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— Abstract —

The Risk Factors of Metabolic Syndrome and its Relation with
Y-GTP in Steel-mill Workers

Je-Hyeok Mun, Sang-Jun Lee®, Jung-Duck Park

Department of Preventive Medicine, College of Medicine, Chung-Ang University,
Industrial Accident Compensation Insurance Innovation Team, Ministry of Labor®

Objectives: This study was performed to estimate the prevalence and possible risk factors of the meta-
bolic syndrome in steel-mill workers, and to evaluate the relation between Y-glutamyltransferase (V-
GTP) and the metabolic syndrome.

Methods: The study subjects comprised 1,604 male steel-mill workers. The indices of metabolic syn-
drome, such as BMI, triglyceride, HDL-cholesterol, blood pressure, fasting glucose, and Y-GTP were
analyzed in each subject. We collected information about demographic characteristics, behavioral pat-
terns, such as alcohol drinking, smoking, and exercise, and family medical history through a self-admin-
istered questionnaire. Statistical analysis was done by using the chi-square test, Mantel-Haenszel trend
test and logistic regression model.

Results: The crude and age-adjusted prevalences of the metabolic syndrome were 21.3% and 15.5%,
respectively, in the steel-mill workers. Age (OR: 1.063, 95% CI: 1.033-1.094), acohol drinking (OR:
1.657, 95% CI: 1.175-2.337) and smoking (OR: 1.359, 95% CI: 1.017-1.816) were risk factors for the
metabolic syndrome. Meanwhile, shift work showed a significant relation with hypertension (OR: 1.329,
95% CI: 1.038-1.700), but not with other metabolic syndrome components. However, tenure, exercise
and family medical history were not significant factors for the metabolic syndrome in this study. The risk
ratio of the metabolic syndrome (OR: 3.345, 95 % CI: 2.534-4.416) and its components, such as obesity,
hypertriglyceridemia, hypertension and hyperglycemia, were higher in the high Y-GTP group (=63 1U/

1) than in the controls (<63 1U/ [ ).

Conclusions: These results confirm the need for health education to control the metabolic syndrome by
improving behavioral patterns, such as alcohol drinking and smoking, in factory workers. In addition, it
is suggested that Y-GTP might be a useful candidate in screening for the metabolic syndrome.
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A3 (Metabolic syndrome)< H|WF 13}
Wds Aol (glucose intolerance), I FAA WIS,

olN

A high density lipoprotein(HDL) Zd¥=H=d
=S 53 Bulels Adroza] AEAA A3 2 o2
At AME S7RATIE ez dEA dth(Reaven,
1988: Trevisan 5, 1988; Alberti®} Zimmet, 1998:
Isomaa &, 2001).

A BA Ao AR w20l = Ada} Apgte] 7}
T dQloln Ed AEFTAME HIT FUkE
Ae FAH ol (Heinemann@t Heuchert, 1998). $-2]
kel Al 22 1097 84 A7gAsSkel ot AlgE W
35 ®Hd 19959 QI 109 W 13.1%elA 20054
27.5o2 F7kelaa, ArgdQdE & o o AR
Bof 93t Algo] o]o] £EIA AFo] T 9 E A
st 9tk (Korea National Statistical Office,
2006). FElvel AN E HAEHA Ao 9
FH= A7 st e, 2005 45 AH
2 QIEH 7,4957 F HAEHA Hsor A 2%
A= oA 24.5%% 1,.834Hoz =2 HFE
24A18ka Aok (Ministry of Labor, 2006). 222

Foe] Z820 #EE ZEA ARl gloiA
AEAA Aghe o] gk} AlE Fol7] flaiA Wt oy
Aol A AdHA Agke] oS M= vl

o il |o

AAF % V-glutamyltransferase (V-GTP)&
4 Hkdsle AR ER &3] olgEH, 1M
7 A, AR Sl Bol EAgt. Glutathiones
gatsl ZARA ofg] Yoo o AAaA £4(oxida-
tive stress) S 2HEH H3zsleE JIL .
Glutathione®] 2taAd &2l o8] AZUZ o] F3shd
A Y-GTPe &4 =7t F7ketAl Erk(Borud &, 2000:
Lee &, 2003). &, A2 &4 93] V-GTP7}F 57}
Hug V-GTPE A4 45 vdd 5 Sle shve]

AYAA 3 (biological marker) 24 ©]42 4 Joh(Kim

5, 2002). £ 47 §F A V-GTPe] 4ol 27
ge), wgAel eFE Qa4 e M Eany V-

GTP7I W&5o] Y2t} (Allen 5, 2000). 28] Y-
GTPE n¥8d(Miura 5, 1994; Lee 5. 2002 Lee
5 2004), A28 F=(Perry 5. 1998; Lee 5. 2003;
Nakanishi &, 2003), ¥H&%(Jousilahti &, 2000)
ToAAM SUtEE FeRE HauEo lew Perry &
(1998) YV-GTP7} Qled A4S wdd + e &
Ao stk =g 2 AT % V-GTP
ool BHA o thalAE Hu(Rantala 5, 2000:
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3. thALE= ol Tetv|E

oA tAIEFFS National Cholesterol
Education Program-Adults Treatment Panel III
(NECP-ATP III, 2001)7F AAIS tiAEET2] 5714
T84 & O AZZF A4 Body Mass Index > 25
kg/m’, @ FAAY > 150 mg/d!, @ HDL-Zd ~H)|
= 94 (40 mg/dl, @ sk 571 Y = 130
mmHg £+ &%7] ¢t > 85 mmHg, ® &5 Al
9 > 110 mg/dl & 3 7HA o3& et A2 F o
sttt ol tiAlEFe] LA 7 sEEde A4
F AFE gAlstgon, opxoleiE g v A5 A|A
(International Obesity Task Force, 2000)2] 1%
H|YE o] & BIRke] 7| Eo = Aghtt

il

4. A =M

bl 40.54] <11,
o 2AEA § ad SRR
75.7%(1,214%), F3t 2727} 24.3%(39078) ©1 A 1L,
HlEFT 21.0%(337%8) &5 79.0%(1.2677), ¥I&
Az} 33.2%(5327) A FAA 13.5%(217%) FA#

9 e 15.0d01

Table 1. General characteristics of the study subjects

Variables Group No.(%)
B B4 PC-SAS(ver 8.01)F o]g-ato] AA8g] Age (yrs) 405£8.1* 1604 (100.0)
\i'—. %qu Lq_g‘: EH}\ %_j‘j—_i_-o/] ‘?r%% ‘;‘l 71 _—I_L/Ké?lxl_vq Employment 15.0+6.6* 1604 (100.0)
= - duration (yrs)
¥ E TX= Mantel-H 1 trend testE ©]-8-3% i
fre S Manteltlansael trend test2 S EHR sttt work Day worker 300( 243)
oW, A, 2RgH, S5, §99 e <l Shift worker 1214 ( 75.7)
T 9 7ERY 3 2e by BEAo] AT 3 Alcohol No 337 ( 21.0)
T ARAA mR = dEFe GotEr] 8l e 24 Yes 1267 ( 79.0)
~Y FARA U oR 77t Baeldn, Z7tel 9 Smoking Non-smoker 532( 33.2)
Foll g mAl sk 95% AW e AEStact. @ Ex-smoker 217 ( 13.9)
WASFR PUWAES Sl wE 3 V-GTPEE N e
ercise o) )
oW Zylo] T = _ = Q.
#EE -4_ #A= Mantel Halilszel trend t?st |8 Ves 333( 209)
st B9, 11 V-GTP 83°] tAlEss 9 1 Family history No 1329 ( 82.9)
TR Gk A=A Dol y] skl A FA of CVDandDM'  Yes 275 ( 17.1)
59 A9, &7, §4Y, 2R, e AV LA L
S8 55w AN 2ALE A9 2492 Y 1 cadiovasoular disease and diabetes mellitus
Table 2. Physical status and laboratory findings of the study subjects (n=1604)
Variabl Mean+SD Range
anebles ean= (Min - Max)
Height, cm 169.3+ 6.2 (143.0- 189.3)
Weight, kg 68.7+ 9.8 (40.0 - 109.0)
Body massindex, kg/m® 239+ 28 (16.7 - 34.6)
Systolic blood pressure, mmHg 1228+ 13.6 (90 - 170)
Diastolic blood pressure, mmHg 78.6+ 10.2 (55 - 120)
Total cholesterol, mg/d! 2019+ 357 (117 - 382)
HDL-cholesterol, mg/d ! 50.5+ 10.3 (30.0-82.0)
LDL-cholesterol, mg/d! 119.84+ 33.6 (13- 335)
Triglyceride, mg/d! 159.84133.1 (28 - 2617)
Glucose, mg/d! 99.3+ 186 (70 - 325)
V-GTP, 1U/ 1 494+ 439 (7- 618)
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53.3%(854%), &%
79.2%(1,2697) 0] &
A 71EHE ol gldTh

AL Table 29 24}, =,

T 20.8%(333%) Hl&E T
, WA 82.9%(1,329%) el
A EARe] A B A &
A AT B A AT

mg/dl, 49.41 TU/ [ 1)t}

2. HASEE RUE

B2 169.3 cm, 68.7 kg, 23.9 kg/m’ I}t F= ZAEAEY Aol e UASST FHET UL
7] & olghr)e] Hudde Z47t 122.8 mmHg, 78.6 TEE TSt e A FHELS Table 37 2
mmHgelx2, F Zu28E HDL-ZH2HE, o & AR dAEFTe fFHES 21.3%
LDL-Z8 8 E 9 AW Hagke 24+ 201.9 go AP THEZ = 30‘1] ugk o] 2.8%, 30~39A4

ol 17.1%, 40~49A
31.9%=A Aol BE

l‘—u
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. BOAl o]} ol
A 7kttt tiA

mg/dl, 50.5 mg/di, 119.8 mg/dl % 159.8 mg/d!
ot FEA 3 V-GTPY #Hde Z2 99.3
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Table 3. Prevalence of the metabolic syndrome and its categorized components by age group

-29 30-39 40-49 50- Total
Group (N=108) (N=733) (N=471) (N=292) (N=1604) xevalue'
No. (%) No. (%) No. (%) No. (%) No.(%) (Yoq)

Obesity® 18(16.7) 236 (32.2) 180 (38.2) 104 (35.6) 538(33.5) (29.7) 10.35**
HyperTG® 15(13.9) 266 (36.3) 199 (42.3) 127 (43.5) 607 (37.8) (32.49) 22.68**
Low HDLC* 7(6.5) 117 (16.0) 84 (17.8) 43 (14.7) 251 (15.7) (13.5) 1.40
Hypertension* 18(16.7) 290 (39.6) 241 (51.7) 171 (58.6) 720 (44.9) (38.9) 66.57**
Hyperglycemia 1( 0.9 54 ( 7.4) 73 (15.5) 79 (27.1) 207 (12.9) (10.6) 86.96**
Metabolic syndrome 3(28) 125 (17.1) 121 (25.7) 93 (31.9) 342 (21.3) (15.5) 52.26**

%: prevalence, %a: age-adjusted prevalence, ': analyzed by Mantel-Haenszel trend test, **: p < 0.01, a Body mass index > 25
kg/m?, b: Fasting plasmatriglyceride > 150 mg/d!, c: Fasting plasma HDL cholesterol < 40 mg/d!, d: Systolic blood pressure > 130
mmHg or diastolic blood pressure > 85 mmHg, e: Fasting blood glucose > 110 mg/d!

Table 4. Multiple logistic regression analyses for the association of the demographic factors with the metabolic syndrome and its
categorized components

Oddsratio
Factors 95% Confidence interval)
(
Obesity HyperTG Low HDLC Hyper tension  Hyper glycemia Metabolic syndrome

Age 1.051 1.022 1.026 1.036 1.081 1.063

(1.025-1.078)  (0.997-1.048)  (0.994-1.059) (1.011-1.061) (1.045-1.118) (1.033-1.094)
Tenure 0.964 1.017 0.979 1.015 1.017 0.993

(0.935-0.994)  (0.986-1.048)  (0.942-1.019) (0.986-1.046) (0.976-1.059) (0.959-1.028)
Shift work 0.817 0.857 0.904 1.329 1.079 0.789

(0.635-1.053)  (0.667-1.100)  (0.653-1.251)  (1.038-1.700) (0.731-1.593) (0.588-1.060)
Alcohol 1.757 1.656 0.823 1.607 0.991 1.657

(1.317-2.345)  (1.253-2.188)  (0.583-1.162)  (1.234-2.092) (0.678-1.449) (1.175-2.337)
Ex-smoker 1543 1.494 1.092 0.880 0.917 1.202

(1.099-2.165)  (1.062-2.103)  (0.662-1.800)  (0.631-1.227) (0.565-1.488) (0.802-1.803)
Current smoker 1119 1.812 1.849 0.881 0.854 1.359

(0.874-1.433)  (1.418-2.314)  (1.327-2.576)  (0.696-1.114) (0.605-1.206) (1.017-1.816)
Exercise 0.947 1191 1.387 0.971 0.793 1.037

(0.731-1.229)  (0.919-1.544)  (0.962-2.000)  (0.756-1.247) (0.558-1.127) (0.766-1.403)
Family history 1231 1.047 0.950 1.298 0.891 1.047

(0.935-1.621) (0.797-1.377)  (0.658-1.371) (0.993-1.697) (0.587-1.353) (0.758-1.446)
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Zh Fg e s H|vko]l 1.0514), mE<to]l 1.036H,
5 Al agdol 1.081e] B2 S7HEY. S5k
Hl 552kl Hlg) tiAbs$re] fd=rF 1.657H =%k
i, HgE 2SAAAEES 2 adstel bz 1757,
1.6568H, 1.607H] =skeh. FAAte HlEFAAtel Bla] of
AsFae] APErE 1359 =3, 1 AN ES
1.8129 2 A HDL-Z#|2H &850 ] 1.8494) =3ttt
W of o] mhE AT FHES FAH SR
Frelg zol7h gisley, nd8e] Ad=r wdl<At
oM 1.329 Wi =3kt oF d . &EelF, HEHY
ol e Afole BAHA st
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4% V-QTP +23 tAtEFase wAs
Aglel Sk el et ASERel FH 2

gl M2 8F Y-GTP7} 63 U/ 174 2 V-GTP
9% Apel LE 24D 25 Table 59 ATk, 3
WAZF R PYAA BAFIE BobdeE 1 V-GTP
B39 fE] F7ks0l, FAAAL Qe FS 9.6%,
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Table 5. Prevalence of high V-GTP (=63 1U/ ) by the number of components of the metabolic syndrome in the subjects

Group 0 1 >3 Total x>-value'
No. of subjects 437 477 348 342 1604

138.9*%*
No. of V-GTP 142 78 148 369
>631U/1 (%) (9.6%) (16.4%) (29.0%) (43.3%) (23.0%)

%: prevalence, ': analyzed by Mantel-Haenszel trend test, **: p < 0.01

Table 6. Therisk of the metabolic syndrome and its components according to the serum V-GTP level in the subjects

| V-GTP >631U/1 V-GTP <63 IU/! Odds ratio"
tems Group ) ]
No. (%) No. (%) (95% confidence interval)
Obesity Yes 194 (12.1) 344 (21.5) 2.625
No 175 (10.9) 891 (55.5) (2.041-3.377)
HyperTG Yes 232 (14.5) 375(23.4) 3.384
No 137( 8.5) 860 (53.6) (2.621-4.370)
Low HDLC Yes 50( 3.1) 201 (12.5) 0.758
No 319 (19.9) 1034 (64.5) (0.533-1.076)
. Yes 217 (13.5) 503 (31.4) 1.887
Hypertension
No 152 ( 9.5) 732 (45.6) (1.466-2.428)
. Yes 80( 5.0) 127( 7.9 2.406
Hyperglycemia
No 289 (18.0) 1108 (69.1) (1.707-3.391)
Metabolic syndrome Yes 148( 9.2) 194 (12.1) 3.345
No 221 (13.8) 1041 (64.9) (2.534-4.416)

%: prevalence

" Adjusted for age, alcohol, smoking, shift work, exercise and family history
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H|wke] 7]Eo 2 ails W, gt dASZIAlH
FAAES ez Hud Kim (2002) 15.1% 04
2 15.7%., A=} 14.4%), Park 5(2002)& 13.1% (&
2F 13.2%, <12} 13.1%), Lym 5(2003)& 18.6% (‘&
24 24.1%. AR} 12.4%) 2 B AFAze} 6|53
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rtEEe] P ecloz AAIE B o ((Liese 5,
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TS Choi(2006)2 20199 ALH4 d2k 22215 4
W2 & Aol A 2 AP aglo] o
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L5 Al 2 A 23
HH] FH O] E 5o 2,
5. 2000). =3 V-G 2&8(Miura &, 1994:
Lee &, 2002: Lee & 2004), A28 Bx(Perry &
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2 FEA 287 fi=e 47 2.625
1.887H, 2.40640] 3L, tHAREF-9 ﬁ?ﬁf‘—t 3.345
Hjel Aoz #F =Yt
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