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ABSTRACT

Study objective. The purpose of the study was to investigate the possible association between cigarette
smoking and benign proliferative epithelial disorders of the breast.
Design: This was a case-control study with two different control groups.
Setting: The study was community based and took place in metropolitan Adelaide, South Australia.
Subjects: 506 biopsy proven cases between 18 and 75 years were identified, of whom 39 could not be
approached because of surgeon refusal, 66 would not be interviewed and 18 were untraceable, leaving
383 for inclusion in the study. Controls were 192 women who had had a negative breast biopsy, out of
a possible 259 (17 surgeon refusals, 39 interview refusals, 11 untraceable); and a randomly selected
group of women matched to the index group for age and area of residence (582 subjects were
approached to enrol 383 controls).
Measurements and main results: All breast biopsies were examined by one pathologist and classified
using a standard system. Sociodemographic and medical information was collected by trained
interviewers using structured questionnaires. Overall, and within menopausal strata, risk of benign
proliferative epithelial disease for women who had ever smoked and for current and ex-smokers was
similar to that for women who had never smoked. In premenopausal women, using community
controls as the comparison group, risk decreased with cigarette-years of exposure, but the trend was
not statistically significant. Risk appeared to increase when biopsy controls were used. There was no
trend in the association when examined by degree of cytological atypia.
Conclusions. The data suggest that cigarette smoking is not related to the risk of benign proliferative
epithelial breast disease.
Several features of benign breast disease suggest an oestradiol in their breast fluid,7 higher circulating
aetiological role for the ovarian hormones. The levels of oestradiol,8-'0 and lower circulating
disease is relatively common in premenopausal progesterone.'0 This last observation suggests that
women,' and its symptoms vary in severity with the benign breast disease is related to an imbalance
menstrual cycle.2 Oestrogen replacement therapy is between oestradiol and progesterone levels, and in
associated with increased risk of benign breast particular to a relative excess of the former.' 0 If this is
disease,3-5 and use of oral contraceptives is associated correct, factors which can alter the level of either or
with reduced risk.6 Additionally, some (but not all) both of these hormones might be associated with
studies have shown women with benign breast disease, altered risk of benign breast disease.
when compared with controls, to have higher levels of
Cigarette smoking may be such a factor, since it has
* Present address: NCIC Epidemiology Unit, Faculty of been associated with an early age at natural
Medicine, McMurrich Building, University of Toronto, menopause, an increased risk of osteoporotic
fractures, a reduced risk of endometrial cancer, and
Toronto, Ontario M5S 1A8, Canada.
t Present address: Department of Histopathology, St possibly decreased risk of uterine fibroids and
George's Hospital, Blackshaw Road, London SW 17, endometriosis.' 1-1 Although oestradiol levels are
similar in postmenopausal smokers and nonUK.
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disease was categorised according to a system based on
the methods of Bonser et al,24 Page et al,25 and
Azzopardi.26 The group with epithelial proliferation
included those with epitheliosis, radial scar, sclerosing
adenosis, blunt duct adenosis, intraduct papilloma,
fibrodenoma, fibroadenomatoid hyperplasia, and
apocrine metaplasia. As described elsewhere, these
lesions were classified further by degree of cytological
atypia.22 The pattern and degree of the hyperplastic
changes were graded separately, and an atypia score
was derived by summing these two scores. The
proliferative disorders which occurred most
frequently were those displaying adenotic or
epitheliotic changes. Epitheliosis with the highest
Methods
atypia score is equivalent to atypical lobular
hyperplasia described by Page et al,25 and to the lesion
The study has been described in detail elsewhere.22
described by Black and Kwon27 as atypia grade 3-5 of
the terminal ductal-lobular unit. The most severely
CASES AND CONTROLS
Women were eligible for the study if they were aged atypical form of adenosis is equivalent to atypical
between 18 and 75 years of age; if they resided in ductal hyperplasia described by Page et al.28 Subjects
metropolitan Adelaide, South Australia; if they were found to have non-proliferative forms of benign breast
registered on the state electoral roll (voter registration disease or uncomplicated cystic disease formed the
is compulsory); and if they did not have a history of biopsy control group.
breast cancer or biopsy confirmed benign breast
disease. Potential cases had evidence of epithelial DATA COLLECTION
proliferation in biopsy material submitted to the Subjects were interviewed in their homes by trained
major private pathology laboratory in Adelaide interviewers who administered questionnaires in a
between January 1983 and October 1985. Three standardised manner. Cases and biopsy controls were
hundred and eighty three such cases were included in interviewed as soon as possible after diagnosis; for
the study, 39 could not be approached due to refusal cases, the average interval between diagnosis and
by the attending surgeon, 66 refused to be interviewed, interview was 2.8 months, and for biopsy controls, 2.9
months. Each community control was interviewed as
and 18 were untraceable.
Two control groups were selected. One consisted of soon as possible after her corresponding case had been
women whose first breast biopsy, submitted to the enrolled in the study, and the average interval was 1.3
same laboratory during the same time period as that months.
Sociodemographic and medical information was
for the cases, did not show evidence of epithelial
proliferation. Of the 259 women eligible for this collected from the study subjects with an interviewer
control group (the "biopsy control group"), 192 were administered questionnaire. A self administered
enrolled, 17 could not be approached due to surgeon questionnaire addressed dietary habits, alcohol
refusal, 39 refused to be interviewed, and 11 were consumption, and smoking history. Subjects were
untraceable. The other control group was formed by asked to indicate their cigarette consumption (in
matching to each case one subject selected at random cigarettes per day) at various ages, from which a
from the electoral roll from those women similar in age measure of lifetime cigarette consumption (in
to that ofthecaseatdiagnosis (88% within + 1 year, the cigarette-years) was obtained by summing the product
remainder with + 2-3 years) and living in the same of each level of consumption by the number of years
suburb or a suburb similar to that of the case in terms that level of consumption was maintained.
of socioeconomic indicators.23 A total of 582 subjects
was approached in order to enrol the 383 community DATA ANALYSIS
controls. Reasons for non-participation were recorded For comparisons of cases and community controls,
during the latter stages of recruitment: of 51 non- conditional logistic regression29 was used to derive
maximum likelihood estimates of relative risk (RR)
participants, 30 refused and 21 were untraceable.
and associated 95% confidence intervals (CI) and to
assess the statistical significance of the trend in risk of
HISTOPATHOLOGICAL CLASSIFICATION OF BIOPSIES
All breast biopsies were examined by one pathologist benign proliferative epithelial disorders across
(M G C) who had no knowledge of the exposure categories of exposure. For comparisons of cases and
histories of the subjects. Benign non-tumorous breast biopsy controls, unconditional logistic regression29

Cigarette smoking and benign breast disease
smokers,14 cigarette smoking has been associated with
subtle disturbances in oestradiol metabolism. 15 These
observations suggest that an additional consequence
of cigarette smoking might be a reduction in the risk of
benign breast disease. To date, however, the results of
studies of cigarette smoking and benign breast disease
have been inconsistent. 6-2l This may reflect, at least
in part, the histological heterogeneity of benign breast
disease. To address this limitation, we examined the
association between cigarette smoking and benign
breast disease in a case-control study of benign
proliferative epithelial disorders of the breast.
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Table 1 Risk of benign proliferative epithelial disorders of the breast in the total study population, and in premenopausal and
postmenopausal women, by history of cigarette smoking.
Relative risk (95% CI)

Study
group

History of
cigarette
smoking

Cases
(n = 383)

Community
controls
(n = 383)

Biopsy
controls
(n = 192)

Cases v
community controls

Cases v
biopsy controls

Total study
population

Never smoked

217

202

103

1 0*

1 0*

Ever smoked
Ex-smoker
Current smoker
Never smoked

166
52
114
185

181
64
117
165

89
38
51
74

09 (06-1 1)
0-8 (0 5-1 1)
09 (07-1-3)
1-0*

09 (06-1-2)
07 (04-1-1)
1-1 (0-7-1 6)
1 0*

Ever smoked
Ex-smoker
Current smoker
Current smoker of:
1-9 cigs/day
10-19 cigs/day
> 20 cigs/day
p value for linear
trend (on 1 df)

141
42
99

149
53
96

67
27
40

0-8 (0 6-1 1)

0.7 (0.5-11)
0-9 (0 6-1-3)

09 (06-1-3)
0-6 (03-1-1)
11 (07-18)

26
31
42

23
31
42

8
11
21

0 7 (0-4-1-3)
0-9 (0-5-1-5)

15 (07-36)
1-2 (0-6-2-5)
09 (05-1 7)

0 400

0841

10(06-15)
0-8 (0 4-1-3)
0-8 (0-41-4)
0-6(03-1 1)

0 7 (0-4-1-2)
0 7 (0-4-1-4)
12 (06-27)
1-7 (0 7-4-2)

0-068

0 549

11 (07-17)
0 9 (0-6-1-4)
0 5 (0-3-0-9)

1-0 (0-6-1-8)
0-9 (0 5-1 6)
07 (04-1 3)

0031

0-368

0-8 (0-4-1-5)
0 9 (0 6-1 5)
0-6 (03-1-1)
1 0 (0 5-1 9)

0-7 (0-4-1 4)
0-8 (0-5-1 5)
0-9 (0-4-1 9)
15 (06-39)

0-270

1.0

04 (02-09)
0 6 (0-3-1 3)

16 (07-36)

05 (02-1 2)
0-2 (0 2-1 2)
09 (04-13)

0 238

0-823

1 0*
0 8 (0 4-1 9)
08 (02-26)
0-8 (0-3-2-2)

1 0*
1 3 (0 5-3-1)
09 (03-29)
1 7 (06-48)

Premenopausal
women

-

10(06-19)

Cigarette-years
of exposure:
1-99
100-199
200-299
300
p value for linear
trend (on I df)
Age (years)
first smoked:
>16
17-19
>20
p value for linear
trend (on I df)
Years since:
first smoked:
1-10
11-19
20-25
26
p value for linear
trend (on I df)
Years since
last smokedt:
<3
4-9

,10
p value for linear
trend (on 1 df)

51
33
27
30
-

54
54
33
-

28
51
32
30
-

11
12
19
-

46
37
30
36
-

44
54
51
-

30
54
41
24
-

22
19
12
-

32
20
9
6
-

25
25
17
-

21
28
12
6
-

10
10
7
-

Postmenopausal
women

*

Never smoked
Ever smoked
Ex-smoker
Current smoker

20
17
6
11

26
27
10
17

28
18
9
9

Reference category. Note: for the total study population and for premenopausal women, relative risks derived from comparison of cases with
community controls are matched relative risks, and cannot be calculated directly from the unmatched distribution of cases and controls

shown in the table.
t Results for current smokers are shown above.
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In a final set of stratum specific analyses, risk of
benign proliferative epithelial disease in association
with a history of ever having smoked cigarettes was
examined by degree of cytologic atypia. Log-linear
models3' were used to assess whether there was a trend
in the risk of benign proliferative epithelial disease
across levels of atypia: with community controls as the
comparison group, matching was broken, which may
have introduced conservative bias into the test for
trend.
Results
In the total study population, there was little evidence
for an association between cigarette smoking and risk
of benign proliferative epithelial disease (table 1). Risk
for ever smokers differed little from that for never
smokers, and when risk was examined by current
smoking status, neither ex-smokers nor current
smokers were at markedly altered risk. There was little
variation in risk of benign proliferative epithelial
disease with amount currently smoked, and there was
no suggestion of trends in risk with cigarette-years of
exposure, and with years since women had first and
last smoked cigarettes (data not shown). Women who
had first smoked cigarettes at 20 years of age or later
were at reduced risk of benign proliferative epithelial
disease, an association of borderline statistical
significance when cases were compared with
community controls (data not shown). Results of
analyses performed after exclusion of women with a
past history of an unbiopsied breast lump or with a
biopsy showing fibroadenoma but no surrounding
epithelial proliferation differed little from those based
on the total study population, and are not presented
here.
When risk was examined within menopausal strata,
the patterns were mostly similar to those described
above (table 1). The main exceptions were in

Table 2 Risk of benign proliferative epithelial disorders of the breast in association with a history of ever having smoked
cigarettes, by degree of cytological atypia.
Relative risk (95% CI)*

Study subjects
Cases:
Noatypia
Mild atypia
Moderate atypia
Severe atypia

Community controlst
Biopsy controlst

Ever
smoked

Never
smoked

62
59
21
24
181
89

69
81
49
18
202
103

Cases v
community controls

Cases v
biopsy controls

0-8(05-16)
0-8 (05-1-3)
0-5 (02-1 1)
2-3 (0-9-61)

10(06-15)
0-8 (05-1 3)
0-5 (0-3-09)
1 6 (0 8-3-2)

-

-

-

* Tests for linear trend: cases v community controls, x2 = 1-16, p=0-28; cases v biopsy controls, x2 =053, p=047.
t Reference category. Note: relative risks derived from comparison ofcases with community controls are matched relative risks, and cannot be
calculated directly from the unmatched distribution of cases and controls shown in the table.
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was used, with adjustment for age. Estimates of effect
adjusted for menopausal status, income, number of
medical examinations per year, frequency of practice
of breast self examination, Quetelet's index, alcohol
consumption, and ever use of oral contraceptives were
similar to unadjusted estimates, and only the latter are
presented here.
Since the effect of cigarette smoking on hormonal
processes in women may vary by menopausal
status, 11 30 analyses were conducted overall and within
menopausal strata. Women were considered
postmenopausal if they had not had a menstrual
period within the last 12 months, or if they had had a
bilateral oophorectomy. Women who had had a
hysterectomy before cessation of menstruation and
who retained at least one ovary were allotted to
menopausal strata on the basis of age. Those who were
aged 56 years or more (and thus were more than five
years older than the median age at natural menopause
in the community controls) were deemed to be
postmenopausal; those aged 44 years or less were
deemed premenopausal, and the remainder
perimenopausal. When women whose menopausal
status was estimated in this way were excluded from
analyses within menopausal strata, the results were
not substantially affected. Therefore only the results
based on the larger strata are presented here. Since
there were relatively few postmenopausal study
subjects (47 cases, 53 community controls, 46 biopsy
controls), analyses in this stratum were restricted to
calculation of risk for those who had ever smoked,
ex-smokers and current smokers, relative to that for
those who had never smoked. Also, for comparisons
of postmenopausal cases and community controls,
matching was broken (since there were relatively few
case-control pairs concordant on postmenopausal
status) and analyses were performed using
unconditional logistic regression, which may have
biased the estimates of effect conservatively.29

Discussion

The association between cigarette smoking and risk of
benign breast disease has been examined previously in
three case-control, 16 17 19 two cohort, 18 20 and one
cross sectional study.2' Of the case-control studies,
one showed the risk of cystic disease in ever smokers to
be 60% higher than in never smokers, 6 while the other
two17 19 showed ever smokers, and especially current
smokers,'9 to have reduced risk of fibrocystic disease
and fibroadenoma. Cigarette smoking was not related
to risk of benign breast disease in one of the cohort
studies,20 and was weakly inversely related to
fibroadenoma in the other.'8 In the cross sectional
study, cigarette smoking was inversely related to
fibrocystic disease.2'
Benign breast disease diplays considerable
histological diversity, and it is possible that the various
subgroups are related differently to cigarette smoking.
In this study, cases were women with epithelial
proliferation, and the results provide little support for
an effect in this subgroup: overall, and within
menopausal strata, risk of benign proliferative
epithelial disease for women who had ever smoked,
and risk for ex- and current smokers, was mostly
similar to that for women who had never smoked.
The results of the present study, and indeed those of
earlier studies, may have been influenced by the
several sources of bias to which studies of benign
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premenopausal women: with community controls,
there was a small decrease in risk with increasing
cigarette-years of exposure, and a statistically
significant reduction in risk of benign proliferative
epithelial disease for women who had first smoked
cigarettes at 20 years of age or later; and with biopsy
controls, there was some suggestion of an increase in
risk with cigarette-years of exposure. However, of the
associated trends, only that for the age at which
cigarettes were first smoked was statistically
significant. After adjustment for potential
confounding, the point estimates of effects were
mostly similar to the unadjusted estimates, and none
of the trends in risk were statistically significant (for
age first smoked, p=0 106).
Irrespective of the control group used, there was no
trend in the risk of benign proliferative epithelial
disease in association with a history of ever having
smoked cigarettes, wilen this was examined by degree
of cytological atypia (table 2). For both control
groups, cigarette smoking was associated with reduced
risk of mild and moderate degrees of atypia, and with
increased risk of severe atypia. However, only one of
the point estimates (for cases with a moderate degree
of atypia versus biopsy controls) was statistically
significant.
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breast disease seem predisposed. Since an unknown
proportion of women with benign breast disease
comes to clinical attention, and since, of those who do,
an unknown proportion proceeds to biopsy, studies of
biopsy confirmed benign breast disease are generally
based on an unknown proportion of all women with
the disease. Therefore the target population for any
generalisations which can be made from most studies
of benign breast disease is limited to women with
biopsy determined disease. In the present study, in an
attempt to reduce the inherent detection and selection
biases, two control groups were selected: community
controls, who were matched to cases on age and
socioeconomic grading of area of residence, and
biopsy controls, who comprised an unmatched group
ascertained from the same source as the cases. In
previous studies, community controls'6 and hospital
controls'7 19 have been selected. Use of each of these
control groups can be criticised: community controls
may be inappropriate since the case series may not
represent all cases;'9 hospital controls may be
inappropriate since smokers may be overrepresented
amongst them; and controls who have undergone the
same diagnostic procedure as the cases may be
inappropriate as their use may result in
"overmatching" 32 However, it has been shown that
when the possibility of serious underdiagnosis exists,
then, in the absence of estimates of exposure specific
detection rates and exposure specific rates of special
treatment (eg, biopsy), it is not possible to determine
a priori which control group will give the correct

results.33
Misclassification of study subjects with respect to
exposure and disease status could also have influenced
the results of studies to date. The former is a problem
in most epidemiological studies, but there is little
reason to suspect differential misclassification of
exposure in any of the studies of cigarette smoking
and benign breast disease; non-differential
misclassification of exposure biases estimates of effect
conservatively.34 With respect to misclassification of
disease status, it is possible that some non-cases have
had undetected benign breast disease. In the present
study, it was possible to address this issue to a limited
extent by excluding women with a history of an
unbiopsied breast lump; after excluding these women,
the results were largely unchanged. In general, the
consequence of this type of misclassification will be to
bias estimates of effect conservatively.
Similar proportions of cases (75 6%) and biopsy
controls (74-1 %) were included in the study, while the
response rate in the community controls (65 8%) was
somewhat lower. Differential non-response could
have distorted the results presented here, although
they were similar irrespective of the control group used
for comparative purposes.
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Cigarette smoking and benign breast disease
When viewed in aggregate, the results of studies of
cigarette smoking and benign breast disease are
conflicting. Among possible explanations for the
discrepant results are chance, and the effects of the
biases noted above. Also, it is possible that the effect of
smoking is confined to one particular histological
subgroup, and that there have been differences
between studies in the distribution of cases by
histology. Finally, an indirect protective effect of
cigarette smoking might be counterbalanced by a
direct proliferative influence mediated by constituents
of cigarette smoke (which have been found in breast
fluid aspirates35). Given these considerations, the
possibility of an inverse association between cigarette
smoking and risk of benign breast disease cannot be
excluded. Therefore there is a need for further cohort
studies, and for case-control studies in which more
than one control group is employed. Studies of
populations surveyed for breast changes would be
particularly useful.
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