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Fig. 1. Basic structure of healthy worker effect.
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Table 1. Empirical 5% level of tests (number of replication is 500)

Occurrence ®  Parameter! % of %o of Model | Model 2 Model 3 Model 4

HHE HSE  (m, mo, mus, mu)response censoringSurrogate True' Surrogate True Surrogate True Surrogate True
No No (20,20,2.0,20) 59.1 0 042 044 986 992 054 060 040 064
Yes No (20,15,20,15) 520 0 122 046 1000 994 188 052 256 052
No Yes (20,20,15,15) 59.1 0 854 872 1000 1.00 056 060 050 064
Yes Yes (20,15,15,1.0) 520 0 998 962 1000 1.00 210 056 276 050

No No (20,20,20,20) 329 58.3 .060 058 712 760 048 054 052 058
Yes No (20,15,20,15) 299 539 120 056 902 748 156 054 162 060
No Yes (20,20,15,15) 329 54.9 510 534 972 984 050 054 046 054
Yes Yes (20,15,1.5,1.0) 299 50.5 .884 732 998 998 174 048 158 .060

! Model 1 : Cox’ s model which includes health status and time dependent exposure variable as covariates
Model 2 : Model 1 + time fixed employment status
Model 3 : Model 1 + time dependent employment status
Model 4 : proposed model which includes health status and time dependent exposure variable as covariates
! me(ma) : mean baseline survival time of healthy (unhealthy) person without experiencing a change of employment status

mu(mu) : mean baseline survival time of healthy (unhealthy) person with experiencing a change of employment status
* HHE : healthy worker hire effect ; HSE : healthy worker survival effect
T Proxy (true) variable of health status is used in the model

Table 2. Power" of Cox’s time dependent covariate model and proposed model by varying (%, 3

Parameter No censored Censored
% of Time dependent  Proposed %o of e of Time dependent  Proposed

B response _ covariate model ! model ' response censoring covariate model ' model*
04,0.0) 44.8 114 158 26.8 47.6 0.108 0.106
(0.8,0.0) 377 336 414 234 444 0.246 0.292
(1.2,0.0) 31.0 616 760 20.1 409 0.550 0.592
(1.5,00) 26.5 828 928 17.6 383 0.746 0.834
(0.0,04) 522 212 202 30.1 49.8 0.132 0.120
(0.0,0.8) 522 596 654 30.1 492 0.322 0.338
0.0,1.2) 52.2 922 960 30.1 48.6 0.566 0.662
0.0.1.5) 522 988 998 30.1 482 0.750 0.846
(0.4,04) 448 392 282 26.8 469 0.236 0.190
(0.8,0.8) 377 .840 736 234 433 0.632 0.492
(1.2,12) 31.0 986 952 20.1 39.6 0914 0.820

: Mean baseline survival time (mm, Mo, ms, muw) is (2.0, 1.5, 1.5, 1.0)
: include health status, time dependent employment status and time dependent exposure variable as covariates
: include health status and time dependent exposure variable as covariates
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=Abstract=

A study on Statistical Method for Controlling the Effect of Intermediate Events
- Application to the Control of the Healthy Worker Effect

Chung Mo Nam", Jinheum Kim?, Dae Ryong Kang",
Yeon-Soon Ahn*, Hoo-Yeon Lee", Dae Hee Lee”

Department of Preventive Medicine and Public Health, Yonsei University”,
Department of Applied Statistics, University of Suwon?,
Graduate School of Health Science and Management, Yonsei University®,
Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Corporation®

Purpose : The healthy worker effect is an important issue in occupational epidemiology. This study was conducted to
propose a new method to test the relation between exposure and mortality in the presence of the healthy worker effect.

Methods : In this study, the healthy worker hire effect was assumed to operate as a confounding variable of health status
at the beginning of employment and healthy worker survival effect as a confounding and intermediate variable of
employment status. In addition, the proposed method reflects the length bias sampling caused by changing of an
employment status. Simulation studies were also carried out to compare the proposed method with Cox s time dependent
covariates models .

Results : The theoretical development of the healthy worker survival effect is based on the result that an observation with
change of an employment status requires that the survival time without intermediate event exceeds the waiting time for the
intermediate event. According to our simulation studies, both the proposed method and Cox s time dependent covariates
model which includes the change of employment status as time dependent covariates seem to be satisfactory at 5%
significance level. However, Cox s time dependent covariates models without or with the change of employment status as
time fixed covariate are unsatisfactory. The proposed test is superior in power to tests based on Cox s model.

Conclusions : The healthy worker effect may not be controlled by classical Cox” s proportional hazards models. The
proposed method performed well in the presence of healthy worker effect in terms of level and power.

Key Words: Healthy worker effect, Intermediate, Length bias sampling, Simulation, Level
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