
368 Characteristics of the Healthy Worker Effect • Baillargeon et al

Characteristics of the ·Healthy_Worker Effect: 
A Comparison of Male and Female 
Occupational Cohorts 

Jacques Baillargeon, PhD 
Gregg Wilkinson, PhD 
Laura Rudkin, PhD 
Gwen Baillargeon, BA 
Laura Ray, MPA · 

T 
he effect of occup2.ticnaI exposures 
on rr.orta.lity is frequently assessed 
by comparing the mortaliry experi­
ence of a working cohon: w.ith chat of 
t.he general US population. Since t~e 

The healthy wcrrker ejfect (}Pl/E) poses a serious methoMlogical 
-problem lo investigators of occupational cohorts in that it may 11UJSk 
m0'1"tal£ty excesses that resul.J from occupational. exposures. This problem 
is further complicated by the Jacl that the strength of the ffli1E generally 
varies accurding to sociodemographic, empu,yment, and time-related 
factors. l1-1zile the HWE has bten well documented among numerous 
cohorts of male wurkers, little is knourn about its expressicn among 
Je1naLe occupational workers. Fo[lollM,l,p murtality ·data on 44,154 
employees from lhe Hanford nuclear fadlity fur the period of 1944-
1986 were examined using standardized murtality ratio (S/t,,fR) analysis 
lo assess whether modijiers of the HWE were expressed dijf erently in 
females than in males. &sul.ts of this analysis shaw that while the HWE 
was modified by race, age al hire, occupational class, and length of 
follow-up in both male and Jemale cohorts, diff erenl patterns of 
modification emerged across the two subgroups. Leaming about how 
gender di.ff erentiat.es expression of the HWE will help investigators more 
-precisely assess the confounding effect of the ffiVE in studies of working 
cohorts. Therefore. this study s fin.dings are re/,evant fur designing and 
interpreting future occupational cohr.m studies. 
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general population includes ~ople 
whose poor health may prevent them 
from seeking and gaining employ­
ment, the mortality rates of any given 
working population are typically 
lower than those of the US popula­
tion. 1--1 This phenomenon. ref erred 
to as the healthy worker effect 
(HWE). poses a serious problem to 
investigawrs of oc::upational cohons 
i:1 th::.c it may parrialiy or completely 
r.iask momility cxcl!sses resulting 
from occupational exposures. 1 Un­
dcrsunding how the so-engt.h of the 
ffy.'£ varies according co sociode­
mographic, employment. and time­
rel.ated factors will help future inves­
zigators· cri:ic1!1y assess the extent to 
which the HWE is likely to be oper­
ative in a given cohort under study. 
In view of this. a number of investi­
gators have examined modification 
of tl-ie H\\'E. Their findings indicate 
that the H\v'E is particularly strong 

. . k .t.-6 among nonwmte wor ·ers; em-
ployees hired after age 40,7

•
3 wd 

workers of high occupational 
class. 1

•
3

•
9

•
1° Furthermore. the HWE 

is repcrtl!d to become weaker with 
increased length of follow-up. u.i i. i z 
Comparatively little is known. how­
ever. about how the HWE is modi­
fied .imong fem:ile working cohorts. 
The purpose of 1his investigation is 
to address this deficit in the literature 
by comparing modification of the 
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 HWE in the male and female occu­
pational coho:+..s. 

Methods 

Study Population 
The srudy population consisted of 

44.154 male and female workers of 
che Hanford nu.clear facility who 
were hired bccween 1944 co 1978 
and followed until 1986. The major 
2ctivicies of the Hanford site. which 
is located in south.ca.stem Washing­
ton St.ate, include plutonium produc­
tion. nuclear power generation. ad­
\·anced reacror generation. advanc~ 

. reactor design. basic scientific ~ 
search.. res~h rdated to the devel­
opmem of nuclear weapons, waste 
management.. and environmental res,. 

coratioCL 13 

The data used in this investigation 
consisred of a...,a!ytic files containing 
demog.raphic, work history, vita! su­
tus, and radiation exposure informa­
tion on che Hanford cohort. These 
files were obtained from t.rie Com­
preh~ive Ep:<lemiologic Data Re­
source (CEDR), a public-use data­
base estabiished by the depamnent 
of Energy (DOE) in 1992. Vital sta­
tus .2sce..-uinrr.ent for the study pop­
ulation consisted of se:uches con­
ducted by Gilbert14 of the S0<-~al 
Security Administration (SSA) earn­
ings and benefit:; fik·s. d~"'tths re­
ported to the US National Death 
Index. (NOi). and computerized vital 
statistics fi!e:s for Washington and 
California for 1960-1983. For work­
e~ on whom vital status information 
was missing, person-years were 
counted until the end of study date. 

The following c-ccup::.rional class 
categories were assigned co the study 
population on the basis of three-digit 
occupational codes used by the Bu­
reau of Census: (a) profession.al and 
technical workers. (b) clerical work­
ers. (c) skilled manual worken., and 
(d) unskiUcd manual workers. 14 

Workers were 8$Signed to the gen­
eral category in which they had spent 
the longest period of time from ini­
tiation of employment through the 
end of 1985. 

Using the proportional hazards 
model. the presenc study showed that 
there was no association (hazard ra­
tio = 1.00 • . 95% confidence inter­
val = 0.99-1.00) between exposure 
to . ionizing radiation ~ all-cause 
mortality. Moreover. previous inves­
tigators 15 of the Hanford cohort also 
reported no association between cu­
mulative exposure to radiation and 
all-cause mortality. Therefore, expo­
sure to ionizing radiation was not 
adjusted for in this smdy. Because 
infonnacion on exposures other than 
radiation was not available for the 
Hanford study cohort. it was not 
possible to adjust for the potentially 
adverse effects of such facrors in the 
present investigation. 

Design and Analysis 
A retrospective mortality cohort 

design was utilized in this investiga­
tion.--Each worker contributed per­
son-years of observation from their 
date of hire at Hanford until their 
date of death or the end of the study 

· date ( 1986). In order to ensure thac 
.111 workers had the opportunity to 
.i.ccumulate at least eight years of 
follow-up. workers hired :i.fcer 1978 
were not included in the study co­
hort. 

To estimate the .H\VE in the study 
population. st.indardized mortality 
ratios (SMRs), were calculated as 
follows: the ratio of the number of 
deaths from all causes observed 
:imong the study cohort members to 
the number of deaths e.xpected 
(based on US r:nes) with age and 
calendar year taken into account. 1 ~ 17 

The United States Death R~tes 
(USDR) computer program, 18 which 
conuins age-. sex-. calendar year-, 
and race-specific death rates (per 
IOOO population per year} from the 
US vital statistics, was used to per­
fonn all SMR analyses. Ninety-five 
percent confidence .intervals were 
generated for each of the SMRs. 13 

Because SMRs are indirectly stan­
dardized to different person-time 
weighting structures. comparison of 
SMRs :icross subgroups may pro­
duce misleading results. 19 For this 
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reason. the present investigation 
avoided formal statistical tests and 
instead relied oo a descriptive assess­
ment of the HWE consiscenc with the 
method utilized by previous investi­
gations.3·4.·18 Moreover. each srudy 
subgroup was exa.-nined co assess the 
extent to which other srudy factors 
may have confounded the relation­
ship between t:he variable of interest 
and the HWE. 

Results 
Tabl~ I and 2 present descriptive 

information on maie and female 
Hanfotd employees respectively. 
The tables show that for both gender 
cohoru. the ·majoricy of Hanford 
workers are white and were hired 
before age 40. Some substantial dif­
ferences between the two groups are 
also apparent. For exa.'Tlple, while 
the majority of females are classified 
as clerical worters., most male work­
ers belong to either the professional/ 
technical or skilled manual occupa­
tional classes. Moreo\·er. among 
males, the subgroups with the latest 
mean year of hire. and thus che short­
est pocential follow-up period, are 
the nonwhite and professional/ 
technical subgroups. Among fe­
males, however, nonwhite and 
skilled manual workers entered the 
study population substantially later 
than the other subgroups. These dis­
crepancies may affect the extent to 
which the HWE is operative in a 
given subcohort .ind are therefore 
importa.TJt to consider in interpreting 
the SMR analysis. 

Tables 3 ar.d 4 present subgroup­
specific SMRs for Hanford males 
and females, respectively. In each 
cable, the first coh.:mn presents the 
ovcr.111 SMR. and the subsequent 
columns present SMRs ;.iccording to 
length of rime since entering the 
follow-up. Examinatior. of how the 
HWE changes across kngth of fol­
low-up strata is imporr.:mt because it 
permits assessment of ho-., health­
selection forces Oi)Cr.lte in a working 
cohort over time. 1 Such information 
is helpful to investigators relying on 
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TABLE 1 
Characteristics of Hanford ~iales 

V.iriable n 

Entire COtlOl't 31,480 
Raea 

White 30,306 
Nonwhite 1,174 

Age ar hire 
<40 24,299 
40+ 7,168 

Occupatiorlal class 
Professional/technical 14,267 
Clerical 2/JS'! 
SkiUed manual 13.118 
Unskilled manual 2.038 

TABLE 2 
Characteristics of Hanford Females 

Variable n 

Entire cohort 12.668 
Race 

White 12.047 
Nonwhite 619 

Age at hire 
<40 11,100 
40-t- 1.565 

Occupational dass 
ProtessionaVtechnical 3.072 
Clerical 8.349 
Skilled manual 592 
Unskilled ma/'IUal 647 

SMRs to assess the exposure-disease 
association in an occupational co­
hort. 

The tables show that both male 
and fem ale Hanford workers exhibit 
a strong HWE. Although females 
exhibit a slightly stronger HWE than 
males. the point estimates :ind 95% 
confidence intervals indicate mini­
mal diff crence between the cwo sub­
groups. The time-related SMRs indi­
c:i.te that ~nford males exhibit a 
monotonic decrease in rhe strength 
of the HWE across the: length of 
follow-up strata. While Hanford fe. 
males e."thibit a similar pattern of 
monotonic attenuation in the first 
three strata. they demonstrate ll1l ac­
tual increasG in the strength of the 
HWE in th¢ final SlrilCUm. 

Row 2 of each Llble. which pre­
sents SMRs according to race, shows 
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Me;,n Year of 
•to Pel"30n·Y~r.. Hire 

100 · 775,194 1957 

96 757,T79 1957 
4 17,413 1970 

77 623,983 1$58 
23 151,084 1956 

45 307,275 1963 
7 51,764 1957 

42 360,124 1953 
6 56.017 1S52 

Me3n Ye-ar of 
% Per.son-Ye.ir::. Hite 

100 334.242 1959 

95 312.583 1958 
5 9.614 1971 

ea 294,756 1959 
12 39.102 1957 

24 75,880 1961 
66 214.208 1960 
5 12.294 1965 
5 19,194 1953 

that in both gender cohorts. non­
whites exhibit ·a dramacical!y stron­
ger H\V'E than whites. Among males 
the 95% confidence intervals sur­
rounding the race-specific estimates 
do not overlap. The time-related 
SMRs show that among males. the 
white subcohort exhibits a weaken­
ing of the HWE over tim<!, w~Je the 
nonwhite subgroup e;,chibits no such 
pattern. lt is imporr2.nt co note, how­
ever, that be~ause nonwhites entered 
the follow-up. on average. much 
later than whites. they had less op­
portunity for the HWE to wear off. In 
the female study cohort. both white 
and nonwhite subgroups exhibit a 
pattern similar to that of the entire 
fc.male cohort; that is . .n monotonic 
decrease in the scrength of the HWE 
for the first three decades of follow­
up. 

Row 3, which presenrs.SMRs ac-
cording to age at hire, shows that 
among fe.-na!es, the 40+ subgroup 
exhibits a srronger HWE than the 
<40 subgroup. but among maJes the 
reverse · pattern is exhibited. Th~ 
time-related SMRs show that among 
males. no clear pattern was e;<lribited 
according to time since entering the 
follow-up. Among females. both age 
at hire subgroups exhibit a par:rern . 
similar co L'1e entire female cohort. 

Row 4, which presents SMRs ac­
cording to c-ccuparionaJ class, shows 
that the strength of the HWE does 
not incre3.Se monotonically by occu­
pa:.ion.:!l class for either males or 
fer.1:sles. The time-related SMRs 
show that among males all occupa­
tional class subgroups except clerical 
exhibit a monotonic attenuation of 
the HWE over time. In the prof es­
sional/technical subgroup. L.11e HWE 
re~ir.s strong. even after 30 years 
of follow-up. Among females, all of 
the subgroups except the skilied 
m:mu2.l workers exhibit an arrenua­
tion of the H\VE until the last decade 
of follow-up, a pane..-n which is re­
flective cf tha.: cx:iibited by the en­
tire fetnak~ cohor.. 

Discussion 
It is widely recognized ~ the 

H\lr'E poses a meu'i.:-dolcgical pro!>­
lem to investigators of occupational 
cohons. 1-

4 Many rcze:irchers ac­
tempr to circu:nvem lhe HWE by 
utilizing internal comparisons: thac 
is, by directly comp-"a.ring the mon.il­
icy experiencl! of subgroups within a 
defined occupational cohort to one 
another. Unforrnnacely, internal 
compa.risor.s of,en resulr in su!>­
samples too s.ma!! co yieid adequate 
stJ.tistical power. J Moreover, if an 
occup~ion.al cohon is relatively ho­
mogeneous with regard to the cccu­
p;i.tional exposure under study, iden· 
cifying me:mingful gradations of 

• 1 'bl ll e.,:;.posure 1s not a!ways pC>SSl e. 
Finally, if employees are selected on 
the basis of health-related factors 
into subgroups that str'Ve as the basis 
for internaJ comparisons, then inter-

I • b" -l,.14 na companson 1as rn.1y occur. 
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TABLE 3 
Hanford Males: SMRs According to Years Since Entering Fo!Tow-Up~ 

Ov~II 0-9 Ye:ir:s 10-19 Veal"$ 20-.29 Years 30+ Years 

Entire cohort 0.34 (0.82-0.86) 0.66 (0.62-0.70) 0.81 (0.79-0.~) 0.83 (0.80-0.86) 0.95 (0.92-0.98) 
~ 

White o:s.,: co.s2-o.86) · · 0.66 (0.62-0.70) 0.80 (0.76-0.84) 0.84 (0.81-0.Si) 0.95 (O.S2-0.98) 
Nonwhite o.ss (0.48-0.71) 0.40 (0.28-0.58) 0.64 (0.46-0.89) 0.53 (0.33-0.SS) 0.76 (0.48-1.1S) 

Age at hire 
>40 0.81 (0.7S-0.84) 0.65 (0.59-0.72) 0.76 (0.70-0.82) 0.72 (0.68-0.72} Cl.97 (0.93-1.01) 
~ ... 0.86 (0.83-0.69) 0.67 (0.62-0.73) 0.84 (0.79-0..89) 0.96 (0.91-1.CO) 0.91 (O.e5-0.97) 

Occupatior.a! dass 
Proff!'"..sionaVtechnic:al 0.64 (0.61-0.67) 0.55 (0.49-0.62) 0.59 (0..53-0.66} 0.59 (0.54-0.65) 0.79 (0.73-0.s.5) 
Cerical 0..93 (0.SS-1.02) 1 .00 (0.99-1 .00) o.aa (0.73-1.06) 0.90 (0.77-1.0S) ,.co (1.00-1.01) 
Slcilled manual 0.90 (0.63-0.98) 0.72 (0.66-0.78) 0.58 (0.87-0.93) 0.91 (0.87_-0.9S) 0.99 (0.95-1.03) 
Uo::ki!led manual 0.92 (0.86-0.96) 0.57 (0.47-0.69) O.S1 (O.c0-1.03) 1.00 (0.99-1.00) 1.10 (0.97-1.25) 

• 95% Cool\oeoce int;;rvals are pr8$ented for e;u;t, estimata in parentt,e<'...es. 

TABLE 4 
Females: SMRs According to Years Since Entering Follow-up· 

Overall 0-9 Year:, 10-19 Years 20-29 Years 30+ Yeer.s 

Entire cohort 0.81 (0.77-0.25) 0.57 (0.~7-0.69) 0.74 (0.64-0.85) 0.89 (0.81-0.98) 0.64 (0.77-0.91) 
Race 

White 0.81 (0.77-0.SS) 0.59 (0.49-0.71) 0.73 (0.63-0.84) 
Nonwhite 0.50 (0.32-0.79) ... 0.14 (0~-0.47) 0.58 {0.27-1.2S) 

Age at hiro 
>40 0.87 (0.78-0.97) 0.53 (0.50-0.80) 0.81 {0.67-0.9i) 
40+ 0.76 (0.71-0.85) 0.53 (0.39-0.71) 0.70 (0.57-0.86) 

Occupational class . 
Profes:;icna!/technical 0.79 (0.71-0.SS) 0.62 (0.43-0.89) 0.69 (0.52-0.92} 
Cleric::!l 0.82 (0.76-0.8S) 0.70 (0.56-0.87) 0.79 (0.67-0.94) 
Skillt'd mar.ual 0. 70 (C.5-.,:_0.69) 0.33 (0.13-0.8.4) 0.4.! (0.22-0.90) 
Unskilled mar:uat a.as co.n-1.o~J 0.42 (0.24-0.74) 0.91 (0.66-1.24) 

• 9S% Confidence intervals ara preser.ted for each estimate in parentheses. 

Oftentimes, C\·en when intem1l com­
p-.uisons nre feas:ble. it is informa­
tive to comp2:e the mon:alicy experi­
ence of a. given coho11 under s1ucy ,o 
that of !he general population. In 
view of the aforementioned re;isons 
for utilizing external comparisons. a. 
number of investigators have sought 
to el ucid:ue the HWE. 2•

4
•
8

• 11 • 
1 2 

While this phenomenon ha,; been 
relatively une,i:plored a.rnong m.:i.le 
occuparion~ cohorts. littk is known 
.:bout how the HWE is e,;pressed 
among fem:i.le cohorts '·3 or puticu­
larly how exp;cssion of tht! HWE 
differs according to gender. The 
present investigation examined char­
acteristics of the HWE in a cohort of 
44.154 male and female workers at 
the Hanford m.1cl~:tr facility in south­
~astcm W:i.shington St:l!e. 

The strength of the HWE esti­
mates reported for both male .ind 

fe:nale Hanford workers are cor.sis­
tem with the ,;ast majority of occu­
pational cohort studies20 and with the 
fa1dings of nuclear worker cohortS in 
panicular.21

-
24 The minimal differ­

ence in the strength of the overall 
H\\'E between males and females at 
the Hanford site is consistent with 
the finding of Carpenter' .imong 
British nuclear workers. but incon­
si~rent with the findings of Howe and 
colle;:igues3 among a Canadian occu­
pational cohort in which females ex.­
hibiced dramatically lower all-c:iuse 
SMRs than maks. 

A number of invescig:H01s 1
.J· 11

•
12 

have reported th.at the HWE is ~tron­
gest during rhe initial period of fol­
low-up and auenu:ites steadily ovc:r 
time. This p:1ttem indicates tlut a 
strong health-selection force is oper­
ative at the: time of hire but becomes 
increasingly less opera.ti·,e ovt!r 

0.89 (0.81-0..98) 0.84 (0.77-0.91) 
0.94 (0.44-2.02) 0.74 {0.28-1.97) 

0.9:3 (0.97-1 .01) 0.92 (0.63-1.01} 
0.91 (0.79-1.05) o.a, (0.11-0.93) 

0.89 (0.74-1 .06) o.ao (0.68-0.94) 
0.69 (0.80-0.99) 0.81 (0.7i-0.92) 
0.70 (0.46-1.0i) 0.97 (0.67-1.39) 
~ .oo (1.00-1 .01) o.a9 (O.n-1.11) 

time.: For Hanford workers. the ac­
tenuation pattem of the HWE is gen­
erally consistent with the findings of 
previous investigatior.s. '·3•

1 
i.i;: How­

ever, while males l'!xhibited :i. mono­
tonic decrease in the strength of the 
HWE -throughout the entire fol­
low-up period. females exhibited a 
stepwise decrease in the HWE for 
only the first three strata. According 
co Carpenter, 1 an HWE that fails to 
attenuate in the bter y~,; of fol­
low-up indicates that stable selection 
forces such as social class or health­
rel.1ced behaviors a.re operating to 
confer a health advantage to the 
working cohor;.. This. of cou~e. is in 
contrast to a health-selection .effect. 
which exisrs exclusively at the time 
of hire. These discrepant attenuation 
patterns in H:uiforcl m.1lcs ~d fe• 
males indicate th.lt relative: to the 
general population. Hanford female 
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work~ may be more likely than 
m;::ie workers to either exhibit behav­
ior or be part of a social class chat . 
confers a health .idvantage. It will be 
important to establish whe::her such 
gender-diff eremiated attenuation 
patte..."'TlS continue to persist in furure 
occupacional cohorts. 

Sterling and Weinlcam 1
:: hold that 

the attenuation of L'1e HWE over 
time may be attributable in part to 
accumulation of exposures in the 
work environment. In view of the 
lack of association becwee:n cumula­
tive exposure to radiation and all­
cause mor...ality among Hanford 
workers. 14

•
25 it is unlikely that radi­

acion-exposure effects contributed 
substantially to the rimc-relared at­
tenuation of the HWE in the present 
srudy. However. because d.ita on oc­
cupational c,:posures other than radi­
ation have not been assessed among 
H:mford workers, their existence and 
potentfal confounding effect could 
not be examined. 

This investigation's findings of 
strong race differences in the HWE 
are consistent with those of previous 
investig:uions among both male4

-~ 

.md female6 occuparional cohortS. 
The HWE is typically stronger 
:imong nonwhite workers bec:i.use 
th~ evaluation of race-specific 
HWEs is confounded by social class 
differences in the general US popu­
lation.4 In other words, while white 
workers are compared with me na­
tion:il ave.rage white population 
(with average socioeconomic status). 
nonwhite workers are compared with 
the national average nonwhite popu­
lation (with low socioeconomic sta­
tus). In short. che social ci;lSS dispar-
i cy between employed and 
unemployed nonwhites is reported to 
be grearcr th::in that bcrwecn ~m­
ployc:d and unemployed whites.J 
Given the well-es1ablished inverse 
relationship between social class and 
morulity.::?.S.::<, it follows that social 
ch~ differenti:ils across refer~nce 
populations are likely to result in an 
amplific!d HWE for nonwhite work­
c:rs. This finding suggests lhat the 
potential confounding r!ff ect of so-

·characteristics of the Healthy Worker Effect• Baillargeon et al 

ci.al class on race-specific SMRs 
should be considered by investiga­
tors utilizing external comp2rlsons to 
assess exposure effects among -both 
male or female occupational cohorts. 

While the modifying effect of age 
at h~ on the HWE has not been 
reported among female workforces. a 
number of investigators 7 ·

3 have re­
ported that male workers hlred airer 
age 40 exhibit a stronger :f-I',\.'E than 
their peers. Checkoway and col­
leagues18 theorized mar a worker 
who seeks and gains employment at 
an older age is exhibiting nontradi­
tional behavior and is therefore 
likely to exhibit 2. lev~I of health 
superior to L'1at of his/her same-age 
peers from the general US popula­
tion. By contrast. a worker who 
seeks and gains employment ac a 
younger age is less extraordinary in 
comparison to his/her same-age 
peers from che general US popufo.­
tion. Consistent with previous inves­
tigations. 7·

5 Hanford females who 
were 40 er older e.,hibiced a stronger 
H\VE than workers hired ~fore age 
40. Interestingly, Hanford males. 
however. exhibiced che revcise p:n­
cem. Given chat che association lx­
cween ;ige at hire and the HWE has 
been relatively well established 
among male cohons,7 ·a.JE it is likely 
that the p,mem exhibited by Hanford 
males is anomalous. It will be impor­
tant, however. to deterrni.ne whether 
the present study' s findings persisr 
among future cohons of female 
workers. 

Axelson 9 seated that becallse 
hea!th-selection forces are more 
stringent for more highly qualified 
jobs, L'1e HWE is generally stronger 
for higher than for lower-class occu­
pations. Consi::aenc with Axelson· s 
theory, investigators of male and 
mixed cohorts 1•

3•
1
c, have reported 

t.h:it the strength of 1he HWE in­
creases monotonically with occupa­
tion:i.l class. The findings of the 
pre.sent investigation show that nei­
ther males nor females exhibit p.it­
lems consistent wic.'li me aforemen­
tioned investigations. l.J.to th.at is. a 
positive :J.Jld monotonic association 

between occupational class and the 
HWE. \\.rule Hanford female work­
ers exhibit no discernible pattern be­
tw¢en occupational class and the 
HWE. Hanford males demonstrate a 
HWE th.at is considerably stronger in 
the highest occupational class than in 
the thrtt lower occupational class 
subgroups. two of which have rela­
tively small sample sizes. It is impor­
tant lo note that the occupational 
classification systems used in this 
srudy were not identical to those 
repor.edly utilized by previous in­
vestiga~ors. l.3. io However, in view of 
the fact th::t inr.onsistencies in occu­
pational class criteria did not result 
in inconsisr.em findings among the 
previous inveStigarions. it is unlikely 
t.h2.c th.is investigation's anomalous 
findings are artributable to measure­
ment inconsistency with previous in­
vestigations. 

Assessment of time-related ex­
pression of the HWE according to 
occupational cl~s reveals yields 
some interesting resulcs. Among 
Hanford females. the skilled manual 
occupational subgroup, which con­
stirutes only 5% of me total fcma!e 
sample, is the only subgroup co ex­
hibit a monotonic artenuation of the 
H\VE over time. Among Hanford 
males, t.l-ie clerical subgroup, which 
constitmc!s c-n!y 7% of the entire 
ma'.-! work:orce, is tJ1e only subgroup 
L'u!t c!O¢S not exhibit a pattern of 
monotonic actenuation over time. In­
ce:-escingly, the clerical subgroup 
constitutes the majoric:t (66%) of the 
fem21e Hanford workforce, while the 
skilled manual subgroup constirutes 
42'la of the 1'ln1e Hanford subgroup. 
In shv:-i. these findings suggest that 
occ;parional class may be a driving 
force behind gender-differentiated 
HWE trajectories over time. Investi­
gation of occupational cohortS that 
have a more equal distribution of 
occupations across gender may pro­
vide an opportunity co assess 
whemer gender attenuation discrep­
ancies arc confounded by occupa­
tional class. 
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Conclusion 
The resultS of these a..-iaiyses show 

that while the overall HWE is com­
parable in the Hanford male and 
female cohoru. noteworthy gender 
differences emerge when examining 
how Llie HWE is expressed across 
sociodemographic and tirne-relaced 
factors. In- particular. this investiga­
tion reveals some potentially impor­
t.am findings with regard to gender 
and occupational class differentiated 
t.r::jectories in the HWE over time. 
The finding that HWE attenuation 
pac!ems diff~ according to gender 
and occupacion;,l class indicates that 
health-sekction processes may oper­
ace differently wichin L'1.ese sub­
groups of the srudy population. Be­
cause ex.ternal comparisons play a 
prominent role in the assessment of 
occupnrion.al C?\po.sure. understand­
ing the char:icceristics of the HWE 
will continue to be integral to the 
proper design and analysis of occu­
pa!io:rnl cohort studies. It will be 
imp-:m.ant to assess whether the pat­
terns reve~ed in the present investi­
g~tion persist among fature occupa-
ci on;1l cohort studies. Such 
information will ultimately help in­
vestigators more me::iningfully use 
SMR~ ro assess the adverse he.ilth 
effects of occupationJ.I exposure in 
borh ma!e and female cohorts. 
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