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A comparison of lifestyle factors for Japanese non-smoking women
married to smokers with those married to nonsmokers

Eiji Yano,
Department of Public Health, Teikyo University, Tokyo,
Japan.

Abstract

Findings of a study of 400 Japanese women from Osaka Or
Shizuoka are reported. The objectives were to determine whether
certain lifestyle factors correlate with being a smoker or with
marriage to a smoker, to investigate the extent to which Japanese
women smokers misclassify themselves as non-smokers on interview,
and to quantify differences in environmental tobacco smoke (ETS)
exposure in relation to marriage to a smoker. Each subject was
asked about diet and lifestyle, and supplied urine for cotinine
analysis as a marker of smoking stétus and ETS exposgure.

The most significant £inding was that there was little
correlation between ETS exposure, as determined by urinary cotinine
level, and responses to questions on smoking by the husband. The
finding that cotinine levels in non-smokers married to smokers were
slightly lower than in non-smokers married to non-smokers suggests
that epidemiologic studies in Japan which used marriage to a smoker
as a surrogate for ETS exposure may in fact have compared groups

with similar ETS exposure.

The study also reports that smokers differed significantly
£rom non-smokers in respect of various lifestyle factors considered
risk factors for lung cancer. smaller differences, only a few of
which were statistically significant, were also seen among non-
smokers in relationship to marriage to a smoker.
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As judged by urinary cotinine levels, around 9% of women who
were in fact smokers claimed to be non-smokers. However, there was
a strong tendency for smokers to marry smokers was observed, but
the rate of misclassification was higher among women marxied to
non-smokers. Moreover, around 10% of self-reported smokers had
cotinine levels less than 100 ng/ml, suggesting that either there
may be some considerable flexibility in female smoking habits or
that the questions on smoking habit were not fully understood.

Introduction

Epidemiologic studies have, over the last decade, investigated
a possible relationship between exposure to environmental tobacco
smoke (ETS8) and lung cancer. An early study by Hirayama xeported
a small but statistically significant increased incidence of lung
cancer among non-smoking Japanese women whose husband smoked.
Over 30 studies of lung cancer have used husband's smoking as a
narker of ETS exposure.’  Whilesonly a few have reported a
statistically significant relationship, most have reported relative
risks in excess of one, though generally below two. This has led
some,”® though not all,** to claim a causal link between EXpoSuie

to ETS and lung cancer.

Any epidemiologic study attempting to detect a possible small
risk must consider whether confounding or bias is influencing the
data. For the ETS studies, a varlety of possible confounders and
biases have been suggested. Confounding arises 1f smoking by the
husband is associated with a difference in the extent of exposure
to other lung cancer risk factors. Studies in Hong Kong7 and in
the Us®® have reported that non-smokers exposed to ETS have diets
(in particular a lower intake of dietary beta-carotene) that are
likely to leave them at higher risk of lung cancer than non-exposed
non-smokers. Friedman'® reported that marriage to & smoker 1is
correlated with higher exposure to occupational hazards, higher
alcohol consumption and a lower level of education. Such
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differences in lifestyle could falsely elevate the risk attributed
to ETS. one objective of this study was to investigate the
possible lmportance of confounding factors in studies of Japanese

women.

Misclassification of smoking status arises 1f subjects deny
smoking on interview. gince active smoking lis a risk factor for
lung cancer, inclusion of nisclassified smokers may increase the
risk among the group classified as non-smokers. Some studles have
suggested that women married to smokers are more likely to be
smokers than women married to non-smokers. It follows that, for
any given misclassification rate, a self-reported non-gmoking woman
is more likely actually to pe a smoker 1f she is married to a
smoker than if she is married to a non-smoker. This differentlal
misclagsification (with more misclassified smokers in the exposed
than in the non-exposed group) may falsely elevate the relative
rigk assoclated with ETS exposure in epidemiologic studies. In a
review of available evidence, all, from Western populations, on
nisclassification rates, Lee' estimated bias from this source can
largely and perhaps completely explain a weak positive assoclatlon
between lung cancer and husband's smoking found in European and
American women.® Because fewer Asian women smoke, and because the
reported association Dbetween active smoking and lung cancer is
weaker in Asia, Lee noted that misclassification would not cause a
significant blas in Asian studies unless rates of misclassiflcation
were much higher than in the West. Higher rates might exist in
Japan, though to date misclassification has hardly been
investigated, even though a number of studies of ETS and lung
cancer have been conducted here. ™ A second objective of this
study was to assess the extent of misclassification of smoking

status.

shortly after Hirayama2 reported the findings of his large
Japanese progpective study, Garfinkel15 reported a much weaker,
statistically non-significant, association between lung cancer risk
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and marriage to a smoker based on a large US prospective study.
Hirayama17 suggested marriage to a smoker may be associated with a
higher ETS exposure in Japan than 1n the US for two reasons.
First, Japanese hones are smaller on average than US homes.
second, Japanese women tend to work less frequently outside the
home, and therefore have less background (i.e., non home-related)
ETS exposure, than do US women. The suggestion that Japanese women
are more exposed to ETS from their spouse smoking than are US women
can be questioned because Japanese men who work tend to spend less
time at home than do their US c¢ounterparts, S0 reducing the time
when the spouse could be exposed at home. Moreover, the findings
in a ten country study of cotinine levels 1in non-smokers conducted
by the International Agency for Research on Cancer (IARC) did not
provide support for this suggestion A third objective of this
study was to measure ETS exposure in non-smoking women according to
their husband's smoking habits.

Materials and Methods

The study involved 400 married female subjects, 200 from the
densely populated city of Osaka and 200 from the more rural town of
shizuoka. The subjects were selected semi-randomly, with guotas
assigned by district within the target areas to provide a
representative mix by socio-economic conditions and by age (range
20-55) . Most subjects were identified through door-to-door
canvassing during the early evening when they could be expected to
be at home. The subjects were told the study was to ldentify
lifestyle factors common to women in their area. Those who agreed
to participate (response rate 33%) were gquestloned for on average
20 minutes on their own and their husband's smoking habits, on
their exposure to ETS from various sources, and on a variety of
lifestyle and dietary Iissues. The subjects then supplied
approximately 50 ml urine, which was immediately frozen and
transported to Teikyo University, where all samples were stored at
-20°C. The subjects were offered a token gift and information
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concerning the sugar and protein content of thelr urine as
incentives to participate.

Cotinine was measured in each urine sample by an enzyme
1inked-immunoassay (ELISA). The assay was performed according to
a modified version® of the method of Bjercke et al.’’ All samples
were presented to the laboratory plind for an initial screen.
After the magnitude of the cotinine concentrations had been
estimated, the samples were re-run in triplicate against the
appropriate calibration range: Fifty samples were randomly
selected and cross-checked against a gas chromatographic method.
Correlation between the two methods was ELISA = 1.076C - 0.974 (R
= 0.93). The limit of detection (LOD) represents the minimum
regponse which can be distinguished from & response of four
replicates of the zero standard, assayed on the same plate, by a
one tail student t-test (p<0.05), and was found to be 5.6 ng/ml
using the ELISA procedure. In this paper results are expressed as
cotinine/creatinine ratios, counting zero for subjects with a
cotinine less than the LOD. Because of the zeros and the skewness
of the distribution, medians rather than mean levels are usually
presented. Standard statistical methods were used to test for the
significance of differences of proportions. For continuous
variables, rank tests stratified for age as appropriate were used.

Results

After excluding one gubject with an inadequately completed
questionnaire and three who provided insufficient urine for
creatinine determination, we had data on 396 women. According to
self-report 78 (19.7%) were current smokers, 32 (8.1%) ex-smokers,
and 286 (72.2%) lifelong never smokers. A higher proportion of
ever smokers (80.4%) than never amokers (51.0%) were married to a
current smoker (p<0.001). Ever smokers were significantly (p<0.001)
younger (mean age 36.7) than never smokers (42.7), but among never
smokers age was not assoclated with husband's smoking.
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Exclusion of misclagsifled smokers

Table I shows the distribution of cotinine/creatinine ratio by
self-reported smoking status. Median levels of the ratlio and of
cotinine were about two orders of magnitude higher (p<0.001) among
current smokers than among nonsmokers. Creatinine levels were
slightly, but not significantly, higher in smokers. No value
clearly discriminates occasional smokers from subjects heavily
exposed to ETS, but it seemed reasonable from our results to follow
{n the path of a study recently reported by IARC,™ and use a cut-
off of 100 ng cotinine per myg creatinine to distinguish between
smokers and non-smokers. Using this cut-off point a total of 28
(8.8%) women who claimed on interview to be non-smokers were 1n
fact smokers. If a 50 ng/mg cut-off point igs used then the
misclassification rate 1ls 14.5%.

It should be noted that at a cut-off of 100 ng/mg 8 of 78
self-reported current smokers (10%) would be misclassified by
cotinine/creatinine. At a cut-off of 50 ng/mg, this reduces to
§.4%. This suggests that it 1s possible that the women in this
study were either somewhat flexible in their smoking, or that there
was some misunderstanding of the questions on their smoking habit.

Lack of association of cotinipe with spouse_smoking

After excluding ex-smokers and misclassified current smokers,
there were 264 lifelong never smokers. among those married to
smokers, cotinine/creatinine ratio was non-significantly lower than
among those married to nonsmokers (11.5 ng/mg as compared to 18
ng/mg). Moreover, no significant relationship was seen with any
index of smoking by the husband (Table II). This conclusion was
not affected by the exclusion criteria used, by the index of
nicotine uptake used, or by the use of means rather than medians.

The indices used included the reported number of cilgarettes
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smoked per day by the husband either in total or just at home
corresponding either to a weekday or to a non-working weekend day
(holiday). It is notable that nearly 40% of the smoking husbands
smoked 5 or less cigarettes at home per day on week days, and only
around 20% were reported as smoking more than 11 cigarettes per day

at home.

Misclassification of smoking status

This study provided no data on the accuracy of statements made
about past smoking and it is possible therefore that an unknown
proportion of self-reported lifelong never smokers smoked in the
past. The study did, however, provide data on accuracy of
statements made about current smoking. Table III presents such
data for three cut-off points based on cotinine/creatinine ratio.
Consistent with data from other studies,' misclassified smokers
were found more frequently in self-reported ex-smokers than in

¢
\

self-reported never smokers.

The rate of mlsclassification varies with the value selected
for the cut-off point. The percentage of self-reported non-smokers
with cotinine to creatinine ratios equivalent to current smokers
was 14.5 at at cut polnt of 50 ng/mg, 8.8 at 100 ng/mg and 7.9 at
250 ng/mg.

As is detailed in Table I, many of the misclassified non-
smokers had relatively high cotinine levels, indicating freguent
smoking. 23 subjects reporting to be non-smokers had urinary
cotinine to creatinine levels in excess of 500 ng/mg. 8 subjects

had levels greater than 2000 ng/mg.

Confounding variables as a potential source of bias of the spouse
smoking/lung cancer relationship

Never smokers married to non-smokers, never smokers married to
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current smokers, and ever smokers were compared in respect of a
range of lifestyle variables. AS ever smokers were younger than
never smokers, comparisons were age adjusted by direct
standardization to the overall age distribution (in three groups,
0-34, 35-44, 45+.) Women with a cotinine/creatinine ratio above
100 ng/mg were clagsified under ever smokers in these analyses. No
significant differences were seen in respect of having children,
age of children, family income, or the type oT size of the house
l1ived in and the number of {nhabitants in it and the period of
living there. As shown in Table IV, however, a number of
significant differences were seen, principally in terms of
frequency of consuming various dietary iltems, but also in terms of
taking physical'exercise, contact with traffic fumes and some
aspects of heating the home and of working. Examining the results
from this table, three general conclusions can be reached. First,
most differences between ever and never smokers were in the
direction of ever smokers having a less healthy lifestyle. Thus,
for example, ever smokers clearly took less exercise, drank more
alcohol and coffee, and ate less dark green vegetables and carrots
than never smokers. Second, differences in relation to marriage to
a smoker were usually in the same direction as differences in
relation to ever having smoked, though there were exceptions,
notably for alcohol and coffee consumption. 'Third, differences in
relation to marriage to a smoker were generally smaller than
differences in relation to ever having smoked, and were usually not
statistically significant at the 95% confidence level. The only
significant differences seen were that those married to a smoker
drank green tea and took vitamin supplements less often than those

married to a non-smoker.

gsources of cotinine

Among current smokers cotinine/creatinine ratio rose markedly
with amount smoked, with median values 259, 1018, 1433 and 2647
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ng/mg for smokers of 1-5, 6-10, 11-15 and 16+ cigarettes/day (trend
p<0.001).

among confirmed non-smokers (i.e. with a cotinine/creatinine
ratio less than 100 ng/mg) we have demonstrated (Table II) that
various indices of spouse smoking were not assoclated with an
increased ratio. Cotlinine/creatinine ratio was also not assoclated
with the number of clgarettes smoked at home, nor was it higher in
women who had eaten tomatoes oOr eggplants (two dietary sources of
nicotine) during the 48 hours pbefore interview. There wasg,
however, some indication that women more exposed to tobacco smoke
at work had a higher ratio. Thus the median ratlos for working
women with 0, 1-10 and 11+ cigaretteé'per day smoked close by at
work were 9.86, 16.14 and 18.13 ng/mg (trend p<0.05). However,
median ratios for women who had worked in the preceding week were
slightly, but not significantly, lower at 14.49 than for those who
had not, 16.72.

Discussion

Assuming nicotine based indices are adeguate markers of ETS
exposure, and assuming oux study population 1ls relevant to the
populations of women in the Japanese epidemiological gtudies of ETS
and lung cancer, our findings suggest that the assoclatlon between
lung cancer and spouse smoking reported In some,*'""* though not
all,* " of these studies did not arise as a result of ETS exposure.
The finding that spousal smoke exposure is an inadequate marker of
ETS exposure in Japan is perhaps not surprizing since men tend to
work long hours, limiting the time that spousal exposure could
occur. However, if it were to be the case that the epidemiologic
findings on ETS and lung cancer in Japan were not assocliated with
ETS exposure, then there should be an explanation for the excess
relative risks found in several of the studies. There are two
obvious possible sources of bias that might be influencing the data
-- differential misclassification of smoking status and a
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The misclassification rates in this study are somewhat higher
than those reported in similar studies of Western populations. For
example, the estimate of 8.8% for the percentage of nonsmokers with
cotinine levels above 100 ng/mg compares with 1.9% in the IARC
study19 and an estimate of 1.9% (range 0.0-2.7%) based on ten
Western studies for the percentage with cotinine levels consistent
with current regular smoking’.

The study also suggests, as reported in numerous populations’,

a strong concordance between husbands' and wives' smoking habits.
assuming misclassification rates are random, this concordance would
produce a much greater proportion of misclassified smokers among
self-reported never smokers married to a smoker than among those
married to a non-smoker, and in conseguence a markedly higher lung
cancer rate in the former group in the absence of any effect of ETS
exposure. However, the results of our study casts some doubt upon
the hypothesis that misclassification rates are random; smoking
women who denied smoking were much more likely than expected to
| claim their husband was a non-smoker, an observation not previously
reported in Western studies.® Whether this observation actually
{ndicates non-randomness is unclear; it could also be explained if
women who deny they smoke themselves also deny thelr husband does.
Resolution of this issue is only possible in a study in which
cotinine (or other markers) is determined for Dboth husband and
wife. Although considerable uncertainty remains about the actual
extent of bias, the misclassification rates seen in this population
suggest that bias is possible. Because smoking is not very common
in Japanese women it has been argued28 that misclassification could
not cause material bias to results of studies conducted there.
This argument may not stand up to scrutiny, but more data is needed

in order to resolve this issue.
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For many lifestyle characteristics listed in Table IV there is
published evidence of an association with lung cancer risk after
adjustment for smoking habits. These characteristics include
failure to take physical exercise’’, drinking green tea’’, drinking
alcohol®®, and reduced consumption of dark green vegetables and of
dietary sources of vitamin A and peta-carotene, including carrots
and vitamin supplementszﬂ Relative risks reported for these
associations are typically about two. While our study provides no
direct information on risk, it is of interest to gain some lidea of
the extent of the order of magnitude of potential bias that might
occur from confounding by these lifestyle characteristics. If, for
example, one assumes that eating dark green vegetables less than
once a day doubles risk of Jlung cancer (compared with eating them
once a day or more), and if one interpolates so that risk increases
steadlly with decreasing level of consumption, one can calculate
that never smokers married to a smoker would be expected to have a
lung cancer risk that is 1.056 times higher than never smokers
married to a non-smoker simply because the former group eats dark
green vegetables less often. Similarly, assuming gubjects more
exposed to the risk factor had twice (or half for a protective
factor) the risk of subjects who were less exposed, one could
calculate biases for other lifestyle characteristics. A numbex of
lifestyle characteristics in Table IV produced biases calculated in
this way that exceeded 1.05, including physical exercise (1.062),
dark green vegetables {1.056), carrots (1.075) and vitamin
supplements (1.068). Although the assumptions concerning risk in
these calculationg are to some extent arbitrary, they do serve to
i{llustrate that confounding by these lifestyle characteristics may
create biases that are important when viewed against the magnitude
of assoclation of spouse smoking with lung cancer, a recent

estimate of which is 1.18.1

Conclusions

In this study of Japanese women, & major finding was that,
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among non-smokers, marrlage to a smoker was not associated with an
increased level of urinary cotinine. Indeed, non-smokers married
to a smoker had rather lower cotinine values than non-smokers
married to non-smokers. These findings contradict an earlier
study’’ which reported an increased cotinine/creatinine ratio in
relation to smokers in the home with a mean ratio of 680 ng/mg,
which seems somewhat high compared with the literature. Since many
hugbands spend relatively little time with their spouses and many
women work and are exposed to ETS outside the home, the lack of

&;§ association between cotinine and marriage to a smoker 1s perhaps

W not entirely surprising. If this is not a phenomenon of recent
history Japanese epidemiologic studies relating marriage to a
smoker to risk of lung cancer have compared groups with
approximately equlvalent exposures to ETS. If this is 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 ‘this is misclassification of
current smoking status. The data In this report does suggest the
possibility of relatively high rate of misclassification compared
with Western studies. However, the misclassification was not
differential and there were significant numbers of non-smokers
misclassified by self-report as smokers. whether misclassification
plays a major role in Japanese epidenmiologic studles can only be
resolved by further study.

Another potential source of bias occurs if non-smokers living
with smokers are more exposed to varlous risk factors for 1lung
cancer than are non-smokexs living with non-smokers. This study
showed that smokers differ significantly from non-smokers 1in
exposure to many risk factors and that for most of these marriage
to a smoker is associated with a smaller difference in the same
direction. Although most of the differences in risk factor
exposure associated with marriage to a smoker were not
statistically significant, it is possible that thisg i1s because the
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sample size (of 400 women) was inadequate. A British study of over
9000 subjects, which demonstrated® that, for a wide range of risk
factors, 1f exposure is associated with the smoking habits of the
subject, it 1s also associated with the smoking habits of the
spouse, lends credence to this assumption. Although differences in
risk factor exposure in relation to spouse smoking are modest, they
could cause bilas to the spouse smoking/lung cancer relationship,
especially when one considers biases from multiple individual risk

factors will combine to cause a larger blas.

Most of this work has been presented using cotinine/creatinine
ratio as an index of ETS exposure and using 100 ng/mg as a marker
of misclassified current smoking. However, the general conclusions
of the study were not affected when using alternative Iindices
(cotinine uncorrected for creatinine, or cotinine corrected for
creatinine according to the method of Thompson et al’*) or when
alternative cut-points were used. It is also believed that the
relatively low response rate in this study is unlikely to have

influenced the main findings.

The findings of this study provide sufficient doubt about the
use of spousal smoking as a surrogate for ETS exposure in
epldemiologic studies performed in Japan to suggest that more
research is needed to clearly resolve the possibility of
confounding and bias having a significant effect on these studles.
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TABLE I - URINARY COTININE/CREATININE RATIO (ng/mg)
BY SELF-REPORTED SMOKING STATUS

Number of subjects (%)
range (ng/mg) Nonsmoker (n=318) Current smoker (n=78)
o* 84 (26.4) 1 (1.3
2- 29 (9.1) 1 (1.3)
10~ 9% (29.9) 2 (2.6)
25- 64 (20.1) 1 {1.3)
50- 18 (5.7) 3 (3.8)
100- 3 (0.9) 4 (5.1)
250~ 2 (0.6) 9 (11.5)
500~ 6 (1.9) 9 (11.5)
1000~ 9 (2.8) 18 (23.1)
2000~ g (2.5) 30 (38.5)
Median ratio (ng/mg) 17.4 1482.8
Median cotinine (ng/ml) 14.3 ¢ 1681.8
Median creatinine (mg/ml) 0.91 1.05

»subjects with cotini
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TABLE II - COTININE/CREATININE RATIO (ng/mg)
BY HUSBAND'S SMOKING*
1ndox of husband'se awoking Levol kg, of pubjects Modlan ratlo
{ng/mg)
gpoupc curxont smoker No 127 17.98°
Yo 137 21,51
cigarottoo grokod by hugband (woakdays) 1-18 36 13.86
16-20 53 16.40
21+ 50 215.24
tigarattos smokod by husband (holidaye) 1-18 50 16.40
16-20 26 10.66
21+ 29 14,07
Clgarottos smokad by hugsband at howo 1-5 ’ 49 10.93
(woekdays) 6-10 52 16.38
11+ 28 5.74
clgarettas emokod bY nhuoband at home A-10 85 7.83
(holidays) 11-20 62 11,11
21+ 2 12.79

«among lifelong nover amokars excivding thooo with & xatio >100 ng/mg-

‘Moans ware. 19.26 and 16.49 ng/wmg. For cotining, medlang wore 14.00 and 12.%0 ng/ml and moans wore 16.97 and
14.39 ng/mi.
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TION OF CURREN

T SMOKING STATUS

Inaex cut-point’ v (n/N)
parcentago of ool f-zoportad aon-prokers $0 ng/mg 14,5 (46/2318)
who are above cut-point and apsumod €O 100 ng/ng g.n (28/318)
be current nmoKoIs 250 ng/mg 7.9 (25/318)
parcontage of solf-xaported aover 50 ng/mg 13.3 (38/286)
smokeorg assumed To be guriont 100 ng/mg 7.7 (22/286)
smOKQrs 250 ng/mg 6.6 (19/206)
pPercantage of salf-raportad 50 ng/vg 25.0 (8/32)
ox-umokers aaaumed to be 100 ng/mg 18.8 (6/32)
curront gmokors 250 ng/ng 18.8 (6/32)

‘Bagad on cotinine/croatinine rotio
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TABLE IV - RELATIONSHIP OF SMOKING AND

SPOUSE SMOKING TO VARIOUS LIFESTYLE CHARACTERISTICS

Ago-adjustod porcontage

variable Novox* Evolr~ Morried to Marriod to

(Lovel) amokod smoked P non-gmoker* | smokex** p
Usa oil/gas/coke sLove 36.5 21.4 <0.01 38.9 4.4 N8
Physical oxorcleo (1+/month) 29.3 17.8 40,08 34,6 24.3 K8
In centact with rraffic funoe
(»15 minn/day) $1.2 60.0 <0.05 %4.9 47.7 [3f:3
Work outdoore 9.8 19.6 <0.05 1.2 12.0 N8
Greon toa {>1/day) 76.1 70.7 N8 84.6 74.0 <0.05
BOOY 45.5 55.% <0.01 48.4 42.7 ws
other aleohol (than beor) 23.8 38.7 <0.01 26.7 23.1 XS
salad (>L/wk) 71.8 9.7 20.08 73.% 70.3 N8
Dark groon vag (1+/4ay) 61.4 41.2 <0.002 63.6 59.5 N8
Carrots (L+/daY) 30.1 21.2 <0.03 32.0 28.2 NS
Raw fish (1l+/wk) §9.4 67.7 <0.05 58.8 89,7 NS
smoked fish 38.0 46.0 :0.05 40.6 35.% N8
Boo! (»1/wk) 41.4 51.4 <Q.01 36.8 45.8 N8
Vvitamin supplaronts 28,5 23.0 LH] 33.7 23.4 <0,0%
Cotrae (1+/day) 49.3 78.4 <0.001 52.9 46.6 N3
thoone 62.8 50.6 <0.05 66.8 59,0 <0.3
Cook with malt
(less than avoraga) 34.1 15.1 <0.01 18.4 30.1 NS

» Roclagoifying womon with ecotinina/croatinine over 100 ng/mg &g evor smokod.
*»analygos rostrictad Lo nevoer amokors (oxcluding roclanoified subjeots).
' Basod on ago-adjusted rank vant,”

N.B. Quostions re diet rafer to frequoncy of consumption, hot guantity.
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