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Abstract

Purpose : Several studies suggest that smoking and vitamin D level is a risk factor of metabolic syndrome. The objective of this
study is to evaluate the association between smoking status, vitamin D levels and the Korean adult male and female metabolic
syndrome.

Methods : We assessed 3796 participants aged 19 years and older from the Korean National Health and Nutritional Examination
Survey 2013, 2014. Smoking statuses were collected from self-reported questionnaires. Subjects were divided into three categories:
non-smokers, former smokers, and current smokers. Vitamin D was tested by Radioimmunoassay method and the value of serum
25-hydroxyvitamin D, which is an index of vitamin D status in the body, was used. The diagnosis of metabolic syndrome was made
using criteria modified NCEP-ATP III. Logistic regression analysis was used to calculate odds ratios between smoking status,
vitamin D levels, and metabolic syndrome.

Results : The overall prevalence of metabolic syndrome was 23.0 % in men and 15.4 % in women. After adjusting for smoking,
the odds ratio for men's metabolic syndrome in current smokers was 1.77 (95 % CI, 1.30~2.41), while for former smokers OR was
1.63 (95 % CI, 1.15~2.31) compared with nonsmokers. After adjustment vitamin D, the odds ratio for women's metabolic syndrome
in vitamin D deficiency was 1.44 (95 % CI, 1.11~1.87) compared with normal.

Conclusion : Smoking status was associated with an increased risk of metabolic syndrome in Korean adult males and decreased

vitamin D level was associated with an increased risk of metabolic syndrome in Korean adult females.
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Table 1, General characteristics of subject by sex
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Variable Male (n=1823) Female (n=1973)
Smoking status
Current 791 (44.6) 128 (7.2)
Former 600 (29.4) 100 (5.9)
Never 432 (26) 1745 (86.9)
Vitamin D
Mean+SD 17.05+0.24 15.55+0.20
Deficiency (=15ng/mL) 707 (42.5) 1028 (54.5)
Normal (>15ng/mL) 1116 (57.5) 945 (45.5)
Metabolic syndrome
Yes 453 (23.0) 349 (15.4)
No 1370 (77.0) 1624 (84.6)
Components of MS
Abdominal obesity 461 (23.3) 371 (16.9)
High triglyceride 706 (37.8) 401 (18.6)
Low HDL-choloesterol 431 (22.7) 783 (38.6)
Hypertension 581 (29.9) 381 (16.1)
Hyperglycemia 648 (31.6) 489 (22.7)

MS; metabolic syndrome

E0 U HIEIY D £F3} B2 A0l L HAS

o
M
lo
re
i
0x
\I
w



ol

_ ARt Al vt €1, FHAY, 5ol vl
AP FIIOFL WAL DL N o g g el Aol 13ickp<09, B3

drdell met tdkel dubs 5445 vl F(fasting blood sugar, FBS) %= Ao Aqt -2k
ot B SRS WA 446 9%, o1 T2 WAL B go)st g)orpe0s). AAHAS, HelEe, =R
SPRL D Al AR A 425 %, o 545 BT A gz aee, 227 9 oleb] BerelA: mE %

TET RUE A WA 230 % oA 154 %2 U 11 eioikTable 2)
W TH(Table 1). HETID 2220 w2 tjAFAFe] E S Table 39| FA|
sheich. HlEbUID 2ol utet 13, FAHA, FREY,
2 FALHS HIER D SEo TE WA SA I ozon wadd dd mE G498 Mok Ao
(p<03). 5%7] B 0|97 BLE ol oAt et %

Aol the daatel 54 vt Table 200 g1 ororty o 05 Table 3)

Table 2. Clinical characteristics of subjects according to smoking status

Male (n=1832) Female (n=1973)
Current Former Never Current Former Never
Age (year)' 40.4+0.5 45.6+0.7° 35.0+0.7° 36.3£1.2° 36.5+0.7 42.1+0.3°
BMI (kg/m?) 24.240.1 242402 24.3+0.2 23.1+0.4 22.5+0.4 23.0+0.1
WC (cm) 83.5+0.4 84.0+0.5 83.140.5 77.4+1.2 74.5+1.1 76.2+0.3
TG (mg/dL)’ 98.62+0.8* 100.4+1.1° 94.8+0.7° 132.349.7° 109.8+8.9° 107.0£2.2°
HDL-C (mg/dL) 47.1+0.4 48.9+0.5 49.4+0.5 55.2+1.3 57.5+1.4 54.240.3
SBP (mmHg) 117.9+0.6 119.1£0.7 116.8+0.7 109.1£1.2 108.2+1.4 111.6+0.4
DBP (mmHg) 77.8+0.4 78.4+0.5 76.8+0.6 71.7£0.9 71.4£1.0 72.240.3
FBS (mg/dL)’ 98.6+0.8° 100.4+1.1° 94.8+0.7° 96.4+2.1 95.0+2.4 95.0+0.5
Drink” 711(91.5)" 507(86.4)° 358(84.9)° 111(89.4)° 75(77.3)° 1175(70.1)°

Data were presented as means+SD or number(%)
BMI; body mass index, WC; waist circumference, TG; trglyceride, HDL-C; high density lipoprotein-cholesterol, SBP; systolic blood
pressure, DBP; diastolic blood pressure, FBS; fasting blood sugar

Table 3. Clinical characteristics of subjects according to vitamin D level

Male (n=1832) Female (n=1973)

Deficiency Normal Deficiency Normal

Age (year)’ 37.3£0.5 42.940.5 39.0+0.5 44.2+0.5
BMI (kg/m2) 242402 24.3+0.1 22.8+0.1 23.240.15
WC (cm) 83.4+0.4 83.6£0.3 75.6+0.4 77.1+0.4
TG (mg/dL)" 170.0+6.0 154.2+4.2 103.1£2.6 116.0+3.3
HDL-C (mg/dL) 47.8£0.5 48.5+0.4 54.5+0.4 54.5+0.4
SBP (mmHg) 117.7+0.6 118.2+0.5 109.7+0.5" 113.1+0.6"
DBP (mmHg) 78.0+0.5 77.5+0.4 71.240.3" 73.140.4"
FBS (mg/dL)’ 97.2+0.8 98.9+0.7 94.6+0.7 95.6+0.6
Drink” 616(89.3) 960(87.5) 721(72.6) 641(71.1)

p<.05
BMI; body mass index, WC; waist circumference, TG; trglyceride, HDL-C; high density lipoprotein-cholesterol, SBP; systolic blood
pressure, DBP; diastolic blood pressure, FBS; fasting blood sugar
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Table 4, Prevalence of individual metabolic abnormalities of metabolic syndrome according to the smoking

status by sex

Male (n=1832)

Female (n=1973)

Current Former Never p Current Former Never p

WC=90 (cm) 185 (22.3) 165 (25.3) 111 (22.3) .503 27 (23.0) 15 (14.6) 239 (16.6) 235
TG=150 (mg/dL) 367 (46.2) 216 (355) 123 (26.1) .000° 34 (25.7) 20 (21.8) 347 (18.6) 131
HDL-C<40 (mg/dL) 214 (26.0) 134 (22.8) 83 (16.8) .000" 42 (33.7) 33 (343) 708 (39.2) 417
BP=130/85 (mmHg) 249 (30.9) 208 (32.8) 124 (25.0) .042° 21 (13.3) 11 (124) 349 (16.6) 442
FBS=100 (mg/dL) 280 (33.2) 242 (354) 126 (24.5) .000" 33 (23.7) 20 (22.3) 436 (22.6) 961
MS 214 (25.9) 155 (243) 84 (16.5) 0217 22 (15.0) 16 (17.3) 311 (15.3) .883

"p<.05

Data were presented as number(%), WC; waist circumference, TG; trglyceride, HDL-C; high density lipoprotein-cholesterol, SBP; systolic
blood pressure, DBP; diastolic blood pressure, FBS; fasting blood sugar, MS; metabolic syndrome

Table 5, Prevalence of individual metabolic abnormalities of metabolic syndrome according to the vitamin

D level by sex

Male (n=1832)

Female (n=1973)

Normal Deficiency p Normal Deficiency p

WC=90 (cm) 191 (25.4) 270 (21.7) .101 183 (15.8) 188 (18.2) 231
TGZ=150 (mg/dL) 283 (39.1) 422 (36.8) 353 181 (16.5) 220 (21.2) 022"
HDL-C<40 (mg/dL) 183 (24.8) 262 (22.4) .396 401 (38.0) 382 (39.3) .584
BP=130/85 (mmHg) 228 (30.6) 353 (29.4) .633 160 (12.0) 221 (21.0) .000"
FBS=100 (mg/dL) 229 (28.7) 419 (33.7) 0417 229 (20.5) 260 (25.3) 0317
MS 187 (24.1) 266 (22.2) 416 157 (13.3) 192 (18.0) 012°

Data were presented as number(%), WC; waist circumference, TG; trglyceride, HDL-C; high density lipoprotein-cholesterol, SBP; systolic
blood pressure, DBP; diastolic blood pressure, FBS; fasting blood sugar, MS; metabolic syndrome

4. 41 il S v D 3] W A H| AR s @A SAA7E 243 |, A FAA7L
T 9 N thAtol el Lt 1.56 v =Athp<05). ALHEE=A T ZY2EHE o]
(HDL-C <40 mg/dL)> H]Z AR}l vl F ARt A

A%, =5, ALFAFE BT F WE dabold & SAA7L 2z 175 Y, 1.46 vl =okth(p<.05). @3t oA
=9 wxH|= SAdH o wep Al ARl AR 2| o] (BP=130/85 mmHg)2 z}z} 1.34 ujj, 147 vj, ZEI
7F A8tk A o]HTG =150 mg/dL)e] WAHH|= o] H(FBS =100 mg/dL)> 1.53 Hfl, 1.69 Hjj, thAlZ 2
£91 2 HIELD D £E3} 32 401 HY tiAISS 20 ARty 75
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Fol o oAEFEE A cjAbol AR

Z A" o] A(TG

150 mg/dL)o] 1.36 uj, & o] AHBP=130/85 mmHg)

o] 196 i, ¥EET

W, jAbE

o]AHFBS =100 mg/dL)o| 4] 1.32
oA 1.44 ¥l =ATHP<05). FAFol A=

FEH o]A(FBS=100 mg/dL)of| ATt 1.27 8 &gt}
(p<.05)(Table 7).

Table 6, The adjusted odds ratios for metabolic syndrome and its individual abnormalities according to the

smoking status by logistic regression analysis

Male (n=1832)

Female (n=1973)

Current Former Never Current Former Never
WC=90 (cm) 1.00 (0.72-1.36) 1.17 (0.83-1.63) 1 1.51 (0.91-2.51) 0.86 (0.46-1.61) 1
TG=150 (mg/dL) 243 (1.84-3.22)° 156 (1.16-2.10)" 1 1.59 (0.09-2.50) 1.29 (72-2.31) 1
HDL-C<40 (mg/dL) 1.75 (1.28-2.39)"  1.46 (1.04-2.05)" 1 0.79 (0.50-1.24) 0.81 (0.51-1.28) 1
BP=130/85 (mmHg) 1.34 (1.00-1.80)"  1.47 (1.08-2.00)" 1 0.77 (0.44-1.34) 0.71 (0.35-1.46) 1
FBS=100 (mg/dL) 1.53 (1.16-2.03)"  1.69 (1.26-2.26)" 1 1.06 (0.70-1.61) 0.98 (0.57-1.71) 1
MS 1.77 (1.30-2.41)"  1.63 (1.15-2.31) 1 0.98 (0.59-1.63) 1.15 (0.62-2.15) 1

p values were obtained by logistic regression analysis adjusted for age, drink status and body mass index.
WC; waist circumference, TG; trglyceride, HDL-C; high density lipoprotein-cholesterol, SBP; systolic blood pressure, DBP; diastolic blood

pressure, FBS; fasting blood sugar, MS; metabolic syndrome

Table 7. The adjusted odds ratios for metabolic syndrome and its individual abnormalities according to the

vitamin D level by logistic regression analysis

Male (n=1832)

Female (n=1973)

Normal Deficiency Normal Deficiency
WC=90 (cm) 1 0.81 (0.64-1.04) 1 1.18 (0.90-1.55)
TG=150 (mg/dL) 1 0.91 (0.74-1.12) 1 1.36 (1.05-1.76)"
HDL-C<40 (mg/dL) 1 0.80 (0.55-0.97) 1 1.06 (0.87-1.28)
BP=130/85 (mmHg) 1 0.95 (0.75-1.12) 1 1.96 (1.52-2.52)"
FBS=100 (mg/dL) 1 1.27 (1.01-1.59) 1 132 (1.04-1.68)"
MS 1 0.90 (0.70-1.16) 1 144 (1.11-1.87)

p values were obtained by logistic regression analysis adjusted for age, drink status and body mass index.
WC; waist circumference, TG; trglyceride, HDL-C; high density lipoprotein-cholesterol, SBP; systolic blood pressure, DBP; diastolic blood

pressure, FBS; fasting blood sugar, MS; metabolic syndrome
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