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— Abstract —

A Study on Liver Function Indices in Male Lead Workers

Young Hwangbo, Yong-Bae Kim, Gap-Soo Lee,
Sung-Soo Lee, Kyu-Dong Ahn, Byung-Kook Lee

Department of Preventive Medicine and Institute of Industrial Medicine,
Soonchunhyang University

Objectives: To evaluate the effects of lead on the liver function indices in male lead
workers.

Methods: The study comprised of 274 lead workers and 113 non-lead workers who were
confirmed not to have HBsAg (Hepatitis B surface Antigen). Blood lead (PbB), blood zinc
protoporphyrin (ZPP) and urinary é-aminolevulinic acid (ALAU) were selected as parame-
ters for monitoring exposure to lead while aspartate aminotransferase (SGOT). alanine
aminotransferase (SGPT) and 7-glutamyltransferase (»-GTP) were chosen as parameters
for monitoring liver function. Demographic information, such as age, smoking and drink-
ing histories were collected. The duration of work for the lead workers, and their
BMI(body mass index), were also obtained.

Results: After adjusting for possible confounders {age, BMI, work duration, smoking
(pack-year) and drinking (bottles of Soju consumed per week)}, blood lead was observed
to be a significant variable from the logistic regression analysis of the abnormalities of
SGOT( »35 IU/L), with an odds ratio of 1.04 (95 % CI. 1.008-1.066). The amount of alco-
hol drunk (odds ratio 1.28: 95 % CI, 1.054-1.549) and BMI (odds ratio 1.24: 95 % CI,
1.075-1.421) were also significant variables. From the multiple linear regression analyses,
blood lead was significantly, and positively. associated with SGOT (p<0.05).

Conclusions: These findings suggest that exposure to lead may have an effect on
SGOT in male lead workers.

Key Words: Lead, Liver Function indices
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AxZo AR2EAME F A%, ¥F zinc pro-
toporphyrin, £% d-aminolevulinic acid &
=339, 7159 AEZA aspartate amino-
transferase(SGOT), alanine aminotrans-
ferase(SGPT), r-glutamyltransferase(-GTP)
£ 43t B3 119 HAATE AR 98t
HBsAg, Anti-HBs HAME AAlskAT. w3
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g A s= A¥ 0.5 mlE 2.5 mlel 1 %-
Triton X-1002.2 gAsle] v EZE AASHLTA
(Hitachi Z-8100, Polarized Zeeman effect
AAS)Z EXM3H 1 ZFF4AL standard addi-
tionHe 2 2HJ3lth(Fernandez, 1975). g
T AL UFE Aol EAs] wiel 484
A wet 7 AdF=Ert UEA Uede R 38
AANZ BAsle] 5 Av=s Atst

dZ ZPP s=+ A¥ ZA] portable hema-
toflurometer (AVIV model 206)E o]&3te] &%
spectrum 423 nmollA] 339 tHBlumberg %,
1977). 8% d-aminolevulinic acid(6-ALA)2] =
2 HPLCE ©]&% Tomokuni 52 WHE °]

272

2313 tHTomokuni 5, 1992).

FA 4= cyanmethemoglobinH o2 %3515
T(e|AEE FHE&A, 1984), BFEHXE= capil-
lary 9418282 ol &3ttt

7t71%% A EZ aspartate aminotransferase
(SGOT), alanine aminotransferase(SGPT) ¥
r-glutamyltransferase(y-GTP)= Biochemical
Analyzer (TBA-40FR)E ©| 83t Sk,
HBsAg ¥ Anti-HBs ZAFH= immunochromato-
graphic assay & °|-&3st3th(Sato 5, 1996).

3. SAlEM

Az B4 SAS 8.2(SAS Institute inc.)S
ol g3ttt 7|&4 A8 #AE ¢lste] Student
ttest® ol &3, 7% AZE(SGOT, SGPT,
y-GTP)9 ZA#E 7449 7|FA (reference
value)ol 1A #733 vgdos et & 7 v
3 Aol digt Zt ME 9IS BAAE I
AEAsIE . =3 7% AFE(SGOT. SGPT,

rGTP)el Az A&7t viAle 9= Alsp]
Adste] 5 A vx= DT ZPP. 85 FALAE
22t SRR st AR s dAlssle
W, gEieEA dY, AR A5 FA R o5
¥, 4 =271k gol £FHUY. HEFERELE T
43 EhieE EFotEE Sl

ztol= §lTH(p»0.05). & =& NEEA 3 4
T, 43 ZPP 9 83 0-ALA =9 HHe o
wETolA 28.5+1.3 pg/dl, 47.0+5.7 pg/dl,
1.6+0.4 mg/L&E tz79 6.2+1.8 #g/dl, 38.7
+7.3 pg/dl, 1.0£0.4 mg/L Bt} fsH =%
Hp<0.01). EAAE A =ETA 14.6+0.9
g/dlZ tlz2e] 14.9+1.0 g/dlit} o8l @



FtH(p<0.01). 7715 AEEA SGOTE I =&+
oAl 24.7+6.3 TU/LZ x| 23.1+7.9 IU/L
B} 25 =9ATE BAHoR fofaiAe @ue
H(p»0.05), SGPTY A$olAE A =& U=
ol Zhzt 20.0+7.6 TU/L9F 22.1+12.3 TU/L
2 3 Aol7h gldth(p)0.05). »-GTPe %
A wEFwH gzl 27 26.2+£14.9 TU/LS
23.7t18.1 IU/LZ A =ZETA tdi oy
EAR R FosxE ZdtHp)0.05) (Table 1).

A wETVE Oon @ e AREAGA 1)
715 AZE(SGOT, SGPT, r-GTP)EXL o

ry

AP E BRAT(p<0.01), & =% AFE(PbB,
LogZPP, ALAU)EZE folet %

WATHp<0.01). AH A5 X
(SGOT, SGPT, -GTP)E3 F84d< Uehlile
H(p<0.01), €% & s=o= dudol A

(r=0.12, p<0.05). SGOT+= ¥%F A TZ=(r=0.16,
p<0.01) & A& (r=0.15, p<0.05)3 FAH =S el

7% Axe F3A (Wilson &,
st Zhzhel VT ARE
(SGOT»35 1U/L, SGPT»35 IU/L, y-GTP>62
IU/L)e2 FE3ta 85 Ak o wet As
g3 oA F(blood lead(20 pg/dl). 5= &
03_ A (20 pg/dl<blood lead(40 pg/dl). &

A Ht(blood lead >40 pg/dl) o2 T3+
3 4 75 o W& )E oA 2
tiate] K-test® AAIGH A} v SGOTOﬂ
is T 8354

1998)el <A
ERENE R

welth, SGPT= ##(r=0.21, p<0.01) %
(r=0.19, p<0.01)3} Al

A, -GTP<t

Table 1. Chracteristics of study subjects

A%
[e)
KR

O

Exposed(N=274)

Non-exposed (N=113)

Variables Range Range
Mean=+S.D. Mean=+S.D.

Min Max Min Max
Age(yre)* 33.2+7.1 23.0 54.0 35.0+7.3 23.0 62.0
WD(yrs) 6.8+5.8 0.1 23.0
BMI 23.0+£2.7 16.5 31.2 23.5+£2.7 18.4 29.4
SGOT(IU/L) 24.7+6.3 10.0 68.0 23.1£7.9 12.0 60.0
SGPT(IU/L) 20.0£7.6 6.0 70.0 22.1+12.3 5.0 86.0
r-GTP(IU/L) 26.2+14.9 6.0 119.0 23.7+18.1 5.0 109.0
PbB(ug/dD)* 28.5+1.3 7.9 66.5 6.2+1.8 2.0 11.2
ZPP(ug/dl)** 47.0+5.7 27.0 225.0 38.7+7.3 22.0 65.0
ALAU(mg/L)** 1.6+0.4 0.2 5.5 1.0+0.4 0.2 2.1
Hb(g/dD)** 14.6+0.9 10.5 17.1 14.9+1.0 12.2 17.4
Smoking(pack-year")** 6.6+6.4 0.0 30.0 9.8+9.8 0.0 37.5
Drinking(bottle') 1.5+1.5 0.0 9.0 1.6+1.8 0.0 6.7

*, p<0.05 ; ** p<0.01

' pack-year=daily smoking amount(pack) X total smoking period(year)

' bottles of Soju containing 361 ml calculated from all kinds of alcohol consumed a week

WD,

work duration ; PbB, blood lead

ZPP. blood zinc protoporphyrin : ALAU, urinary -aminolevulinc acid

Hb, hemoglobin
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Table 2. Pearson correlation matrix of selected variables in lead workers

AGE WD BMI SGOT SGPT »-GTP PbB LogZPP
WD 0.90**
BMI 0.04 0.05
SGOT 0.15* 0.12 0.33**
SGPT 0.19** 0.21** 0.42** 0.59**
r-GTP 0.24** 0.24** 0.32** 0.42** 0.59**
PbB -0.01 -0.06 0.12* 0.16** 0.12 0.09
logZPP 0.07 0.05 0.02 0.07 -0.04 -0.02 0.51**
ALAU 0.09 0.04 -0.01 0.02 0.04 0.04 0.34** 0.42**
¥, p<0.05; **, p<0.01
LogZPP, log-transformed blood zinc protoporphyrin
Table 3. Comparison of liver function values by blood lead levels
Classified by blood lead levels (¢#g/dl)
Liver function P-value*
Low (X 20) Moderate(20-40) High(> 40)
normal (<35 IU/L) 162(94.7 %) 162(89.5 %) 28(80.0 %)
SGOT 0.01
abnormal ()35 TU/L) 9(5.3 %) 19(10.5 %) 7(20.0 %)
normal (<35 IU/L) 156(91.2 %) 166(91.7 %) 28(80.0 %)
SGPT 0.09
abnormal ()35 TU/L) 15(8.8 %) 15(8.3 %) 7(20.0 %)
normal (<62 IU/L) 163(95.3 %) 170(93.9 %) 32(91.4 %)
-GTP 0.63

abnormal ()62 IU/L) 8(4.7 %)

11(6.1 %) 3(8.6 %)

*. Chi-Square test

1.28 (95 % CI, 1.054-1.549)°11leH, A& ZA]
o] w]xMH]= 1.24(95 % CI, 1.075-1.421), 8% A
H] 2= 1.04(95 % CI, 1.008-1.066)°1%
o} v SGPT(35 TU/L) 2 ¥ -GTP ()62
IU/L)ell thgh 2A|2E S|ARAA dF d 5=

o4& YRR Z%th(p)0.05)(data not
shown).

o

al T =

et dF ZPP(LogZPP) 9 8% 3—am1nole—
vulinic acid (ALAU)E Z}7 S¥€¥Hs+z sl
1% AZ(SGOT, SGPT, »-GTP)& THHF=
gt F3|AEA Zi= Table 59 7L‘ﬂr SGOT—E‘
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& dFE ﬂz*&’io‘/}(p@ 05, 1’=0.1448), LogZPP
%} 9% 0-ALAE #9lg 4] gt SGPT %
r-GTP= E%L%% g FIARACNAE 4T
%%, LogZPP, &% ~ALA =% #o8lA] ¢
th(P)0.05). 98, dxZ TF/ 2 FAdFe

1]

bt
°1N 30 R

Q3 TEdg 28] kAt S Il oA
AT (BMDE e AxSe] Fo3 Wsm

e TH(p<0.01) (data not shown).
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Table 4. Logistic regression analysis of variables on abnormal SGOT ()35 IU/L)

Variable Parameter S.E P-value Odds Ratio Estimate
Estimate (95 % Confidence Interval)
AGE(yrs) 0.0517 0.0347 0.1358 1.05(0.984-1.127)
WD(yrs) 0.0093 0.0399 0.8148 1.01(0.934-1.091)
Smoking”* 0.0149 0.0236 0.5278 1.02(0.969-1.063)
Drinking' 0.2450 0.0983 0.0127 1.28(1.054-1.549)
BMI 0.2120 0.0712 0.0029 1.24(1.075-1.421)
PbB(ug/dl) 0.0357 0.0142 0.0118 1.04(1.008-1.066)

WD, work duration : PbB, blood lead
*, Smoking(pack-year)
', Drinking(bottle)

Table 5. Linear regression modeling® of the hepatic function indices in lead workers

Dependent  Independent B SE of B P-value Model R?
Model 1 : PbB, pg/dl 0.08544 0.03406 0.0125 0.1448
SGOT(IU/L) Model 2 : LogZPP, In(#¢g/dl) 1.49006 1.59983 0.3522 0.1326
Model 3 : ALAU, mg/L 0.18937 0.54346 0.7277 0.1309
Model 1 : PbB, #g/dl -0.01686 0.04321 0.6967 0.1759
SGPT(IU/L) Model 2 : LogZPP. In(uxg/dl) -3.64471 2.00729 0.0702 0.1827
Model 3 : ALAU, mg/L -0.59568 0.68347 0.3840 0.1773
Model 1 : PbB, pg/dl 0.03146 0.07663 0.6817 0.2170
y-GTP(IU/L) Model 2 : LogZPP. In(pg/dl) -3.33352 3.57114 0.3512 0.2185
Model 3 : ALAU, mg/L 0.09700 1.21330 0.9363 0.2167

PbB, blood lead: LogZPP, log-transformed blood zinc protoporphyrin

ALAU, urinary d-aminolevulinic acid

* Models were controlled for age. work duration, BMI, smoking(pack-year) and drinking(bottle)

AgA7le T8 A7 FAlO olEg EEEY £ o FFE, Axd 84Ae AW 24 84
A7 (target organ)olth. A9A FalAAe] = ED} Ak, wabA] olefg ZA e et A A5
= o 7] 9ty ke 9 AdHAE Fo& BaUt fEHC] FH 5h o] FUist
Ttz el So|wr) Folok a7k, B3PI = o]zt l’)r("]:ﬂw‘ﬁr o]F<, 1996). wahA 1HgASk| o
A AP S glen, thilel aspartate aminotrans- & AEAAIEAN WA EE S W] Solw7)h v
ferase(SGOT). alanine aminotransferase <& @3& 7IA1 3t »-GTP 94 3stE&4d, <F
(SGPT), r-glutamyltransferase(y-GTP), & % &&= Q& g8 diste] aminotrans-

alkaline phosphatase, bilirubin 52 A3}&3
ZAFe} albumin, prothrombin time 3 Z&
7159 %8S Hriske U, Clearance A
APH (antipyrine &) 9 7% AAMEC] Ut
°] % aminotransferase(SGOT< SGPT)& o

276 Ye] ¥ G4 53 7k A2 28

— o

ferase Bt} WA ==
Fo7F d a3,
SGOT. SGPT ¥ »-GTP + v|&&4d HAle|aL,
HAakel 7, &old, ZAAE wied F7140 A
34 RUE o] MdEEo] AMgE oIt (Ladou,
1990).
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£ ATE SGOT, SGPT, r-GTP%2 1% A
st 8% A v= EF 7PP,
vulinic ac:1d(ALAU) 9 d
o AYgAcr Ao =EHE
o] 7|5l vA= ﬁ% ZAVaksl T,

2% d-aminole-

=F ARE St

Beorr ol WS rlo

<
o
H, & ATNNE dxE A F 7-1 gl )% A
7t 313 LogZPP7}
ATFE 14'5}‘4101 data not
Z ZPP W4l LogZPPE&
o] &3ttt

ZAVAT i oA 6.6 7d
(0-30.077d) e &2 thzTe 9.8 a“fl(() 37.57d)
B} folstA AE=d (Table 1) ol A =&79

Cooper 5(1973)& A
o7 3 AP dF 4
ol

GOT7F 50 unit/L °]’g<l 7t 8F A 70 #
g/dl °lskel ¢+ 11 5 %, 0-100 pg/dl
< 20.0 %, A 100 pg/dl o]’ +< 50.0
%= oz BF ?i T €3 GOT 719 oFdkg-
#AAE JeERlE Zolgtxm sttt & ZAolA A

-3 el

<

T HdREe] 5 A Fx9 W9+ Cooper %94
43 d v HYHUTE ST vyd d34
GOT (035 TU/L)9 B8 Arx 85 o HAo
(blood lead(20 wg/dl)°lX 5.3 %, F5= 5

A HAE (20 pg/dl<blood lead<40 #g/dl)lA
10.5 %, 2% d35A AT (blood lead>40 ¢
g/dDollA 20.0 %= FA Tt & JddSF
5 F7lete S Ustien, BAAERE f9
3te] (p€0.05), Cooper 52 AF+Aze} v <&
2 Ee A", AFFAF(BMD, @
=& o7 17‘*(‘4) a8 FAF 2 7% A
St 2R ~E 3| ATA AR B[S A GOTO35
IU/L)el gk A3 Fxo] vxplE 1.04(95 %
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CI, 1.008-1.066)% oIk ke

a4 dY, JdwuE: 457
(BMI) 28] 9% 4 Agt 3%
MMz a% A xx7t 93 GOTE #9sH =
771 A2 JesEd (p<0.05), O]—‘C— Aw=
o efgt ‘1’:‘” A s UERA @ A A
= 83 GOT7l Frhdtde E_’ﬂ_(Mlkhall 5
1980) ¢+ dAstdtt. 13y LogZPP9 8% 0-
ALA+= 7715 AZ(SGOT, SGPT, »-GTP)dl
olgt IS mAA Ao & YEsow
(p0.05), ol A w&°] AX= FF ZPPH ©]
3k 2E7t(1992)9] AFA et dXEHA
3 A3= 83 ZPP 2 2% -ALAE %Z
e AMES SA e o o] x
Hol AAR Ao vehd d&gFS S ?i%
A 3o]7] wEell(Waldron, 1971) 7 H 31 54 4
Pgd e 9" 5)9 2

TEE o iﬂ‘—HOﬂ 4
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Avg 45 FxolM(Wilson 5, 1998), & <

oA Aztel b 2 YEesdd SFE 9 oHRk
7 #AHE ALZIAGFE FASA] Wil & A+
of & JFgZ AT LU AR AdHE. =
A, B AFelA AAF A JHEE FEE fAE
S5 RS FAE SRoy dquida BF
7t A FAVEsE BAR HAF A FEe] & A
AAA @& A AAF A FF= ¥ad F AAA]
= HolARE & ZALA AR g AE E
At 2y Fal# AAFE(1997)L A FE

offt
o
S
N,
olr it

antipyrine teste ¥H5HQA WHoZ 7t 7|F
A WIE B de wg e AarE 2230

(1981 = TEAYHANA A=go] 7 2% 2 F¥
TFoA FakstEAel glutathiones Z7HA17]&T

E 27 9] glutathione s =2 &4 FAITLZA
ASHS StAI717] {3 B3 rdolgtn AY
Atk ol&Al H(1992)% FEARAGA AwZT

peroxide value)e] <F 2.1d] 7} =ow ujeir
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Areze] AXZAE
zinc protoporphyrin, £% d-aminolevulinic
acid & SH3Ha, W71eY AZEZA aspar-
tate aminotransferase(SGOT), alanine
aminotransferase(SGPT), r-glutamyltrans-
ferase(r-GTP)& &43I9™, g 1715 9
< F & Y EAFEA dE, FIF(pack-
year), &5 (F B vl £& 2% E°| &FH
F2 Y, AFEFASBMD 2 d =2 £
ARttt 27l1s AZE(SGOT, SGPT. »-GTP)¢

Zaza T3] (reference value)el <A &
AT v e R A & A v AR o

7 AFEe 9P 2AxE ANRNAGD, £
3
=
.

AAYAF, A D £FF, A w3/ Fol £
e AFmde FUY FAUSE TFIE
e

Zo ¥ SGOTO35 TU/L)ol thak ZA]~
g AR Az, g3d H| 2] =
(95 % CI, 1.008-1.066)%°om SF (8] A4
1.28 1 95 % CI, 1.054-1.549)%} A& =)= (H] 2}
H] 1.24: 95 % CI, 1.075-1.421) 9] <3 A
F2 Yelyth SGOTE F&¥FE dta 93,
AFA4(BMD, dxE 57|17 a8ln
TS BA% SIARAAN EF
SGOTE #9stA T7/M71e A=
(p<0.05).
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