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The accumulated evidence on lung cancer and
environmental tobacco smoke
A K Hackshaw, M R Law, N J Wald

Abstract
Objective: To estimate the risk of lung cancer in
lifelong non-smokers exposed to environmental
tobacco smoke.
Design: Analysis of 37 published epidemiological
studies of the risk of lung cancer (4626 cases) in
non-smokers who did and did not live with a smoker.
The risk estimate was compared with that from linear
extrapolation of the risk in smokers using seven
studies of biochemical markers of tobacco smoke
intake.
Main outcome measure: Relative risk of lung cancer
in lifelong non-smokers according to whether the
spouse currently smoked or had never smoked.
Results: The excess risk of lung cancer was 24% (95%
confidence interval 13% to 36%) in non-smokers who
lived with a smoker (P < 0.001). Adjustment for the
effects of bias (positive and negative) and dietary
confounding had little overall effect; the adjusted
excess risk was 26% (7% to 47%). The dose-response
relation of the risk of lung cancer with both the
number of cigarettes smoked by the spouse and the
duration of exposure was significant. The excess risk
derived by linear extrapolation from that in smokers
was 19%, similar to the direct estimate of 26%.
Conclusion: The epidemiological and biochemical
evidence on exposure to environmental tobacco
smoke, with the supporting evidence of tobacco
specific carcinogens in the blood and urine of
non-smokers exposed to environmental tobacco
smoke, provides compelling confirmation that
breathing other people’s tobacco smoke is a cause of
lung cancer.

Introduction
Ten years ago scientific committees and national
organisations concluded that exposure to environmen-
tal tobacco smoke (also called passive smoking) is a
cause of lung cancer.1-4 Substantial additional evidence
has since been published, and we report a new analysis.
The additional data permit a more precise estimate of
the size of the association, with a further assessment of
whether it is cause and effect by seeking a dose-
response relation and examining whether sources of
bias and confounding could account for the associ-
ation. We also compared the direct estimate of risk
from epidemiological studies with that from a low dose
linear extrapolation of the risk in smokers using
biochemical markers of exposure to tobacco smoke.

As before,5 the estimate of effect was the relative
risk of lung cancer in lifelong non-smokers according
to whether the spouse currently smoked or had never
smoked. Spousal exposure is the best available
measure: it is well defined and has been validated using
biochemical markers.6-9 It reflects exposure in general
because non-smokers who live with smokers tend to be
more exposed to tobacco smoke from other sources,
because they are more likely to mix socially with smok-
ers.6 Workplace exposure varies considerably and is
difficult to measure.

Methods
Direct estimate of risk of lung cancer from
epidemiological studies
Studies of environmental tobacco smoke and lung
cancer were identified from Medline, the citations in
each study, and consultation with colleagues. We
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included studies comparing the risk of lung cancer in
lifelong non-smokers according to whether the spouse
(cohabitees are included in this term) currently
smoked or had never smoked. There were five cohort
and 34 case-control studies.10-48 Twenty nine studies
were in peer reviewed journals, four in books with an
ISBN number, two in peer reviewed doctoral theses,
and three in published proceedings of scientific
conferences; one study was an official report from a
scientific organisation. We excluded studies with fewer
than five cases of lung cancer (too few to calculate an
odds ratio),49 50 those that did not report separate
results in non-smokers (the proportionate effect of
exposure to environmental tobacco smoke is much
smaller in smokers),51-58 and those that did not have
controls59 or had controls with smoking related
diseases.60 We excluded studies in which the effects of
exposure to environmental tobacco smoke and radon

could not be distinguished61 and studies that were
duplicate publications of the same cases.62-69 We also
excluded three studies in which exposure from a
spouse and exposure outside the home were not
distinguished70-72 and one unpublished study that had
been submitted to the United States Occupational
Safety and Hygiene Authority73; inclusion of these four
studies would have altered the summary relative risk
estimate by less than 1%.

In 35 studies lung cancer was generally (86%) con-
firmed histologically or cytologically; in four it was not
stated how it was diagnosed.10 16 30 38 In the case-control
studies controls were selected from the general
population in 17 studies,14 19 22-43 47 69 and from patients
with non-smoking-related diseases in 17 stud-
ies.1 12 13 15 17 18 20 21 27 29 30 33 34 41 42 44 45 Age in years was
generally the same in cases and controls; the age
adjusted estimate was used in three studies in which it

Table 1 Epidemiological studies of the risk of lung cancer in lifelong non-smokers whose spouses smoked relative to the risk in
those whose spouses did not smoke

Study Year, country

Women Men

Lung
cancer
cases Controls

Relative risk (95%
confidence interval)

Lung
cancer
cases Controls

Relative risk (95%
confidence interval)

Case-control sudies

Chan et al11 1982, Hong Kong 84 139 0.75 (0.43 to 1.30)

Correa et al12 1983, USA 22 133 2.07 (0.81 to 5.25) 8 180 1.97 (0.38 to 0.32)

Trichopolous et al13 1983, Greece 62 190 2.13 (1.19 to 3.83)

Buffler et al14 1984, USA 41 196 0.80 (0.34 to 1.90) 11 90 0.51 (0.14 to 1.79)

Kabat et al15 1984, USA 24 25 0.79 (0.25 to 2.45) 12 12 1.00 (0.10 to 5.07)

Lam17 1985, Hong Kong 60 144 2.01 (1.09 to 3.72)

Garfinkel et al18 1985, USA 134 402 1.23 (0.81 to 1.87)

Wu et al19 1985, USA 29 62 1.20 (0.50 to 3.30)

Akiba et al20 1986, Japan 94 270 1.52 (0.87 to 2.63) 19 110 2.10 (0.51 to 8.61)

Lee et al21 1986, UK 32 66 1.03 (0.41 to 2.55) 15 30 1.31 (0.38 to 4.52)

Koo et al22 1987, Hong Kong 86 136 1.55 (0.90 to 2.67)

Pershagen et al23 1987, Sweden 70 294 1.03 (0.61 to 1.74)

Humble et al24 1987, USA 20 162 2.34 (0.81 to 6.75)

Lam et al25 1987, Hong Kong 199 335 1.65 (1.16 to 2.35)

Gao et al26 1987, China 246 375 1.19 (0.82 to 1.73)

Brownson et al27 1987, USA 19 47 1.52 (0.39 to 5.96)

Geng et al28 1988, China 54 93 2.16 (1.08 to 4.29)

Shimizu et al29 1988, Japan 90 163 1.08 (0.64 to 1.82)

Inoue et al30 1988, Japan 22 47 2.55 (0.74 to 8.78)

Kalandidi et al33 1990, Greece 90 116 1.62 (0.90 to 2.91)

Sobue34 1990, Japan 144 731 1.06 (0.74 to 1.52)

Wu-Williams et al35 1990, China 417 602 0.79 (0.62 to 1.02)

Liu et al37 1991, China 54 202 0.74 (0.32 to 1.69)

Jockel38 1991, Germany 23 45 2.27 (0.75 to 6.82) 9 70 2.68 (0.58 to 12.36)

Brownson et al39 1992, USA 431 1166 0.97 (0.78 to 1.21)

Stockwell et al40 1992, USA 210 301 1.60 (0.80 to 3.00)

Du et al41 1993, China 75 128 1.19 (0.66 to 2.13)

Liu et al40 1993, China 38 69 1.66 (0.73 to 3.78)

Fontham et al43 1994, USA 651 1253 1.26 (1.04 to 1.54)

Kabat et al44 1995, USA 67 173 1.10 (0.62 to 1.96) 39 98 1.63 (0.69 to 3.85)

Zaridze et al45 1995, Russia 162 285 1.66 (1.12 to 2.45)

Sun et al46 1996, China 230 230 1.16 (0.80 to 1.69)

Wang et al47 1996, China 135 135 1.11 (0.67 to 1.84)

Cohort studies

Garfinkel10 1981, USA 153 176586 1.18 (0.90 to 1.54)

Hirayama16 1984, Japan 200 91340 1.45 (1.02 to 2.08) 64 20225 2.25 (1.06 to 4.76)

Butler31 1988, USA 8 9199 2.02 (0.48 to 8.56)

Cardenas et al48 1997, USA 150 192084 1.20 (0.80 to 1.60) 97 96445 1.00 (0.60 to 1.80)

All studies (37 studies of women, 9 studies of men)*

1981-97 4626 477924 1.24 (1.13 to 1.36)
(P<0.001)

274 117260 1.34 (0.97 to 1.84)
(P=0.07)

*In addition, there were two studies which gave results only for men and women combined: Hole et al,32 (7 lung cancer cases) relative risk 2.14 (95% confidence
interval 0.45 to 12.83); Janerich et al,36 (188 lung cancer cases), relative risk 0.75 (0.48 to 1.18).

Papers

981BMJ VOLUME 315 18 OCTOBER 1997



was not.30 40 69 We used odds ratios unadjusted for
potential confounding factors except in four studies, in
which only adjusted estimates were available.19 30 40 69

For the cohort studies we used the published age
adjusted relative risks (and 95% confidence interval).
The relative risk estimates from the studies were
pooled using the method of DerSimonian and
Laird,74 75 which allows for heterogeneity between stud-
ies by weighting each study using the within and
between study variance. If there is no heterogeneity,
weighting is by the inverse of the variance (fixed
effects).

Indirect estimate of risk by extrapolation from the
risk in smokers
We estimated the risk of lung cancer in non-smokers
exposed to environmental tobacco smoke by extrapo-
lating from the risk in smokers, using the urine or
saliva concentrations of cotinine and nicotine (both
sufficiently tobacco specific) in each. A weighted
average ratio was calculated from all such studies, iden-
tified using Medline.

Results
Table 1 shows details of the 39 (five cohort and 34
case-control) studies. Seven showed a significant excess
risk. The pooled relative risk of lung cancer from the
37 studies on women was 1.24 (95% confidence inter-
val 1.13 to 1.36) (P < 0.001)—a 24% excess risk among
lifelong non-smokers with spouses who smoked. Inclu-
sion of the nine studies of men and the two reporting
only on men and women combined made little differ-
ence (pooled relative risk 1.23 (1.13 to 1.34)).

Heterogeneity
Table 2 shows that relative risk estimates of lung cancer
and exposure to environmental tobacco smoke did not
significantly differ between men and women (P = 0.31),
between geographical regions (P = 0.26), with year of
publication (P = 0.16), or between cohort and case-

control studies (P = 0.53). There was heterogeneity
across the studies of women (P = 0.10), the studies from
China and Hong Kong (P = 0.01), the studies
published between 1986 and 1990 (P = 0.05), and the
case-control studies (P = 0.06), but this was entirely due
to the inclusion of one study.35 When this study was
excluded there was no evidence of heterogeneity
(P > 0.20). Its effect on the pooled relative risk estimate
was negligible (1.24 with it, 1.26 without it). This study
suggested an implausible protective effect from
exposure to environmental tobacco smoke (relative
risk 0.79 (0.62 to 1.02)). The authors commented that,
in their study, the effect of environmental tobacco
smoke was probably obscured by another cause of lung
cancer, indoor cooking using open coal fires with little
ventilation.35

The following results are based only on the 37
studies of women and exposure from their husbands
(cohabitants again included) because most of the cases
of lung cancer (91%) and most of the data necessary to
quantify the effects of bias and confounding were in
women.

Figure 1 is a cumulative plot of the pooled relative
risk of lung cancer and exposure to environmental
tobacco smoke in non-smokers from all studies
available each year up to 1997. It shows that the addi-
tion of further studies over time has not materially
changed the estimate, so our current estimate of 1.24 is
robust.

Dose-response relation
Data on the dose-response relation between the
number of cigarettes smoked by the husband and the
risk of lung cancer was reported in 16 stud-
ies.10 13 16 18 20 22 24 25 28 30 33 41 42 44 47 48 Figure 2(a) shows
data from one such study28 with a significant trend. For
each study a linear regression analysis was performed

Table 2 Relative risk of lung cancer and exposure to environmental tobacco smoke in
the 39 epidemiological studies according to sex, geographical region, year of
publication, and study design

No of
studies

No of lung
cancer cases

Pooled relative risk (95% confidence
interval)

By sex:

Women 37 4626 1.24 (1.13 to 1.36)

Men 9 274 1.34 (0.97 to 1.84)

Both* 39 5095 1.23 (1.13 to 1.34)

By geographical region†:

USA 14 1959 1.17 (1.05 to 1.31)

Europe‡ 6 439 1.53 (1.21 to 1.94)

Japan 5 550 1.28 (1.04 to 1.57)

China and Hong Kong§ 12 1678 1.22 (0.99 to 1.50)

By year of publication†:

1981-5 10 809 1.29 (1.06 to 1.58)

1986-90 15 1591 1.28 (1.07 to 1.54)

1991-7 12 2226 1.19 (1.06 to 1.33)

By study design†:

Case-control 33 4115 1.24 (1.12 to 1.38)

Cohort 4 511 1.27 (1.05 to 1.53)

*Including the two studies of men and women combined.32 36

†Studies of women only.
‡United Kingdom, Sweden, Greece, Russia.
§Excluding Wu-Williams et al,35 the pooled estimate was 1.30 (95% confidence interval 1.09 to 1.56).
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1.24
(1.13 to 1.36)

Fig 1 Cumulative pooled estimate of relative risk (bars show 95%
confidence interval) of lung cancer from studies of women who were
lifelong non-smokers living with a smoker compared with those
living with a non-smoker. (Number of studies on which each pooled
estimate is based is shown to right of figure)
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between the relative risk (in logarithms) and the
number of cigarettes smoked by the husband. The
summary estimate (allowing for the within and
between study variation74 76) shows a significant
dose-response relation. Risk increases by 23% (14% to
32%) for every 10 cigarettes smoked per day by the
husband (88% if he smoked 30).

Eleven studies14 20 24 26 28 33 40 41 43 47 48 examined risk
according to the number of years a woman lived with a
smoker. Figure 2(b) shows the results from one such
study.28 The summary estimate showed a significant
increase in risk with increasing duration of exposure.
Risk increases by 11% (4% to 17%) for every 10 years
of exposure (35% for 30 years’ exposure). These results
were not dependent on constraining the regression
line through the relative risk of 1.0 by the inclusion of
women with spouses who did not smoke.

Histological type
Several studies reported on the histological type of
lung cancer. The pooled relative risk was 1.58 (1.14 to
2.19) for squamous and small cell carci-
noma13 18 22 23 25 33 39 40 43 77 and 1.25 (1.07 to 1.46) for
adenocarcinoma alone.17-19 27 33 39 40 43 Smoking itself is
more strongly related to squamous and small cell car-
cinoma than adenocarcinoma, so this difference,
though not significant (P = 0.2), is consistent with the
view that exposure to environmental tobacco smoke is
equivalent to low dose smoking.

Biases and confounding in epidemiological studies
The excess risk of lung cancer in non-smokers who live
with smokers has been claimed to be entirely attribut-
able to bias.77 We quantified two sources of bias and one
source of confounding that may affect the relative risk
of lung cancer in the studies.

Misclassification bias
Some current or former smokers may say that they are
lifelong non-smokers and so be misclassified in the
studies. Because of their smoking status, they are more
likely to develop lung cancer, and because smokers
tend to live with smokers this particular bias will over-
estimate the true risk of lung cancer.5

Misclassification bias increases with increasing
values of four determinants: the prevalence of reported
smoking among women; the extent to which women
who smoke are more likely to have a husband who
smokes (aggregation ratio); the proportion of women
who had ever smoked who report themselves to be
lifelong non-smokers; and the risk of lung cancer in
misclassified ever smokers. The four determinants were
estimated as follows:

Smoking prevalence was specified in individual stud-
ies; if it was not we used national data.

Aggregation ratio—Estimates of the aggregation ratio
generally lie between 2 and 4.5 14 20 32 78-86 We used an
estimate of 3.

The proportion of ever smokers misclassified as never
smokers was derived by adding two separate estimates
of misclassified current and former smokers. The first is
the proportion of all ever smokers who are current
smokers misclassified as never smokers, which is 3.1%
and is estimated as follows. Of reported non-smokers,
2.0% are likely to be current smokers from nicotine or
cotinine concentrations (table 3). Of British women,
53% report that they are never smokers, 21% that they
are former smokers, and 26% that they are current
smokers.90 Hence, 1.48% of all women are current
smokers who report being never or former smokers
(2.0% × (53% + 21%)); these are 3.1% of all ever smok-
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b) Years spent with smoker

a) No of cigarettes smoked

Fig 2 Dose-response relation between the relative risk (95%
confidence interval) of lung cancer and (a) the number of cigarettes
smoked daily by the spouse and (b) the number of years living with
a spouse who smokes. (Data from study of Geng et al28)

Table 3 Cotinine and nicotine concentrations in reported non-smokers (never smoked
and former smokers) as markers of probable current smoking

Study Marker
No of reported
non-smokers

No (%) of non-smokers with high
concentrations*

Feyerabend et al87 Urinary nicotine 56 0 (0)

Wald et al6 Urinary cotinine 221 2 (0.9)

Pojer et al88 Plasma cotinine 181 6 (3.3)

Haddow et al89 Serum cotinine 232 3 (1.3)

Lee85 Salivary cotinine 808 20 (2.5)

Thompson et al7 Urinary cotinine 184 2 (1.1)

All 1682 33 (2.0)

*>10% of median or mean concentration in active smokers.
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ers (1.48%/(21% + 26%)). The second is the
proportion of all ever smokers who are former smok-
ers misclassified as never smokers, which is 3.8% and is
estimated from responses to surveys on smoking by
the same people on two separate occasions as follows.
In one study of 1296 never smokers, 851 former smok-
ers, and 1127 current smokers, 102 of the smokers
claimed to be never smokers at a subsequent interview
some years later.91 Therefore, 5.1% (102/(851 + 1127))
of ever smokers were former smokers who reported
themselves as never smokers. In another study of simi-
lar size the estimate was 2.5%92; the average of these
two estimates is 3.8%. The proportion of all ever smok-
ers in Great Britain who are misclassified as never
smokers is, therefore, about 7% (3.1% + 3.8%).

The relative risk of lung cancer in misclassified ever
smokers was obtained separately for misclassified
current and former smokers. Women who currently
smoke but report themselves as never smokers tend to
be light smokers; the cotinine concentrations in
misclassified women in table 3 were about 30% of the
mean or median concentration in reported active
smokers. Their risk of lung cancer will be correspond-
ingly low. The relative risk in women is 12 on average,93

an 11-fold excess risk, so the excess risk in these women
is 3.3 (30% × 11), and the relative risk is 4.3. Former
smokers reporting to be never smokers are likely to
have given up smoking long ago and to have smoked
less than continuing smokers.77 Most gave up at least 10
years previously (N Britten, personal communication),
and even if they smoked 20 cigarettes a day their risk of
lung cancer would only be about 1.5.93 The estimated
overall relative risk for misclassified current and former
smokers together is therefore 3.0 (average of 4.3 and
1.5, weighted by the proportions of current (26%) and
former (21%) smokers90).

These estimates of the determinants of misclassifi-
cation bias are similar to those obtained in the previous
analysis,5 despite the additional data now available;
they are therefore likely to be robust. The relative risk
estimates from each of the 37 studies were adjusted for
misclassification bias; the method, a modification of
that used before,5 is described in the appendix. Table 4
shows estimates of the overall adjusted relative risk
estimate according to various combinations of the
determinants of misclassification bias. Implausibly high
values are required to reduce the observed relative risk
of 1.24 to a value that is not significant. With the most

likely values (listed above), the observed relative risk in
the 37 studies of 1.24 (1.13 to 1.36) is reduced to 1.18
(1.06 to 1.30) (P < 0.001).

Bias due to exposure to environmental tobacco smoke in
reference group
In the epidemiological studies the reference group—
non-smoking women living with non-smokers—was
taken to have no exposure and no increase in risk.
Some of these women would have been exposed to
environmental tobacco smoke from other sources. The
average urinary cotinine in non-smokers with a
non-smoking spouse is not zero,6-9 yet nicotine from
tobacco smoke is, for practical purposes, the only
source of cotinine. This increase in risk in the reference
group will dilute (reduce) the relative risk estimate.

This can be corrected by using data on urinary
cotinine concentrations.5 In four studies urinary
cotinine concentration in non-smokers living with
smokers was, on average, three times that in
non-smokers living with non-smokers.6-9 If x is the
excess risk of lung cancer in non-smokers living with a
non-smoker, then 3x is the excess risk in non-smokers
living with a smoker. The observed relative risk (1.24) is
equal to (1 + 3x)/(1 + x), so x = 0.14. The risk in
non-smokers living with a smoker relative to
non-smokers with no exposure to environmental
tobacco smoke (urinary cotinine zero) is thus
1 + 3x = 1.42 (1.21 to 1.66).

Dietary confounding
In nine studies of women who had never
smoked,29 33 94-100 low fruit and vegetable consumption
was associated with a higher risk of lung cancer,
suggesting that nutrients in fruit and vegetables may
protect against lung cancer. Smokers eat less of these
foods than do non-smokers,101-104 and non-smokers
who live with smokers eat less of them than do
non-smokers who live with non-smokers.48 105-108 Part
of their excess lung cancer risk could, therefore, arise
through dietary confounding.

Most of the studies did not record data on diet, and
we estimated its confounding effect indirectly. From a
pooled regression analysis of the studies of fruit and
vegetable consumption and lung cancer in non-
smoking women, the relative risk associated with a
decrease in consumption of one standard deviation
was 1.20 (this corresponds to a relative risk of 1.5 in the
quarter of the population with the lowest consumption
compared with the quarter with the highest). The
difference in the consumption of fruit and vegetables
between non-smokers who do and do not live with
smokers was estimated in three studies (about 185 000
non-smokers in total)48 104 108; the largest difference was
− 0.12 standard deviations. The relative risk of lung
cancer corresponding to this difference is 1.02 (antilog
(log 1.20 × 0.12)). Of the overall 24% excess risk of lung
cancer in non-smokers exposed to environmental
tobacco smoke, only 2% is accounted for by dietary dif-
ferences. The estimated relative risk due to exposure to
environmental tobacco smoke allowing for confound-
ing is thus 1.21 (1.24/1.02). The eight epidemiological
studies of exposure to environmental tobacco smoke
and the risk of lung cancer that directly recorded data
on diet confirmed the negligible effect of dietary
confounding.33 43 48 65 98 100 109

Table 4 Sensitivity analysis of the effect of misclassification bias: relative risk (95%
confidence interval) of lung cancer and exposure to environmental tobacco smoke in
the epidemiological studies after adjusting for misclassification of smokers (past or
present) as never smoking. (With no misclassification, relative risk is 1.24 (1.13 to
1.36))

Aggregation
ratio*

% of ever
smokers

misclassified as
never smokers

Relative risk of lung cancer in misclassified ever smokers

2 3 4

3 5 1.22 (1.11 to 1.34) 1.20 (1.08 to 1.32) 1.17 (1.06 to 1.30)

3 7 1.21 (1.10 to 1.33) 1.18 (1.06 to 1.30)† 1.14 (1.02 to 1.27)

3 9 1.20 (1.09 to 1.32) 1.15 (1.04 to 1.29) 1.11 (0.99 to 1.25)

4 5 1.21 (1.10 to 1.33) 1.19 (1.07 to 1.31) 1.16 (1.04 to 1.28)

4 7 1.20 (1.09 to 1.33) 1.16 (1.05 to 1.29) 1.12 (1.00 to 1.25)

4 9 1.19 (1.08 to 1.31) 1.13 (1.02 to 1.27) 1.08 (0.95 to 1.22)

*Aggregation ratio of 3, for example, means that a woman is 3 times more likely to smoke if her spouse
smokes than if he does not.
†Estimate for Britain.

Papers

984 BMJ VOLUME 315 18 OCTOBER 1997



Overall estimate of risk of lung cancer
Adjustment of the observed relative risk of 1.24 (1.13
to 1.36) for misclassification bias reduced it to 1.18
(1.07 to 1.31); adjustment for dietary confounding fur-
ther reduced it to 1.16 (1.04 to 1.27), but adjustment for
exposure to environmental tobacco smoke in the
reference group increased it to 1.26 (1.06 to 1.47). The
effects tend to cancel, and the unadjusted (observed)
pooled relative risk is a valid estimate of the true risk.

Indirect estimate of risk of lung cancer by
extrapolation from the risk in smokers
The relative risk of lung cancer in men who currently
smoke compared with never smokers is about 20
(excess risk 19).93 110 (The lower risk in women reflects
fewer years of smoking, but they have been exposed to
environmental tobacco smoke from men for longer.)
The relation between the intake of tobacco smoke and
the risk of lung cancer is quadratic, but it is almost lin-
ear up to about 25 cigarettes a day.111 It is, therefore,
possible to estimate the risk due to exposure to
environmental tobacco smoke by linear extrapolation.

Table 5 summarises the results of seven studies
measuring the urine or saliva concentration of nicotine
and cotinine. In non-smokers exposed to environmen-
tal tobacco smoke, marker concentrations are about
1.0% of those in smokers. As cotinine and nicotine are
tobacco specific, non-smokers exposed to environmen-
tal tobacco smoke have about 1% of the exposure to
tobacco smoke of smokers and therefore 1% of the
excess risk of lung cancer—19% (1% of 19). This is
similar to the estimate of 20% from a low dose
extrapolation based on an analysis of pooled data from
nine large cohort studies of the risk of lung cancer
according to cigarette consumption.116 The indirect
(19%) and direct (26%) estimates of excess risk are
similar.

Discussion
Carcinogens in environmental tobacco smoke are
inhaled and pass into the blood. Experimental

exposure of non-smokers to tobacco smoke increased
the urinary concentration of a tobacco specific
carcinogen,117 and non-smokers exposed to environ-
mental tobacco smoke have raised blood concentra-
tions of tobacco specific carcinogen adducts—for
example, DNA and haemoglobin adducts.118-121 It is
therefore to be expected that exposure to environmen-
tal tobacco smoke causes cancer.

This analysis compared with the previous one5 uses
three times as many studies (37 v 13), with seven times
as many cases of lung cancer (4626 v 676). The pooled
estimate of the excess risk (24%) is more precise (95%
confidence interval 13% to 36%). Despite additional
data on the two sources of bias, the previous estimates
of their size did not materially change, and are
therefore robust.5 Bias and confounding do not
explain the effect, and the adjusted estimate of the
excess risk was 26%. The finding of a significant dose-

Table 5 Estimates of concentrations of nicotine and cotinine in urine and saliva of non-smokers, whether or not exposed to
environmental tobacco smoke (ETS), and of smokers

Study

Non-smokers

Smokers Concentration in non-smokers exposed to
smoke as percentage of concentration in

smokers

Not exposed to ETS Exposed to ETS*

No of
subjects

Mean
concentration

No
ofsubjects

Mean
concentration

No of
subjects

Mean
concentration

Nicotine in urine (ng/ml)

Feyerabend et al87 26 7.5 30 21.5 82 1227.0 1.8

Jarvis et al112 46 3.9 54 12.1 94 1749.9 0.7

Nicotine in saliva (ng/ml)

Feyerabend et al87 26 5.9 30 10.0 82 502.9 2.0

Jarvis et al112 46 3.8 54 5.3 94 672.5 0.8

Cotinine in urine (ng/ml)

Jarvis et al112 46 1.6 54 7.6 94 1391.0 0.5

Wald et al113 22 3.0 199 14.1 131 2005.6 0.7

Cummings et al114 162 6.2 501 9.5 130 1254.0 0.8

Thompson et al7 158 11.0 26 28.0 49 1691.0 1.7

Willers et al9 42 2.3 14 6.2 39 2600.0 0.2

Cotinine in saliva (ng/ml)

Jarvis et al112 46 0.7 54 2.5 94 309.9 0.8

Jarvis et al115 89 0.3 299 0.7 306 129.9 0.6

All studies 1.0†

*People who reported exposure to environmental tobacco smoke from their spouse and outside their home.
†Weighted average of the ratios by the number of non-smokers exposed to environmental tobacco smoke plus the number of smokers.

Key messages

x A woman who has never smoked has an
estimated 24% greater risk of lung cancer if she
lives with a smoker

x Neither bias nor confounding accounted for the
association

x There is a dose-response relation between a
non-smoker’s risk of lung cancer and the
number of cigarettes and years of exposure to
the smoker

x The increased risk was consistent with that
expected from extrapolation of the risk in
smokers using biochemical markers

x Tobacco specific carcinogens are found in the
blood and urine of non-smokers exposed to
environmental tobacco smoke

x All the available evidence confirms that
exposure to environmental tobacco smoke
causes lung cancer
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response relation between the risk of lung cancer and
the extent of exposure to environmental tobacco
smoke adds weight to the evidence that the association
between exposure and lung cancer is causal.

There was no evidence of publication bias against
negative studies. Seven studies found a significant
(P < 0.05) positive result. If there were no association,
the probability of such a result arising by chance is 1 in
40, so a total of 280 studies (7 × 40) would be required
to generate the seven significant ones. It is implausible
that there should be as many as 241 unpublished stud-
ies to 39 published ones.

The similarity of the direct estimate of lung cancer
due to environmental tobacco smoke and the indirect
estimate from extrapolating from the risk in smokers,
the evidence of a dose-response relation, the inability
of bias or confounding to explain the association, and
the presence of tobacco specific carcinogens in the
blood and urine of non-smokers lead to an inescapable
conclusion that exposure to environmental tobacco
smoke is a cause of lung cancer. The estimated excess
risk of 26% corresponds to several hundred deaths per
year in Great Britain. Our review corroborates and
strengthens earlier conclusions that environmental
tobacco smoke causes lung cancer.

Appendix
Adjustment for misclassification bias
The method used to adjust for misclassification bias
was that previously used5 with two modifications
(P Lee, personal communication, 1986). The
proportion of true ever smokers misclassified as never
smokers was used; previously it was applied to
reported ever smokers, and the risk of lung cancer in
misclassified smokers was expressed relative to that in
all reported non-smokers; previously it was relative to
true non-smokers married to non-smokers. The differ-
ence in results is minor. In the previous analysis5 the
relative risk adjusted for misclassification was 1.30; with
the modification, the estimate was 1.28.

The method involves first obtaining estimates of
the proportions of individuals in a population accord-
ing to the reported and true smoking statuses of
husbands and wives (table A1). The values S1, S2, N1,
N2, s1, s2, n1, and n2 can be estimated using (a) the
aggregation ratio C = (S1 × N2)/(S2 × N1) (our best esti-
mate was C = 3) and (b) the proportion of true female
ever smokers misclassified as never smokers (D), where
S1 = (1 − D) × s1 and S2 = (1 − D) × s2, (our best estimate
was D = 7%).

Table A2 shows the proportion of women who are
reported non-smokers according to their true smoking
status and their risk of lung cancer. The observed rela-
tive risk from each study (RRobs) and the relative risk in
smoking women who are misclassified as non-smokers
compared with all reported non-smokers (RRmis) are
known (see box).

The equations for RRobs and RRmis simplify to two
simultaneous equations from which the values of E1

and E2 can be calculated. 1 + E1 is then the relative risk
of lung cancer due to exposure to environmental
tobacco smoke in true non-smoking women. The
standard error of the adjusted relative risk was
obtained by adjusting the upper 95% confidence limit
for the observed (unadjusted) relative risk in the same
way as described above. The adjusted relative risks were
then pooled as before.25
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A memorable patient
The father of the chapel

In the bad old days of heavy visiting I inherited this old couple
from my senior partner. I was never sure of my role, except that I
visited monthly. She was a short, fat, unpleasant woman, and he
was gaunt and craggy, and very deaf. So deaf that he used an ear
trumpet, despite my extolling the virtues of the then new NHS
hearing aids. The household was made up with their 60 plus year
old son and a small aggressive dog, which was the only beast that
nipped me in some 38 years.

One day, I got a call to visit Dad, aged 92, as he had chest pain.
I got there quickly, just before lunch time. Sure enough, he’d had
a myocardial infarct and I discussed the management with his
son. To be aggressive or not? To admit to hospital or not? We
decided on a small dose of morphine, and I would revisit in a
couple of hours which I did.

I made another visit on my way to the surgery, and by this time
he was not improving, but he was not in pain either. On my way
home from the surgery, he was sinking; his son wished to keep
him at home, and his wife complained of a tight chest pain
herself. The son confirmed that he wanted his father to stay at
home and expressed satisfaction that his father was in no pain
and comfortable in his own bed.

Father died at 10 pm and Mother died at 11 pm.
Father’s obituary in the Manchester Evening News was

fulsome—nine column inches all about “our oldest retired
compositor” and “our oldest father of the chapel.” “Sixty five
wonderful years married,” and so on.

His son later confided that it was typical of his mother that she
would not even let her husband take centre stage on his
deathbed. She was, in his words, “a horror,” and his Dad used his
ear trumpet so that he could remove it and have some peace.

The couple died in 1970 and their son died in 1976. He never
married and had no children.

Stanley Goodman, general practitioner, Manchester

We welcome filler articles up to 600 words on topics such as
A memorable patient, A paper that changed my practice, My most
unfortunate mistake, or any other piece conveying instruction,
pathos, or humour. If possible the article should be supplied on a
disk. Permission is needed from a patient or a relative if an
identifiable patient is referred to.
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