW 4] ¢hen 500~4,500 keal/d,
w7 oo digt FE o} 9= 2,618 ARE AT AL

HOR e, ﬁg‘%} Jolf 71
betes Associationol|A] 31&F 243t 7178 A8t 0H, 3
2= 712 20059 thighu|etstajof Al A|Algt gh=<lef 2]
et slElEd 3Ye At 5, ok oAl 71 $1E &
4 5 Al 7HA] Bz 1L oo T tiAE St 7HR AL
2 goksiginh 2480152 sl 04 = 85 cm), 54
A9 (= 150 mg/dL), HDL-Z & 2EF (14 < 50 mg/dL),
Y =718 > 130 mmHg, o718 > 85 mmHg),
2 A d3 (= 100 mg/dL)e]Th

2 20039 American Dia-



22/ 9149 @3 vlelql D7} ARSFE ol mA= 4
g3 25(0H)D
% 25(0H)D+= #H7 ofFtof| whet A+ tdAt& F+ 2
82 HE25 5 o] 7 d R SRR Basiglct H4 A
o4o] 3 25(OH)DE < 11.57, 11.58~14.57, 14.58~17.97,
17.98~22776, > 2277 ng/mLO.2 EEEglon #7 & o

o] 3 25(0OH)D= < 1331, 13.32~1749, 17.50~21.48, 2149~
26.95, > 26.96 ng/mL= &F3l3Th
7le 47

AAASE (% E A%, BML sj2l=dl, €9 % g Agstst
2H|E, HDL-Ze|&E1E, S84, 35 A

2 54 &=
g9, dad, dsTAR), AL, ARBAE 54 @S
D), AAGEE (F, =5 1A ) | AR ClvA,
A, T, AR, Aol d, UER)o] AR 23t
Ao 15 pE2 2F Ol TF, ALE, 1€ o8] 4t
Al o2 BFEIA SAe A S o5} BlEAdY
PR, 23 S5 T 19 5ok 3 ol 13] oY &5
ol o] uhe} #X H w7 BleFR RS AAEES
o= AAEEY AdE et 2F oS sk

SHE /;jﬂoq S FESHITE FYAFHTZ A
H 2417F S Eoll 5 datE 24 AR E o858
Ack
AEe| B

E ALo] Al A2 SAS V9.2 (SAS Institute, Inc., Cary,
NC, USA) TAREAZ 2 IS AFESIom, fo4-32 p
< 0052 3t3ich A45E W B 9 F2HAE, ¥53
s Wl WS FAISIGITE #7 of Fof w2 Al
AAZ, dH A3etd BEA S4E A5 9 AAEe
t-test 4= chi-square testE ©|-§-5to] Blwslqlet. €% 25
(OH)D =20 w2 AIAAIS, SN AYo}ehs] B4, nsaF,
ST 9 A8 E4S 3}9}5‘}7] QeliA= H7 o
et 5 5 oA 24z 7P W2 @4 25(0H)D 241
TE 7|F2 2 general linear model (GLM) E+ Cochran
Mantel Haenzel analysisS Ao 24 A3 7k H A
S}, 84 25(OH)D 2223} tAl=S2 9 7 o3 gol
O] YA R4S Sl RANIAE F17 offtoll o

T o g FESIA, ZF 7oA non-conditional logistic
regression analysisS AA|5}9.00, EAFFS @ =H]| (odds
ratios, OR)2} 95% A1 77} (95% confidence intervals, 95%
CDo& YehfiSict o] wfolli= thAtsSt o Fek &3 25
(OH)D =20l whet Faf = w32 7F F-23h 2po|7} el
H P52 B8 Al 714 logistic regression 4] &

o] w7 of ol mhef 247] AREE A w7 A ool A=

AR, BMI, 2APAEE B il (wd 1), el 19] 2o
J [EF] Ao b e
2 WA e (E%‘ 2), 12|51 el 20 F o], A, 2
& AFRE R E@?‘a Sl (el 3)o] ARGE ]I,
ghA 7 5 of el A= A9, BMIL 2AMAIE S A wdl
el 1), Wl 19] ERbapo]] WSE S o, E o,

F VIR AHo RS FbE o2 Bt il (me 2), 11
23 el 20 F o], TrpghE, A AFEE L
2 HAgeh wdl (I 3)o] ARGH I @3 250HD #9)4
o tiAS S 9 e H1AQAe] ARE] 2 Wald

chi-square test for trend& §oFo] HASIATE

ol LG4, LFAR, 3

4 1
B o5 IE A+ MR =4
Table 12 317 oi%0] W2 421 ole] AAS L Boy
a4 B4 52 Bagh BE NESE B4 Avolt)

L1372 w7 A OZI*JPJ Hat A2 36.6 + 814, F 1,005

5] w7 & o) FHEAFL 591 + 66815k 7 A o

7goll wish, w7 & Oﬁﬂé% A4, HDL-Z2 8|2 Z0] frosH

werey, BMIL sjelEd, ¢ EHl2EE A, 35

g, dadl AL Rl &

250OH)D &2 #1734 172 + 63 ng/ml Jﬂ 4 3 o
%‘f— A/l A frelstA &kon

43 20.2 + 77 ng/mLE 97
(p < 0.001), A= SHeE 947 A 94 11.2%, H7
=3k} (p < 0.001).

3 ol 43%E H7H ¥ Ozl"é"ﬂ/ﬂ FofsiAl

vt 7t g oA oA ol whet A st
Wt 8% 25(0H)D =5 Bk Fig. 13} 23kt &, 9
73 A ez tiArS S el whek €% 25(OH)D 4=
20 zo|7} gilont (172 + 67 vs. 172 + 6.2 ng/mL, p =
09792), w174 % odold= tiAks ol e 8¢ 84 25

(OH)D 20| 4-2J31A W3kt (19.6 + 7.0 vs. 20.6 + 8.1
ng/mL, p = 0.0406).
47 3 oA g7 A Ao vlg) s =&, ¢ vl

3} 55 Bl&o] BkoLt (p < 000D, +5 HlE-S BT (v
= 0.00). 7 Gopa-o] M= £04210] ol Ho] 7 F

[
AEL AT A, ThilE (p < 0001 2 Zrs (p = 0.006)
o] A3 WA ©@4=5HE (p < 000D Aol (p =
0.008)9] AFeHFe o =2 Flo 2 eyt
g% 25(0H)D #Z° 42 1?EH"W°I EN

A7 SRS 917 ofsiol wret che 7., B9 250HD°)
Stesierol chel ARSI AL, 84 AR5,



Table 1. Baseline data of subjects included in this study, classified according to menopausal status
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Total

Premenopause

Postmenopause

Parameter (n=2618) (n=1,613) (n = 1,005) p-valve
Age (y) 452+ 13.3 36.6 £ 8.1 59.1+ 6.6 <0.001
Height (cm) 157.3 £ 6.0 1592+ 5.5 1543+ 5.4 <.0001
Weight (kg) 57.6 =8.5 57.2+8.9 57.7 £8.0 0.433
Body mass index (kg/m?) 23.3+3.3 22.7 £3.3 243 + 3.1 <0.001
Waist circumference (cm) 789 +9.6 763 +9.1 83.1 £ 8.9 <0.001
Systolic blood pressure (mmHg) 111.4+16.9 105.6 +13.5 120.7 £17.7 <0.001
Diastolic blood pressure (mmHg) 72.1 £10.6 69.8 +10.4 75.8+10.0 <0.001
Serum cholesterol (mmol/L) 186.5 £35.3 178.1 £31.0 199.8 £37.6 <0.001
Serum HDL-cholesterol (mmol/L) 50.3 +10.9 51.8+10.7 47.9 +10.8 <0.001
Serum triglyceride (mmol/L) 112.9 +86.2 98.5+76.8 136.1 +£95.0 <0.001
Fasting plasma glucose (mmol/L) 96.0+222 92.6+19.2 101.6 +25.3 <0.001
Fasting serum insulin (ulU/mL) 9.5+45 9.3+38 9.8+53 0.012
Homeostasis Model Assessment-Insulin Resistance 23+1.5 2.1+1.1 25+20 <0.001
25-Hydroxyvitamin D (ng/mL) 183+7.0 172+63 202+7.7 <.0001
Metabolic syndrome prevalence (%) 612 (23.4) 180 (l 1.2) 432 (43.0) <.0001
Education Elementary 693 (26.5) 3( 4.6) 301 (69.7) <.0001
Middle 296 (11.3) 126 ( 7.8) 7 (16.9)
High 963 (36.8) 787 (48.8) (1 7.5)
College 665 (25.4) 626 (38.8) 4(39)
Currrent Smoker 149 ( 5.7) 103 ( 6.4) 46 ( 4.6) 0.0003
Current Drinker 1,100 (42.1) 827 (51.4) 273(27.2) <.0001
Regular Exerciser 1,478 (56.5) 882 (54.7) 596 (59.3) 0.020
Multivitamin uses 605 (23.1) 368 (22.8) 237 (23.6) 0.883
Energy (kcal/day) 1,614.2 + 585.4 1,658.8 = 604.7 1,545.9 + 546.4 <0.0001
Carbohydrates (g/day) 279.7 +103.3 274.3 +103.2 288.4 + 102.8 0.001
Fat (g/day) 30.1+224 35.0+23.7 223+17.4 <0.0001
Protein (g/day) 56.8 +26.7 59.8 +27.1 52.0 £ 255 <0.0001
Fiber (g/day) 7.1 5.1 6.9 +49 7.4+53 0.009
Calcium (mg/day) 440.5 = 304.8 453.4 +289.4 419.8 £327.2 0.006

Data are means +SD or n (%)

p value was derived from unpaired t-test or chi-square test
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Fig. 1. Mean serum 25-hydroxyvitamin D concentrations among =°] =l Al Aol w& B BT oflA]
subjects in premenopausal and postmenopausal period. White L ok} ekl R0 A Ui AHbe] AFH s =8 A3
bars show subjects without metabolic syndrome and black bars o
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T (&g 2 9 md 3) 3 25(0H)D 470 T thAES
o Y= FAH SR oA YEA] okt g 571
A At T JAAE A alefshH, HEl 3o 4] FA]
TS 7R S X1 FH 250OH)D oA 154
A& Zo] gk 2 =47} 0.57 (95% A=) 0.34, 0.95), A
HDL-EH A EE 5ol gt 2 =47} 0.60 (95% Al=|73F
042, 0.85)& 7} YJ@u|7} Frod o 2 A Yepylth w3t &
% 25(OH)D 2 11F AW 852 A HDL F|AHE
5 9 ol folgt o AAIE BT (P = 0.049,

Table 3. Adjusted odd ratios (ORs) and 95% confidence intervals (Cls) of having the metabolic syndrome by serum 25-hydroxyvitamin

D quintiles among 1,613 premenopausal women

Quintiles of serum 25-hydroxyvitamin D concentration

1(<11.57) 2(11.58-14.57)  3(1458-17.97) 4 (17.98-22.76) s
Metabolic syndrome
Unadjusted prevalence 40 (12.4) 39 (12.1) 26 ( 8.0) 34(10.6) 41(12.7) 0.929
Model 1 1.00 (ref)  0.88 (0.49, 1.59) 0.64 (0.34,1.21) 0.82(0.44, 1.51) 0.80 (0.43, 1.49)  0.546
Model 2 1.00 (ref)  0.83(0.46,1.52)  0.60(0.31,1.14)  0.74(0.40, 1.39)  0.71(0.37,1.35) 0.354
Model 3 1.00 (ref)  0.83(0.46,1.52)  0.59(0.31,1.13)  0.75(0.40,1.39)  0.71(0.37,1.36) 0.358
Components of the metabolic syndrome
Hypertriglyceridemia
Unadjusted prevalence 50 (15.5) 44 (13.7) 46 (14.2) 46 (14.3) 42 (13.0) 0.460
Model 1 1.00 (ref)  0.79 (0.50, 1.25)  0.86 (0.54,1.37)  0.76 (0.47,1.23)  0.59 (0.36,0.97)  0.049
Model 2 1.00 (ref)  0.78(0.49,1.25)  0.86(0.54,1.37)  0.75(0.46,1.21)  0.57 (0.34,0.95) 0.042
Model 3 1.00 (ref)  0.78(0.49,1.24)  0.86(0.54,1.37)  0.74(0.46,1.20)  0.57 (0.34,0.95) 0.041
Low HDL cholesterol
Unadjusted prevalence 160 (49.7) 146 (45.3) 154 (47.5) 155 (48.1) 139 (43.0) 0.189
Model 1 1.00 (ref)  0.76 (0.55,1.06)  0.88(0.63,1.21)  0.84(0.60,1.18)  0.58(0.41,0.83)  0.009
Model 2 1.00 (ref)  0.76 (0.55,1.05)  0.88 (0.64,1.22)  0.84(0.60,1.18)  0.59 (0.42,0.84) 0.012
Model 3 1.00 (ref)  0.77(0.55,1.06)  0.88(0.64,1.23)  0.85(0.60, 1.19) ~ 0.60 (0.42,0.85) 0.014
High blood pressure
Unadjusted prevalence 35(10.9) 42(13.0) 25(7.7) 25(7.8) 36(11.2) 0.559
Model 1 1.00 (ref)  1.31(0.77,2.23)  0.76(0.42,1.36)  0.84 (0.46, 1.54) 1.15(0.64,2.08) 0.964
Model 2 1.00 (ref)  1.23(0.72,2.11)  0.73(0.40,1.32)  0.80 (0.43, 1.48) 1.11 (0.61,2.04)  0.931
Model 3 1.00 (ref)  1.23(0.71,2.12)  0.72(0.39,1.30)  0.79 (0.43, 1.46) ~ 1.14(0.62,2.10)  0.972
Hyperglycemia
Unadjusted prevalence 41 (12.7) 40 (12.4) 37 (11.4) 51 (15.8) 56(17.3) 0.029
Model 1 1.00 (ref)  0.94 (0.57,1.54)  0.92(0.56, 1.52) 1.33(0.81,2.16) 1.31 (0.79,2.16)  0.123
Model 2 1.00 (ref)  0.92 (0.56, 1.52) 0.89 (0.54, 1.47) 1.28 (0.78, 2.10) 1.25(0.75,2.07)  0.181
Model 3 1.00 (ref)  0.92(0.56,1.51)  0.88 (0.53, 1.47) 1.27 (0.78, 2.09) 1.23(0.74,2.05)  0.199
Abdominal obesity
Unadjusted prevalence 49 (15.2) 52(16.2) 41 (12.7) 63(19.6) 72 (22.3) 0.005
Model 1 1.00 (ref)  1.12(0.57,2.20)  0.94 (0.47, 1.90) 1.86 (0.96,3.63)  1.70(0.86,3.38) 0.051
Model 2 1.00 (ref)  1.09 (0.55,2.16)  0.94(0.47,1.92) 1.85(0.94,3.62)  1.72(0.85,3.45) 0.051
Model 3 1.00 (ref)  1.08 (0.54,2.14)  0.95(0.47, 1.94) 1.84 (0.93,3.61)  1.72(0.85,3.46) 0.051

Data are n (%) or adjusted OR (95% Cl). For prevalence, Piens Was from Cochran Mantel Haenzel analysis; for odds ratio, Piena Was

from Wald chi-square test

Model 1: adjusted for age, body mass index, season, Model 2: adjusted for all variables in model 1 plus education (Elementary, Mid-
dle, High, College), regular exercise (yes/no), multivitamin supplement use (yes/no), Model 3: adjusted for all variables in model 2

plus total energy, fat, and calcium intake
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Table 4. Adjusted odd ratios (ORs) and 95% confidence intervals (Cls) of having the metabolic syndrome by serum 25-hydroxyvitamin
D quintiles among 1,005 postmenopausal women

Quintiles of serum 25-hydroxyvitamin D concentration

T(=1831) 20133217490 3(17.50 21.48) 421492695 522698 "
Metabolic syndrome
Unadjusted prevalence 80 (39.8) 102 (50.8) 85 (442.3) 94 (46.8) 71 (35.3) 0.184
Model 1 1.00 (ref)  1.40(0.89,2.21)  0.91(0.57,1.45  1.22(0.77,1.95) 0.70(0.43,1.15)  0.097
Model 2 1.00 (ref)  1.39(0.88,2.20) 0.93(0.58,1.48)  1.21(0.75,1.93)  0.73(0.45,1.20) 0.145
Model 3 1.00 (ref)  1.37(0.86,2.18)  0.94(0.59,1.51)  1.20(0.75,1.93)  0.72(0.44,1.19)  0.133
Components of the metabolic syndrome
Hypertriglyceridemia
Unadjusted prevalence 71(35.3) 77 (38.3) 78 (38.8) 78 (38.8) 59 (29.4) 0.211
Model 1 1.00 (ref)  1.01(0.66,1.55) 1.08(0.70,1.67)  1.08(0.70,1.67) ~ 0.71(0.45,1.13)  0.177
Model 2 1.00 (ref)  1.01(0.66,1.56)  1.10(0.71,1.71)  1.10(0.71,1.71)  0.74(0.46,1.18)  0.246
Model 3 1.00 (ref) 1.01 (0.66, 1.56) 1.13(0.73,1.76) 1.11(0.72,1.73) 0.74(0.46,1.18)  0.249
Low HDL cholesterol
Unadjusted prevalence 122 (60.7) 134 (66.7) 126 (62.7) 127 (63.2) 113 (56.2) 0.209
Model 1 1.00 (ref)  1.20(0.79,1.83)  0.97(0.64,1.49)  1.01(0.66,1.54)  0.75(0.49,1.15)  0.100
Model 2 1.00 (ref)  1.17(0.77,1.80)  0.97 (0.63,1.48)  0.97 (0.63,1.49)  0.77 (0.50, 1.19)  0.001
Model 3 1.00 (ref)  1.18(0.77,1.82)  1.00(0.65,1.54)  1.00(0.64,1.54)  0.78(0.50,1.22)  0.029
High blood pressure
Unadjusted prevalence 93 (46.3) 108 (53.7) 100 (49.8) 91 (45.3) 97 (48.3) 0.712
Model 1 1.00 (ref)  1.30(0.84,1.99) 1.09 (0.70, 1.68)  0.92(0.60, 1.43)  1.07 (0.68,1.67)  0.701
Model 2 1.00 (ref)  1.30(0.85,2.09) 1.10(0.71,1.70)  0.91(1.59,1.42)  1.08(0.69,1.70)  0.705
Model 3 1.00 (ref)  1.31(0.84,2.02) 1.14(0.73,1.78)  0.93(0.59,1.45)  1.08(0.69,1.71)  0.723
Hyperglycemia
Unadjusted prevalence 73 (36.3) 82 (40.8) 80 (39.8) 79 (39.3) 64 (31.8) 0.267
Model 1 1.00 (ref)  1.10(0.72,1.68)  1.02(0.67,1.60)  1.04 (0.67,1.60)  0.73(0.47,1.15)  0.142
Model 2 1.00 (ref)  1.08(0.71,1.65)  1.03(0.67,1.59)  1.04(0.67,1.60)  0.76(0.48,1.20)  0.211
Model 3 1.00 (ref)  1.08(0.71,1.66)  1.05(0.68,1.62)  1.04(0.67,1.62) 0.76(0.48,1.20)  0.208
Abdominal obesity
Unadjusted prevalence 76 (37.8) 89 (44.3) 84 (41.8) 85 (42.3) 84 (41.8) 0.607
Model 1 1.00 (ref)  1.37(0.75,2.49)  1.22(0.67,2.25)  1.56 (0.85,2.86)  2.00(1.06,3.76)  0.030
Model 2 1.00 (ref)  1.30(0.71,2.38)  1.20(0.65,2.24)  1.44(0.77,2.67)  2.06(1.08,3.94)  0.029
Model 3 1.00 (ref)  1.27 (0.69,2.35)  1.13(0.60,2.12)  1.36(0.73,2.54)  1.94(1.01,3.74)  0.049

Data are n (%) or adjusted OR (95% Cl). For prevalence, Piena Was from Cochran Mantel Haenzel analysis: for odds ratio, Piena Was

from Wald chi-square test.

Model 1: adjusted for age, body mass index, season, Model 2: adjusted for all variables in model 1 plus education (Elementary,
Middle, High, College), monthly drinking (yes/no), regular exercise (yes/no), multivitamin supplement use (yes/no), Model 3: ad-
justed for all variables in model 2 plus total energy, carbohydrate, and fat intake

0.009).
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