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Abstract There is no direct evidence that workplace
environmental tobacco smoke (ETS) increases lung
cancer risk. Demands for regulation of workplace
smoking are based on studies reporting increased risk
in non-smoking women whose husbands smoke. Al-
though denying smoking can artificially elevate risk
estimates, and although many studies reporting an in-
crease have been conducted in Asia, no previous study
of smoking habit misclassification has been conducted
there. In this study 400 married Japanese women an-
swered questions on smoking and ETS exposure and
supplied urine for cotinine analysis. Of 106 with
a cotinine/creatinine ratio (CCR) indicating current
smoking ( > 100 ng/mg), 22 reported never smoking.
These misclassified smokers had a median CCR
(1408 ng/mg) similar to the 78 self-reported current
smokers (1483 ng/mg). Of current smokers, 89.7% had
a currently smoking husband, while this was true of
51.0% of non-smokers. Among 264 confirmed non-
smokers (with CCR < 100 ng/mg), CCR was non-sig-
nificantly lower if the husband smoked (11.51 vs
17.98 ng/mg) and was unrelated to various indices of
smoking by the husband. Japanese epidemiological
studies using “marriage to a smoker” to index ETS
exposure may therefore have compared groups with
similar ETS exposure, suggesting that associations re-
ported between lung cancer and this index in some of
these studies may result from bias. While other biases,
including confounding, may also be important, bias
resulting from smoking misclassification combined
with husband/wife smoking concordance is shown to
be of major concern. The high misclassification rates in
Japan, much higher than in Western populations,
undermine conclusions from epidemiological studies
conducted there.
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Introduction

In the early 1980s Hirayama [10-12] reported that risk
of lung cancer among self-reported lifelong non-smok-
ing women was significantly, 1.45, times higher if the
husband had ever smoked than if he had never smoked.
Since then, more than 30 studies, about half conducted
in Asian populations, have investigated a possible rela-
tionship of lung cancer to cnvironmental tobacco
smoke (ETS) exposure using “marriage to a smoker” as
an index of ETS exposure [18,31]. While only a few of
the studies have reported a statistically significant rela-
tionship, most have reported relative risks in excess of
1, though generally below 2. This had led some re-
viewers [e.g. 22,31,33-35], though not all [e.g. 5, 18],
to claim a causal link between risk of lung cancer and
exposure to ETS, and there have been recent moves
in some countries, e.g. by the US Occupational Safety
and Health Administration [32]. to regulate workplace
smoking,

It is interesting to note that there is no direct evi-
dence that ETS exposure in the workplace causes lung
cancer. LeVois and Layard [16] recently reviewed evi-
dence from 14 epidemiological studies demonstrating
no excess lung cancer rate in non-smokers working
with a smoker. Based on 12 of these studies (two re-
ported no association, but did not cite a relative risk),
they estimated a summary relative risk of 1.01, with
a 95% confidence interval of 0.92-1.11. This finding is
consistent with the conclusion that “marriage to
a smoker” is the only index of ETS exposure associated
with lung cancer risk; the overall evidence does not
suggest any increase associated with childhood or so-
cial exposure either [17, 18].

Why are the results of workplace and spousal studies
of ETS and lung cancer inconsistent? Some studies
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[e.g. 24] have indicated that “marriage to a smoker”
may be associated, on average, with a greater increase
in actual ETS exposure that is “working with
a smoker”. However, even if this were true for all
populations, it would hardly seem to explain the ob-
served complete lack of association of lung cancer risk
with “working with a smoker”. An alternative explana-
tion may be that relative risk estimates based on the
index “marriage to a smoker” are particularly prone to
bias. This paper describes the results of a study inves-
tigating one specific form of bias, that due to smoking
habit misclassification.

Because smokers tend to marry smokers, random
misclassification of some smokers as non-smokers will
cause an apparent increase in risk of lung cancer in
self-reported non-smokers married to smokers even if
no true effect of ETS exposure exists [17]. Smoking
habit misclassification bias is less likely to affect studies
of workplace ETS exposure, because there is not the
same tendency for smokers to work with smokers.
Earlier, I concluded that such misclassification bias can
largely explain the weak association between lung can-
cer and spousal smoking reported in European and
American women [19]. Since fewer Asian women
smoke, and since active smoking tends to be more
weakly associated with lung cancer in Asian than in
Western populations, I showed {17] that misclassifica-
tion rates needed to be much higher than in the West
for this bias to be important in Asian studies. Theoret-
ically social pressure against smoking by women in
Japan and other Asian countries might increase mis-
classification. However, although further studies relat-
ing lung cancer to “marriage to a smoker” have been
conducted in Japan [1, 13, 14, 26, 28], there are no
published reports of misclassification rates specific to
that country. Results from the IARC multi-country
cotinine study [24], which in any case concerned only
non-smokers, have not been reported separately for
Japan. The first objective of the study, therefore, was to
investigate the extent to which Japanese women
smokers misclassify themselves as non-smokers on in-
terview, in an attempt to determine the likely magni-
tude of bias from this source in lung cancer studies
conducted in Japan using “marriage to a smoker” as an
index of ETS exposure.

Shortly after Hirayama [10] reported the findings
from his large Japanese prospective study, Garfinkel
[9] reported a much weaker, statistically non-signifi-
cant, association between lung cancer risk and “mar-
riage to a smoker” based on a large US prospective
study. Hirayama [11] suggested husband’s smoking
may correlate better with ETS exposure in Japan,
where homes are smaller [25] and women less fre-
quently have jobs outside the home. This suggestion
can be questioned because of the possibility that Ja-
panese men spend less time at home than their United
States counterparts and because the IARC multi-
country cotinine study did not support this hypothesis

[24]. Furthermore, a stronger association between lui
cancer and “marriage to a smoker” has not been consi
tently demonstrated in Japan [18]. Nevertheless, tli
second objective was to validate “marriage
a smoker” as an index of ETS exposure in lifelon
non-smoking Japanese women by comparing levels
cotinine according to husband’s smoking habits.

Materials and methods

Organisation

In order to carry out the objectives it was necessary to recr
expertise from Japan. Dr. E. Yano of Teikyo University assisted
the translation of the questionnaire, the design of the samplix
regime, and the training of the interview staff from the Tokyo-bas:
market research company Emu Efu. Dr. Yano also organised t3
collection of samples from the field.

Sampling

The study involved 400 married female subjects, 200 from the dens’
ly populated city of Osaka and 200 from the more rural town 1
Shizoka. The subjects were selected semi-randomly, with quot!
assigned by district within the target areas to provide a reprcsemg
tive mix by socio-economic conditions and by age (range 20-
years). Most subjects were identified through door-to-door canvasl
ing during the early evening when they could be expected to be
home. The subjects were told the study was to identify life-sty|
factors common to women in their area. Those who agreed 1
participate (response rate 33%) were questioned for on averag
20 min on their own and their husband’s smoking habits, on the
exposure to ETS from various sources, and on a variety of life-sty
and dietary issues. The subjects then supplied approximately 50 n
urine, which was immediately frozen and transported to Teiky
University, where all samples were stored at — 20°C. As incentive
to participate, the subjects were offered a token gift and informatio
concerning the sugar and protein content of their urine.

Cotinine estimation

Cotinine was measured in each urine sample by an enzyme linked
immunoassay (ELISA). The assay was performed according t
a modified version [4] of the method of Bjercke et al. [3]. A
samples were presented to the laboratory blind for an initial scree
After the cotinine concentrations had been estimated. the sampl
were re-run in triplicate against the appropriate calibration range
Fifty samples were randomly selected and cross-checked again
a gas chromatographic (GC) method. Correlation between the tw
methods was ELISA = 1.07GC — 0974 (R = 0.93). The limit a
detection (LOD) represents the minimum response which can
distinguished from a response of four replicates of the zero standara
assayed on the same plate, by a one-tail students ¢ test (P < 0.05
and was found to be 5.6 ng/mi using the ELISA procedure.

Statistical analysis

Results are expressed as cotinine/creatinine ratios, counting zero fof
subjects with a cotinine less than the LOD. Because of the zeros an
the skewness of the distribution, medians rather than mean level ar
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usually presented. Standard statistical methods were used to test for
the significance of differences of proportions. For continuous vari-
ables, rank tests stratified for age as appropriate were uscd [8].

Resuits
Exclusions

One subject with an inadequately completed question-
naire and three who provided insufficient urine for
creatinine determination were excluded, leaving data
on 396 women.

Self-reported smoking habits

According to self-report, 78 (19.7%) were current
smokers, 32 (8.1%) ex-smokers and 286 (72.2%) life-
long non-smokers. Ever smokers were significantly
(P < 0.001) younger (mean age 36.7) than lifelong non-
smokers (mean age 42.7).

Socio-demographic characteristics

Table 1 shows the distribution of various socio-demo-
graphic characteristics by city and self-reported smok-
ing habits. Annual income, the number of rooms in the
house and the likelihood of working in the previous
week were all significantly (P < 0.05) higher in never
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smokers and in residents of Shizoka. Numbers of
people living at home were also significantly higher on
average in Shizoka than in Osaka.

Concordance between smoking habits of husband
and wife

There was a strong relationship between the smoking
habits of husband and wife. The percentage of women
reporting having a husband who currently smoked was
89.7% for current smokers, 59.4% for ex-smokers and
51.0% for lifelong non-smokers. Among lifelong
non-smokers, age was not associated with husband’s
smoking,

Detection of misclassified smokers

Table 2 shows the distribution of CCR by self-reported
smoking status. CCR and cotinine levels were about
100 times higher (P < 0.001) among current smokers
than among non-smokers. Creatinine levels were slight-
ly but not significantly higher in smokers. No value
clearly discriminates occasional smokers from subjects
heavily exposed to ETS, but it seems reasonable from
our results to follow the precedent set by IARC [24]
and use a cut-off of 100 ng/mg CCR to distinguish
misclassified current smokers. Using this cut-off point
a total of 28 women who claimed on interview to be

Table 1 Socio-demographic

distribution of the sampte (%) by Osaka Shizoka
city and self-reported smoking
status Never Ever Never Ever
smoked smoked Total smoked smoked  Total
Subjects 136 60 196 150 50 200
Age (years)
22-34 15 48 25 15 40 22
35-44 49 37 45 41 42 42
45 55 36 15 30 43 18 37
Annual income (mn yen)*
-500 27 52 36 27 28 27
500-900 51 37 46 53 38 49
900 + 22 11 18 20 34 24
Worked in preceding week 53 58 55 62 74 65
People living in residence®
-3 29 35 31 28 14 25
4 47 38 44 37 54 32
5 19 25 21 15 16 15
6 + 5 2 4 20 16 19
Rooms in house :
-3 29 63 39 21 28 23
4or5 44 28 39 51 40 48
6 + 27 8 21 28 32 29

* Numbers of subjects reporting data on income were. respectively, 95, 54, 149, 130, 47 and 177
® One Osaka never smoker did not answer the question on people living in residence
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Table 2 CCR (ng/mg) by sclf-
reported smoking status Self-reported smoking status

Non-smoker  Never smoker® Ex-smoker Current sm

Number of subjects (%)
CCR (ng/mg)
Ob

84 (26.4) 78 (27.3) 6 (18.8) 1(1.3)
2 29 (9.1 23 (8.0} 6 (18.8) 1{(1.3)
10- 95 (29.9) 86 (30.1) 9 (28.1) 2 (2.6)
25~ 64 (20.1) 61 (21.3) 394 1(L.3)
50— 18 (5.7) 16 (5.6) 2 (6.3) 3(38)
100~ 3 (0.9) 3410y 0 (0.0 4 (5.1)
250~ 2 {0.6) 1(0.3) 1310 9 (11.5)
500~ 6(1.9) 4 (1.4) 2 (6.3) 9{11.5)
1000~ 9 (2.8) 3 (2.8) 1 (31 18 {23.1)
2000- g (2.5) 6 (2.1) 2 (63) 30 (38.51
Total 318 (100.0) 286 (100.0) 32 (100.0) 78 (100.
Median CCR (ng/mg) 17.4 17.4 13.6 1482.8
Median cotinine (ng/ml) 14.3 14.0 16.5 1681.3
Median creatinine (ng/ml) 091 0.91 1.06 1.05

> CCR for the 22 never smokers above 100 ng/mg were 102, 106, 193,416, 511, 633, 848, 888, 1052, 1
1177, 1639, 1689, 1737, 1773, 1803, 2069, 2504, 2865. 2923, 3045 and 3946 ng/mg
* Subjects with cotinine < 5.6 ng/mi were assigned a zero CCR

non-smokers (22 lifelong non-smokers and 6 ex- Table3 CCR (ng/mg) by husband’s smoking?
smokers) were considered smokers. Using a 50 ng/mg

cut-off, 46 were. Index ofA . Level No.‘ of Median C
husband’s smoking subjects (ng/mg)
g/ Mg
) ) Current smoker No 127 17.98b-c
Lack of association of CCR with husband’s smoking Yes 137 11.51%¢
in lifelong non-smoking women Cigarettes smoked daily
(workdays) 1-15 34 13.86
After excluding misclassified current smokers (with 16-20 53 10.40
21 + 50 15.24

a CCR > 100 ng/mg) there were 264 confirmed lifelong
non-smokers. CCR was non-significantly lower if the Cigarettes smoked daily

husband smoked and was not significantly associated (hohidays) 1-15 50 16.40
with any index of husband’s smoking (Table 3). This ;?-io gg 13'8?
conclusion was unaffected by using means (rather than ) ’
medians). Assuming nicotine-based indices are ad- Cigarettes smoked daily 1-5 o 10.93
equate markers and our study population is relevant, home (workdays) l?‘io ;g lg"gg
the findings suggest that the association between lung ) ‘ '
cancer and husband’s smoking reported in some [1, 10, ~Cigarettes smoked daily - 1-10 as 7.83
. at home (holidays) 11-20 62 1111
137, though not all [14, 26, 28], Japanese studies was N+ 2 1279

not due to ETS exposure. Data relevant to one major
potential source of bias, smoking misclassification, are  * Among lifelong non-smokers excluding those with a CCR

now considered. ng/mg
® Means were 19.26 and 16.49 ng/mg. For cotinine, median

14.00 and 12.50 ng/m! and means were 16.97 and 14.39 ng/
. ) . . ¢ 95% confidence intervals 15.64-2212 ng/mg and 7.99
Higher misclassification rates than seen ng/mg for current smoker no and yes respectively

in Western populations

The study provided no data on accuracy of statements
made about past smoking and it is possible therefore, in self-reported ex-smokers than in self-reportes
that an unknown proportion of self-reported lifelong long non-smokers. Whether expressed as a propa
non-smokers smoked in the past. It did, however, pro- of current smokers or as a proportion of lifelon%
vide data on accuracy of statements made about cur- smokers, misclassification rates in this study wer

rent smoking. Table 4 presents such data for three much higher than reported in the literature, wh

cut-off points based on CCR. As reported elsewhere comes from Western populations. For exampl}
[17]. misclassified smokers were found more frequently  estimate of 8.8% for the percentage of non-smj
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with CCR above 100 ng/mg compares with 1.9% in the
JIARC study [24], and with an estimate of 1.9% (range
0.0%-2.7%) based on ten Western studies for the per-
centage with cotinine levels consistent with current
regular smoking [17]. The estimate of 26.4% for the
percentage of current smokers who deny current smok-
ing (using a 100 ng/mg cut-off) can be compared with
an estimate of 3.2% based on data for nine Western
studies (range 0.0%—-0.4%) [17]. Similarly, the estimate
of 20.8% for current smokers claiming to be lifelong
non-smokers is very much higher than an estimate of
2.2% from the Western studies.

Table 4 Misclassification of current smoking status

Index Cut-off % (n/N)
point*
Percent of self-reported non-smokers 50 ng/mg 14.5 (46/318)
who are above cut-point 100 ng/mg 8.8 (28/318)
and assumed to be current smokers 250 ng/mg 7.9 (25/318)
Percent of self-reported life-long 50 ng/mg 13.3 (38/286)
non-smokers assumed to 100 ng/mg 7.7 (22/286)
be current smokers 250 ng/mg 6.6 (19/286)
Percent of self-reported ex-smokers 50 ng/mg 25.0 (8/32)
assumed to be current 100 ng/mg 188 (6/32)
smokers 250 ng/mg 18.8 (6/32)
Percent of current smokers® 50 ng/mg 371 (46/124)
who deny current smoking 100 ng/mg  26.4 (28/106)
250 ng/mg  24.3 (25/103)
Percent of current smokers® 50 ng/mg 30.6 (38/124)
who deny current smoking and 100 ng/mg 20.8 (22/106)
report being lifelong never smokers 250 ng/mg 18.4 (15/103)

* Based on CCR

® For this calculation current smokers include self-reported current
smokers and also those who denied current smoking but had a CCR
above the cut-off point

291
CCR and amount smoked

As shown in Table 5, CCR rose markedly with amount
smoked by current smokers (trend P < 0.001).

CCR and other indices of ETS exposure
in non-smokers

Table 5 presents further results relating CCR to various
questionnaire indices of ETS exposure among con-
firmed non-smokers {(with a CCR < 100 ng/mg). CCR
was not associated with the number of cigarettes smoked
at home per day and was not increased in those women
who had worked in the previous week. Although there
was some tendency (trend P < 0.05) for CCR levels to
increase in relation to the number of cigarettes smoked
close to the subject at work per day, the general pattern
of the results in Tables 3 and 5 does not show any
convincing evidence of a relationship of CCR to ques-
tionnaire indices of ETS exposure. Thus, CCR was no
lower in women reporting no ETS exposure than in
those reporting any ETS exposure (see Table 4).

CCR and diet
CCR was not associated with recent consumption of

tomatoes or aubergines, two dietary sources of nicotine
(results not shown).

Discussion

In our study. a major finding was that, among
self-reported lifelong non-smokers with a CCR

Table 5 Vanation in CCR

(ng/mg) by amount smoked No. of Median CCR
and various indices of ETS Base Index of exposure Level subjects {ng/mg)
exposure ;
Self-reported Cigarettes per day 1-5 1 259
current smokers 6-10 20 1018
11-15 21 1433
16+ 26 2647
Confirmed* Cigarettes smoked 0 134 17.64
non-smokers at home per day 1-10- 115 10.04
11-20 19 14.07
Cigarettes smoked 0 62 9.86
close to subject 1-10 67 16.14
at work per day® 1+ 41 18.13
Working in No 122 16.72
preceding week Yes 168 14.49
Any exposure® No 55 17.56
Yes 235 14.74

® Self-reported non-smokers with CCR < 100 ng/mg

® Excluding women who did not report working

¢ Women count as exposed if husband current smoker, any smoking by other household members, any
cigarettes smoked close by in previous 48 h, or any workplace exposure to ETS
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< 100 ng/mg, “marriage to a smoker” was not asso-
ciated with an increased CCR. Indeed, those non-
smokers with husbands who smoked tended to have
rather lower values than those whose husbands did not
smoke. The failure to find an association is unlikely to
be due to inadequate chemical methods, since the tech-
niques used [3, 4] should be sensitive enough for the
purposes of this study. In an earlier Japanese study
[21] an increased CCR was rcported in relation to
number of smokers in the home, but the mean CCR
value cited in non-smokers, 680 ng/mg, was im-
plausibly high compared with the literature, suggesting
weaknesses in their chemical methods and/or failure to
exclude, as in this study, women who clearly are
smokers from the analysis. Since many husbands may
spend relatively little time with their wives and many
women work and are exposed to ETS outside the
home, the lack of association between CCR and “mar-
riage to a smoker” is perhaps not entirely surprising. If
this 1s not a phenomenon of recent history—which
seems unlikely, but cannot be formally tested-then
Japanese epidemiological studies relating marriage to
a smoker to risk of lung cancer have compared groups
with approximately equivalent exposure to ETS. If so,
then presumably the increased relative risks reported in
some of these studies must be due to factors other than
ETS exposure.

One possible explanation of the reported increased
relative risks is misclassification of current smoking
status. This study clearly demonstrated, as has often
been predicted but never properly tested previously,
a very much higher misclassification rate of smokers as
non-smokers among Japanese women than has been
reported in Western women. Probably this is because
smoking by women is not considered socially accept-
able in Japan. This study also showed, as reported in
numerous populations {17], a strong concordance be-
tween husbands’ and wives’ smoking habits. The ques-
tion arises as to the extent of bias to the relationship
between lung cancer and spouse smoking that is likely
to result from this high rate of misclassification of
active smoking status.

In this study 22 women claimed to be lifelong non-
smokers but had a CCR above 100 ng/mg. These mis-
classified women can be considered to have the lung
cancer risk of typical current smokers, since their me-
dian CCR was 1408 ng/mg, very similar to that of the
78 self-reported current smokers, 1483 ng/mg. First
bias estimations follow precedent [17,22,34,35] in as-
suming that misclassification of current smoking is
independent of the smoking habits of the spouse. Since
74, 1.e. 94.9%. of the 78 self-reported current smokers
were married to a husband who had ever smoked, this
assumption implies that 94.9%, ic. 20.87, of the 22
misclassified women would have been, thus forming
10.2% of the 205 self-reported lifelong non-smokers
married to an ever smoking husband. Similarly, 1.13 of
the misclassified women would have been married to

a never smoking husband, forming 1.4% of the 81
self-reported lifelong non-smokers married to a hus-
band who had never smoked. Further assuming there
are no true effects of spouse smoking on lung cancer
risk and that current smoking increases risk by a factor
of 5, one can then readily calculate that one would
actually observe that spouse smoking increases risk by
a factor of 1.33. This passive smoking bias of 1.33
would only be decreased slightly, to 1.29, by increasing
the cut-point to 250 ng/mg. Reducing it to 50 ng/mg
would increase the bias but only marginally as the risk
in women with a CCR of 50-100 ng/mg would be low.
Increasing the assumed current smoking risk to 10
would increase the bias to 1.70, while reducing it to
3 would decrease it to 1.17. Using (as some lung cancer
studies do) spouse current smoking rather than spouse
ever smoking as the index of ETS exposure (and using
our main assumptions) would give a bias of 1.45.
However, it is necessary to consider the validity of
the assumption that misclassification of smoking habits
is independent of the smoking habits of the spouse. In
the study, only 5.1% of the 78 self-reported current
smokers reported having a never smoking husband. On
the independence assumption, it can be calculated that
only 1.13 of the 22 misclassified current smokers should
have reported having a never smoking husband. In fact
seven did so. This significant (P < 0.01) discrepancy,
not previously reported in Western studies [17], may
have arisen for one or both of two reasons. One reason
is that the independence assumption is false and that
women are much more likely to deny smoking if mar-
ried to a lifelong non-smoker. The second reason is that
data on her husband’s smoking given by a woman who
has already denied her own smoking may be incorrect.
The study cannot distinguish the two possibilities, since
cotinine data are not available for the husband, but it is
possible to estimate the bias making varying assump-
tions about the accuracy of statements made by the
women about their husband’s smoking habits. If it is
assumed that all seven of the misclassified current
smokers who reported having a never smoking hus-
band actually denied their husband’s smoking as well
as their own, the bias estimate rises from 1.33, as
calculated above using the independence assumption,
to 1.43. 1f 1t is assumed that three of these seven women
denied their husband’s smoking, the bias estimate falls
to 1.13. If it is assumed that all seven of these women
reported their husband’s smoking accurately the bias
estimate becomes slightly negative, 0.96, though even
then the 95% confidence limits, 0.78-1.19, still do not
rule out the possibility that a meaningful bias exists.
A number of other issues make any estimation of
bias uncertain. These include sampling variation, the
possibility that disease status is associated with the
tendency to deny smoking, and non-representativeness
of the sample. The low response ratio in this study,
actually not untypical of Japanese interview studies,
clearly leads to the possibility of selection bias, but
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seems unlikely to undermine the conclusions for two
reasons. In the first place, it seems likely that women
willing to be interviewed are more likely to tell the truth
about their smoking than women who are unwilling to
be interviewed, so that the misclassification rate is
underestimated. In the second place, even if the reverse
were true in an extreme form, so that all the women not
interviewed were truthful about their smoking, the mis-
classification rate of the total population, though
3 times lower than that observed in the respondents,
would still be very high.

The age of our sample (range 20-55 years) is mark-
edly lower than that typical of subjects in epidemiologi-
cal studies of lung cancer. For this reason, and also
because estimates of smoking habit misclassification
vary markedly from study to study depending on the
circumstances under which the questions are asked
[17]. one should not assume that the actval rates of
misclassification observed would apply to all the Ja-
panese studies. However, since the rates reported here
are much higher than those seen in comparable West-
ern studies [17], it seems reasonable to believe that
a Japanese woman smoker is substantially more likely
to deny her smoking than is a Western woman smoker
questioned in similar circumstances.

In the EPA report [31], corrections for bias due to
smoking misclassification were applied to individual
study estimates of lung cancer risk associated with
smoking by the husband. These corrections were based
on an estimate of the smoking misclassification rate
derived from Western studies. Because smoking by
women in Japan is much less common than in the West.
corrections to Japanese study estimates were much
lower than those to estimates for Western studies, and
were in fact quite minor. Although there are difficulties
in estimating the bias precisely, it is clear the EPA’s
corrections are invalid, as they arc based on the totally
false assumption that Japanese misclassification rates
are the same as in the West, when in fact they are much
higher.

The analyses presented mainly use CCR to index
ETS exposure and 100 ng/mg to indicate smoking.
Conclusions were unaffected by using alternative indi-
ces such as uncorrected continine, or continine correc-
ted by Thompson’s method [29], or alternative cut-off
points.

Sources of bias other than smoking habit misclassifi-
cation may affect epidemiological studies of lung can-
cer and ETS exposure. Confounding by life-style risk
factors may be another potential serious source of bias.
A number of studies in other countries have shown
[15,20,27] that ETS-exposed non-smokers have diets
with a low intake of f-carotene, one of the dietary
factors associated with reduced risk of lung cancer [6],
while “marriage to a smoker” has been associated [7]
with increased exposure to occupational hazards, high-
er alcohol consumption and lower education. More
generally, a recent large British study [30] confirmed
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that, for a whole range of unhealthy life-style character-
istics, smokers tend to have higher prevalences than
lifelong non-smokers, and that lifelong non-smokers
living with a smoker (and ex-smokers) tend to have
intermediate prevalences, sufficient to cause moderate
confounding effects. The results relating to the life-style
characteristics measured in the Japanese study have
not been reported in detail in this paper, as the sample
size proved to be too small to pick up any very clear
effects. However, the general pattern of findings was
similar to that in the British study. Among lifelong
non-smokers (with a CCR < 100 ng/mg), marriage to
a smoker was associated inter alia with reduced con-
sumption of dark green vegetables and dietary sources
of vitamin A and f-carotene, including carrots and
vitamin supplements, lack of exercise, and reduced con-
sumption of green tea. All these factors have been
linked to an increased risk of lung cancer [2.6,23].

The overall conclusion from the study is that the
findings strongly question the reliability of epi-
demiological studies in Japanese women using “mar-
riage to a smoker” as a marker of ETS exposure. The
lack of association of cotinine levels with “marriage to
a smoker” suggests the marker is invalid in Japan, and
the large proportion of smokers denying smoking gives
a substantial potential for bias. While more studies
(including some in which cotinine is determined for
both the husband and wife) are needed to clarify the
importance of misclassification and confounding as
sources of bias, the evidence reported here urges cau-
tion when interpreting studies of spousal smoking and
lung cancer 1n Japan. The findings of this study help to
explain why the epidemiological evidence indicates an
association with spousal but not with workplace ETS
exposure, and suggests that demands for regulation of
workplace ETS exposure based on studies using “mar-
riage to a smoker” as an index of ETS exposure may
have little scientific basis.
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