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Abstract To identify etiological connections of lung
cancer in Chinese women in Hong Kong, who are among
the highest in lung cancer incidence and mortality, we
conducted a case—control study, in which 279 female lung
cancer cases and 322 controls were selected and frequency
matched. A variety of information, including dietary habits,
occupational history, smoking, domestic environmental
exposures, and family history of cancer was collected, and
their associations with lung cancer were analyzed with
logistic analysis approach. In addition to positive associa-
tions with exposures to cooking emissions and to radon at
home, smoking and family cancer history, we observed that
increasing consumption of meat was linked to a higher risk,
whereas consumptions of vegetables had a strong protec-
tive effect against lung cancer. Moderate consumption of
coffee appeared to be beneficial against the disease. Those
never employed and domestic helpers were at a higher risk.
The results indicated that environmental exposures, risky
personal behaviors, or lifestyle, as well as family cancer
aggregation are among important contributors to the high
incidence of lung cancer in Hong Kong females.
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Introduction

Lung cancer is a leading cause of cancer mortality in Hong
Kong women, accounting for about one-third of cancer
deaths [1]. Its age standardized incidence rate reached the
highest around the world in the early 1990s [2] and was
only surpassed by US females in 2000 [3]. Apart from
Hong Kong, the high incidence and mortality rate were
also reported among Chinese women living in mainland
China [4], as well as in other countries [5-7], indicating a
consistent result in this ethnic group.

A number of epidemiological studies were conducted to
explore possible causation of lung cancer, in which ciga-
rette smoking was found to be a major culprit in Chinese
men [8]. However, smoking cannot adequately explain the
high incidence in Chinese females, due to the fact that
smoking in Chinese women in Hong Kong and in mainland
was so uncommon, ranging from 3 to 5% [9]. Obviously,
there are some other known and unknown risk factors that
could be responsible for the excess risk among the
population.

Lung cancer is a multifactor-causing disease, which may
be related to both environmental exposures and genetic
factors. To gain a more complete understanding about the
risk factors for lung cancer and provide a sensible expla-
nation for the high risk among this ethnic population, we
conducted a population-based case—control study in Hong
Kong Chinese women, in which a variety of factors was
examined, including environmental exposures, dietary
factors, family cancer history, occupations, as well as
active and passive smoking. In our previous data analysis
using the same database, we evaluated the effects of
exposure to cooking emissions and smoking on lung cancer
[10, 11], both of which were found to be potent risk factors
in these women. In another recent report [12], we
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determined the associations of previous lung diseases and
family cancer history with the occurrence of lung cancer.
In the present analysis, we attempt to provide an overall
picture of risk factors in the population using integrated
data covering a wide range of variables including occu-
pations and detailed dietary factors, which has been rarely
done in addressing etiological issues of lung cancer in
Hong Kong population.

Subjects and methods

The study was approved by the ethics committees of both
the Chinese University of Hong Kong and Queen Elizabeth
Hospital. Details of subject selection were described
elsewhere [10]. Briefly, a total of 279 female patients aged
30-79 years were recruited from the largest oncology
center in Hong Kong, with the criteria of newly diagnosed
primary carcinomas of the lung (International Classifica-
tion of Disease, Ninth Revision code 162) from 1 July 2002
to 30 June 2004. The cancer cases were confirmed histo-
logically according to the WHO histological typing of lung
tumors [13]. At the same time, 322 control subjects were
selected from the same residential areas from which the
cases were selected. The controls had no history of phy-
sician-diagnosed cancer at any site and were frequency-
matched to the cases in 10-year age groups.

Data collection

Person-to-person interview was administered using stan-
dardized questionnaire in local dialect. The collected
information included detailed active smoking history,
environmental tobacco smoking (ETS) exposures at home
and at workplace, cooking practices since childhood, resi-
dential radon exposure, family cancer history, dietary
habits, occupations and education level.

Smoker was defined as one who had ever smoked more
than 20 packs of cigarettes in lifetime, or more than one
cigarette a day, or more than one cigar a week for 1 year.
ETS exposure was defined among nonsmokers as having
lived or worked with smoker(s) for at least 1 year and was
regularly exposed to tobacco smoke. Regular exposure was
defined as at least 1 h a day. We further divided ETS
exposure into three categories, i.e., exposure at either home
or work, at both home and work, and none at all.

We made a great effort to collect detailed information
on cooking practice. A composite index—the cooking dish-
years was constructed to quantify the regular cooking
habits in terms of the frequency and the duration of
cooking, as well as three cooking methods (stir-frying,
frying, and deep-frying), as described previously [10]. One
stir-frying dish-year means cooking one stir-fried dish daily

@ Springer

for a year. The total cooking dish-years was calculated by
summing up the stir-frying dish-years, frying dish-years
and deep-frying dish-years. The total cooking dish-years
was used to express the amount of exposure to cooking
emissions.

Exposure to radon at home was assessed based on
detailed information about the lifetime residences (floor
level, building material and wall surface covering materi-
als, building age, and window opening practices, according
to information available from a territory-wide indoor radon
survey conducted in Hong Kong. The radon exposure was
expressed as residential radon exposure index (RRE) [10].
In addition, information on diagnosed cancer in the lungs
and any other site in first degree relatives (parents and
siblings) and occupation, including job titles and job tasks
according to the coding manual used for the Hong Kong
Census [14] was gathered. Occupations were grouped into
four categories: (1) professional/clerical/sales, (2) never
employed/domestic helper, (3) cleaners, and (4) construc-
tion/industry/sewer workers.

In collection of data on diet, a reduced version of the
Diet History Questionnaire designed by the National
Cancer Institute was used [15]. Subjects were asked about
their dietary habits during the past 5 years before the
interview for controls, and prior to becoming ill for cases.
The data included the frequency and amount of eating
following groups of foods: (1) dark green vegetables, (2)
orange or yellow vegetables, (3) all kinds of meat, (4) all
kinds of fresh fruits (total fruits), (5) pickled vegetables, (6)
supplement of multivitamins, and (7) coffee drink. Con-
sumptions of the first three groups of food were quantified
as average numbers of servings (one serving = 80 gram)
per day/week/month, while the second three groups were
expressed as the frequency of consumption. A coffee
drinker was defined as one who drank at least one cup of
coffee per week for 6 months or more. Coffee drinking was
further quantified as cup-years, i.e., one cup-year means
drinking one cup of coffee per day for 1 year.

Statistical analysis

Unconditional logistic regression was applied to estimate
associations of potential risk factors with lung cancer.
Basically, three models were constructed to obtain odds
ratios (ORs) for lung cancer. The first model was to esti-
mate the main effect of each of the potential risk factors
adjusted by age (there was a residual confounding effect),
employment and years of education. Smoking amount was
categorized as less than 25 and 25 or more pack-years.
Similarly to our previous practice [10, 11], exposure to
cooking emissions was also categorized into four groups
using intervals of 50-dish years. The group of professional/
clerical/sales workers who were assumed to be exposed to
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minimum potential hazards associated with lung cancer
served as reference group. The second model was con-
structed to estimate the effects of smoking, total dish-years,
family cancer history, radon index, and occupations, where
all of these variables were included all at once, along with
age, education, consumptions of total fruits, and vegeta-
bles. The final model was constructed to estimate the
effects of dietary factors and coffee consumption, in which
all of the dietary variables and coffee consumption were
included all at once. In addition, all of other variables that
were found to be significant predictors in the second model
were included in the final models. All of the three models
were fit using data of all subjects and that of nonsmokers
alone. In the latter case, ETS was adjusted as well.
Finally, we made an estimation of population attribut-
able fraction (PAF) in all subjects and in nonsmokers,
respectively, based on the following method: PAF =
1-— Zo%i for multiple categorical variables [16], where P;
is the proportion of all cases that are in the stratum i, and

OR; is an adjusted odds ratio in the stratum i.
PAF = %for binary variables [17], where Pe is

the prevalence of exposure in the control population and
OR is an adjusted odds ratio for exposure to the indepen-
dent variable under study.

Results

Average age was around 65 years for both case and control
groups, and marital status was similar in the two groups
(Table 1). There were significant differences between the
two groups in education and employment, in which lower
education levels and more never employment were seen in
cases than in controls (p < 0.05). The majority of lung
cancer cases were identified as adenocarcinoma (62%),
whereas squamous cell, large and small cell types
accounted for a small proportion, respectively.

The values of total dish-years and radon index were
significantly higher in cases than in controls (Table 2).
Likewise, smoking, heavy smoking (>25 pack-years) and
family cancer history were more commonly seen in the
cases. Total dish-years, smoking status, pack-years, and
radon index were associated with increased risk of lung
cancer. Furthermore, there were exposure—response trends
in total dish-years and smoking pack-years (Table 2).
Family history of lung cancer and any cancer also
increased the risk. All of the associations remained statis-
tically significant when all of relevant factors were taken
into account, while the association with radon index was
marginally significant. Among the four occupational cate-
gories, more cases were found in the category of never
employed/domestic helpers than the controls (27 vs. 16%).
The adjusted OR in relation to never employed/domestic

Table 1 Demographic features in cases of lung cancer and controls

Cases (n = 279) Controls (n = 322)

Mean ageab, years 65.4 (10.6) 64.8 (10.6)
Education (%)
>7 years 56 (20.4) 86 (26.7)
<6 years 112 (40.7) 143 (44.4)
Nil 107 (38.9) 93 (28.9)
Employment (%)
Yes 221 (80.1) 285 (88.5)
No 55 (19.9) 37 (11.5)
Marital status (%)
Married 176 (63.8) 206 (64.0)
Widowed 83 (30.0 104 (32.3)
Single/divorced 17 (6.2) 12 (3.7)
Histological type (%)
Adenocarcinoma 172 (62.4) -
Squamous cell 24 (8.6) -
Large call 10 (3.6) -
Small cell 9 (3.2) -
Unspecified 62 (22.2) -

4 Mean age at diagnosis (cases) or contact (controls)
® Standard deviation in parenthesis

helpers was 2.6 times, in comparison with clerical/sales
workers. An upward risk was also seen in cleaners and
other industrial workers. In the full model, all of the above
variables were adjusted each other, in addition to age,
education, consumption of total fruits, and vegetables.

The above analyses were also performed in nonsmokers
after 66 smoking cases and 30 smoking controls were
excluded. A slightly elevated risk was observed in relation
to ETS at either home or work (OR = 1.14, 95% CI, 0.68,
1.93) and at both home and work (OR = 1.30, 95% ClI,
0.72, 2.35). The strength of associations with family cancer
history, radon index, and occupations was approximate to
that observed in all subjects. However, a greater risk was
observed in cooking dish years in nonsmokers, which
showed a clearer exposure—response trend (OR: 1.24, 95%
CI: 0.96, 2.01 in the category of 51-100; OR: 2.82, 95%
CI: 1.48, 5.351in 101 -150; OR: 4.24, 95% CI: 2.12, 8.47 in
over 150).

In determination of the potential effects of dietary fac-
tors on lung cancer, a full model was constructed with all
variables of the dietary factors along with age, employ-
ment, education, total dish-years, smoking, family cancer
history, and radon index. As shown in Table 3, a higher
risk was seen in increasing consumption of meat. Con-
sumption of 1 serving/day or more was related to a double
risk of that below 1 serving/day. Pickled vegetables
slightly elevated the risk. On the other hand, consumptions
of dark green vegetables and yellow/orange vegetables
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Table 2 Main effects of selected risk factors in all subjects

Variables

Prevalence (n, %)*

Main effect®

OR (95% CI)*

Full model®

Cases (n = 279) Controls (n = 322) p values OR (95% CI)

Total dish-years 0.001

<50 87 (31.5) 134 (41.7) 1.00 1.00

51-100 83 (31.0) 112 (34.9) 1.12 (0.75, 1.69) 1.12 (0.72, 1.74)

101-150 46 (17.1) 45 (14.0) 1.53 (0.91, 2.58) 1.87 (1.05, 3.30)

>150 52 (19.4) 30 (9.4) 2.53 (1.44, 4.45) 2.87 (1.56, 5.29)
Smoking <0.001

No 213 (76.3) 292 (90.7) 1.00 1.00

Yes 66 (23.7) 30 (9.3) 3.02 (1.84, 4.95) 2.57 (1.49, 4.43)
Pack-years <0.001

<25 30 (10.8) 19 (5.9) 2.18 (1.16, 4.08) 1.83 (0.92, 3.64)

>25 34 (12.2) 10 3.1) 4.61 (2.17, 9.76) 3.72 (1.63, 8.46)
Radon index 12.73 (1.57) 12.45 (1.23) 0.016 1.15 (1.02, 1.29) 1.12 (0.98, 1.27)
Occupations 0.001

Clerical/sales 23 (8.2) 48 (14.9) 1.00 1.00

Never employed/ 76 (27.3) 52 (16.1) 2.71 (1.40, 5.25) 2.64 (1.28, 5.48)

domestic helper
Cleaners 62 (22.2) 65 (20.2) 1.75 (0.90, 3.41) 2.24 (1.08, 4.65)
Others® 118 (42.3) 157 (48.8) 1.43 (0.79, 2.60) 1.74 (0.90, 3.34)

? The numbers may vary with the variable categories due to some missing values

b Adjusted for age, employment, and years of education

¢ Full model included age, years of education, total dish-years, smoking, family cancer history, radon index, occupations, intake of total fruits,

and vegetables
9°95% confidence interval

¢ Others including all industry and sewer workers

were inversely related to lung cancer risk, both of which
showed a gradient with increasing amount. A similar trend
was also observed in consumption of multivitamins, but the
number of subjects in either irregular or regular con-
sumption was small. In addition, consumption of coffee
ranging from 1 to 10 coffee-years significantly lowered the
risk. However, heavier drinkers, i.e., 10 or more coffee-
years, tended to be associated with a slightly increased risk.
When the similar full model was fit by restricting data to
nonsmokers (data not shown), the directions and strengths
of the above associations were approximate to those
observed in all subjects. There was a slight difference seen
in the effect of coffee consumption in nonsmokers: adjus-
ted OR related to heavier coffee consumption was 1.62
(95% CI, 0.18, 0.78), somewhat greater than that obtained
from all subjects, while a similar OR remained in the
category of light coffee consumption (OR, 0.37; 95% CI,
0.18, 0.78).

An estimate of population-attributable fraction in all
study subjects revealed that about 27% of lung cancer could
be attributable to exposure to cooking emissions (Table 4).
The fraction attributable to smoking, domestic radon expo-
sure, low vegetable intake, and family cancer history ranged
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between 16 and 30%. In addition, about 9% of lung cancer
could be explained by consumption of meat with 95%
confidence interval of —20 and 29, indicating the point
estimate was not stable. In the calculation that restricted to
lifetime nonsmokers, there was not much difference from
those obtained from all of the subjects, with the exception of
a higher fraction of lung cancer (35%) that could be attrib-
utable to exposure to cooking emission.

Discussion

Lung cancer is the leading neoplasm in many countries, in
terms of both incidence and mortality. Although cigarette
smoking is a major recognized cause, which accounts for
80-90% of lung cancer cases, only a small fraction of
smokers (1-15%) develop lung cancer [18]. In this study,
majority of the subjects were nonsmokers. Smoking cer-
tainly cannot fully explain the high incidence and mortality
of lung cancer experienced by Chinese women in Hong
Kong. Clearly, other etiological factors can independently
(in the absence of smoking) or jointly (in conjunction with
smoking) cause lung cancer [19]. In our previous analyses
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Table 3 Main effects of dietary factors in all subjects

Variables Prevalence (n, %)*

Main effect® Full model®

OR (95% CI)¢

Cases (n = 279) Controls (n = 322) p values OR (95% CI)

Intake of meat 0.012

<1 serving/day 40 (14.6) 69 (21.5) 1.00 1.00

>1-2 serving/day 160 (58.4) 151 (47.0) 2.02 (1.22, 3.33) 2.69 (1.55, 4.68)

>2 serving/day 74 (27.0) 101 (31.5) 1.49 (0.86, 2.57) 2.10 (1.15, 3.84)
Intake of pickled vegetables 0.115

<1 time/month 68 (25.0) 100 (31.2) 1.00 1.00

1-3 times/month 119 (43.8) 142 (44.2) 1.18 (0.77, 1.81) 1.16 (0.73, 1.85)

>1 time/week 85 (31.2) 79 (24.6) 1.25 (0.77, 2.01) 1.27 (0.75, 2.14)
Intake of dark green vegetables <0.001

<1 serving/day 64 (22.9) 39 (12.1) 1.00 1.00

>1-2 serving/day 77 (27.6) 67 (20.8) 0.83 (0.47, 1.46) 0.88 (0.48, 1.61)

>2 serving/day 133 (47.7) 216 (67.1) 0.45 (0.28, 0.75) 0.51 (0.29, 0.88)
Intake of yellow/orange vegetables <0.001

<1 serving/week 146 (52.3) 93 (28.9) 1.00 1.00

>1-2 serving/week 77 (327.6) 114 (35.4) 0.45 (0.30, 0.69) 0.48 (0.31, 0.76)

>2 serving/week 52 (18.6) 113 (35.1) 0.35 (0.22, 0.55) 0.41 (0.25, 0.67)
Intake of total fruit 0.004

<1 time/day 85 (30.8) 72 (22.4) 1.00 1.00

1 time/day 126 (45.7) 137 (42.5) 0.95 (0.62, 1.47) 0.98 (0.61, 1.58)

>2 times/day 65 (23.5) 113 (35.1) 0.62 (0.38, 1.00) 0.81 (0.47, 1.38)
Supplemental multivitamins 0.019

Never 245 (92.1) 267 (84.5) 1.00 1.00

Irregularly 9 (3.4 15 (4.8) 0.76 (0.30, 1.90) 0.70 (0.25, 1.94)

Regularly 12 (4.5) 34 (10.7) 0.43 (0.21, 0.89) 0.38 (0.17, 0.82)
Coffee consumption 0.005

Never 211 (77.0) 246 (76.7) 1.00 1.00

1-10 coffee-years 22 (8.0) 47 (14.6) 0.43 (0.23, 0.79) 0.41 (0.21, 0.78)

>10 coffee-years 41 (15.0) 28 (8.7) 1.36 (0.77, 2.43) 1.30 (0.70, 2.42)

? The numbers may vary with the variable categories due to some missing values

® Adjusted for age, employment, and years of education

¢ All variables in the table were put in the model all at once, along with adjustment for age, employment, years of education, total dish-years,
smoking, family cancer history, and radon index. “95% confidence interval

[10, 11], we found that smoking and exposure to cooking
emission were potent risk factors for lung cancer in the
Hong Kong women, in which the two factors appeared to
act independently. We also observed that a positive family
history of any cancer was associated with over twofold risk
of a negative family history [12]. The present analysis
reconfirmed the associations, while additional factors, such
as dietary habits, occupations, and exposure to radon at
home were adjusted simultaneously. The current study
further suggested that the exposure to cooking fume might
explain about 26% of lung cancer occurring in the whole
group, and 35% in nonsmoking women. Nearly 16% of
lung cancer could be attributable to cigarette smoking, and
about 22% to residential exposure to radon. More impor-
tantly, this study evaluated the roles of dietary habit and

occupations in the development of lung cancer, while
taking into account of all other factors, such as smoking,
exposure to cooking emission, and family cancer history.
The results added additional information to help under-
stand lung cancer etiology in Hong Kong women.

The link of dietary factors to lung cancer as well as other
cancers has been increasingly addressed [20, 21]. Diet is
believed to play a major role in cancer etiology and pre-
vention. However, few studies were available with respect
to which specific dietary factors are most closely linked to
lung cancer in Chinese population. In this study, we col-
lected detailed dietary data in both frequency and quanti-
tative assessment. We found inverse associations of lung
cancer with vegetables, multivitamins, and moderate con-
sumption of coffee, and a positive association with total
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Table 4 Population-attributable fraction® of lung cancer associated
with risk factors

Risk factors Population-attributable fraction (95% CI)b

All subjects Nonsmoking subjects

26.5 (124, 36.4) 349 (22.3, 43.5)
15.8 (7.2, 26.9) -
225(35,36.1)  21.6 (0, 36.4)
29.9 (8.8,442)  30.7 (8.6, 45.2)
15.8 (6.4, 27.1) 16.0 (5.8, 28.3)

Total dish-years®
Smoking

Residential radon
Low vegetable intake
Family cancer history

* Adjusted for age, years of education, occupations, and intake of
total fruit. In addition, total dish-years, smoking, family cancer his-
tory, radon index, and vegetables were adjusted each other. The least
exposed (total dish-years, residential radon, low vegetable intake) and
no exposed (smoking, family cancer history) were reference groups

® 95% confidence interval

¢ One dish-year means cooking one stir-fried dish daily for a year

meat. These associations were independent of other risk
factors or confounders being considered. In addition, we
observed a favorable effect of increasing intake of total
fruits and an adverse effect of pickled vegetables, which
were consistent with a previous Hong Kong study [22],
though neither of them was significant.

Intake of vegetables, including dark green and yellow/
orange vegetables, was found to be related inversely to the
risk of lung cancer. There appeared a stronger association
with yellow/orange vegetables, showing lower odds ratios
with increasing intake amount. Intake 1 or more serving
per week might be related to a reduced risk by half, in
comparison with intake less than 1 serving per week. The
result was in line with the previous studies showing that
individuals with high dietary intake of vegetables had a
lower risk for lung cancer than those with low vegetables
intake [21]. Low vegetable intake was found to contribute
30% to the cancer risk in this population. Fruits and veg-
etables are the major dietary source of antioxidant micro-
nutrients, such as vitamin A, vitamin C, lycopene, beta-
carotene, lutein [23, 24]. Epidemiological data generally
indicated a stronger protective association for fruits than
vegetable consumption [25]. In this study, we did not
observe a stronger association with fruits, however. A
possible explanation might be that the sample size was not
big enough given the wide range of confidence intervals.
Further studies with larger sample sizes are necessary to
confirm the association of fruits with lung cancer in Hong
Kong women.

Intake of multivitamins was also found to be inversely
associated with lung cancer risk, in which regular intake
had a stronger effect than irregular intake. Anticarcino-
genic effects of vitamin A, C, D, and E have been sug-
gested in both population studies and experimental studies
[25-27]. The evidence for intake of vitamin C and a variety
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of carotenoids or antioxidant index suggested protective
associations [28]. It should be pointed out, however, that
there were only a small number of the women who took
vitamin supplement in this study. Therefore, caution should
be given to the interpretation of the result.

Meat intake was another dietary factor found to be
associated with lung cancer. The risk in those who ate one
serving or more (over 80 g) per day was more than twofold
of that in those eating less. The positive association with
meat consumption was consistent with some other studies
conducted in different populations [29, 30]. Most previous
studies showed a moderately elevated risk that was asso-
ciated with higher intake of fat, meat, or cholesterol
[30-32], based on which the World Cancer Research Fund
(WCRF) concluded that diets high in total fat, saturated/
animal fat, and cholesterol possibly increase the risk of
lung cancer [25]. In our study, meat intake could explain
approximating 9% of lung cancer. It was worthwhile to
point out that the variable of meat intake in this study
referred to all kinds of meat intake, including red meat,
poultry, and seafood. It has been suggested the link
between fat and cancer risk depends on the type of fat
consumed rather than total fat intake [28]. Consumption of
red meat was especially thought to be linked to lung cancer
and other cancers [33]. Therefore, the association between
(red) meat intake and lung cancer might have been diluted
in our study because of all kinds of meat consumption
included. The Population Attributable Fraction could be
bigger if only red meat intake was considered. Unfortu-
nately, we were not able to separate the effect of red meat
intake from others with the current data. It certainly
deserves to be addressed in the future studies. The mech-
anism for the positive association with high meat intake has
not been clearly understood, but mutagens and carcino-
gens, especially compounds known as heterocyclic amines
(HCAs), has been identified in meats cooked at high tem-
peratures [34, 35], which may be responsible for increasing
lung cancer risk.

The link of coffee consumption to lung cancer was
another interesting finding. The light drinking (1-10 cof-
fee-years) was associated with a decreased risk, while
slightly elevated risk was seen in heavier drinking. Previ-
ous studies reported a beneficial effect of consumption of
coffee, especially decaffeinated coffee, on breast cancer
[36] and colorectal cancer [37]. On the other hand, caffeine
was found to have a carcinogenic effect and might elevate
cancer risk [38, 39]. Among a limited number of studies
examining coffee consumption and lung cancer, some
suggested elevated risks associated with increasing coffee
consumption [40]. A few studies, however, reported that
consumption of decaffeinated coffee was associated with a
statistically decreased risk of lung cancer, which indicated
a protective effect against lung cancer [41, 42]. We
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detected an inverse relationship with moderate coffee
consumption. Nevertheless, there were only a small num-
ber of coffee drinkers and no detailed information on the
types of coffee consumed by each subject; hence, it pro-
hibited us to draw a conclusion based on the current data. A
further study addressing the association of coffee con-
sumption with lung cancer would be worthwhile.

Lung cancer is the most common one among cancers
that are associated with occupational exposures [43]. The
proportion of lung cancer contributable to occupational
exposures has been suggested to range from 9 to 15% [28].
The association between lung cancer and occupational
history in women has not been studied as extensively as in
men. Among a limited number of studies, certain occupa-
tions were linked to increase lung cancer risk in females,
including cleaners, construction workers, metal product
workers, rubber/plastic product makers, and sewer workers
[44-46]. A recent cohort study conducted in nonsmoking
women in Shanghai, China [47] found an excess risk of
lung cancer in painters and rubber workers, though overall
exposure to known or suspected occupational lung
carcinogens was not associated with lung cancer risk. In
our study, we observed an elevated risk in cleaners and
industrial workers including sewer workers. The associa-
tion in cleaners was in accord with the previous studies, in
which cleaning service was linked to increased lung cancer
risk [44, 45], possibly due to exposure to certain organic
solvents that have a carcinogenic effect. For industrial
workers, a wide range of carcinogens identified in different
industries has been suggested [28, 47]. We did not classify
job matrix and potential exposures specifically in this study
due to the limited number of subjects.

It was also worthwhile to note that among the four cate-
gories of occupations, the greatest risk was seen in the never
employed and domestic helpers. The result was persistent in
the analysis either among all subjects or among nonsmokers
alone. A possible explanation might be that housewives and
domestic helpers were exposed more heavily to cooking
emissions because they usually involved more cooking
practice at home. A stratifying analysis of cooking practice
displayed that the cases in never employed women had the
highest total dish-years (118 dish-years), in comparison with
other employed women (ranging from 52 to 86 dish-years).
The result, in turn, corroborated the importance of cooking
fumes as a risk factor for lung cancer.

Residential radon is another environmental risk factor
being studied. A substantially higher excess relative risk of
lung cancer was linked to residential radon gas exposure
[48, 49]. The current data also suggested an increased risk
associated with residential radon exposure, though the
association was marginally significant when all of other
factors were adjusted. About 22% of lung cancer could be
attributable to residential exposure to radon. However, we

need to point out that the radon exposure level was esti-
mated, not measured directly in this study, which might
have resulted in a nondifferential misclassification of the
exposure and lead to an underestimation of the association.

As in most case—control studies, selection bias could be a
concerned issue in this study. Our cases were drawn from the
largest oncology center and the participation rate reached up
to 96%. The control subjects were selected from the same
community where cases came from. The procedure was
unlikely to introduce substantial selection bias. Recall bias
would be another major concern for such a study, which
might cause differential misclassification of exposures. To
minimize the possibility of differential recall from awareness
of disease status, we introduced the study to the subjects as a
general “women health study”. However, nondifferential
recall errors were likely present, as all of the information on
individual exposures and dietary habits were obtained
through questionnaires. Nondifferential recall bias might
have led to underestimated associations. Another limitation
of this study was that we did not assess the effects of the
various factors in smokers alone due to a small number in this
category. It was likely that smokers and nonsmokers were
etiologically distinct in lung cancer. Inadequate study power
prevented us from assessing the distinction between smokers
and nonsmokers. However, the analysis with combined data
of smokers and nonsmokers allowed us evaluating the role of
smoking in lung cancer among these subjects.

In summary, this study provided additional under-
standing of possibly etiological links of various factors
with lung cancer among Chinese women in Hong Kong. In
addition to the well-established smoking effect, environ-
mental exposures, including exposures to cooking emis-
sions and radon at home, and family cancer history are
contributing factors to lung cancer. Moreover, consump-
tions of meat, too little consumption of vegetables/fruits
and multivitamins may increase lung cancer risk. Moderate
consumption of coffee appears to have a beneficial effect.
The findings highlight the importance and necessity of
initiating/strengthening education programs that should
focus on individual behavior and dietary habit changes in
prevention and control of lung cancer in a population level.
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