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Background Active smoking has little or no effect on women’s risk of
developing breast cancer, but it has been suggested that passive
exposure to tobacco smoke may increase this risk among
women who have never smoked.

Objective To evaluate the possible relationship between passive smoking
and breast cancer risk within the Million Women Study, a large

UK prospective study, and to report a meta-analysis of
published results.
Methods In the large prospective study, 224917 never smokers who

completed a questionnaire that asked women whether their
parents had smoked and if their current partner smoked were
followed up for an average of 3.5 years for incident breast
cancer. In the meta-analysis, studies that had recorded
exposure information prospectively and retrospectively were

considered separately.

Main outcome Adjusted relative risk of breast cancer in never smokers who
measures were passively exposed to tobacco smoke at various ages
compared with never smokers with no such exposure.

Results In the prospective study, 2518 incident invasive breast cancers
occurred during follow-up and the adjusted relative risk of
breast cancer for passive exposure either as a child or as an
adult vs neither exposure was 0.98 (95% CI 0.88-1.09); results
were similarly null for childhood exposure (0.98, 0.88-1.08)
and adult exposure (1.02, 0.89-1.16) separately. We identified
seven other studies with prospectively recorded exposure
data; when results of all eight studies were combined (includ-
ing 5743 never smokers with breast cancer), the aggregate
relative risk was 0.99 (0.93-1.05) for any passive exposure. The
aggregate findings differed substantially (P=0.0002) between
these 8 studies and 17 other studies with retrospectively
recorded information (including 5696 never smokers with

breast cancer).

* Corresponding author. Cancer Epidemiology Unit, University
- of Oxford, Oxford OX3 7LF, UK.
! Cancer Epidemiology Unit, University of Oxford, England. E-mail: kirstin.pirie@ceu.ox.ac.uk
2 Clinical Trial Service Unit, University of Oxford, England. T Refer to Appendix 1 for further details.
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Conclusions

Aggregate results from studies with prospectively reported

information show that the incidence of breast cancer is similar
in women who did and did not report passive exposure to
tobacco smoke either as a child or as an adult. The aggregate
findings from the retrospective studies may have been distorted
by some women becoming more likely to report past exposures
because they knew that they had breast cancer.
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Introduction

A collaborative reanalysis of the worldwide evidence
from 53 epidemiological studies found that smoking
had little or no independent effect on the risk of
women developing breast cancer." The findings were
separately reliable for pre-menopausal and for post-
menopausal women. Among non-drinkers, the rela-
tive risk of breast cancer in current vs never smokers
was 0.99 (0.92-1.05)." (The analysis was restricted to
non-drinkers because smokers generally drink more
alcohol than non-smokers and alcohol intake affects
the risk of breast cancer.l) In 2004, the International
Agency for Research on Cancer endorsed the ‘lack of
carcinogenicity of tobacco smoking in humans for
cancers of the female breast’.?

Although active smoking has little or no effect on
the incidence of breast cancer it has been suggested,
based largely on the findings reported from 14 epide-
miological studies, that passive smoking might do so.?
To test this hypothesis we present new, previously
unpublished results from a large UK prospective
study? on the possible relationship between passive
exposure to tobacco smoke and the risk of develop-
ing breast cancer, and report a meta-analysis of these
results together with the published results from
24 other studies. To exclude any potential confound-
ing by active smoking, this review is restricted to
findings in women who reported that they had never
smoked.

Methods

The Million Women Study

The Million Women Study has been described else-
where.*> In 1996-2001, 1.3 million women aged
50-64 years attending 66 breast cancer screening
clinics in the UK completed a questionnaire asking,
among other things, about social, demographic and
reproductive factors, alcohol consumption and current
or past smoking. The first follow-up questionnaire
was sent to cohort members at around 3 years after
recruitment, with a response rate of about 65%. Every
participant was asked at this follow-up if their mother

and if their father had smoked when the participant
was born and (separately) when the participant was
about 10 years old. They were also asked if the
participant was living with a partner, and, if so,
whether the partner smoked. For questions about the
partner’s smoking, a participant could answer only
‘ves” or ‘no’, but for parental smoking, participants
could answer ‘yes’, ‘no’ or ‘do not know’. At follow-up
we also asked participants if they were in paid work,
but not about passive exposure to tobacco smoke at
work. The questionnaires and other information can
be viewed at www.millionwomenstudy.org.

Every participant is routinely followed for cancer
registration, death or emigration from the UK by being
‘flagged” on the NHS Central Registers. These regularly
provide study investigators with information on the
dates of any such events. For women diagnosed with
cancer and those who died, the cancer site and cause
of death are coded according to the 10th revision of
the International Classification of Diseases (ICD10).°
The endpoint for the present analyses is incident
invasive breast cancer (ICD10 C50). All participants
gave written consent to take part in the study, and
approval was provided by the Oxford and Anglia Multi-
Centre Research Ethics Committee.

Women were excluded from the analyses if they
had any type of cancer except non-melanoma skin
cancer (ICD10 C44) registered before they answered
the questions about passive smoking or if they had
themselves reported a history of breast cancer. Women
were also excluded if they reported being current or
past smokers, if their smoking status was unknown
or if they answered ‘do not know’ or gave no answer
to every question on passive smoking. Woman-years
were calculated from the date the women answered the
questions about passive smoking to the date of cancer
registration, death or last follow-up, whichever was
first. The last date of follow-up in most arcas was
December 31, 2004, but in Trent and North Yorkshire
it was June 30, 2004, in the North West it was
December 31, 2003 and in Scotland it was December
31, 1999. Cox regression models were used to obtain
hazard ratios (hereafter referred to as relative risks)
and their 95% CIs, using the STATA version 9.0 com-
puting package. Attained age was the underlying time
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variable and analyses were additionally adjusted by
several factors recorded at recruitment, including
region of residence (10 cancer registry areas in
the UK); quintiles of socio-economic status (using
the Townsend deprivation index, a composite mea-
sure based on unemployment, car ownership, home
ownership and overcrowding in the area of resi-
dence7); parity (0, 1, 2, 3 or more); age at first birth
(<20, 20-29, 30 or more years); age at menarche (<12,
12-13, 14 or more years); body mass index (<25,
25-30, 30 or more kg/m?); strenuous physical activity
(never/rarely, less than weekly, at least weekly) and
by the latest values of some time-dependent factors
recorded at recruitment and also at follow-up, includ-
ing menopausal status (pre-, peri-, post-menopausal),
use of hormonal therapy (current, not current) and
alcohol consumption (0, 1, 2, 3 or more drinks/day).
For each adjustment variable, missing values were
assigned to a separate stratum. Analyses of adult
exposure and of exposure both as a child and as an
adult were restricted to women living with a partner,
since women who do not have a partner are not at risk
of such exposure. All other analyses were stratified
by whether or not women were living with a partner.

Meta-analysis of published findings

Relevant publications were identified from reviews
(especially those done by the International Agency
for Research on Cancer,” the California Environmental
Protection Agency’ and the US Surgeon General®),
discussions with colleagues and computer-aided litera-
ture searches [using MEDLINE, EMBASE and Pubmed,
with keywords breast cancer (incidence or mortality),
passive smoking, second-hand smoke, environmental
tobacco smoke] up to January 2008. For each study
that had published results we extracted, whenever
possible, the fully adjusted relative risk estimate and
associated 95% CI for any reported passive exposure to
tobacco smoke (i.e. either as a child or as an adult)
in never smokers and the numbers of women with
breast cancer. Similar information was also extracted,
if available, for childhood exposure alone and for
adult exposure alone. In summarizing the published
evidence we used, whenever possible, the published
results for any passive exposure (either as a child or as
an adult) and, if this was not given, we used the
published results for the exposure that was most
commonly reported in the study. Where possible, when
results were published for subgroups and not for the
whole population, the subgroup-specific results were
combined in proportion to the numbers in each
subgroup to estimate the overall result.’ Results from
different studies were combined by calculating the
inverse-variance-weighted average of the logarithms
of the relative risks. Because the reporting of pas-
sive exposure could be influenced by whether or not
women knew that they had breast cancer, results from
studies that utilized prospective exposure information,
i.e. with exposure reported before breast cancer was
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known, were considered separately from the results of
studies that had utilized retrospective exposure infor-
mation, i.e. with exposure reported after the diagnosis
of breast cancer was known.

Presentation of results

Where results are presented in the form of plots,
the relative risks and their corresponding CIs are
represented by squares and lines, with the arca of the
square inversely proportional to the variance of the
logarithm of the corresponding relative risk. This
provides an appropriate indication of the amount of
statistical information involved.

Results

Million Women Study

Information about parents’ and partners’ smoking
habits is currently available for 224 917 never smokers
with no previous cancer. Among these women, the
mean year of birth was 1941 (91% between 1935 and
1949), the mean year of entry into the study was 1998
(SD 0.9) and the mean year of completing the passive
smoking follow-up questionnaire was 2001 (SD 0.9).
Among these women 6% (14270) could not be
classified as to whether they were passively exposed
to tobacco smoke as a child or as an adult, mainly
because they did not know if one of their parents had
smoked when they were born. Among the remaining
210647 women, 83% (174 819) reported one or more
sources of passive exposure to tobacco smoke either as
a child or as an adult. Their characteristics are shown
in Table 1, and are broadly similar to those of never
smokers within the original cohort at recruitment.
Comparing women classified as passively exposed
and not, the exposed drank slightly more alcohol
[4.3 vs 3.8 g/day, P < 0.0001—although the difference
is smaller than that seen between current and never
smokers in this study (5.9 vs 4.2 g/day)]. The exposed
women were also more likely to be parous (89 vs 86%,
P <0.0001), to have used oral contraceptives (57 vs
54%, P < 0.0001) and to be current users of hormone
replacement therapy (30 vs 28%, P <0.0001). These
differences are explained in part because exposed
women were more likely to be living with a partner
(84 vs 80%, P <0.0001), since women not living with
a partner could not be classified as exposed to their
partners’ smoke. Restricting comparisons to women
living with a partner reduced many of the differences
between those classified as passively exposed and not
(Table 1).

The 210647 never smokers who could be classified
as passively exposed or not were followed for a mean
of 3.5 (SD 1.0) years, during which time 2344 were
diagnosed with invasive breast cancer. (The mean
follow-up time after recruitment was 6.3 (SD 1.0)
years, but questions on passive smoking were asked
a mean of 2.8 (SD 0.2) years after recruitment,
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Table 1 Characteristics and follow-up of never smokers in the Million Women Study, according to classification
of exposure to tobacco smoke either as a child or as an adult

All women

Women living with a partner

Passively Not passively Passively Not passively
exposed exposed exposed exposed
Number 174819 35828 146913 28652
Age, years [mean (SD)] 58.1 (4.6) 57.9 (4. 57.9 (4.5) 57.7 (4.5)
Living with a partner [% (n)]* 85% (146913) 80% (28652 100% 100%

Socioeconomic status [% (n) in upper third]
Employed [% (n)]?

Age at menarche [mean (SD)]

Menopausal status, pre-menopausal [% (n)]?
Parous [% (n)]?

Number of children [mean (SD)]

Age at first birth, years [mean (SD)]
Alcohol consumption, g/day [mean (SD)]
Past use of oral contraceptives [% (n)]?

Current use of hormone therapy [% (n)]?

33% (58070)
48% (82 605)
12.9 (1.5)
3% (4729)
89% (154944)
1 (L
245 (4.
3 (5.
57% (99 586
30% (51901

2)
1)
7)
)

35% (12380
48% (17148
12.9 (1.

3% (1075
86% (30764
0 (L.
25.1 (4.
8 (5.
54% (19338
28% (9958
25.6 (4.

35% (50890
48% (69903
12.9 (1.5

3% (4158
91% (134149
2.1 (1.1

245 (4.1

45 (5.8

58% (85470
31% (44572
25.9 (4.4

37% (10536
48% (13709
12.9 (1.

3% (914
90% (25859
2.1 (1.

L (5.
56% (15926

29% (8188
25.6 (4.

)
Body-mass index, kg/m? [mean (SD)] 26.0 (4.4)
23% (39 882)

Strenuous physical activity more
than once a week [% (n)]*

5)
)
)
)
5)
)
)
2)
2)
3)
)
)
3)
)

—= L O L C - s

)
)
5)
)
)
1)
252( 2)
4)
)
)
2)
)

25% (8664 23% (33510 25% (6929

Woman-years of follow-up 616 660 127315 517999 101569

Number of incident invasive breast cancers 1937 407 1602 313

“Women with missing values are not included in the percentages.

so only the 3.5 years after answering these questions
are relevant here.) Figure 1 shows the relative risk of
breast cancer for women classified as being passively
exposed to tobacco smoke compared with those not,
according to the source of exposure. Childhood expo-
sure was much more common than adult exposure.
Both at birth and at age 10, 74% of women who could
be classified as either exposed or unexposed reported
having a parent who smoked, and exposure at one
age was strongly predictive of exposure at the other
(odds ratio of 69, 95% CI 67-71). In general, if the
mother smoked then so too did the father, but in
many cases only the father smoked. Irrespective of
whether childhood exposure was at one or both ages,
or from one or both parents, the relative risk of breast
cancer in exposed vs unexposed women was close to
1.0 (ranging from 0.96 to 1.03). Only 11% of the never
smokers reported living with a partner who smoked.
Results were similarly null for passive exposure as an
adult, for exposure both as a child and as an adult
and for exposure either as a child or as an adult.
Among the 14270 never smokers whose exposure to
passive smoke could not be classified, 174 breast
cancers were diagnosed and their risk of developing
the malignancy was not materially different from that
in unexposed or in exposed women (1.05, 0.87-1.25
and 1.07, 0.92-1.25, respectively). All estimates of
relative risk are fully adjusted for all the factors listed
in Figure 1, but even if we had adjusted only for age

and region the relative risk for exposure as a child
or as an adult would have remained unaltered, at 0.98
(0.88-1.09).

The results for passive exposure either as a child
or as an adult were further examined in certain
subgroups of women (Figure 2). No major differences
were observed between most of the subgroups exam-
ined. The only apparently discrepant result is the
halving of the risk of breast cancer in passively
exposed pre-menopausal women, but this could be a
chance finding. The mean time to cancer diagnosis
was 1.9 (SD 1.3) years after menopausal status was
reported. Although some pre-menopausal women
might have become peri- or post-menopausal between
answering the questionnaire and their cancer being
diagnosed, many of the cancers would have originated
when the women were still pre-menopausal, as it
takes time for cancer to become detectable.

About half the never smokers did not work, and
thus could not have been exposed to passive smoke
at work, and their relative risk of breast cancer for
passive exposure either as a child or an adult was
1.00, similar to the overall null results (Figure 2).

Results for exposure either as a child or as an adult
did not vary according to women’s age at menarche
or their age when their first child was born; and
when exposure shortly before menarche, i.e. at age 10
(the mean age at menarche was 12.9 years, see
Table 1), was considered separately the relative risks
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Percent women  Number of
Reported exposure exposed exposed
to passive smoking: (number exposedb) cases Relative risk?(95% ClI)
As a child
At birth 74 (143896) 1577 0.98 (0.89-1.07)
At age 10 74 (155715) 1731 0.96 (0.88-1.06)
At birth or age 10 81 (169238) 1878 0.98 (0.88—1.08)
At birth and age 10 67 (130373) 1430 096 (0.88-1.05)
Maternal (at birth or age 10) 35 (69024) 737 0.96 (0.88-1.05)
Paternal (at birth or age 10) 77 (159206) 1785 1.03 (0.93-1.14)
Both parents smoked 32 (58992) 644 1.00(0.91-1.10)
(at birth or age 10)
As an adult 11 (24406) 270 1.02 (0.89-1.16)
As a child and as an adult 9 (18825) 21 1.03 (0.90-1.19)
As a child or as an adult 83 (174819) 1937 0.98 (0.88-1.09)

05 075 1.0 125 15

2 Relative risks are for exposed compared with unexposed women, adjusted by age, region of residence, socio-economic
group, age at menarche, parity, age at first birth, menopausal status, body mass index, physical activity, alcohol
consumption and use of hormonal therapy for the menopause. Analyses of adult exposure and of exposure both as
an adult and as a child are restricted to women living with a partner, and all other analyses are stratified by whether
or not they were living with a partner.

bThe total number of women classified as either exposed or unexposed varies for each source of exposure as a result
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of differing numbers of missing values for each of the passive smoking questions.

Figure 1 Relative risk® of breast cancer for never smokers in the Million Women Study, by passive exposure

to tobacco smoke

were 0.90 (0.78-1.05) for women whose age at men-
arche was at age 12 or younger and 1.01 (0.89-1.14)
for women whose menarche was at age 13 years or
older; and 0.99 (0.72-1.35) for women whose first
birth was at age 20 or younger and 0.94 (0.85-1.05)
for women whose first birth was when they were
older than 20.

Meta-analysis of published findings

We identified 24 other studies that had published
on the risk of breast cancer in relation to passive
exposure among never smokers.'>> These are sum-
marized in Figure 3, which also shows the study-
specific relative risks for breast cancer associated
with passive exposure. Results from the eight studies
(including the Million Women Study) that collected
exposure data prospectively, i.e. before the diagnosis
of breast cancer, are shown separately from the
results from the 17 studies that collected exposure
information retrospectively, i.e. after the diagnosis of
breast cancer. (One study,'' although case—control in
design, had collected exposure information before the
women were diagnosed with breast cancer, and so is
included as having prospectively reported exposure
data; another study?' was cohort in design but asked

some women about passive smoking after they were
diagnosed with cancer, and so is included as having
retrospectively collected exposure data.) It can be
seen in Figure 3 that the studies differ in the type
of exposure information collected, and also in the
statistical adjustments used. Results for the prospec-
tive study by Hirayama'® were not published by
the investigator himself, and are taken from a letter
by Wells>* who calculated crude odds ratios from the
numbers provided as a personal communication by
the late Prof. Hirayama. The results from two other
studies**?” were also not adjusted by age. Age, parity,
age at first birth and alcohol consumption are rele-
vant potential confounding factors, but only seven
studies'®!>1820.243033  hyplished relative risk esti-
mates adjusted for all these factors.

Taken together, the eight studies with prospectively
collected information included 5743 never smokers
with breast cancer, among whom 4431 (77%) were
classified as having passive exposure to tobacco
smoke. In these eight prospective studies there was
no material difference in the risk of breast cancer
between women who reported that they were passively
exposed to tobacco smoke compared with those
who did not (relative risk =0.99, 95% CI 0.93-1.05).
This combined result for prospective studies remains
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Number of
Characteristic exposed cases/
of women unexposed cases

Relative risk? (95% Cl)

Age at follow-up

55 or younger 617/152

56 or older 1320/255
Employed when passive exposure was reported

Yes 889/195

No 1017/209
Age at menarche

12 or younger 775/159

13 or older 11337241
Menopausal status

Pre-menopausal 4416

Peri-menopausal 146/29

Post-menopausal 1720/361
Parity

Mulliparous 269/67

Parous 1666/339
Age at first birth?

20 or younger 224/28

21 or older 1423/308
Alcohol

Non-drinkers 667/147

Drinkers 1082/234
Oral contraceptive use

Ever used 1084/215

Never used B845/190
HAT use

Current user of HRT 780/140

Mot current user of HRT 1118/261
Body mass index

<25 kg/m? 895/195

225 kg/m? 1015/204
Strenuous physical activity

Less than once a week 1077/219

At least once a week B27/1176
Living with a partner®

Yes 1543/365

No 315/91

0.87 (0.73-1.04)
1.04 (0.91-1.19)

0.94 (0.80-1.10)
1.00 (0.86-1.16)

0.97 (0.82-1.16)
0.98 (0.86-1.13)

0.54 (0.30-0.99)
1.03 (0.69-1.55)
0.98 (0.87-1.10)

0.97 (0.74-1.28)
0.98 (0.87-1.10)

1.09 (0.73-1.63)
0.96 (0.85-1.09)

1.04 (0.87-1.25)
0.90 (0.78-1.03)

0.96 (0.83-1.1 1)
0.99 (0.84-1.16)

1.08 (0.90-1.30)
0.91 (0.80-1.05)

1.01(0.86-1.18)
0.95 (0.82-1.11)

0.99 (0.85-1.14)
1.00 (0.85-1.18)

1.01 (0.90-1.13)
0.92 (0.73-1.17)

0 0.5 1.0 1.5 2.0

4Relative risks are for exposed compared with unexposed women, adjusted where appropriate by age,
region of residence, socio-economic group, age at menarche, parity, age at first birth, menopausal status,
body mass index, physical activity, alcohol consumption, use of hormonal therapy for the menopause and

whether or not living with a partner.
OIn parous women only.

¢Childhood exposure to passive smoke only, since women who do not live with a partner are not at risk of

exposure from their partner’s smoke.

Figure 2 Relative risk? of breast cancer for never smokers in the Million Women Study, by passive exposure to tobacco
smoke as a child or as an adult in various subgroups of women

unchanged when the Million Women Study is
excluded (1.00, 0.93-1.07). Results for passive expo-
sure as a child were available for the Million Women
Study and for two other prospective studies'®! and
the aggregate relative risk was 1.00 (0.94-1.07); results
for exposure as an adult were available for the Million
Women Study and six other prospective studies,'*™"’
and the aggregate relative risk estimate was again
1.00 (0.94-1.07). No prospective study reported sepa-
rate findings for exposure at work alone.

There was a substantial difference between the
findings from studies that had collected information
prospectively and those that had collected it retro-
spectively (x? for heterogeneity =13.8, P=0.0002).
The combined relative risk of breast cancer in the
17 studies with retrospective reporting of exposure
was 1.21 (1.11-1.32), based on a total of 5696 women
with breast cancer. This discrepancy between the aggre-
gate relative risk estimates from studies that had
recorded information about passive exposure to tobacco
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Relative risk
adjusted by:
Exposure(s) Number of cases:  age/parity and age at first
Study"™ Country reported®: p birtt hol intake Relative risk (95% CI)
Studies with prospectively reported exposure data
Hirayama (1984)'%/ Wells (1981)* Japan Adult 92/115 No/no/no 1.26 (0.80-2.00) B
Delfine (2000)'" USA Adult 31/64 Yes/no/no 1.32 (0.69-2.52) —_——
Wartenberg (20002 b USA Adult 396/669 Yes/nolyes 1.00 (0.86-1.17)
Nishino (2001)'*P Japan Adult 31/67 Yes/na/na 0.49 (0.33-0.74) -
Egan (2002 USA Adult’Wark 974/1158 Yes/yes/yes 1.06 (0.94-1.18)
Reynolds (2004)" UsA Child/Adult 848/11864 Yes/yes/yes 0.94 (0.82-1.07)
Hanaoka (2005)'® Japan Child/Adult/Work 12211862 Yes/nolyes 1.10 {0.80—1.60)
Million Women Study UK Child/Adult 1937/2344 Yes/yes/yes 0.98 (0.88—1.09)
All studies with prospective data 4431/5743 0.99 (0.93-1.05)
Studies with retrospectively reported exposure data >
Sandler (1985)"7 UsA Adult 1932 Yes/no/no 2.00 (0.90-4.30) '
Smith (1994)'80 UK Child/Adult/Work 89/94 Yes/yes/yes 2.60 (0.80-8.47) x
Marabia (1996)"° Switzerland Child/Adult/Work 98/126 Yes/no/no 2,30 (1.50=3.70) :
Millian (1998)%° USA Adult 158/247 Yes/yesiyes 1.30 (0.90-1.90)
Jee (1999)' b Korea Adult NA/138 Yas/na/no 1.26 (0.97-1.64)
Lash & Aschengrau (1999)% UsA Child/Adult 80/120 Yes/no/no 2.00(1.10-3.70)
Zhao (1999)* ° China NA NA/2ES No/no/no 2.49 (1.65-3.77)
Johnson (200024 Canada Child/Adult/Work 542/808 Yes/yes/yes 1.43 (1.01-2.02)
Liu (2000} China Child 129186 Yes/na/no 1.18 (0.76-1.88)
Kropp (2002)% Garmany Child/Adult/Werk 153187 Yes/nolyes 1.59 {1.06-2.389)
Lash & Aschengrau (2002) UsA Child/Adult 225/305 No/yesiyes 0.85 (0.63-1.10)
Gammon (2004)* UsA Child/Adult 443/598 Yes/no/no 1.04 (0.81-1.35)
Shrubsole (2004)%© China Adult/Work GBE/BE4 Yeslyes/no 1.05 (0.84-1.32)
Bonner (2005)% © UsA Child/Adult 457/525 Yeslyesiyes 1.19 (0.87-1.63)
Lissowska (2006 Poland Adult/Work 910/1044 Yeslyesing 1.11 (0.85-1.46)
Sagiv (2007)2 USA Child/Adult 41/50 Yes/no/no 1.16 (0.63-2.15)
Roddam (2007)™ UK Adult 122/297 Yes/yes/yes 0.89 (0.64-1.25) =
All studies with retrospective data ~4200/5696 1.21 (1.11-1.32) $
0 10 20 3.0 4.0

AChild indicates residential exposure fo passive smoke as a child; Adult indicates residential exposure to passive smoke as an adult.
Subgroup specific results were combined to obtain an overall estimate of relative risk for exposure to passive smoke.

€ Quoted in US Surgeon General Report.

Figure 3 Relative risk of breast cancer associated with any reported exposure to passive smoking in never smokers

smoke before and after the diagnosis of breast cancer
suggests that study design has a material effect on the
aggregate findings. Thus, the results from the prospec-
tive and retrospective studies are not combined.

Discussion

Among never smokers in the Million Women Study
the risk of breast cancer did not differ between
women who reported that they were passively
exposed to tobacco smoke in childhood or in adult
life and those who did not (relative risk=0.98,
0.88-1.09). Our results were similarly null when
passive exposure as a child and as an adult were
considered separately and did not vary with parity,
alcohol consumption, body mass index, age at men-
arche, age at first birth, whether or not the woman
worked, whether or not she was living with a partner,
use of oral contraceptives or use of hormone replace-
ment therapy.

Most passive exposure to tobacco smoke among
never smokers in the Million Women Study occurred
during childhood, at a time when there was relatively
little public concern about the hazards of smoking.
Most study participants were born between 1935

and 1949. At that time, and during the next 20 or
so years, the prevalence of smoking among adults of
reproductive age in the UK was high,’®> consistent
with reports by the study participants that, although
they themselves were never smokers, 81% had at least
one parent who had smoked either when they were
born or when they were 10 years old (Figure 1). Since
exposure at birth and at age 10 were closely correlated
(odds ratio 69), information about exposure at just
these two ages must be closely correlated with the
proportion of positive responses that would have been
obtained if we had asked the same question about
exposure at each separate year of age throughout
childhood and puberty.

Since relatively few smokers in the UK quit before
1970,”> women in this study whose parents smoked
both when they were born and when they were
10 years old would typically have been exposed to
their parents’” smoke throughout childhood and as
young teenagers: yet even among such women, the
relative risk of breast cancer was 0.96 (0.88-1.08).
It has been postulated that the breast may be partic-
ularly sensitive to passive exposure to tobacco during
its development and in adolescence.> However, among
women likely to have been passively exposed at
around puberty and in early adolescence, i.e. whose
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parents smoked when they were 10 years old, there
was no apparent increase in the risk of breast cancer,
either overall or in women whose menarche was
at age 12 or younger, in nulliparous women or in
women whose first birth was at age 20 or younger.

In contrast to the large proportion of Million Women
Study participants who were exposed during child-
hood, only 11% of the never smokers reported current
passive exposure at home from a partner who smoked.
This low prevalence of exposure from a partner in
recent years is consistent with the declining prevalence
of smoking among adults in the UK, accentuated
by the tendency for non-smokers to live together.>®
This decline in smoking prevalence means that some
women classified as unexposed to passive smoke as an
adult would have previously been exposed through
a partner who had once smoked, but had stopped
before exposure assessment took place. This could
result in some misclassification of adult exposure, but
would be unlikely to affect the results for exposure to
passive smoke in childhood.

There was no increase in the risk of breast cancer
among never smokers who reported that their partner
smoked, or in women exposed both in childhood and
as an adult (Figure 1). We did not ask about passive
exposure at work, but the major source of passive
exposure in non-smoking adults is exposure at home*®
(and, among those who did not work and hence could
not have additional exposure at work, the findings for
exposure in the home were also null: Figure 2).

Other problems arise when analysing exposure in
adulthood. For example, women who live alone
cannot be exposed to someone else’s second-hand
smoke at home and women who do not work cannot
be exposed to someone else’s smoke at work. Without
appropriate stratification, women who live alone or
do not work would be over-represented in the
‘unexposed’ group, and such women may well have
atypical reproductive histories and other characteris-
tics, which could affect their risk of developing breast
cancer. The Million Women Study analyses of the
effect of passive exposure to a partner’s smoke were,
therefore, restricted to women who had a partner;
likewise, in other studies analyses of the effect of
passive exposure at work should be restricted to
women who work.

A meta-analysis of the Million Women Study and
of 24 other studies that had published results on
passive smoking and breast cancer found a difference
(P=0.0002) between the aggregate results from
studies that had recorded information on passive
smoking prospectively and retrospectively, i.e. before
and after the diagnosis of breast cancer. The substan-
tially different findings, according to when the expo-
sure information was reported, are unlikely to be
due to the different statistical adjustments used in
the individual studies. In the Million Women Study,
for example, those classified as passively exposed
had slightly more children and reported consuming

slightly more alcohol than wunexposed women
(Table 1), but adjustment for these and other poten-
tial confounding factors did not materially alter the
relative risk estimate.

In studies with retrospectively reported exposure
information there could be systematic differences
in the reporting of past exposures between cases
(who know they have breast cancer) and controls,
whereas in studies with prospectively reported expo-
sure information there cannot be, as the reporting of
exposure predates any diagnosis of breast cancer. The
fact that there is a difference between the aggregate
results of studies with prospective and retrospective
data provides strong evidence that systematic report-
ing differences between cases and controls did occur
in at least some of the studies with retrospectively
reported information, distorting the aggregate results
from such studies.

There are other instances where the apparent find-
ings from observational studies depend on whether
the exposure information is recorded before or after
the diagnosis of breast cancer. For example, studies
with prospectively recorded data on the incidence
of breast cancer after an induced abortion showed
no increase in risk, whereas studies with retrospective
reporting of induced abortion gave, in aggregate, mis-
leadingly positive results.’” In this case, the discrepant
findings may have resulted from women in at least
some of the retrospective studies becoming more
likely to disclose the fact that they had had an abor-
tion because of the knowledge that they had breast
cancer. In the present meta-analysis, if the knowledge
that they had breast cancer made women in some
retrospective studies become more likely than they
would otherwise have been to report passive exposure
to tobacco smoke, this too would produce an exag-
geratedly positive association between passive smok-
ing and breast cancer.

Given that the aggregate results differ so substan-
tially between studies with prospective and retro-
spective information, and given the potential for
retrospective data to be distorted by systematic report-
ing differences between cases and controls, the aggre-
gate results from studies with retrospectively reported
information on passive exposure to tobacco smoke
cannot be trusted. This does not, of course, mean that
results from all observational studies with retro-
spectively reported information on any exposure are
untrustworthy. Systematic differences in reporting
may be of little relevance when the exposure of
interest can be measured reliably and discussed
openly: active smoking, for example, may be easier
to characterize than passive smoking.?

In the ecight studies with prospectively collected
exposure information, the aggregate relative risk of
breast cancer in never smokers who reported passive
exposure vs those who reported no such exposure
was 0.99 (95% CI 0.93-1.05), indicating no material
hazard. The findings were equally null for exposure
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as a child or as an adult (1.00, 0.94-1.07 and 1.00,
0.94-1.07, respectively). These null aggregate results
from prospective studies are what might reasonably
be expected from the fact that active smoking has
little or no net effect on the risk of developing breast
cancer.? It has been suggested that the relationship
between smoking and breast cancer may be modified
by the N-acetyltransferase 2 (NAT2) genotype,®*
but the evidence to date, based mainly on retro-
spective studies of active smoking, is inconclusive and
only three studies [20, 41, 42] have specifically
reported on the association between passive smoking
and breast cancer risk by NAT2 genotype.

Since the findings from studies with significant
results may be more likely to be written up and
published than those with non-significant results,
meta-analyses of the published literature in some
situations may yield results that are too extreme. In
the present situation, however, where a meta-analysis
of the published literature from prospective studies
has yielded a null result, there is little reason to
expect that this null finding would be systematically
altered by such ‘publication bias’. Although there may
well be other studies that have recorded passive
exposure to tobacco smoke but not yet chosen to
publish their findings for breast cancer, their probable
existence does not provide any reason to distrust the
present null findings from prospective studies.

By unduly data-dependent emphasis on particular
subgroups it is often possible to find one subgroup in
which there appears to be a hazard, even if in fact
there is no material hazard either overall or in any
subgroup. Such misinterpretation of subgroup results
could help explain the recent claim that passive
smoking appreciably increases the risk of breast
cancer in pre-menopausal women.>® The fact that
active smoking has little effect on either pre- or post-
menopausal women,' however, makes it implausible
that pre-menopausal women would be especially
sensitive to passive exposure. Indeed, in the Million
Women Study, the only noteworthy subgroup-specific
result is an apparent protective effect of passive expo-
sure in pre-menopausal women (Figure 2). While this
does not provide good evidence of a real protective
effect, it does provide prospective evidence against the
view that passive smoking increases the risk of breast
cancer in pre-menopausal women and, perhaps more
importantly, it illustrates the statistical unreliability
of such subgroup analyses. Given this unreliability,
the most appropriate emphasis is on the overall pro-
spective results, and these are null.

Measuring passive exposure to tobacco smoke
directly is not simple, but the long-term mean
exposure during childhood should be correlated with
parental smoking, and the long-term mean exposure
during middle-age should be correlated with the
partner’s smoking at one point in time (even
though the partner or the partner’s habits may have
varied and, in prospective studies, may vary after the
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information was reported). Some women do not know
if their parents smoked when they were born, but in
the Million Women Study those classified as having
unknown exposure, mostly for this reason, had risks of
breast cancer that were similar to those in exposed
and in unexposed women. In both retrospective and
prospective studies, sources of non-differential mis-
classification would tend to dilute any real effects of
passive exposure. Prospective studies, however, have
the advantage that the classification of exposure would
not be differentially influenced by the subsequent
development of breast cancer.

In conclusion, the results from prospective studies,
where the reporting of passive exposure predates the
diagnosis of breast cancer, suggest in aggregate little
or no adverse effect on the risk of breast cancer.
The published results from studies with retrospec-
tively collected information on passive exposure to
tobacco smoke appear, in aggregate, to be misleading,
perhaps because of systematic differences in reporting
between cases and controls in some studies.
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Appendix 1

Million Women Study steering committee

Joan Austoker, Emily Banks, Valerie Beral, Judith
Church, Ruth English, Jane Green, Julietta Patnick,
Richard Peto, Gillian Reeves, Martin Vessey and
Matthew Wallis.

NHS Breast Screening Centres
collaborating in the Million Women
Study (in alphabetical order)

Avon, Aylesbury, Barnsley, Basingstoke, Bedfordshire
& Hertfordshire, Cambridge & Huntingdon, Chelmsford
& Colchester, Chester, Cornwall, Crewe, Cumbria,
Doncaster, Dorset, East Berkshire, East Cheshire, East
Devon, East of Scotland, East Suffolk, East Sussex,
Gateshead, Gloucestershire, Great Yarmouth, Hereford
& Worcester, Kent (Canterbury, Rochester, Maidstone),
Kings Lynn, Leicestershire, Liverpool, Manchester,
Milton Keynes, Newcastle, North Birmingham, North
East Scotland, North Lancashire, North Middlesex,
North Nottingham, North of Scotland, North Tees,
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North Yorkshire, Nottingham, Oxford, Portsmouth,
Rotherham, Sheffield, Shropshire, Somerset, South
Birmingham, South East Scotland, South East
Staffordshire, South Derbyshire, South Essex, South
Lancashire, South West Scotland, Surrey, Warrington
Halton St Helens & Knowsley, Warwickshire Solihull
& Coventry, West Berkshire, West Devon, West London,
West Suffolk, West Sussex, Wiltshire, Winchester,
Wirral and Wycombe.

Million Women Study coordinating
centre staff

Simon Abbott, Krys Baker, Angela Balkwill, Emily
Banks, Ruanne Barnabas, Vicky Benson, Valerie Beral,
Judith Black, Anna Brown, Diana Bull, Rebecca
Cameron, Karen Canfell, Delphine Casabonne,
Barbara Crossley, Dave Ewart, Sarah Ewart, Lee
Fletcher, Toral Gathani, Laura Gerrard, Adrian
Goodill, Jane Green, Isobel Green, Elizabeth Hilton,
Joy Hooley, Sau Wan Kan, Carol Keene, Ruth Keogh,
Nicky Langston, Bette Liu, Sarit Nehushtan, Lynn
Pank, Kirstin Pirie, Gillian Reeves, Andrew Roddam,
Emma Sherman, Moya Simmonds, Elizabeth Spencer,
Richard Stevens, Helena Strange, Sian Sweetland,
Alison Timadjer, Sarah Tipper, Joanna Watson and
Stephen Williams.



