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— Abstract —

Significance of Time-dependent Exposure Variable in
Occupational Disease Study

Jai-Dong Moon

Department of Occupational and Environmental Medicine, Chonnam University Hospital

Although the f{inal cumulative exposure has been used as a exposure variable on the
cohort study for the relation between exposure and disease, the bias from the use of fixed
exposure can be developed because the exposure amount changes across the time.

We developed the program to handle the Cox meodel with irregularly changing time-
dependent exposure variable and covariates, and the validity about the application of
time-dependent exposure variable and lagged interval was practically evaluated by analyz-
ing the data collected for typical retrospective cohort study with that program.

The results were as follows :

The exposure-response relations between the deaths from lung cancer and exposures
{fixed or time-dependent) were not clear when ( year lagged interval was applied. When
15 years lagged interval was applied, the exposure-response relations between the deaths
from lung cancer and the time-dependent exposures to crystalline silica were observed and
relative risks increased like 1.00, 1.17, 1.30 and 2. 45 across the exposure levels.

The relative risk estimates for lung cancer with time-dependent exposure variable were
higher than those with fixed exposure variable without regard to the application of
lapged interval.

The exposure-response refations between the deaths from non-malignant respiratory dis-
ease(NMRD) and exposures (fixed or time-dependent) were observed across exposure levels
when 0 year lagged interval was applied. When 15 years lagged interval was applied, the
exposure-response relations between the deaths from NMRD and the time-dependent.
exposures to crystalline silica were observed, but were not with fixed exposure variable.
The relative risk estimates for NMRD mortality with time-dependent exposure variable
were higher than those with fixed exposure variable, and the application of lagged inter-
val on the evaluation of NMRD mortality was meaningless,
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The results suggest that the application of time-dependent exposure variable on the
study of exposure-effect relation should be considered and the application of lagged inter-
val should be decided according to the time needed from disease detection te death,

Key Words ¢ Time-dependent variable, Exposure, Lagged interval, Cox model

M E

dutx o FaiQixtele] ZHzel AYatel HYY
o] hFF BIEQF(cohort study) A ARIEA Al
ARG ¥ ERo] EZHQ R AMEEAT
A7) Bt B2 Fxy Al wet dsimzg
TFV|00] AFE 3P Z2NRle AR g <l
T Hae AXNA @} (Checkoway &, 1989). ©]
2 \AE Sol¥] fiMe AL F A5
E3% ANstY AzelEY Z2WA(time-
dependent exposure variable) & AMg-skal AR
WAl A (age at risk)F 9 (calendar year)
Z2lm #3727 Hlength of follow-up)® & A
ZHad FHAER AzkelEg o HeE¥ RS 2
2sldo @t} (Checkoway 5, 1989; Clayton
%, 1993, Collett, 1994; Mauger &, 1995;
Wolfe %, 1996). Checkoway (19892 A9
FHaAre} sgtel) o) ¢k Apdate] FAYe) g AF
o ;] AlZtelEY EZHQlE AEY o FHIEF
2 Z2dce g AL FAedn vuddest &
FFHD O o4 ZE-HUAE A
At
Ak EE 2l FHYUEE XEgEe 2Y
2 Agsta Hrislrl 4% BAH B4E Eols
FHEY (Poisson regression analysis) o]y At
9]EY Cox¥lal9l ¥ 24 (proportional hazard
model) & ©]88te] HAY F o} (Pearce %,
1987; Checkoway &, 1989). 22y} ol 3

AL AR A TRz 2] vbgahy
o A} A|Zte]EY YRS 9T ¢ glenw B
HHe] BE 7] AuE9 ¢ vlmstuA e
2 AelM e grez WA data setd TEE
FAA7E Ry o]E st Yo TR o)
Agslojor g}, Coxdialfdxde] A A3t
£Y EPUAL 2o TP 4 doER 23

4o

o] ¥MEg % HAAA/ Bdastn ogHel
AEANA 1 ogel ddiE e R el ¢RiA oo
2 QAbo] A7relEY ZRclel HeS Hawst
E Qtal A ol&EHR AT (Keily %, 1994;
Moore &, 1995; von-Schoultz %, 1995;
Guijarro 5, 1996)

Zz ot Aol [EAo] jF Mool glelM 1
BEojol & & 1A /g e E Rothman (1981)
o] #}¥ latency analysisel®}. Latency
analysise ZWe] HAF AH Bl gl ErY
RS griste WieR BHE Rt & At
Aol AMFE Feo] E7) (latent period) F9he)
Z238& AAFe E2A4 (exposure lagging)
Wlo] Zltal Axt djdo] Julgoz folsle F
2 AH8"ET (Checkoway 5, 1990).

25y 2 BA ERoke Ao Ajzke|EY
E2903} AA)712 Hlagged interval) &9 =
842 ol&zeg dusn ot Checkoway
F(1989) 2] Bmojo] 44 AZENE BT 4F
A PRI =1, FElFAMCA S5 AAE
o} MH SF7IMERMY E2 g A Ay 2
o] Bt2|slAl d&AHOR ¥y AlMjER X2
A A Aeld ¢ e ALTEaHe s
p|ZA % Aeiel), olglgt A AFAFEAl A
LelEY ZaEWlel G4 AEEm AMRE A
Fetedle A7 em, JddA At Ey &
ZRQ Jhd g A8 dddds 2t g
Aol

ofl] B ATz ErEslHA d&Hom WE
v AleEY ZaRR) A&y FHdE X
8 F e CoxBdE ZRIPE Mustz o)n)
GE AFelA olREHUR AFAQ) FIY Iz E
dFARS B4E ol AW A7 oA A
717t Azl Z2RQle] B S HE5He
2 Hrige s A b g e 7l
At 2 AFE AFEh

-
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ATCHA U kY
1. RohaY

e olf¥ A% Checkoway F(1993)°]
TZE HFA AbGEe 3% 93 ZZEQATF
o] o] &5y RAow APAEL] FAE T B
o] o) &3l AdAES vl (3 e}
(California) 9] Lompocel] AAste ¥ e 7
ZE 7HEEA0A 19423 19 1Y5E 19874 12
2 31¢Aetol] FHRIR7Ie] HA Dot 2
22152 25 2570710

WARAES] 25 galeln] L&A BRI
24.24), Ha THVIEL 8.8, HE ATHA
£ 23.8d<1th.

gAAFEo} teiae A3 R4 (Social Security)
AR, Z7ATEAE (National Death Index) 28]
3 F AR A8E AR 23479
(91.3%) 9] AEARE AU + UAR, AFR
6287 Z 59178 (94. 1%) ol digt AlFAAME 34
3l APFUQE A 5 AUt

iRt & 50met Wger Algsldn 569Fe)
AN B, H7IF, A4 a9z AdF Fouy
vk FF7]A% (non-malignant respiratory
disease, NMRD}) 2.2 Ataigict,

2. E2Hr}

] Baage) gag Faio didda 4 il
o) M ZEVILERN] SHEHA, SEEA A3
o &3k AR E Y5k

ZAAFH, AT Rz AR TA =
2o AR T AdEvie] A& rEReo &
AF3H, A=Y AP A%, BIPAMAE, AT
AU 9] felvtit(erystalline silica) 528 2%
st} Zt T FRIIFAE FqE F Qe =
AFRETFE (exposure data matrix, EDM}E 2
A3t of EDM& ol-g8td 2 AAEE Ao
et et F2e 4% (semiquantita-
tive) 2.2 FHE 4 AUUch

~

3. M=o 24

Checkoway 5(1993)-& FZEFFH 2249 A}

FE B e AHEE ZENAE A
2eirl fste] ol EY Rl ol gdty ey
2 AFdae 23849 AAE wrlstet] Cox
2 ol gt AEAgA ARn JdE Al
ol&y FHe g A3 AF(ethnity) &= 5
WMoz mdo] AT

FATt FEZE g fandes Ad 149
Cox2d2 h{t) = h,(t} exp® Exposure + B,
Age(t) + B, Calendar year(t) + 8, Ethnity 12
o AlZtelEg e Aeld el Rde ht) = h,{)
exp(B;, Exposure(t) + 8, Agelt) + 8, Calendar
year(t) + B, Ethnity#ith (Collett, 1994).

olff FL£WAE WY = v EEr|ARe=
A AbgLioln] Zr32 (50, 50-99, 100-199,
=200 score x year$t o], AL {45, 45-49,
... 15779, =80A1Z, o3& (1955, 1955-59, ...
1980-84, 1985-872, UFL d]2wH o] o] ma}
F Hder FEsiHch _

Age] ENE st z209e BMDP (Dixon, .
1992) € °183t] 23353t

HE olvjahe wladd
Aol el wA] vimsln nPFENde A4
st ARIEY F2

oz A7 G ARk E
& g7t

f
lo,
(&
...‘%'4
&
il
A
—%l_":
N,
)

4 It

Coxe] wlalHP Y2 838k feire 5Yd
A&} 5 ¥ =] vlaA] (proportionality) ol
gtk 7He] wrExiojol gt} Table 12 F2¥AL]

AlZkzte] 4% AR (interaction) % H7el
o2 WS ¥t EEIIAE BRA 2 %
F5o AAAFTEELA e HAAF] vzt
tEX3e) FolFE 0,059 si2she 1.96& =3
stA g3 glem® widlgdel spgel fuEA g
Roz Jmste] ol Coxol wiaigldndg of&
sl E2EANE EMI.
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ez A7 AMde A7 HEEA
QS A 2F E2¥9 T Al EY Z2Hd
o] Hgojie] Agle]l B2 50-99 FFENA ¥
29 E =7} 10)5t2 dEFRG ¥ Jeht Fg

Z2-0hTAE FAY $ Ak
C 159 RIS AET AN E A EY
L2z EZ2AFE ALLYE g Z2eE F
7tell w2k wlmAREr) 1.00, 1.17, 1.30, 2.45=2
Z7kslk fetEEs} wokatele] EE2-wk-g-A
7} TAE AL

Hez A Atge] vlmYdxe AT H
S 2ol BAglel T FEANA ANAEY FEA

]

EE AHE 3% AEIAEE AL g
A FHEAT (Table 2).

Hjehyd TE7IAFoz Qg A g gk )
RYEEE AA/17HE H83R gn FHE o 2
A ERT T Ay 2% 2FN Ensg
o ue} Frlgdo = {AFAER vy 3
F1Ago2 A AlHAlele] E2-EHAE &
2E & Uk

15499} 2147122 A8 A oA A&y
E23g Z2ARE AMESEE ¥ felatEs
o} uleby ZEVIARCZ A% AHY Alold] &
Z-YHHAE FEY 5 QT 2B EEFE HE

Table 1. Evaluation of proportionality assumption for Cox proportional hazard model, applying 15 year

lagged interval

Quteome and variable

Regression coefficient!

Standard error of coefficient  Coefficient / S.E.

Lung cancer
Crystalline silica (score x year)

50- 99 0,031
100-199 0.042
=200 . 0.049
NMRDY
Crystalline silica {score x year)

50- 99 -0.002
100-199 -(. 019
=200 0.007

0.065 0.477
0.066 (.636
0.058 0.857
0.0863 -0.025
0.057 -0. 337
0.048 0.153

# Adjusted for age at risk, calendar year, and ethnicity.

## Non-malignant respiratory disease.

Table 2, Trends of lung cancer mortality, using the Cox model with time-dependent or fixed cumula-

tive exposure to crystalline silica

0 year lagged interval

15 years lagged interval

Cumulaive Fixed Time-dependent Fixed Time-dependent
U
exposure R R R R
(95% CI) {95% CD (952 CI) (95% CI)
¢ 50 1.00 1.00 ' 1.00 1.00

50- 99 0. 74 (0. 30-1. 86) 0.76(0. 30-1. 91 0.81{0.54-1.22) 1.17(0.50-2.70)
100-199 1. 38{0.94-2.03) 1.43(0.67-3.06) 0.89(0.61-1.34) 1.3000.57-2.97)

=200 2.66(1.88-3.76) 2.79{1.40-5. 54) 1.46(1.03-2.07) 2.45(1.16-5. 18)

# Score x years.

## Relative risk, adjusted for age at risk, calendar year, and ethnicity.
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Table 3, Trends of non-malignant respiratory disease mortallity, using the Cox model with time-depen-
dent or fixed cumulative exposure to crystalline silica

0 year lagged interval

15 years lagged interval

Cumulaive Fixed Time-dependent Fixed Time-dependent
$
exposure R” R R R
(95% CI) (95% CI) (95% CI) (95% CI}
¢ 50 1.00 1.00 1.00 1.00

50- 99 1.26(0.79-2.00) 1. 34(0. 54-3. 36) 0.85(0.53-1.36) 1.20(0, 46-3.14)
100-199 2.19(1.46-3.28) 2.34(1.05-5.23) 1.22{0.81-1.85) 1,71(0.73-4.03)
=200 3.06(2.09-4.48) 3.29Q1,54-7.03) 2.01(1.41-2.86) 2,96(1. 39-6.31)

“# Score x years.

## Relative risk, adjusted for age at risk, calendar year, and ethnicity.

g ool ER-5BAE FEY ¢ Ay

Aol WANMRE Algel] olE2717x] AiH e
2 W] 4208 Ao HwusE ¥y F
Z1Ago 2 Q13 A" HrlodAMe AH 713
HEA R2-ubsaA7t | ofslA 9rirt gljle
W, AlRIEY ZZRRE AMSE A nPERA

Z ARE SR vaddxrst 24 FHEHA
T} (Table 3).

T~

Zzol Awizie] BAAJ] g3 FFTEAT Sk
oJA ARILA AlHARA Y FARERTS Z2ude
2 AN A BAVLT B E2o HExe Al
pHE wslng FEriie]l AFE nHY Ry
e Ageoz AF WAL AAA HG
(Checkoway &, 1989). o|&Ho=E Wizt A
Z3 AL FE FAE2Po] BE ZolEg E=2
ol ge Aol oy AEIe A L Red
2P = AUt olEF BAELE Fol7) HlMe
FR7L F AHHA FHE AN A EY
EZ2AS ALk Aol uighz|sln] Ald4)Al
A ohd ey FAVIT FAJER Al
E3o=z Aeldiorg Aoldk (Checkoway -5,
1989; Clayton %, 1993; Collett, 1994;
Mauger 5, 1995; Wolfe %, 1996}.

AR EY ZEYHAE HLokste gL
Checkoway 5(1989)c] g ArAda] &4 4

HEle] o), olE2 A FAe} g g A}
watel RPAY] izt oA FHERRE X2
o AT wie} AlZlejEY X2 ZR
o2 AME3IRE W dT7EelA & Aol U
AFH R HAFded 74 F27o] (1, 1-
9, 10-39, 40-99, =100 (&= 1,000 fiber/cc
x days) Q) TE9 vuYEEe ANEY Zad
Qle® AejA] Z4Z; 1.00, 1.83, 1.86, 6.82, 8.10
Hen 3P FHIFE ZIYgez HA4d
e 1.00, 1.69, 1.08, 3.24, 4.58% Ajte]&y
o2 AHjAle) vlg] vingdgert WA FEED B
Fet 2 WERAE RAFAT Zagh ol#gt
e A FRFE JLE ol BN AR
FATLE o] 83 % (likelihood) 3 27 o] A
Z} risk set®) FHEFol i AMAHTA L] FxTo)
obd ¥ARZRZHFoR 7] wiolrt, o]s} ol
AlZbe}EY FERQ HRe] el ooz
old7} HA A AR BF 4FHA AF
B3E Checkoway 5(1989)¢} RBxele Hel &
Z 71 93 FuelA Ae)EY Z2¥ AdS
A& ATFdze AFT Aol

AlZkelEd X2Rlnl FRAES Xtk 24
& ARsn Bris] 43 BAN B4e ¥olk 3
Aol Alre]EY Coxtl| RS o] 83
MAE 5 3t} (Pearce T 1987, Checkoway &
1989). Xol= HAEAE AMEE AF F2He=
zdeoj wEgHUlola AlZle)EY Eguigld $9%
T fleng o E4de BE 27 AREL] FE v

Qe

Q

o o &
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A}t e 4 AAeAe] ge R MBI data
set-& == AAXZE Bosi olF A3 xR
Ega=io] Agsleiol g} Coxvidlf@rde] 73
2 AlZbel®d EQHAE Fdd IPAF 5 3l
o8 zige] Wige AT AMA| 7t BELsin 9
Tgage] FAEAE B dF FHe2 o3 &
dlo] 47o] risehd, LERel AFAEAA 2 A
Jol Adize s Fol &iA Ur] Wil H2 Ak
ojzy Fuiglel &g ggashe Z1F AT &
z olg=lm ¢tk (Scher &, 1993; Keily %,
1994; Moore 5, 1995; von-Schoultz &, 1995;
Guijarro 5, 1996). Alzte}&¥ Cox2de] 2§42
AxEg o] Bastn gajzie] A85ER Z AAE
zgaag gegshed @A) ool de] B
de 98 BAXNYE T2aYE (SAS, 1989;
SPSS, 1994; BMDP, 1992) o) A)3te]#% Coxy]e]
J¥u9E A8 5 9 moduled] TEH0] ARt
e 4354 (interaction) T ARIEAA A#fo]
1} FA7)0} ol AR Warhe Ae]Ed
FUEL A = Jou Hwye) oYk
T A0l 2FF ARIES] A 2F711E
gre] EZzag FAZ et Po] EHASH 9%
oz Hshs A7eE&Y Z2H02 AE 5 3l
T A= JA g ARe & 47E §si
BMDPE °|&3% AlMelE8 Coxvlelfidzd Ag
| TR plElgn 28 AAE AAsiA e
kA9t Checkoway 5 (1993) 0] Foh&2]H¥--&
o] &3t BAlE ARE 2L ZsIA B3}
A9 b Ave A dXEFT. AF o] T2
BAzE 3 2o Yo @ Aoz Algdrt

B ATHAL B oA E J7AE Aol
Aol FHU latency analysis®] ZHEoRe] #
Alglel AAF oz AlZke]EY HRAAE F B3
£ o FFENQA HLA R vinddert &7
A= ded ol o|&3<e w7 (Checkoway
. 1989; D Agostino %, 1990; Clayton F,
- 1993; Collett, 1994) ¥ Checkoway % (1989) 9|
AR YAs5 glom AlgtelEy Egwole]
ZFodol] i AZSHA Ra2A EA 48e A
oA R AFAEA A EF Z2s
Hgo] HaAg B FAAQ o898 B4l
AR E + s d7Edetn Wddnh

Latency analysise ZWe| Btz %
2hg FAslag AW A olFe Bdagt

Z2g A 43K ERHE sk dol
22 (Rothman, 1981; Checkoway %, 1990}

JAldiadel FAulel waje] ohn ApQl AL 2
AHog ozt glg Aotk AM7A £827)30]
#HE A o MEY HEE 32g sx ey
A2 8713be] A AS AwEA olFe] FREIT Aol
FEE vl F e ol AN HEL
Auizk I Aow Avrged B dFAIME
sigte] A A710e] AEA Z2wrgSAsL @
Zg v NMRDe Z$e AA7)1F A4 F2-
HESEA ZE 2312 BN WIS BHo Fo
o] RAAsF Uk

Z29 g3atole] A Gift AFoME A
AfEY HZRRle] HRo] AFHZ PA+ K3t
Hol 7}, Wolfe F(1996)0] AA 3t nis} 2
of M2& FAHEC] Ky glenz AZieE
g F2UQ 94 F8&A FoF afit)

4 £

Fz ot Avizte] HEgo) e ZFEATA AL
ALAA AR ] FRER ] ZREWUAOE AN
A9 g Eet Lo AT e AgpEE ¥
StER #3700l A4E nyE Ezlg ALg-
o % HAL AXA €.

A dE&Fe g Hsle AN EY =
welal AlZtelEY FHAE Xal¥ 4= e CoxZ
48 =i Agstn JgHe FH ITE
d7atge] BAE ol 2w A lejA A
AR Aoy F2e) ey 43"
2 grsider o die ogd 2o,

otez g Al AA7E HLEHA
% A 2 E2RY e AREEY 2
3 gA% Z2-weHAE Hola] ¥tk 15E9]
AAANNE HE A olMe M EY Zres
Z2ARE AHS3IHE W X250 UK o
2 v 2gd=st 1,00, 1.17, 1.30, 2.458 Z7}3}
o feldAdERe Moz AT Algiteld] =2~
AV BEEAT Wde R A AP ulm
HEee AAM71T HALqRed WAQle] 4 F25
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ZolA AZte)Ed EZ2Qle AR A 3

BE2WAL AMET BB 24 FHAUT
dleby EFVIARCR Qe Abreidel digh v

2YP=E AHVIE F8SA] G FHE 2

B ERNQ T AEY Z2HQd 2FAA

2o} niet F7He2y feitERet Wleky
3ENAge g AF AlgAlolel FER-wk-gAAT}
DAY 1582 AA7HE HEG AM e
Azke)es Zes EoARD AMREHES wt
Sl At ER ol ek 3EZIEBe R At Al
H Alelo] Ez-tg@AE FFY 5 YU 2F
Z223¢ HE4Y dolv ZZ-958A7T d3HA)
rsrel. ety TEI1ASo s A% AlgHHe] o
ZMlA A A 71ZE 8] HadS WY F gle
1 AIZRe)EY ERARE HLF A 2P EERA
EE AMEE ZAsug viadderl A4 FHEA
},

olAdoljA B ule} o] EZ o uhbgAlele] #H
Aol A A e AlRte2y Zzuclel Hg
o] wlgAlsie, A7) Aule] ddelA A7t
A9 48717k sl HEARE AAslAof
g Ao Atgdel
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