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Changes of physiological levels of therisk factors contributing to induction of metabolic syndrome
in workerschronically exposed to styrene

Kyung-HwaHeo - JungWan Koo' - YongLimWon - MinGi Kim
Kyung SunKo + Mi-Young Lee - TaeKyunKim « Ki-Woong Kim®

Occupational Safety and Health Research Indtitute, KOSHA
'Callege of Medicing, Cathalic University

The objective of this study wes to evauate the effects of
occupational exposure to styrene on the components of
metabolic syndrome. We surveyed 263 employees, among
whom 117workers we ere chronicaly exposed to styrene in
glassreinforced plastic boat manufacturing factories and 146
controls hed never been occupationdly exposed to Styrene as
will as hazardous chemicas The generd and job characteridtics
such as age, smoking and drinking habit, working hours and
duration were not significant different except sleeping
hourg(p<0.05).

Among the components of metabolic syndrome, the systalic
blood pressure, totd cholesterol, HDL-cholesteral and fasting
glucose were significantly higher in exposed workers. On
multiple logistic regresson analyss for the components of
metabolic syndrome, waist circumference was insulin
(OR=1.129), blood pressure was MA(OR=14.724), fasting
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glucosg(OR=1.191) and metabalic syndrome(OR=1.110) were
sgnificantly associated withinsulin.

The mean concentration of arborne Syrenewas 38.1+40.1
ppm, blood concentrations of glucose and insulin and levels of
HOMA-IR in over 50 ppm exposed group were higher than in
blow 50 ppm expaosed group.

These resuilts suggested thet the exposure of styrene afects
blood pressure, fasting glucose and insulin levels and that
dysfunction and/or declination in glucose and insulin
metabolism might induced ultimately insulin resistance and
metabalic syndrome.

KeyWords:  Styrene, Insulin, HOMA-IR, Metabolic
syndrome, Workers
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] 31 9 THLebovitz, 2005).

hAEZ 0] 2 w7522 1998 Al A BA 7] ol A A&
© = dhz 3k $(WHO, 1998), National Cholesterol Educetion
Program's Adult Trestment Panel 111 report(NCEP-APT 111)(NCEP-
APT, 2002), European Group for the Study of Insulin Resstance
(EGIR)(EGIR, 2002) £} American Association of Clinical
Endocrinologists (AACE) (Einhorn 5, 2008) -0l 4] 2gh7] &S
AA R oH, F 2o A F = E 3 (International
Digbetes Federation, IDF)ell A S5-1]whE: Qe A A frdk
O 74 F 8 AR At AFH A A BAS 1
3 A2 A7 )& A A SFSITHIDR, 2005). Al A 8.1 7]+
= HIEsto] 4248 dAol A A A7 |FE A,
364 0= A A4 (body messindex, BMI), 534, &
oh YA FYAHE B 35T T AT
ol Thofsh= QIAFR AA ek §loH, Htell= Qlad
I (HOMAR) = A7 | ol E3HA7]+= Weto] AR
IStk Ed AR AT A A QRI(FA A
QN FHA QAL EI-S X BHA 299
2o oJste] AAQHTHL & 4 Qlth 53] vluh Ql&d
A&, A28 Fr 52 inallin receptor substrate 1(1RS-1) 7}
p3-acrenergic receptor(33-AR) ] A xFohoRA o) whe} wiZkE
Aol & HolH, o] 9jef & W2 frdkzo] thateFe] 9
Flatel A& 7= A0 B H G tH(Yameda 5,
2007). TEoF A5k} A AT S EQIANRE AF
(AAA &, 2005), 25D 5, 2007), o 2 A
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J9 A S i Eo] 6.6%%H Z10] 2001 ol = 125%
2 Z7}510)(Kim 5, 2007), FF 210 AT o
3 Aol #% o & 2 0% Rtk BB 00695
A5 A ol 93k Sejuiere] Aeat 4551173
F VA% 28] 92 AP S 565763 (449
2005 23662289, 11 270 21 APl jef
A2 Eokom, titn] - G B tiAba Sl oSk At
= A AFEAR F 5.1%(12,430 )2 B ILH QTS A,
2006). ©| A H =371 A1 2 vl n] - G4 L Ak gl 9
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814 (neuratrophics) 24 71-5°9] oltt. 12y thiks:
T A o) = ST 0] V) oA o Atel] o
o] oz} Al o] PPz IR HRAA A8
3o] 228 El eHAndbhuti, 2006). U A] 2wt ol o] 3k thA
T w420 A F 9 A5 (expenditure) ©] = ol <
AL A Y F2 07 AT AT T7hell ol A
ol ub=dl, &4+ 415 & brain-deriver neurotrophic
factor(BDNF), leptin 3! 4217d 4 2=4 =, catecholamine,
serotonin B! dopamine 52} A1 SE #Hedo] glow, 3=,
cytokines 3! neuropeptide WA 52 A7 - WA S0
o] fofaty] Yol Htolet & ¢
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oM frefgtstEd & Huohs T2AE S L w5 #79
ghetadel g H7] el e dukeluny =
AR w3ty 7he A BT O @ Sl 0% KRl Kotsva
2} Popov(1998)+= benzene} xylene®] 11 5ol lE =
ZAA Foto] H& 20 Wk O 1, Kakianen &
(2004 771-8-A1 9] 1\ 7|kl we} tiAkS F S IRt
ok o) Sl Al o2 Hshgith g2 20051 1 4]
A A A B ooe)ell ofst shstAlEAl £ SAF
ARell A =3 Ak 2 A7} 7 Ebe] AgE T e gl s
B ATk o] dF A= 71eke] A Abell M Banel g
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ez ARSI A ot At vl vl A
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7194 AR S A RS Btol AL ANSLE A
353 ZARE 83 ol (20087} A B 67) 0 = T4 H A
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5 WISt dARS S ool A A&t 57 dHE
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i) =0k 8 2] 2] = 102 (AL, =88 am( A1)

(OFA]oF-BfE A o 71 EAk =90 em, o] ZF=80 om)

i) LA AW T >150mg/dl

il) A 1 A e e 2 E 8 S A<A0 mg/dd, o1 A

<50 mg/dl

iv) 1k 757 52 o] 7S > 13085 mHg

v) 35 1Y 3 EE 9 >110mg/de

4291 % A2 %] ¥ (body mass index, BMI), A4
(body fat mass BFM) B! 4 <] "5 (percent body fat, PBF)2- 4
A A ABI(X-SCAN plusll, AW T2 S o] 314 54
PRI, S tdAb=o] oF 108 J =9 & F% o
, T S AREste] F57] okt o9y E9E
detltt. @4 & 549, 494, SZUAHE, 1L
AU AHE 5 34838 F A= RocheAl2] COBAS
Integra400 *3 3}-812}- 51241 7] (Roche Diagnodtics Ltd., Rotkraz,
Switzerland)Z o]-&-3ko] =743t} HOMA-IRS Access A}
& sfehih o 574 7] (Sanofi Diagnostics Pasteur, Inc.,
Mimesota, USA) & AHg-8t0] @7 Qledl S w4 8 b5, the
homeostasis modd assessment of insulin resstance (HOMA-IR) &
A[(HOMA-IR=fagting insulin(U/ml) x fagting glucose (mmol/L)/
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A ¥7] T syreneS] AF o} A w] == A
O B 7 o152 (Nationdl Ingtitute for Occupational Safety and
Health, NIOSH) ol A F= 3 a}+= 37 A1 31 ¥ (1996) ‘Method
1501 Wk k3l 2 of 9sto] AAEdh 37
syrene®] E3> S FEAE sfo] AF 7iR1EA]
£ ¥747)(Low Fow Sampler 113 D, Gilian, USA)Z o] &-3}]
T 200mee] 45 2 e vy, TEARS] S5 1A
A AR o) T (EA ') Bt WA sl] flske] 2
A7 A 0 & SAE-S wA)stith Syreneo] THE &
AR Ued AR AP R B 20 o, 2
£ GC& npol ol Y1 1mee] o)ststet A s ¥ &A1l
&, 7}~ A 2 obE 778 1] (CP-3800 GC/FID, Varian Lid, USA) =
o] &3] EA eIt Syrened] =5 tAMHES w418
A3t WS Z2ALY] AAFT Aol ZEpAE FE ol
afo] AF 3 ¥, YEd Az AR Suteigith 2=
A2 EE HH T AHE & Aol v, 05 mle Fske] 10
ne e Al el W a1, o] &4 500 pl, U g
(Cinnamic adid g/ ™| &H& €-<) 200 110, 05N 4k 200 ut, ©]
ElolAH0] E 2 (& ¥ 1L 208 F<t Aol S-S ¢
2] 5-2](3,000rpm, 105)3}o] of|EolAEo] E 58 5t &
A ZAI 3 FEA S AR S Ak 5 mi+H EHS- 100
ml) 1 ml-5 H7Fskar 60°C ol A 407 7Fd st th, QA
(3000rpm, 1073l FRZFEE S-S F o] 7fAaEnlE
712} 9)(CP-3300 GC/FID, Varian Ltd, USA)Z o] &-310] w5
mandelic acid(MA), phenylglyoxylic acid (PGA)<} »} Ak
(hippuric acid, HA)-& 4] 8t 5, credtinine© . .7 afo] ujj A
&= A& 53 tHOgata?} Taguchi, 1988).

4 AT EA

ATFAzte] st BE A5 Verdon 20 PSS A 22
I(PSIne, USA)S o] g-51o] A5k oh t) 27 v &
7] 1] 1= independent ttest, 7 -2 Wof] tj gk WA
A1 Person's corrdation coeffident = -4 &1tk thAFS S
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Table 1. General and job characteristics of study subjects

. Corttrol (=146 EX =10
Vaiddes GM (5 — ) gol\s/xl-x(:( a0 7
Agalyrs) 36.9(22-57) 36.8(24-60)
Smoking habit

Smoking, n(%) 51(34.9) 44(37.6)

Non-Smoking, n(%) 95(65.1) 73(624)
Drinking habit

Drinking, n(%) 104(71.2) 78(66.6)

Non-Drinking, n(%) 42(28.8) 39334
Sesping hours* 6.4(3-10) 6.8(4-12)
Working duration(yrs) 5.8(1-26) 5.3(1-23)
Working hours 9.6(5-14) 9.3(8-13)
Standing working hour(%o)

<4hoursper day 44(30.1) 31(265)

=4 hours per day 102(69.9) 86(735)

#p<0.05. GM(R), geometric mean(range).

Table 2. Comparisons of anthropometric and clinical parameters of metabolic syndrome between control
and exposed workers

. Control Ex
Vaiddes (=13 ( n:p]o:sll;)j
Body massindex(kg/m2) 24337 239135
Waigt circumference(cm) 8491101 8381104
Hip circumference(cm) 953+72 HU5+6.7
Wad/Hipraio 0.88+0.06 0.88£0.07
SBP(mmHg)** 1259+131 1318112
DBP(mmHQ) 782+113 7861102
Totd cholesterol (mg/d)** 18471302 1988323
HDL-cholesterol (mg/d)** 451+122 5341132
LDL-cholesterol (mg/dX) 1076314 1121£302
Triglyceride(mg/d() 1384+838 145811091
Fadting glucose(mg/d0)* 882£156 94.2+16.2
Feginginsulin(:U/ £) 55140 59+47
HOMA-IR 22*16 2521
Metabalic syndrome, n(%) 47(35.1) 52(382)

*p<0.05 and **p<0.01. SBP, systolic blood pressure; DBP, Diastolic blood pressure.

Reference values: Body mass index, =25kg/m2; Waist circumference, =90 cm; Systolic and dias diastolic blood pressure, 130/85 mmHg; Total
cholesterol, 110-240 mg/de; HDL-cholesterol, 42-74 mg/d¢; LDL-cholesterol, below 140 mg/d¥; Triglyceride, 40-160 mg/d¢; Fasting glucose, 70-110 mg
/d; Fasting insulin, 2-25 U/ £ ; HOMA-IR (homeostasis model assessment of insulin resistance), arbitrary unit.
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Table 3. Concentrations of ambient styrene and its urinary metabolites in exposed workers

Vaiables Mean= SD(range)(n=117)
Ambient Syrene(ppm) 381+401(05-122.6)
Urinary metabolites(g/g credtining)
Manddicacd(MA) 0.3210.39(0.0-0.85)
Phenylglyoxylic acid(PGA) 0.16:0.20(0.0-043)
Correlation between ambient Syrene and metabalites
Syreneand MA r=0.598(p=0.000)
Syreneand PGA r=0.511(p=0.000)

Styrene TWA 25 ppm, MA and PGA BEI, 0.8 and 0.24 g/g creatinine

Table 4. Interrelationship between styrene, MA and insulin with the components of metabolic syndrom using
multiple logistic regression analysis(backward)

Dependent varidbles (n=117)
Independent ; .
vaisles WC Blood pressure HDL-chdl Triglyceride Glucose MS
Odds(3vdug)  Odds(3vdue  Odds(fvaue)  Odds(3vaue)  Odds(3vdueg  Odds(3vaue)
Syrene 1.001(0.001) 1.002(0.001) 1.002(0.002 1011(0.011) 1.006(0.006) 1.003(0.003)
MA 0.991(-0.009) 14.724(2.689)* 2.406(0.878 2.264(0.0817) 0.580(0.045) 2.500(0.916)
Inulin 1129(0.121)* 0.978(-0.022) 1.076(0.073 1074(0.072) 1.191().175)* 1.110(0.0104)*
#p<0.05). WC, Waist circumference; MS, metabolic syndrome; MA, mandelic acid.
Glucose Insulin HOMA-IR
106 [
_ 7.6
104 r T 33
- 7.4
102
100 7.2 3l
g % g 7 29
g = Z 68
94 27
6.6 —
92 —
90 |— 6.4 — B
88 6.2 : 23
=50 ppm >50 ppm =50 ppm >50 ppm =50 ppm >50 ppm

Fig. 1. Comparison of insulin concentration and HOMA-IR by exposure level of styrene. Adjusted for age,
smoking and drinking habit.
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Y& ¥ o x}H]=1.191, p<0.05)7} THA}Z T (A}
=1.110, p<0.05)} 2] 3t A& o] Sl A 0 & YERsiTh

wET YRS wEEE dyrene?] FtEEE 3B1E
401 ppm, =z MAS} PGAS] & 5+ 7217 03210399}
016020 g/g credtinine®. 2 =7 ¥ Q] o W () 2o A= 7
257 2FotS), syrene?t MAS] AFHA (1) 0.598(p=0.000),
syrene?} PGAE 0511(p=0.000)¢] *+3H4 - K9 tHTeble 3).
A, w9 W FF5 o Alolsta dyrene] (e EF L T
Fof ule} FEEE Qe HOMAR 55 57438 4
o}, A SR FO8H A= A dyrene®] =E 0]
50ppm ©]/9] ol A B A 574 5 A thFg.D).
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2} (neurotrophic) Z2717]%-2] 434 o] tHWoods?} Sedley, 2005).
A U A] B SAES] AF 9} AR EHHOE
Qlaf ZeE = Ao T &AH BF 9| TavtF Yelo)
o, 22 Qe 7Y ouA] F42 viuh, A28 G 9 A
oA A3 93-S o] Al ok (Sherman 5, 1999; Bassk
3} Manson, 2005).

AeEd AT AT A9} ke oA 9 A
Wy} 7he A EHA g ol(Cararod} Ruiz-Torres, 2006) 3k o}
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2o} A%, el ER ) wE ) 22 @44 21l s
- 93-S Th=THLee 5, 2005; Tonstad®} Svendsen, 2005).

Mummery 5(2005)l| 23k A TS 2o uheh
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o] AHAAIE Folm, Henderson(2007) 5= Weu]d A%
A7k} BMI= ko] Ao A| S Holtha B 118k,
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7} 3AtHChen 5, 2008).

A0 2 HE FalsteEA ) wE ) #ste] Kotseva
9} Popov(1998)= A1 3ket Aol A 11 552 7184
o L& 5= tdA7E 184 22 diidAte] vlal] #-2Jsk
=2 18 FHES Hltky B 15kl o1, Seppdainene
3} Hakoneng(1976)-> 30 ppm ©]4+2] syrene 5 =0 =& H =
SEAA o5k F e mEEHE LEARTG 2
YA oA 1Tt 549t Albright$} Goldstein(1996)
T253 g gdlrss el gAS ST
feedback 224 14 ol o}dli= 5 223} adipocytokines?] &
Tof JEFS v A, AFF SRk 9ot HFENS
dycogend] FEE WE b, I dEH e RS
7HA1 71521 B 31519 tMokuda-s-, 1996). 58k Kaukiainen -
2004)% E5F 7194 wF LEAFNA t 2ol HlE] 3
B8] FAIA R fostA S7tE ATk skl
Cholesterol> 59173 3} 2 = N 8 7A] Agke] 932 2
A2 Qo HDL-ZH AEH &S A E A 3k s
AAA7] = s of= A 02 4 A tH(Gordon 5,
1989). Jain 5-(2007)] 2] 5} HDL-cholesterolS 95%2]
cholesterol 7} 5%2] =/ A% © 2 LDL-cholesterol-2 90%2]
cholesterol 7} 10%2] FAJ A ¥ 0.2 ZA & o] 9l cholesteral
] Z7}1= HDL-cholesterol 7} LDL-cholesterol & Z7}A 7],
cholesterol 2] thA}efl+= cytochrome P-4500] #oish= 2102
oA ITHChen 5, 1989). & Aol A wE - tA=0]
w5 dyrene] 15 S 3811401 ppm O E 1] A
=2 wEo =E2H 1 9 oH, tid AR dd A A
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oA = A YRRt Syrene?] o 101 1?47]**01]«]0}0%
Y A H =3 HDL-chdeterd 555 S7HA1 7| =4 = 4 &
ot BHl A QA= AN dyrene®] o] FH| AHES
thAtel] #Hodah= CYPS & (indudion) S S7HA1A 2 A
B 27} HDL-cholesteral @] 5 %7} %7} 917 1 HBuresova 2,
1991), HDL-cholesterol ¢} 4] LDL-cholesterol & ¥ 3}5] = 214
o] #o}al= cholesteryl edter trandferase’} 0] 521 9] =Zo]] 9
ato] A4S Wl HDL-cholesterdl €] 55271 57He 2102
A 7+ak 4= 9l tH(Savolainen 5, 1990). ©] <19 A} HDL-
cholesteral-S- W] &3to] 3583 $57]dto] wEatd

A =& SAANE BYof wet o] = A} syrene®] E
3} o] QE=AE Lo} B 1A NCEP-ATP ] thAlES
T A7) ‘%33 F&W-E 510 dyreng MA 2 insulin
R 2 ool A~ 3]974 S A A s A 3 3
fﬂ%aﬂ Aed, I MASH 93 tas 5 Qe
3 Ao] Q= A 0 F Yt

&oto] dyrene] =EF Lo TS HolA Ygront
MASL= o] 9lE AL & s w2 S5
oJate] At AS HA 07 HojF Ay L%ﬂﬂi

EToA Aol Tk Z1& A, caecholamines 2! A1A
w0 &4 T3 Ho] 9l Ao Eri(Benovitz, 1990;
Rosenman, 1990).

NCEP-ATPIIIo] &3 thAlES+9] Mk Bh o A 1= ol

stglxol] HnnkE 2 ), @, HDL-ZH| ~H 2, &
/\Jx] H} u] gul- L= 57H zﬂ-E = 37H o]/g-_J zﬂ-Eo] o]A]—% E
A 5ol thAksFro® #Yst| fq%‘é lstyrenﬂ E
o] EHA]_Z OHL 117<4xo
gikagal=y :ZEM% Hs xgket
g_p]-ﬁ]]xlgh/} Ul;ﬂs} J,]-Lo]
A w2 222k o st Xl%@

n r

o

o] A= 3 71 AL 1A 1 ek,
AR, A7 AR 7 F A B8 A,
S, ORI QAR o J 3L
o¥at QA Sl thate] A4 0% HrhE)H) Fajsirks A
A, A 0 2 9 7] QA Aol B
k7] -] FA A A7 S AN 8HA) 8 A oItk
oeb 85 Aol 919 ASAL WP A7) 4
aeolof 8 0% A7,

o A& =y -
JJr HOMA IR°ﬂ o ‘J o *é—% = ATEA v 2

= O_]Oh:]'
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