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Introduction
In 1713, Bemardino Ramazzini ob-

served that nuns suffered disproportion-
ately from cancers of the breast. He at-
tributed this to a "mysterious sympathy"
between uterus and breasts that was dis-
turbed by the occupational celibacy of
nuns.' A century later, Rigoni-Stem actu-
ally quantified an excess of breast cancer
in the nuns of Verona, Italy.2 Consistent
with these earlier observations, current ep-
idemiological research has identified nulli-
parity and delayed childbirth as risk factors
for postmenopausal breast cancer.3

Secondary prevention is effective in
reducing breast cancer mortality.4 6At
present, a woman's age is the only crite-
rion used for recommending asymptom-
atic screening (breast self-examination,
clinical breast exam, and mammogra-
phy).78 Given the historical association
between breast cancer and occupation,
we sought to investigate the distribution of
breast cancerby occupation. Our goal was
to evaluate whether occupational groups
could be used to target breast cancer pre-
vention programs.

Methods
We used occupationally coded mor-

tality data to calculate the frequency of
breast cancer according to occupation and
industry. All death certificates record
usual occupation and industry as well as
cause of death. However, only a limited
number of states, with assistance from the
National Center for Health Statistics,
code the occupation information uni-
formly. Our analyses involved mortality
data from 23 states that contribute to a

database maintained at the National Insti-
tute for Occupational Safety and Health

(NIOSH) (Table 1). These data span the
years 1979 through 1987 and represent
more than 2.9 million death certificates
coded for usual occupation and industry
of the decedent according to the 1980 Bu-
reau of the Census classification system.9
The Intemnational Classification of Dis-
eases (ICD, 9th revision) was used to code
underlying cause of death.'0"'1

We calculated age-standardized
race-specific proportionate mortality ra-
tios for breast cancer within each occupa-
tional category, using a computer program
developed at NIOSH. The proportionate
mortality ratio is commonly used in mor-
tality analyses when the true population at
risk is unknown.'213 In this case, because
the actual number ofwomen employed in
a specific occupation during the years and
in the geographical areas for whichwe had
death certificates was not available, we
compared the observed proportion of
breast cancer deaths within a selected oc-
cupational group with the expected pro-
portion of breast cancer deaths across all
occupations in the study population. If the
observed number of deaths for a cause of
death within a specific occupational group
was equal to or less than 1000, the statis-
tical test used was the ratio of an observed
value of a Poisson variable to its expecta-
tion.'4 If the observed number of deaths
for a cause of death within an occupational
group was greater than 1000, the Mantel-
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Haenszel chi-square was used to test sig-
nificance.15 A proportionate mortality ra-
tio above 100 indicates that breast cancer
occurs with a greater proportional fre-
quency in the occupational group under
consideration than in all occupations.

We also performed a series of case-
control analyses. Case subjects were de-
fined as all Whitewomen forwhom breast
cancer was recorded as the underlying
cause of death (n = 59 196). An equal
number of control subjects was randomly
selected (according to a SAS randomiza-
tion procedurel6) from all White women
whose deaths were not due to breast can-
cer. These controls were frequency-age-
matched to case subjects by 5-year age
intervals. The analysis was repeated, ex-
cluding from the control group all deaths
attributed to ovarian or cervical malignan-
cies or other malignancies of the female
reproductive system (n = 56 483).A third
case-control analysis was run, excluding
all deaths due to ischemic heart disease
(ICD 410-414) from eligible controls
(n = 59 196). Odds ratios'5 (ORs) and
test-based 95% confidence intervals
(CIs)17 were calculated for 15 broad occu-
pational categories. Separate analyses
were run for the teaching profession, sub-
divided into all teachers, primary and sec-
ondary teachers, and postsecondary
teachers. Each of these groups was fur-

ther subdivided into two age groups: older
than 40 years or 40 years of age and
younger.

Resuds
The proportionate mortality ratios

for breast cancer in White women (Table
2) were significantly elevatedwithin three
occupational groups: executives, in-
cluding administrators and managers
(total n = 38 692); professionals (total
n = 89 735); and administrative support
workers, including clerical workers (total
n = 111 421). Significantly elevated pro-
portionate mortality ratios were found for
Black women in the same groups: execu-
tives (total n = 1809); professionals (total
n = 7717); and administrative support
workers (total n = 4814), Blackwomen in
sales (total n = 1867) and precision pro-
duction occupations (total n = 1540) also
had elevated proportionate mortality ra-
tios. Occupations with the lowest propor-
tionate mortality ratios for both Black and
White women included service, farming,
transportation, and labor.

Selected individual occupations
within the groupings with elevated pro-
portionate mortality ratios are hsted in Ta-
ble 3. For White women, the proportion-
ate mortality ratios for clergywomen,
hlbrarians, and teachers were statistically
significant andwere more than 50%o higher
than expected breast cancer mortality
rates for all White women. Black clergy-
women and hbrarians had similarly ele-
vated proportionate mortality ratios.
Black teachers had double the expected

frequency of breast cancer mortality. For
both Black and White women, these ele-
vated ratioswere constant forprimary and
secondary asweli as postsecondary teach-
ers. Teachers accounted for more than 5%
of all breast cancer deaths in the data set.

The results of case-control analyses
for White women according to broad
occupational categories are displayed in
Table 4. In calculating the odds ratios,
controls were chosen from all deaths ex-
cludingthose attnbuted tobreast, ovarian,
cervical, or other reproductive-tract ma-
lignancies. To evaluate the impact of the
"healthy worker effect" in our analysis,
we also calculated odds ratios using con-
trols selected from all deaths excluding
those due to breast cancer or ischemic
heart disease. We found no substantial dif-
ferences between the odds ratios derived
from the two different control groups. For
example, in the control group that ex-
cluded ischemic heart disease, the odds
ratios for breast cancer were 1.20 (95%
CI = 1.14, 1.27) for executives and man-
agers, 1.55 (95% CI = 1.49, 1.62) for pro-
fessionals, and 0.83 (95% CI = 0.81, 0.85)
for housewives.

Table 5 reports results of the case-
control analyses for White teachers (total,
primary and secondary, and postsecond-
ary), stratified into two age groups: 40
years and older and younger than 40
years. All of the odds ratios are statisti-
cally significant at the 95% level and sug-
gest that teachers have a greater chance of
breast cancer death than do members of
other occupational groups. These eleva-
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tions were also true when teachers were
stratified by age.

Discussion
Both proportionate mortality ratio

and case-control analyses identified sev-
eral occupational groups as being at in-
creased risk of dying from breast cancer.
No established predisposing workplace
exposure explains this increased risk. It is
most likely that occupational choices and
accompanying life-styles reflect some of
the established or hypothesized nonoccu-
pational risk factors for breast cancer,
such as parity, maternal age at first birth,
diet, and contraceptive use.18 For exam-
ple, according to 1988 census figures, 36%
of births to women in the 30 through 44-
year-old age group (an age group consid-
ered to represent advanced maternal age)

with 5 or more years of college were first
births. Among women in this age group
with only a high school education, less
than 16% of the births were first births.
Similarly, in the same age group, 32% of
births to women in the managerial and
professional occupations were first births,
compared with 21% of births to women in
service occupations.19 Census data pro-
vide indirect evidence that one of the well-
established risk factors for breast cancer,
maternal age atfirstbirth,20-21 is prominent
in women with educational and occupa-
tional profiles like those identified as high-
risk in our analyses.

However, several surveys also indi-
cate increased utilization ofmammography
with higher educational attainment-22-25
The increased breast cancer mortality that
we observed in teachers and other profes-
sionals may represent the deaths that re-

main even after adequate screening and
medical care; altematively, these deaths
may represent additional opportunities for
prevention. White female physicians (a
group assumed to have excellent health
care access and reported to exhibit delayed
childbearinge) did not manifest the same
excess mortality for breast cancer that we
found in other professions; the proportion-
ate mortality ratio for this group was 97.
Although it is possible that this low pro-
portionate mortality ratiomay represent an
attainable goal for other professional
women, it is a finding that needs further
description and interpretation.

The occupational profiles of breast
cancer mortality according to race show
more similarities than differences. Al-
though the smaller number of Black
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women in the study leads to several asso-
ciations that are not statistically signifi-
cant, the association between breast can-
cer mortality and occupations that require
high levels of education remains. In fact,
in occupations requiring the highest edu-
cation levels, proportionate mortality ra-
tios are consistently more elevated for
Black women than for White women.

Other data sources confirm our find-
ingofan increased frequency ofbreast can-
cer deaths among teachers. This associa-
tion has been incidentally observed in
state-based reports of occupational mor-
bidity and mortality in the United
States27-30 and in British Columbia3l as
well as in the Third National Cancer Sur-
vey, conducted between 1969 and 1971.32
The size of our data set allowed us to con-
sider the occupational distnbution ofbreast
cancer for a larger cohort of women ac-
cording to more occupational categories.

Ltimtations
Our results are subject to several lim-

itations, including those inherent in death
certificate data and proportionate mortality
ratio analysis. Mortality studies based on
death certificates are limited by the accu-
racy of the occupational information found
on those certificates.33 Agreement between
the usual occupation recorded on the death
certificate and other sources, such as next-
of-kin interviews,22 previously gathered
survey information and city directory rec-
ords,34 and personnel and union records,35
varies from 35% to 85% depending on the
decedent's race, sex, socioeconomic sta-
tus, and employment duration.

Death certificate analysis may also be
limited by the accuracy of cause-of-death
coding. Researchers addressing this ques-
tion have compared underlying-cause-of-
death codingon death certificateswith hos-
pital discharge,36 clinical,37 and autopsy
records38 and have found varying levels of
comparability, ranging from 50% agree-
ment for cardiovascular disease to 90% for
neoplasms.39 In a study conducted by the
National Cancer Institute, death certifi-
cates' codingofcancer as underlying cause
of death was compared with hospital diag-
nosis. The study found both high detection
rates and high confinnation rates for breast
cancer, indicating that for this and several
other cancers, mortality data are a reliable
and accurate resourceA40

Additional limitations accompany
the use of proportionate mortality ratio
calculations. A proportional increase in
one cause of death for a particular occu-
pational group may simply be a reflection
of decreased mortality from other causes,

such as heart disease, which are known to
exhibit a healthy worker effect.41'42 This
limitation may be overcome by using
case-control analysis if controls are cho-
sen to exclude causes of death that are in
deficit.13"43 In the analyses of breast can-
cer in teachers, we repeated our original
case-control analysis, removing control
subjects who died of any reproductive
tract malignancy. We also conducted one
case-control study excluding control
subjects who died of ischemic heart dis-
ease from control selection. Our results
were substantially the same for all of these
analyses.

Implications with Regard to Breast
Cancer Prevention

At present, age is the primary crite-
rion for determining when breast cancer
screening should be undertaken. The Na-
tional Cancer Institute Breast Cancer
Screening Consortium has published con-
sensus guidelines that recommend clinical
breast exams for all women older than 40
years. Mammograms are recommended
every 1 to 2 years for women 40 through
49 years old and everyyear thereafter.44"45
Similar, although less rigorous, age-based
recommendations have been published by
the US Preventive Services Task Force.46
In addition to age, research has uncovered
other potential risk factors for breast can-
cer, ranging from reproductive and hor-
monal status47 to dietary habits.348 How-
ever, these associations are for the most
part not useful in accessing an individual
or groups of individuals for delivery of
prevention services. For example, it is not
practical to recommend mammography
protocols and locatewomen formammog-
raphy according to their parity status or
self-assessed dietary fat consumption.

We are not suggesting a change in
breast cancer screening guidelines. Rather,
our findings indicate that the identification
of occupational groups at high risk for
breast cancer may be useful in targeting
groups for delivery of prevention services
such as mammography. Such targeting ef-
forts are distinct from screening guide-
lines, which apply to the population of
women at large. Breast cancer is one of
the most successfully treated cancers. For
the one out of nine women who will de-
velop breast cancer, early detection
means an increased chance of survival.49
Directing prevention toward occupational
groups with a higher prevalence of dis-
ease& has the potential for increasing the
likelihood of early detection and for im-
proving access to services by localizing
populations for on-site mammography.

The accessibility ofemployee groups
is one of the factors accounting for the
success of work-site health promotion
programs. One hundred and eighteen mil-
lion people in the United States go to
work; thus 63% of the population can be
described, located, and accessed to re-
ceive occupationally based prevention
services. A recent survey ofprivate sector
work sites with 50 or more employees
found that more than 65% were already
providing some form of health promotion
activity.5' Analyses of this type may pro-
vide readily accessible guidance to em-
ployers maldng decisions as to which pre-
vention service is most appropriate for
their employees.52

The analyses in this paper are based
on data collected between 1979 and 1987.
An increase in the number ofwomen in the
work force, as well as changing career and
birthrate patterns, may alter the distribu-
tion of breast cancer by occupation. Like-
wise, the increased use of mammography
that has taken place in the past decade may
have influenced the pattern of breast can-
cer mortality. These are trends that war-
rant ongoing monitoring.

Conclusion
This study provides evidence of the

potential utility of surveillance informa-
tion for identifying occupational groups at
greatest risk of mortality from breast can-
cer. Forsome ofour observations, such as
the association between breast cancer and
the teaching profession, corroborating
data and biological plausibility suggest
that these findings should be considered in
targeting prevention efforts. Targeting
preventable nonoccupational disease by
occupation may be a useful adjunct in the
difficult task of identifying groups at risk
for preventable disease as well as an aid in
the effective implementation of work-site
health promotion programs. l
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