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Abstract

Background: Second-hand smoke (SHS) is not an established risk factor for breast can-

cer. We examined exposure to SHS from parents during childhood and breast-cancer

risk overall and by oestrogen- and progesterone-receptor status in the Norwegian

Women and Cancer Study. Furthermore, we utilized our nationally representative

prospective cohort study to estimate the fraction of breast cancer attributable to parental

SHS during childhood.

Methods: We followed 45 923 never-smoking women, aged 34–70 years, who completed

a baseline questionnaire between 1991 and 2007 through linkages to national registries

through December 2018. We used Cox proportional-hazards models to estimate age-

adjusted hazard ratios (HRs) and 95% confidence intervals (CIs). We estimated the attrib-

utable and the population attributable fraction of breast cancer with 95% CIs.

Results: During a mean follow-up of 19.8 (6.8) years, 2185 women developed invasive

breast cancer, confirmed by histology. Women exposed to SHS from parents during

childhood had an 11% higher (95% CI: 1.02–1.22) risk of breast cancer compared with

those who were not. No difference was found for oestrogen (P heterogeneity¼ 0.31) and

progesterone (P heterogeneity¼0.95) receptor status. For women exposed, the attributable

fraction was 10.3% (95% CI: 1.8–18.0), whereas the population attributable fraction of

breast cancer was 7.0% (95% CI: 1.0–13.0).

Conclusions: Our results suggest that 1 in 14 breast-cancer cases could have

been avoided in the absence of SHS exposure from parents during childhood in a

population of never-smoking women. The cancer burden attributable to SHS may be

underestimated.
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Introduction

Globally, female breast cancer is now the most commonly

diagnosed cancer with an estimated 2.3 million new cases

(11.7%) in 2020.1 In Norway, the breast-cancer incidence

rate has doubled from 1959 to 2018.2 During the last cen-

tury, the prevalence of daily smoking peaked for

Norwegian men during the late 1950s. Among women, the

peak was lower and occurred 20 years later.3 In 1973,

1990 and 2018, the proportion of daily smokers were for

men 52%, 37% and 12%, respectively. For women, the

corresponding figures were 32%, 33% and 11%.4

Worldwide, �25% of men and 5% of women were

daily smokers in 2015.5 In most countries, an estimated

15–50% of the population is exposed to second-hand

smoke (SHS) (i.e. passive or environmental tobacco

smoke), whereas in some countries, SHS exposure affects

as much as 70% of the population.6

Whereas active smoking is an emerging risk factor for

breast cancer, the evidence is more inconsistent for expo-

sure to SHS and risk of breast cancer.7–11 Two reviews12,13

and two meta-analyses,14,15 published subsequently to the

four expert reports,7–10 note that the evidence has in-

creased for a moderately higher breast-cancer risk caused

by exposure to SHS.

We have previously reported that women who were

ever-smokers or never-smokers exposed to SHS both had a

higher risk of breast cancer compared with those not

exposed.16

As pointed out by Jha,17 the full effects of smoking can

take �50 years to measure in individuals and �100 years

to measure in a population. We wanted to examine SHS

exposure from parents during childhood in a population of

never-smokers and the risk of breast cancer overall, and by

oestrogen- and progesterone-receptor statuses. We also

wanted to estimate the fraction of breast cancer attribut-

able to this exposure among those exposed and in the pop-

ulation of never-smoking women.

Methods

Study design and participants

The Norwegian Women and Cancer Study cohort profile

has been previously described in detail.18,19 Briefly, the

Central Population Register selected a random sample of

women according to year of birth. Subsequently, an invita-

tion to participate in the study, with a baseline question-

naire and a pre-stamped return envelope enclosed, was

mailed to each woman. The National Data Inspectorate

and the Regional Committee for Medical and Health

Research Ethics approved the study. All women gave in-

formed consent.

Women who completed a questionnaire during three

waves of data collection, namely 1991–1992, 1996–1997

and 2003–2007 (n¼ 172 478), were the baseline popula-

tion. The overall response rate was 52.7%. We excluded

women with prevalent cancer (n¼ 6666), who had emi-

grated (8), who died before start of follow-up (11), who

were born after 1957 (n¼ 3169), who had missing infor-

mation or were ever-smokers (n¼ 107 083) or had missing

information on exposure to SHS from parents during child-

hood (n¼ 9602). Altogether, 8542 women with breast

Key Messages

• Worldwide, <10% of women are daily smokers, whereas a high proportion are exposed to second-hand smoke (SHS)

(i.e. passive or environmental tobacco smoke) during childhood.

• Our main finding suggests that 1 in 14 breast-cancer cases could have been avoided in the absence of SHS exposure

from parents during childhood in a population of never-smoking women.

• The burden of breast cancer attributable to SHS exposure from parents estimated in the present study supports the

notion that breast-cancer research and prevention efforts should have a lifetime approach.

• Public health agencies that have not recognized SHS as an established risk factor for breast cancer should reconsider

the available evidence and update their conclusions.

• The World Health Organization Framework Convention on Tobacco Control, Article 8, protection from exposure to

tobacco smoke, should be fully implemented and enforced globally.
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cancer were excluded in this process. The analytical cohort

comprised the 45 923 remaining women.

Data collection

The baseline questionnaires elicited information about

years of education, current height and weight for the calcu-

lation of body mass index (BMI, kg/m2), reproductive and

lifestyle factors. Most questionnaires asked about exposure

to SHS during childhood, although in two slightly different

versions: ‘Did any of the adults smoke at home when you

were a child?’ (yes, no). If, yes, ‘Mother, father, both,

others’; or ‘Did any of your parents smoke at home when

you were a child?’ (yes, no). If yes, ‘How many cigarettes

did they smoke per day in total?’ Questions about the in-

tensity of SHS exposure (number of cigarettes smoked by

the parents) were only asked in a few questionnaires and

not considered in this analysis. Almost half of the women

were asked at enrolment about current SHS exposure at

home from a partner. We dichotomized the women as ex-

posed to SHS by parents during childhood or not. The lat-

ter group is the reference group throughout the paper.

We followed the women through linkages to the Cancer

Registry of Norway and the Norwegian Central

Population Register to identify all cancer cases, emigra-

tions and deaths, respectively, using the unique national

11-digit personal identification number. We classified

breast-cancer cases according to the organ site code (C50)

in the International Classification of Diseases, Tenth

Revision, and according to oestrogen and progesterone tu-

mour-receptor-status categories [ER-positive (ERþ), ER-

negative (ER–), PRþ, PR–] based on information from the

registry. We calculated person-years from the start of

follow-up to the date of any incident cancer diagnosis (ex-

cept basal cell carcinoma), emigration, death or the end of

follow-up (31 December 2018), whichever came first.

Statistical analysis

We calculated percentages (%) or means with standard devia-

tion (6 SD) for the distribution of selected characteristics of

the study population. We estimated crude breast-cancer inci-

dence rates overall and according to the SHS-exposure group,

by dividing the number of cases by the total number of

person-years. We then age-adjusted the rates to the world

standard population (http://seer.cancer.gov/stdpopulations/).

We used the Cox proportional-hazards regression model

with age as the underlying timescale to estimate age-adjusted

hazard ratios (HRs) and 95% confidence intervals (CIs) for

the association between exposure to SHS from parents during

childhood and risk of breast cancer overall, and according to

oestrogen and progesterone hormone-receptor statuses.

Subsequently, we performed competing risk analysis using

cause-specific hazard models for time to hormone-receptor-

status breast-cancer outcomes, with censoring at diagnosis for

any breast-cancer cases with a receptor status other than that

being considered.20–22 The receptor-status outcomes consid-

ered were ERþ and ER–, PRþ and PR–, and the four combi-

nations. Cases with missing information on ER status

(n¼ 374), PR status (n¼ 433) or both (n¼ 10) were excluded

from the corresponding analyses. Heterogeneity in risk by

SHS between the tumour hormone-receptor-status categories

was assessed using a Wald test.

We examined whether each of the following selected

covariates of birth cohort, education level, age at menar-

che, a combination of age at first birth and parity, BMI,

physical activity, alcohol consumption or menopausal sta-

tus changed the HR estimate by >5%. None of them did.

We present age-adjusted HR estimates throughout the

paper. Using the Wald test, we tested for heterogeneity in

the SHS—breast cancer association by eight [birth cohort

(<1950, �1950), education (<13, �13), age at menarche

(<12, �12), parous (yes, no), BMI (<25 kg/m2, �25 kg/

m2), physical-activity score (<4, �4), alcohol consumption

(yes, no) all at enrolment, and menopausal status (pre,

post), changing to postmenopausal status during follow-up

with available information or at age 51 years, whichever

came first] selected factors. The proportional-hazards as-

sumption was tested using Schoenfeld residuals and was

found to hold.23,24 We performed one sensitivity analysis

restricted to never-smokers with information on both SHS

exposures, and another that included the entire cohort of

ever- and never-smokers. In both, the estimates for SHS ex-

posure during childhood and risk of breast cancer stayed

materially the same (data not shown).

We estimated the attributable fraction (AF) and the

population attributable fraction (PAF) to indicate the pro-

portion of the breast-cancer cases that could have been

avoided in women exposed and in never-smokers in the ab-

sence of SHS exposure during childhood. We used the for-

mula PAF ¼ Pe�ðRRe�1Þ
Pe�RReþð1�PeÞ, where the notation Pe is the

proportion of persons in the population exposed to the risk

factor and RRe is the relative risk in the exposed compared

with the unexposed group (World Health Organization,

2012). We calculated two-sided 95% CIs for the AFs and

PAFs using the PUNAF Stata module.25 We performed the

analyses using STATA version 16.0 (Stata Corp, College

Statistics, TX, USA).

Results

At enrolment, the mean age of the never-smokers was

49.8 years. Altogether, 66.0% (n¼ 30 471) reported having

been exposed to SHS from parents during childhood.
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During 911 085 person-years of observation (mean follow-

up time was 19.0 years), we ascertained 2185 incident cases

of primary invasive breast cancer, confirmed by histology.

The age-standardized incidence rate for breast cancer was

234.5—overall, 243.2—for those exposed and 217.4 per

100 000 person-years for those not exposed.

Table 1 shows that women who reported exposure to SHS

from parents during childhood were younger at enrolment, at

breast-cancer diagnosis, at menarche, at menopause and at

first childbirth; they were less educated; and more were con-

suming alcohol and had a higher average alcohol consump-

tion compared with those not exposed (Table 1).

Women exposed to SHS from parents during childhood

had an 11% higher (95% CI: 1.02–1.22) risk of breast cancer

compared with those not exposed. Table 2 shows that the

age-adjusted HRs for ERþ tumours was 17% higher (95%

CI: 1.05–1.30), for PRþ tumours 10% higher (95% CI:

1.02–1.20), for ER– tumours 8% lower (95% CI: 0.70–1.20)

and for PR– tumours 16% (95% CI: 0.96–1.40) higher com-

pared with the corresponding reference group. No difference

was found for oestrogen (Pheterogeneity¼ 0.31) and progester-

one (Pheterogeneity¼ 0.95)-receptor status (Table 2).

Similar results were found for the combination of posi-

tive and negative hormone-receptor statuses [ERþ/PRþ

Table 1. Selected characteristics of never-smokers at enrolment, overall and by exposure to second-hand smoke by parents dur-

ing childhood, the Norwegian Women and Cancer Study, 1991–2018 (n¼ 45 923)

Characteristics Never-smokers Second-hand smoke exposure P-valuea

Total No Yes

n¼45 923 n¼15 452 n¼30 471

Age at enrolment (s.d.) 49.8 (8.4) 50.4 (8.7) 49.5 (8.3) 0.00

Age at diagnosis (s.d.) 61.6 (8.5) 62.2 (8.6) 61.3 (8.4) 0.03

Person-years of follow-up (s.d.) 19.8 (6.8) 19.9 (6.7) 19.8 (6.9) 0.03

Primary invasive breast cancers (n) 2185 692 1493 0.05

Family history of breast cancer (%) 5.6 1.8 3.7 0.81

Education �13 years (%) 49.7 51.7 48.7 0.00

Age at menarche (years) (s.d.) 13.3 (1.4) 13.3 (1.4) 13.3 (1.4) 0.00

Postmenopausal (%) 50.5 52.2 49.7 0.00

Age at menopause (s.d.) 49.2 (4.7) 49.4 (4.5) 49.1 (4.7) 0.00

Parous women (%) 90 89 90 0.00

Number of children (s.d.) 2.3 (1.3) 2.4 (1.4) 2.26 (1.2) 0.00

Age at first childbirth (s.d.) 24.7 (4.3) 25.1 (4.3j) 24.6 (4.3) 0.00

Body mass index (kg/m2) (s.d.) 24.4 (4.0) 24.2 (3.8) 24.4 (4.0) 0.00

Physical-activity scoreb (s.d.) 5.8 (1.8) 5.8 (1.8) 5.7 (1.9) 0.01

Teetotallers (%) 18.2 26.0 14.2 0.00

Alcohol consumptionc (g/day) (s.d.) 2.5 (3.9) 2.0 (3.9) 2.8 (4.0) 0.00

aT-test or chi-square test for differences between SHS exposure from parents or not.
bPhysical-activity score in 10 categories (recreational and work-related).
cAmong drinkers.

s.d., standard deviation.

Table 2. Age-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for ERþ, ER–, PRþ, PR– breast-cancer cases

(n¼2175)a according to second-hand smoke (SHS) exposure from parents during childhood, the Norwegian Women and

Cancer Study, 1991–2018

SHS

exposure

ER-positive ER-negative Pheterogeneity
b PR-positive PR-negative Pheterogeneity

b

(n¼1580) (n¼231) (n¼1232) (n¼520)

Cases HR Cases HR Cases HR Cases HR

(95% CI) (95% CI) (95% CI) (95% CI)

No 487 1.00 (ref) 84 1.00 (ref) 384 1.00 (ref) 161 1.00 (ref)

Yes 1093 1.17 147 0.92 0.31 848 1.10 359 1.16 0.95

(1.05–1.30) (0.70–1.20) (1.02–1.20) (0.96–1.40)

aAfter excluding 10 cases with missing data on both ER and PR status.
bP for heterogeneity between receptor status in a competing risk model.
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tumours 10% higher (95% CI: 1.01–1.20), ERþ/PR–

tumours 7% higher (95% CI: 0.98–1.18), ER–/PRþ
tumours 11% higher (95% CI: 1.02–1.22) and ER–/PR–

tumours 13% higher (95% CI: 1.03–1.24) compared with

the corresponding reference group].

Table 3 shows that the age-adjusted HR estimates for

breast cancer overall did not differ according to the eight

selected variables (Table 3). The AF of breast cancer was

10.3% (95% CI: 1.8–18.0) in the women exposed to SHS

from parents during childhood and the PAF of breast

Table 3. Age-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) by exposure to second-hand smoke (SHS) from

parents during childhood according to selected characteristics, the Norwegian Women and Cancer Study, 1991–2018 (n¼ 45 923)

Characteristics SHS Number Age-adjusted Pheterogeneity
b

exposure of cases HR (95% CI)

(n¼2185)a

Year of birth (n¼2185)

<1950 No 439 1.00 (Ref.)

Yes 888 1.12 (0.99–1.25)

�1950 No 253 1.00 (Ref.)

Yes 605 1.11 (0.96–1.28) 0.94

Education(n¼2113)a

<13 years No 312 1.00 (Ref.)

Yes 735 1.18 (1.03–1.34)

�13 years No 364 1.00 (Ref.)

Yes 702 1.06 (0.93–1.19) 0.25

Age at menarche (n¼2152)a

<12 years No 48 1.00 (Ref.)

Yes 130 1.18 (0.85–1.64)

�12 years No 639 1.00 (Ref.)

Yes 1335 1.10 (1.00–1.21) 0.70

Parity (n¼2185)

Nulliparous No 106 1.00 (Ref.)

Yes 182 1.04 (0.82–1.32)

Parous No 586 1.00 (Ref.)

Yes 1311 1.13 (1.03–1.25) 0.49

Body mass indexb,d (n¼2147)

<25 kg/m2 No 456 1.00 (Ref.)

Yes 964 1.12 (1.06–1.26)

�25 kg/m2 No 232 1.00 (Ref.)

Yes 495 1.10 (0.95–1.28) 0.83

Physical-activity scorea,c(n¼2029)

<4 No 60 1.00 (Ref.)

Yes 163 1.26 (0.94–1.69)

�4 No 580 1.00 (Ref.)

Yes 1226 1.10 (1.00–1.21) 0.39

Alcohol consumptiona (n¼2092)

Non-drinkers No 160 1.00 (Ref.)

Yes 203 1.17 (0.96–1.44)

Drinkers No 497 1.00 (Ref.)

Yes 1232 1.09 (0.98–1.21) 0.51

Menopausal statusa,d (n¼1939)

Premenopausal No 360 1.00 (Ref.)

Yes 763 1.04 (0.92–1.18)

Postmenopausal No 260 1.00 (Ref.)

Yes 556 1.22 (1.05–1.41) 0.12

aSome totals are <2185 due to missing numbers.
bWald test for heterogeneity.
cPhysical-activity score in 10 categories (recreational and work-related)—Low PA <4.
dChanging to postmenopausal status during follow-up with available information or at age 51 years, whichever came first.
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cancer was 7.0% (95% CI: 1.0–13.0) in the population of

never-smokers.

Discussion

To our knowledge, our study is the first to estimate the

fraction of breast cancer in never-smokers attributable to

exposure to SHS from parents during childhood.

Compared with those not exposed, we observe a higher

breast-cancer risk for women exposed. This higher risk

seems to be of a similar magnitude for the different tumour

hormone-receptor types. Also, the magnitude of the higher

breast-cancer risk was consistent when we stratified by

eight selected variables. Finally, we estimated that in

women exposed, 1 in 10 and, in the population of never-

smokers, 1 in 14 breast-cancer cases could have been

avoided in the absence of SHS from parents during child-

hood. These numbers are of a magnitude that can explain

some of the global increase in breast-cancer incidence.

In our 2016 report, the majority (65%) of women were

ever-smokers. We estimated that the fraction of breast can-

cer in Norway attributable to ever-smoking was 12%,

whereas it was 3% for any SHS exposure.16 In the present

study, the majority (66%) of never-smokers were exposed

to SHS during childhood. The present results show that the

fraction of breast cancer attributable to SHS exposure

from parents during childhood in the population of never-

smoking women was of the same magnitude as ever-smok-

ing was in the entire Norwegian female population.

Among the seven cohort studies,26–32 with >500 breast-

cancer cases among never-smokers and information on pa-

rental SHS exposure during childhood, only one showed a

higher risk of breast cancer. This was revealed for exposure

in utero (16%) and during childhood/adolescence from

birth to 18 years (17%). This report from the Sister cohort

study conducted in the USA and Puerto Rico did not find

an association with either active or adult SHS exposure

and breast-cancer risk. All analyses concerning SHS expo-

sures were restricted to never-smoking women.32 In the

present study, we used a dichotomous response to the

question of childhood SHS exposure without defining

childhood. Nevertheless, our results are similar to those

from the Sister study, which had detailed questions related

to the timing and duration of SHS exposure. However,

these responses were dichotomized into two (definitely/

probably ‘yes’ and definitely/probably ‘no’) exposure

categories.32

The reports within the UK Million Women Study26 and

the US California Teachers study27 included only never-

smokers. The UK report26 asked about exposure from

parents at 0 and 10 years, whereas the US report asked

about the duration and intensity of SHS exposure before

age 20 years.27 The report from the Women’s Health

Initiative Observational Study of postmenopausal women

also asked about the duration of SHS exposure from

parents during childhood (<18 years old).29

All but two27,29 of the cohort studies ended up with di-

chotomous categories for SHS exposure during child-

hood26,28,32 or for any SHS exposure16,30,31 in the main

analyses.

For the cohorts that gave information on SHS exposure

during childhood in never-smokers, compared with our

study, the proportion was lower in two28,29 and higher in

three.26,27,32

Results from 13 cohort studies16,28,30,31,33–41 suggest

that women smoking actively before the breast tissue is

fully matured may be especially susceptible for developing

breast cancer. Nine of these studies33–41 did not have infor-

mation on SHS. Most likely, the results are attenuated

since women exposed to SHS are included in the reference

groups. This is supported by four other cohort studies16,30–

32 in which the association between active smoking and

breast-cancer risk became stronger when women exposed

to SHS were excluded from the respective reference

groups.

In 2008, Johnson and Glantz noted that the evidence

from epidemiological studies on SHS and risk of premeno-

pausal breast cancer was in 2005 stronger than that for

SHS and lung cancer in 1986.42 In their 2014 update, the

two authors conclude that both active and passive smoking

increase the risk of breast cancer.12 When Macacu et al., in

their meta-analyses, included only the 11 cohort studies,

women exposed to SHS had a 7% higher risk of breast can-

cer overall compared with those who were not.14 In an up-

date of a review on the association between breast cancer

and the environment, the authors note that even though

women exposed to SHS receive a much lower dose of carci-

nogens than active smokers do, both exposures seem to in-

crease breast-cancer risk by about the same amount.13

Another meta-analyses found that SHS may increase the

overall risk of cancer for never-smokers, and particularly

the risk for breast cancer.15

One major strength of this study is that we have a high

number of incident breast-cancer cases with known SHS

exposure from parents during childhood in a population of

never-smokers. This allowed us to focus on the breast-can-

cer risk among never-active-smoking women, which

describes most women globally. Another strength is that

we were able to estimate the burden of breast cancer based

on individual exposure data and not on country preva-

lence. Also, the study population is representative of the

Norwegian middle-aged female population, according to

both smoking exposure43,44 and breast-cancer incidence,19
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and reflects known smoking patterns3 and breast-cancer

incidences for Norwegian women.2

We consider it a strength that we were able to address

four (exposure at an early age/before first pregnancy, the

extent to which the use of alcohol confounds the associa-

tion, the risk according to menopausal status and the risk

according to oestrogen hormone-receptor status) of the

seven research questions on smoking and breast-cancer

risk listed in the Surgeon General’s report10 and that the

association between SHS exposure and breast-cancer risk

was materially the same.

Furthermore, we have virtually complete follow-ups

through the National Population-based registries. Since

our youngest enrolment age was 35 years, it is unlikely that

the women have started to smoke during follow-up, as

very few women initiate smoking after this age.33,45

The main limitation of the present study is the lack of

detailed information, as calendar time, duration and inten-

sity, regarding the SHS exposure from parents. Moreover,

we had information on current SHS exposure from spouses

at enrolment for fewer than half of the women. We decided

to include them in the reference group, which may have at-

tenuated our results. Furthermore, we did not define what

we meant by ‘childhood’ in our questionnaires. There may

be some residual confounding due to the examined factors

or to other factors that we did not measure.

Biological plausibility

The previously cited expert reports7–10 have described the

biologic mechanisms by which cigarette smoke may be a

cause of breast cancer. There is an agreement that these

mechanisms provide plausibility to the causal nature of a

smoking exposure–breast cancer association.7–10 As em-

phasized by Colditz et al.46 in 2014 and underscored in the

2020 World Cancer Report,11 the key message in breast-

cancer research and prevention efforts is a lifetime

approach.

The women in our study were born between 1927 and

1957. The youngest women in our cohort were teenagers

in the 1970s—a decade with no general concern about pos-

sible negative health effects from SHS exposure. In 2005,

the WHO Framework Convention on Tobacco Control en-

tered into force.47 As of 2018, overall 91% (n¼ 165) of all

parties had implemented some measures to protect people

from tobacco smoke (Article 8). However, most countries

had not banned smoking in private homes or private

vehicles when children are present.48

In conclusion, we observe that in a population of never-

smoking women, those exposed to SHS from parents dur-

ing childhood had a higher risk of breast cancer than those

who were not. Our results suggest that in women exposed,

1 in 10 and, in the population of never-smokers, 1 in 14

breast-cancer cases could have been avoided in the absence

of SHS from parents during childhood. We note that the

global cancer burden due to SHS may be underestimated.
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