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Environmental risk factors of breast cancer
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Breast cancer is women’s most ubiquitous cancer. The role of dietary factors is controversial, but there is
limited evidence for such occupational risk factors as employment in the pharmaceutical industry and as a
beautician. Ionizing radiation probably increases the risk. Exposure to chlorinated hydrocarbon pesticides,
chlorinated solvents, and polychlorinated biphenyls may be risk factors, although the evidence is insufficient.
Data on low-frequency electromagnetic fields are inconclusive. Tobacco smoking may be a risk factor, but the
effect may depend on N-acetyltransferase 2 genetic polymorphisms. There are yet unidentified determinants,
probably environmental, that may act via estrogenic activity or through other mechanisms. The etiology may
vary according to the joint estrogen and progesterone receptor status of the tumor. P53 mutation frequency
varies considerably in breast cancer populations, which may reflect variation in exogenous exposures.
Epidemiology research on breast cancer needs to consider subtypes of the disease, lifetime exposure assess-
ment, host susceptibility, and adjustment for reproductive and menstrual history.
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Breast cancer is women’s most ubiquitous cancer in the ma-
jority of world populations, with over 910 000 new cases
estimated to occur worldwide annually (1). Some 75% of
breast cancers are diagnosed among postmenopausal women,
and the log of the risk increases linearly with the log of age
until menopause. The breast cancer incidence, reported by
cancer registries around the world, shows an over 10-fold
variation across populations. The highest incidence rates (over
100 per 100 000) were observed among Caucasians living in
Zimbabwe and among whites in San Francisco and Los An-
geles in the United States. The lowest incidence rates (less
than 10 per 100 000) were observed in Algeria (Setif), India
(Barshi), Korea (Kangwha), and Thailand (Khon Kaen) (1).
Breast cancer incidence has increased throughout the
world during the past 2 decades (2). In several populations
this increase in incidence coincides with a decrease in mortal-
ity. Although the causes of these diverging trends are incom-
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pletely understood, a combination of earlier diagnosis — due
to increased awareness and more widespread mammographic
screening — and the use of adjuvant therapy appears likely.
The 5-year relative survival of breast cancer for those diag-
nosed under 65 years of age was 84% among Caucasians
and 69% among Afro-Americans in the United States during
1986—1993 (SEER Cancer Statistics Review 1973--1994,
National Cancer Institute Webside). In Europe, the 5-year
survival rate in the 1980s was about 70% (3).

The epidemiology of breast cancer has been investigated
extensively, and recent reviews are available (4—7). Most of
the risk factors established for breast cancer are linked to
total lifetime exposure to bioavailable estrogens, and they are
due to acquired mutations (8). Early menarche and late meno-
pause increase the lifelong estrogen load and are recognized
risk factors of breast cancer. Thus menopause at age 45 years
or older carried a 2.5-fold risk, compared with that of women
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with menopause before the age of 45 years, in data from the
United States (9). Hormone replacement therapy represents
an additional risk. A pooled analysis of 51 studies, based on
data from 53 865 women, in 21 countries, reported a risk of
1.35 [95% confidence interval (95% CI) 1.21—1.49] for
users of hormone replacement therapy for 5 years. The effect
increases with duration of use and is reduced after 5 years of
cessation of treatment. These results did not vary markedly
with different hormonal types or doses (10). Oral contracep-
tives seem to represent a slight increase in risk shortly after
the users’ quit using them, but the excess disappears within
10 years (11). In the United States, it has been estimated that
the population attributable risk is 30% for breast cancer
among women giving birth for the first time at a later age and
for women who have no children (9). A combined analysis of
6 dietary case-referent studies indicates an estimated 70%
excess risk for women consuming over 4 alcoholic drinks a
day (12), probably due to alterations of estrogen metabolism.

Postmenopausal obesity is a risk factor, probably due to
estrogen formation in adipocites (13). The quantification of
the role of diet in the development of the breast is still prob-
lematic and unclear. Since the quantity and distribution of
adipose tissue may be a cofactor in the development of breast
cancer, a link with fat intake has been proposed. However, in
a pooled study of 4980 cases from 7 prospective cohorts,
breast cancer risk was not associated with tota] fat, saturated
fat, monounsaturated fat, polyunsaturated fat, animal fat, veg-
etable fat, or cholesterol intake (14). Early, intense exposure
to ionizing radiation is a recognized risk factor. Risk ratios
for women with intense radiation therapy or atomic bomb
survivors range from 2 to 6 (15).

Inheritance probably accounts for less than 10% of all
breast cancers. Host susceptibility genes BRCA1 and BRCA2
are frequently mutated in familial breast cancers in young
women, These mutations are less frequent in postmenopausal
breast cancer (16). For exposure to tobacco smoking there is
little or no persuasive epidemiologic evidence of an associa-
tion, Results of a recent study (17), however, suggest that
slow acetylators who were heavy smokers 20 years before
have a 4-fold risk (95% CI 1.4--10.8) of postmenopausal
breast cancer, while among fast acetylators heavy smoking
seemed to be inversely related to risk [odds ratio (OR) 0.3,
95% C10.1—0.8]. The acetylator status deals with N-acetyl-
transferase 2 genetic polymorphism (17).

The risk for breast cancer follows a clear socioeconomic
trend, with a steep gradient towards high risk in high social
strata in at least 14 populations on 4 continents, with a singu-
lar possible exception of Switzerland (18). The trend may be
indirectly linked, at least in part, to different cumulative doses
of endogenous or exogenous estrogens and progestagens in
different socioeconomic strata, Socioeconomic status, along
with reproductive history, use of exogenous hormones, so-
matotype, and alcohol consumption may therefore represent
confounders and effect modifiers in occupational and envi-
ronmental studies of postmenopausal breast cancer. Much of
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the uncertainty concerning occupational and environmental
determinants of breast cancer probably derives from simplis-
tic models and incomplete control of confounding. The higher
incidence among women in high socioeconomic strata may
mask potentially work-induced excesses among women in
lower strata who encounter chemical exposures at work more
frequently. The attributable risk for breast cancer associated
with high socioeconomic status has been estimated to be 19%
(18).

It has also been proposed that the increase in incidence is
primarily due to an increase of estrogen receptor-positive tu-
mors. Patients with these tumors have better survival rates or
respond relatively well to hormone therapy. An Australian
study (19) failed to provide strong evidence for different
causal pathways for estrogen-positive and estrogen-negative
breast cancers. However, the etiology may be different ac-
cording to the joint estrogen and progesterone receptor status
of the tumor; this suggestion implies that there are distinct
subtypes of breast cancer (20).

Hypotheses on exogenous causes of breast cancer have
also been advanced. Thus breast cancer risk has been sug-
gested to be jointly determined by exposure to exogenous
carcinogens and breast tissue susceptibility, the latter being
influenced by reproductive patterns (21). Various compounds
that are widespread in the environment may bind to hormonal
receptors, and they may have either estrogenic, antiestrogen-
ic, androgenic, or antiandrogenic effects and thereby poten-
tially influence the risk of breast cancer. Such compounds
include chlorinated organic compounds such as dichlo-
rodiphenyltrichloroethane (DDT), polychlorinated biphenyls
(PCB), and polynuclear aromatic compounds such as
benzo[a]pyrene and triazine herbicides.

Several halogenated pesticides that may act as xenoestro-
gens are persistently deposited in adipose tissue. Women oc-
cupationally or otherwise exposed to these agents might there-
fore experience an excess of breast cancer.

Reports linking biological organochlorine concentrations
with the risk of breast cancer in women have been published
and also recently reviewed (22). The main sousce of the orga-
nochlorines seems to have been residues in animal food prod-
ucts (eg, fat, fish, and milk derivates). Out of 4 small studies,
2 (23—24) reported elevated risk associated with DDT or its
primary metabolite, DDE, and breast cancer, while 2 (25—
26) did not. One larger study with stronger methods from
New York (27) reported a positive association. A second,
well-designed study (28), with higher exposure levels than in
the former study, identified (weak and nonsignificant) positive
exposure-response gradients for DDE in Caucasian and Afri-
can American women, but not for DDT in Asian women re-
siding in the San Francisco Bay area. A third European study
(29) has shown a decreasing trend for adipose DDE concen-
tration and breast cancer in postmenopausal women. In a
further small study in Quebec (30), DDE concentrations in
the adipose tissue of breast cancer patients were 3-fold those
of referents, and the PCB concentrations were also signifi-




cantly higher in the patients. In a recent Mexican case-refer-
ent study (31), the cases had an overall higher DDE serum
concentration, but no elevation in risk was observed. How-
ever, particularly the older California data and the more re-
cent European data are difficult to compare because the expo-
sure ranges differ widely (figure 1). Comparability is also
disturbed by different proportions of postmenopausal women
in the 3 studies.

Finally, there is some evidence from occupational studies
that 2,3,7,8-tetrachlorodibenzo-paradioxin (TCDD) or higher
dioxins may be risk factors (32). The findings bear relevance
also for occupational exposure, since chlorinated pesticides,
banned in many countries, are still in use in others, and occu-
pational exposures occur during application. For women who
apply organochlorine pesticides in agriculture, especially in
the tropics, the exposure levels are likely to be or to have
been higher than for subjects in studies conducted in indus-
trialized countries. Epidemiologic studies on women in agri-
culture may therefore be of interest. Detailed exposure as-
sessment is however necessary since some organochlorine
compounds, such as DDT or chlordecone, are estrogenic but
others, such as TCDD and possibly lindane, are antioestro-
genic, and some may have no estrogenic role (22). The effect
of mixed exposure to different organochlorines is largely un-
known. In this context it is important to stratify the analysis
by estrogen and progesterone receptor status since estrogenic
compounds may be a greater risk for estrogen receptor-posi-
tive (ER+) tumors than for estrogen receptor-negative (ER-)
tumors.

Exposures to these chemicals, and also to halogenated
hydrocarbon solvents such as trichloroethylene or tetrachlo-
roethylene, are of particular interest because they are retained
in adipose tissue. There is little epidemiologic evidence for
the breast carcinogenicity of these solvents, however. Report-
ed risk ratios range from 0.1 to 1.1 (33-—36) for employees
in dry cleaning facilities, where exposures to both chlorinated
and nonchlorinated hydrocarbon solvents have been taking
place among a large number of women. A recent study (37)
reported a relative risk of 0.9 for women occupationally ex-
posed to trichloroethylene, tetrachloroethylene, and 1,1,1-
trichloroethane.

There are probably carcinogenic pathways independent of
the estrogenic properties of the xenobiotic agents (21, 38).
Irrespective of the mechanism, since the established risk fac-
tors for breast cancer account only for about one-third of the
breast cancer cases, there seem to be yet unidentified determi-
nants, some possibly being environmental.

A comprehensive review of occupational risk factors for
female breast cancer (6) showed limited evidence for an asso-
ciation with employment in the pharmaceutical industry and
among cosmetologists and beauticians. Ionizing radiation,
whether occupational (eg, radiologists, nurses, and X-ray
technicians), diagnostic or therapeutic, is probably associated
with an increase in breast cancer risk. There is some evidence
of low-frequency electromagnetic fields being associated with

Welp et al

InRR

R B S L LA [ e B e S S R S Rt S
0 10 20 30 40 50 60 70 80 90 100

DDE, ppb

Figure 1. Data from 3 studies, by Wolff et al in New York (27), by
Krieger et al in the San Francisco Bay area in California (28) and by
Van't Veer et al in Europe (29) on the DDE [1,1-dichloro-2,2-his{4-
chiorophenyl)] concentration in blood and the risk of breast cancer.
Log function was fitted to each. The European concentrations were
conjectured from fatty tissue concentrations. Note the low expo-
sure range of the European data particularly contrasted with high
earlier California concentrations. (® = women in the Wolff study,
A = African American women in the Krieger et al study, O = all the
women in the Krieger et al study, I = European women in the Van't
Veer et al study, InRR = natural log of the risk ratio)

breast cancer risk (6), but the causality of this potential link is
disputable. The putative mechanism is that 60-Hz electric
fields (and uninterrupted light) decrease pineal melatonin,
which induces a constant production of estrogen and prolac-
tin (39). There was little support for increased risks among
textile workers, dry cleaning workers, and nuclear industry
workers. Data on leisure-time or work-related physical activi-
ty and postmenopausal breast cancer suggest a protective ef-
fect (40). Teachers showed the highest breast cancer mortali-
ty experience for both whites and blacks in 23 American
states during the period 1979—1987 (41). In at least 2 out of
3 recent register linkage studies, significant excesses for
breast cancer risk have been shown for women working as
bookbinders, nurses, teachers, social workers, or cashiers
(42—44). Airline cabin attendants have been reported to be at
increased risk of breast cancer, which may be associated with
exposure to ionizing radiation during flights (45).

A recent study (46) linked job title in the death certificate
with subsequent cancer mortality in 24 American states and
adjusted breast cancer rates for socioeconomic status. Sug-
gestive associations were reported for breast cancer mortality
and exposure to styrene, methylene chloride, carbon tetra-
chloride, formaldehyde, and several metals and metal oxides
and acid mists, as assessed with the use of a job-exposure
matrix in the translation of job titles into exposure indicators.

The foregoing examples indicate that environmental and
occupational factors may play a role in the development of
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women'’s breast cancer, but the identification of these factors
is not straightforward. We advance the following proposals
for the targeting of etiologic studies of postmenopausal breast
cancer: (i) environmental and occupational risk factors of
postmenopausal breast cancer are for the most part unknown
but may be more important than currently considered, (ii)
careful individual lifetime exposure assessment is necessary,
(iii) pre- and postmenopausal breast cancers should be treat-
ed as separate entities because of potentially different etiolo-
gies, (iv) adjustment for reproductive and menstrual histories
and other risk factors is needed, since occupation may be
related to parity and age at first birth, with women in occupa-
tions which require more education having fewer children
and having their first birth at later ages than women with less
education, (v) subtypes of breast cancer may have different
etiologies according to estrogen and progesterone receptor
status and might therefore be considered separate end points
in epidemiologic studies, (vi) both early and late stages of
carcinogenesis may be involved in environmentally influenced
breast cancer and various lagging schemes should therefore
be allowed for in assessments of exposures, and (vii) in gen-
eral, there is a poor appreciation of factors that control indi-
vidual genetic susceptibility to external factors.
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