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� Lung cancer (LC) mortality is still high
in Xuanwei at present.

� Delayed effect of indoor air pollution
is still the major risk factor for LC.

� The effect of tobacco use on LC
gradually becomes more apparent.
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tobacco use was the main cause of LC.
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Background: Indoor air pollution emitted by smoky coal combustion in unventilated fire pits used to
cause high lung cancer mortality in Xuanwei. Stove improvements were implemented from the 1970s
to the 1980s. However, the present lung cancer mortality rate in Xuanwei shows almost no significant
declining trend. Tobacco use is another established risk factor for lung cancer. Smoking prevalence and
secondhand smoke (SHS) exposure rate are both high in Xuanwei. Therefore, in this study we evaluated
the relationship among indoor air pollution over 30 years ago, tobacco use, and lung cancer risk, to fur-
ther explore the competitive effects of these two risk factors.
Methods: A case-control study design was used. We constructed an unconditional logistic regression
model to evaluate the relationship among indoor air pollution, tobacco use, and lung cancer risk, adjust-
ing the covariates and with an interactive term between the two key variables. We further quantitatively
assessed the maximum decrease in the indoor air pollution effect when facing competition from tobacco use
via a sensitivity analysis. First, the effect of indoor air pollution on lung cancer without considering tobacco
use was estimated. Then, we calculated a ‘‘bias factor” and divided the effect estimation by this factor.
Results: We found a strong delayed effect of indoor air pollution over 30 years ago in each subgroup with
different tobacco use history. The effects of tobacco use were relatively small, but in areas without smoky
coal combustion and indoor air pollution over 30 years prior, the lung cancer risk caused by tobacco use
became much stronger and statistically significant. Moreover, we assessed that the effects of tobacco use
on lung cancer could reduce a maximum of 18%-30% of the effects of indoor air pollution, but did not
influence their statistical significance; the competitive effect from ever smoking was stronger than that
from SHS exposure.
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Conclusions: At present in Xuanwei, delayed effect of the indoor air pollution over 30 years ago remains
the major risk factor for lung cancer. Concomitantly, the adverse effect of tobacco use on lung cancer is
becoming more apparent; local governments should start considering public health activities for smoking
cessation promotion and SHS exposure prevention.

� 2019 Elsevier B.V. All rights reserved.
1. Background

Indoor air pollution has been evaluated and reported to be a
first degree carcinogen by the International Agency for Research
on Cancer (IARC) (IARC, 2012). Indoor air pollution is associated
with an increasing risk of lung cancer. Tobacco use, including
active smoking and secondhand smoke (SHS) exposure, is another
established risk factor for lung cancer (O’Keeffe et al., 2018; Kim
et al., 2018; Sheng et al., 2018).

Xuanwei, in Yunnan province, China, is a county-level city with
significantly high lung cancer mortality since the 1970s (Office of
Research for cancer prevention in Ministry of Health: Study on
Cancer Mortality in China. Beijing: People’s Medical Publishing
House;, 1980; Mumford et al., 1987), especially in several towns
in its center. Previous studies (Mumford et al., 1987; Chapman
et al., 1988; He et al., 1991; Lan et al., 1993; Tian et al., 2008;
Lan et al., 2008; Large et al., 2009; Vermeulen et al., 2011;
Barone-Adesi et al., 2012; Downward et al., 2014) demonstrated
that exposure to extremely high levels of indoor carcinogenic sub-
stances (such as polycyclic aromatic hydrocarbons and nano-
quartz) was the main cause. These indoor air pollutants were
emitted by smoky coal (bituminous coal) combustion in unventi-
lated fire pits for cooking and heating. From the 1970s to the end
of the 1980s, the government-sponsored Improved Stove Program
was conducted in Xuanwei city, and more than 70% of unventilated
fire pits were replaced by stoves with chimneys (Barone-Adesi
et al., 2012; Li et al., 2011).

However, the present lung cancer mortality rates for males and
females in Xuanwei remain respectively 3 and 6 times higher than
China’s rural average levels (Xiao et al., 2012; Chen, 2015) and to
date show no significant declining trend (Liu et al., 2019). Even
the locations of towns with high, medium, and low lung cancer
rates have not changed significantly (Chen, 2015; Liu et al.,
2019). As no tobacco control policies have been implemented in
Xuanwei, several previous studies assessed the association
between tobacco use and lung cancer in the context of smoky coal
use and indoor air pollution. Kim et al. (Kim et al., 2014) published
a report based on data collected in Xuanwei between 1985 and
1990 (right at the end of the Improved Stove Program) demonstrat-
ing that when the association was assessed by coal use, the
cigarette-lung cancer risk association was null in hazardous coal
users and elevated in less hazardous smoky coal users and non-
smoky coal users. However, a cohort study conducted by (Lee
et al., 2010) using data from 1976 to 1996 reported that the effect
of smoking on lung cancer risk was considerably higher after chim-
ney installation and the consequent reduction in indoor coal smoke
exposure.

To date, it has been more than 30 years since the Improved
Stove Program. In 2014, our group conducted a survey in Xuanwei
(Liu et al., 2017), discovering that smoky coal consumption had
dropped, while male smoking prevalence and the level of SHS
exposure among females and non-smokers were both higher than
the national level in China (Chinese Center For Disease Control And
Prevention, 2011; Liu et al., 2017; Yang et al., 2016). Hence, in this
study, we evaluated the relationship among indoor air pollution
over 30 years ago, tobacco use, and lung cancer risk to further
explore the competitive effects of these two risk factors for lung
cancer risk.
2. Methods

2.1. Study design

A case-control study design was used in six selected towns in
Xuanwei. Detailed information on the selection of the towns was
previously described elsewhere (Liu et al., 2017). In brief, based
on the 2010–2012 average lung cancer mortality rates, 26 towns
in Xuanwei were divided into high-, medium-, and low-level lung
cancer areas. Taking into account the orientation and topography,
we chose Laibin and Wanshui in the high-level lung cancer area,
Tangtang and Geyi in the medium-level lung cancer area, and
Reshui and Wenxing in the low-level lung cancer area as our study
sites (see Fig. 1).

Face-to-face household surveys were conducted for cases in
2017 and for controls in 2014, respectively, using tablets/cell
phones with electronic versions of the questionnaire. The cases
were selected based on the following procedure. In the aforemen-
tioned six towns, information on living lung cancer patients was
collected through the local cancer registry system, all hospital
inpatient and outpatient records, and village doctors in February
2017. After excluding non-lung cancer patients, those declared
dead, and the duplicates, we compiled a list of 2538 cases. All
had been diagnosed in a grade II or higher hospital. Only 686 cases
consented to the interview. The controls were selected based on a
stratified cluster sampling survey in August 2014. The detailed
implementation process was described elsewhere (Liu et al.,
2017). Briefly, we chose 4 administrative villages in each town
and visited 100 households along prescribed routes in each village.
One adult (�30 years old, 2400 in total) in each household was ran-
domly selected using an app pre-installed on the tablets or cell
phones. A total of 2346 residents consented to the interview.

Both the cases and controls were interviewed using the same
questionnaire, which consisted of informed consent, general infor-
mation, development of living conditions, history of fuel and stove
use, occupational history, history of lung diseases other than can-
cer, family history of malignant tumors, history of smoking and
SHS exposure, and other behavioral risk factors (such as a history
of alcohol consumption, diet, and physical exercise).
2.2. Quality control

Before the field work, we conducted two days of training for all
of the site staff. Training included interviewers and additionally
recruited quality-control staff, who participated and supervised
the survey randomly. The interview was conducted using tablets/
cell phones for data collection; all of the required content and
logistics were established. The tablets also recorded the routes of
the interviewers via GPS. In addition, we instructed the interview-
ers to submit their finished questionnaires every day, the quality-
control staff to assess them the same day or the next day and



Fig. 1. Locations and topography of towns in Xuanwei.
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report dubious answers, and the interviewers to provide feedback
in three days.
2.3. Statistical analysis

There were two key variables in our models. We used the tern-
ary variable ‘‘high-, medium-, and low-level lung cancer areas” as a
surrogate for indoor air pollution levels over 30 years ago, since it
is impossible for us to actually measure them. We believe this sur-
rogate was suitable to use, as the locations of towns with high,
medium, and low lung cancer rates at present are not different
from that defined before the 1980s (Chen, 2015; Liu et al., 2019).
At that time, the associations of smoky coal combustion, fire pits,
and lung cancer were first discovered; indoor air pollution was
the decisive factor for the high-, medium-, and low-level lung can-
cer towns then (He et al., 1995). The low-level lung cancer area was
reference category 0, while the medium-level and high-level lung
cancer areas were 1 and 2, respectively. We constructed a ternary
variable for tobacco exposure. We set never smokers without SHS
exposure (referred to as ‘‘the cleanest”) as reference category 0,
never smokers with SHS exposure as 1 and ever smokers as 2.

First, an unconditional logistic regression model with an inter-
active term was used to evaluate the relationships among indoor
air pollution, tobacco use, and lung cancer risk. The covariate vari-
ables included age, sex, heating method during winter 10 years
prior, occupational history, frequency of eating white meat, eggs
or milk, history of alcohol consumption, history of non-malignant
lung diseases, history of cancer in relatives, and education. These
covariate variables were used based on previous reports and the
model fit. Odd ratios (ORs) and 95% confidence intervals (CIs) for
all of the variables were calculated. Together with the estimation
coefficient and standard error of the interactive term, the ORs
(95% CIs) of the indoor air pollution levels were calculated within
each category of tobacco use and vice versa.

Second, we were also interested in assessing how much the
effect size of indoor air pollution would decrease when facing com-
petition from tobacco exposure using a sensitivity analysis tech-
nique introduced by VanderWeele TJ and Ding P (Ding and
VanderWeele, 2016; VanderWeele and Ding, 2017). The core of this



Fig. 2. Flowchart of statistical analysis process.

4 L. Liu et al. / Science of the Total Environment 717 (2020) 135232
technique is to estimate how much unmeasured confounders may
explain an observed association between an exposure (or treat-
ment) and an outcome. Briefly, researchers calculated a ‘‘bias factor
(B)” and adjusted the observed relative risk (RR) and corresponding
95% CIs according to this factor. We borrowed the technique struc-
ture (see Fig. 1 in VanderWeele TJ and Ding P (VanderWeele and
Ding, 2017) and the following formula for calculating the B value.
U refers to ‘‘unmeasured confounder,” D refers to ‘‘outcome,” and E
refers to ‘‘exposure.” VanderWeele TJ and Ding P clearly described
the definitions of RRUD and RREU.

B ¼ RRUD � RREU= RRUD þ RREU � 1ð Þ
Regarding our analysis, indoor air pollution, tobacco use, and

lung cancer cases could be regarded as an exposure, a confounder,
and the outcome, respectively. Thus, RRUD means the maximum
strength of the association between tobacco use and lung cancer
within different indoor air pollution levels. In our analysis, that
meant the maximum estimated OR point value for SHS or ever
smoking in high-level, medium-level, and low-level indoor air pol-
lution exposure subgroups over 30 years ago, which was the OR of
the SHS or ever smoking in the low-level indoor air pollution expo-
sure subgroup estimated using the previously described uncondi-
tional logistic regression model. RREU should be the ratio of the
tobacco exposure rate in the indoor air pollution exposure category
to that of the indoor air pollution reference category. In other
words, RREU was the comparison between the proportion of
subjects with SHS exposure or ever smokers calculated as ‘‘SHS
exposure/never smokers” or ‘‘ever smokers/the sum of ever smok-
ers and the cleanest,” respectively, in the high- or medium-level
lung cancer areas and that in low-level lung cancer area. Note that
RREU was calculated based on the data from the control group, as it
was a random sample of the population in our study area.

By running the same unconditional logistic regression model,
but without tobacco use and consequently the interactive term,
we obtained OR (95% CIs) estimations for the indoor air pollution
levels over 30 years ago (see Supplemental table 1). These corre-
sponded to the ‘‘observed association between an exposure (or
treatment) and an outcome before considering unmeasured con-
founders” according to VanderWeele TJ and Ding P. We then
divided the ORs (95% CIs) by the corresponding B values for SHS
exposure or ever smoking to obtain their maximum percentages
of decrease when facing competition from tobacco exposure.
Fig. 2 shows a flowchart of the statistical analysis methods.

All of the analyses were performed using R software (version
3.2.3). This study was approved by the Ethics Committee of the
Institute of Basic Medical Sciences, Chinese Academy of Medical
Sciences (Project No. 2017008). All of the respondents provided
oral informed consent before the questionnaire survey started.
3. Results

Two cases and 30 controls were deleted from the dataset due to
the lack of smoking or SHS exposure status (key information). A
total of 684 cases and 2316 controls were used for the analysis.
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The results of the descriptive statistics and univariate analysis are
shown in Table 1. The distribution of most of the risk factors dif-
fered significantly in the cases and controls.
Table 1
Descriptive statistics and univariate analysis of the risk factors for lung cancer in the ques

Risk factors for lung cancer Levels or categories

Sex male
female

Age groupa <40
40–49
50–59
�60

Method of warming in winter 10 years ago
with indoor air pollution emission

no
yes

Smog during cooking none or slight
moderate or heavy

Work experience in coal mine or other jobs
with PM exposure b

no
yes

Frequency of eating vegetables, 0–2 days per week
fruits or beans 3–7 days per week
Frequency of eating white meat, 0–2 days per week
eggs or milk 3–7 days per week
Frequency of eating pickled, smoked, 0–2 days per week
fatty food or sweets 3–7 days per week
History of alcohol consumption no

yes
History of non-malignantlung diseases no

yes
History of cancer in relatives no

yes
Ethnic Han

minority
Education c primary or illiteracy

junior high or above
Tobacco use the cleanest

never smoker with SHS exposur
ever smoker

Indoor air pollution levelover 30 years ago low
medium
high

b. and c. 1 missing value in the controls.
Note: not all risk factors were included in the final logistic regression models.

a 32 missing values in the controls

Table 2
ORs (95%CIs) estimations from the unconditional logistic regression model with the intera

Risk factors for lung cancer

Sex
Age
Method of warming in winter 10 years ago with indoor air pollution emission
Work experience in coal mine or other jobs with PM exposure
Frequency of eating white meat, eggs or milk
History of alcohol consumption
History of non-malignant lung diseases
History of cancer in relatives
Education
Tobacco
Indoor air pollution levels over 30 years ago = low

Indoor air pollution levels over 30 years ago = medium

Indoor air pollution levels over 30 years ago = high

Indoor air pollution levels over 30 years ago
Tobacco = cleanest

Tobacco = SHS

Tobacco = ever smoker

* p < 0.05
# OR of SHS or ever smoking in the low indoor air pollution level subgroup was used
Therefore, in addition to the two key variables, 9 other risk fac-
tors were included in the final model. Table 2 shows the results of
the unconditional logistic regression model with the interactive
tionnaire.

Cases (684) Controls (2316) Chi-Squared test

n % n % Chi-Squared p

370 54.1% 1017 43.9% 22.021 <0.001
314 45.9% 1299 56.1%
12 1.8% 659 28.9% 548.29 <0.001
109 15.9% 745 32.6%
198 28.9% 533 23.3%
365 53.4% 347 15.2%
33 4.8% 237 10.2% 18.861 <0.001
651 95.2% 2079 89.8%
253 37.0% 951 41.1% 3.648 0.056
431 63.0% 1365 58.9%
445 65.1% 1784 77.1% 39.87 <0.001
239 34.9% 531 22.9%
170 24.9% 879 38.0% 39.847 <0.001
514 75.1% 1437 62.0%
471 68.9% 942 40.7% 168.37 <0.001
213 31.1% 1374 59.3%
282 41.2% 910 39.3% 0.827 0.363
402 58.8% 1406 60.7%
506 74.0% 2011 86.8% 64.591 <0.001
178 26.0% 305 13.2%
551 80.6% 2266 97.8% 275.451 <0.001
133 19.4% 50 2.2%
494 72.2% 2031 87.7% 94.855 <0.001
190 27.8% 285 12.3%
658 96.2% 2195 94.8% 2.296 0.130
26 3.8% 121 5.2%
529 77.3% 1620 70.0% 14.086 <0.001
155 22.7% 695 30.0%
40 5.8% 264 11.4% 38.42 <0.001

e 348 50.9% 1310 56.6%
296 43.3% 742 32.0%
71 10.4% 800 34.5% 242.378 <0.001
187 27.3% 785 33.9%
426 62.3% 731 31.6%

ctive term.

Exposure vs reference ORs (95%CIs)

female vs male 1.02 (0.69, 1.49)
per 1 year older 1.13 (1.12, 1.15)*
yes vs no 2.37 (1.49, 3.80)*
yes vs no 1.58 (1.17, 2.14)*
3–7 days vs 0.42 (0.33, 0.54)*
yes vs no 1.54 (1.11, 2.15)*
yes vs no 4.57 (2.96, 7.04)*
yes vs no 2.10 (1.57, 2.81)*
junior high or above vs primary or illiteracy 1.48(1.11, 1.97)*

SHS vs cleanest 17.29 (2.22, 134.96)*,#

ever smoker vs cleanest 14.52 (1.80, 117.12)*,#

SHS vs cleanest 1.96 (0.90, 4.28)
ever smoker vs cleanest 0.89 (0.36, 2.16)
SHS vs cleanest 1.25 (0.74, 2.10)
ever smoker vs cleanest 1.82 (0.97, 3.41)

medium vs low 34.93 (4.06, 300.38)*
high vs low 55.82 (6.75, 461.56)*
medium vs low 3.96 (2.54, 6.19)*
high vs low 4.79 (3.18, 7.21)*
medium vs low 1.79 (0.96, 3.32)
high vs low 6.99 (4.08, 11.99)*

as RRUD next.



Table 3
Quantitative assessment of the effect competition tobacco use caused on the effect of indoor air pollution on lung cancer.

Effect competition from tobacco exposure

ORs (95%CIs) of indoor air
pollution levels over 30 years
ago without considering
tobacco use

RREU RRUD (95%CIs)# B Decreased ORs (95%CIs) of
indoor air pollution levels
over 30 years ago

Percentage of
decrease (%)

Medium 3.55 (2.48, 5.08)* Ever smoking vs the cleanest 1.47 14.52 (1.80, 117.12)* 1.42 2.49 (1.74, 3.57)* �29.77%
High 6.63 (4.72, 9.31)* 1.45 1.41 4.71 (3.36, 6.62)* �28.90%
Medium 3.55 (2.48, 5.08)* Never smokers with SHS

vs the cleanest
1.24 17.29 (2.22, 134.96)* 1.22 2.90 (2.03, 4.15)* �18.24%

High 6.63 (4.72, 9.31)* 1.25 1.23 5.38 (3.83, 7.56)* �18.84%

# Only the point estimate value of OR was used as RRUD to calculate B, not the 95% CIs.
* p < 0.05

6 L. Liu et al. / Science of the Total Environment 717 (2020) 135232
term. The ORs estimated for the indoor air pollution levels were
much higher than those estimated for tobacco use. The interactive
effect between the two key variables was antagonistic and showed
statistical significance. The harmful effect of indoor air pollution on
lung cancer was much smaller in the subgroups with tobacco expo-
sure, but mostly remained significant, while the harmful effect of
tobacco use on lung cancer in the subgroups under indoor air pol-
lution exposure both decreased and lost statistical significance. The
OR (95% CIs) estimations of the other covariate variables in Table 2
were almost the same as those in Supplemental table 1, indicating
that the model was robust.

Table 3 shows the results of the effect competition assessment.
We calculated the B values and the maximum percentages of the
decrease in the effect sizes of the medium- or high-level indoor
air pollution when facing competition from SHS exposure or ever
smoking. Tobacco use could explain away 18%-30% of the effect
of indoor air pollution on lung cancer; the competitive effect from
ever smoking was stronger than that from SHS exposure. The com-
petition from tobacco use only lowered the size but did not influ-
ence the statistical significance of the indoor air pollution effect.

4. Discussion

The ORs (95% CIs) estimated by our analyses indicated that at
present in Xuanwei, indoor air pollution over 30 years prior
remains the major risk factor for lung cancer, while the effect
of tobacco use was still relatively small and could be non-
significant. But in those areas without smoky coal combustion
(smokeless coal and wood instead) and indoor air pollution over
30 years ago, the lung cancer risk caused by tobacco use was
much stronger and statistically significant. Moreover, we assessed
that the effect of smoking or SHS exposure on lung cancer could
reduce a maximum of 18%-30% of the effect of indoor air
pollution.

Our study indicated that the high level of indoor air pollution
emitted by smoky coal combustion had a significantly strong
delayed effect on lung cancer, and the period of delay could be
more than 30 years. Our previous study also confirmed this point
(Liu et al., 2019). In that study, by analyzing the trend in lung can-
cer mortality rates from 1990 to 2016, we found that the mortality
rate of lung cancer in Xuanwei decreased since 2004, but the
decrease was not statistically significant, except for residents
aged < 40 years old in 2014–2016. This population subgroup was
born at the end of the 1970s or in the early 1980s, in other words,
during or after the Improved Stove Program. That is to say, this
population subgroup was barely exposed to the extremely high
indoor air pollution emitted by smoky coal combustion in unven-
tilated fire pits. However, residents aged 40 years or older in
2014–2016 were likely exposed to extremely high indoor air
pollution, at least a few times in their early lives; therefore, the
non-significant declining trend in their lung cancer mortality rates
indicated a delayed effect of indoor air pollution exposure.

Xuanwei city, located in one of China’s largest tobacco produc-
ing provinces, Yunnan, has high levels of smoking and SHS preva-
lence (Liu et al., 2017). In 1985–1990, just at the end of the
Improved Stove Program, Kim et al. (Kim et al., 2014) reported that
the use of coal could attenuate the association between ever smok-
ing and lung cancer risk, even toward null when certain hazardous
types of coal were used. Our analysis inferred that as coal use decli-
nes (Liu et al., 2017) and indoor air quality improves, the adverse
effects of tobacco use on lung cancer may become more apparent
in Xuanwei. Therefore, it makes sense to start considering certain
tobacco control policies.

Establishing a conventional logistic regression model with
interactive terms is a common method to explore effect modifica-
tion. The results of our conventional interaction model can
improve the understanding of whether there is an interactive effect
and show the OR (95% CIs) estimations of indoor air pollution on
lung cancer in three different tobacco exposure subgroups. How-
ever, it could not provide a quantitative assessment of the extent
of competition that tobacco use brought to the association of
indoor air pollution and lung cancer. By calculating B, we
attempted to quantitatively assess the effect of the competition
degree between the two risk factors. Moreover, this assessment
method could also be used if the interactive effect between indoor
air pollution and tobacco use was not significant. As it requires
selecting the maximum OR of the unmeasured confounder
(tobacco use) on the outcome (lung cancer) within different expo-
sure (indoor air pollution) levels, regardless of whether or not
there is an interaction between the exposure and the unmeasured
confounder. When the common method examines no interactive
effect, this assessment method could provide additional informa-
tion on the competition tobacco use may bring to indoor air pollu-
tion and improve the understanding of the relationship between
lung cancer and the two important risk factors more comprehen-
sively. More precise lung cancer control and prevention policies
could be implemented.

When applying this quantitative assessment method, we paid
attention to several points. First, this method required three ele-
ments: confounder, exposure, and outcome. In our study, smok-
ing or SHS exposure could affect both indoor air pollution and
lung cancer, while air pollution was not supposed to affect
smoking or SHS. Therefore, smoking or SHS exposure, indoor
air pollution, and lung cancer could be the confounder, exposure,
and outcome, respectively. Second, when estimating the ORs for
both of the risk factors, the other covariate variables in the
models must remain the same, as stated by VanderWeele TJ
and Ding P. Third, since RREU is supposed to capture the imbal-
ance of the distribution of the unmeasured confounder in the
exposed and non-exposed subgroups in the study population, it
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must be calculated based on the study population or a random
sample. In our analysis, the data of the 2316 controls was eligi-
ble for use.

There were some limitations to our study. First, since the lung
cancer mortality hasn’t significantly decreased and the locations
of high-, medium- and low- level lung cancer mortality areas
haven’t changed much in Xuanwei, perhaps we have missed some
other potential risk factors, which affect lung cancer risk or influ-
ence the association between it and indoor air pollution. Therefore,
in the next step, we propose that indoor air pollution concentration
measurement (considering the energy structure change in Xuan-
wei (Liu et al., 2017) and possibly ambient air pollution) and
human biological sampling should be carried out in order to inves-
tigate actual external exposure and internal exposure and their
association with lung cancer risk. Second, our survey of the con-
trols was conducted in 2014, while that of the cases was conducted
in 2017; there was a 3-year gap in between. However, since all of
the risk factors we surveyed were characteristics, experiences, or
behavior habits that did not likely change rapidly within 3 years,
this should not have caused any significant difference.

5. Conclusion

We found a strong delayed effect of indoor air pollution over
30 years ago on lung cancer risk in Xuanwei. In the areas without
smoky coal consumption over 30 years ago, the effect of tobacco
use on lung cancer was stronger. Moreover, we estimated that
tobacco use could reduce a maximum of 18%-30% of the effect of
indoor air pollution. Local governments should start considering
public health activities for smoking cessation promotion and SHS
exposure prevention.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgments

We thank the following funds for supporting this study: 1)
Strengthen Capacity of Study and Application on the Burden of
Disease in Health Care Systems in China: Establishment and Devel-
opment of Chinese Burden of Disease Research and Dissemination
Center (15-208) supported by the China Medical Board (CMB); 2)
the Collaborative Innovation Team Project: Health Effect of
Environmental Factors and Gut Microbiome on Digestive Tract-
Related Diseases: Population-Based Cohort Studies (2016-12
M-3-001) supported by CAMS Innovation Fund for Medical
Sciences and 3) National Key Research and Development Program
of China (Grant No. 2016YFC1302602). The funding bodies
played no role in the study design and data collection, analysis,
and interpretation and writing the manuscript.

We thank Prof. Gonghuan Yang for her valuable advice during
the study design, the interpretation of the results, and the revision
of the manuscript.

Author contributions

Liqun Liu participated in the study field work, organized and
analyzed the data, and drafted and revised the manuscript, includ-
ing the tables and figures.

Xiaoyan Liu participated in the study field work and data
cleaning.
Xiangyun Ma and Bofu Ning managed the local coordination of
the study field work.

Xia Wan designed the study, guided its implementation, and
helped with the interpretation of the results and revision of the
manuscript.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.scitotenv.2019.135232.
References

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans: Personal
habits and indoor combustions. Volume 100 E. A review of human carcinogens.
Geneva, Switzerland: WHO Press; 2012.

Liu, L., Wan, X., Chen, G., Ma, X., Ning, B., Yang, G., 2017. Risk Factors of Lung
Cancer in Xuanwei, Yunnan Province, China. Chin J Lung Cancer 20 (8), 528–
537.

O’Keeffe, Linda M, Taylor, Gemma, Huxley, Rachel R, Mitchell, Paul, Woodward,
Mark, Peters, Sanne A.E., 2018. Smoking as a risk factor for lung cancer in
women and men: a systematic review and meta-analysis. BMJ Open 8, (10)
e021611.

Kim, C., Chapman, R.S., Hu, W., He, X., Hosgood, H.D., Liu, L.Z., Chen, W., Silverman,
D.T., Vermeulen, R., et al., 2014. Smoky coal, tobacco smoking, and lung cancer
risk in Xuanwei, China. Lung Cancer 84 (1), 31–35.

Kim, A.S., Ko, H.J., Kwon, J.H., Lee, J.M., 2018. Exposure to Secondhand Smoke and
Risk of Cancer in Never Smokers: A Meta-Analysis of Epidemiologic Studies. Int J
Environ Res Public Health 15(9):pii, E1981.

Sheng, L., Tu, J.W., Tian, J.H., Chen, H.J., Pan, C.L., Zhou, R.Z., 2018. A meta-analysis of
the relationship between environmental tobacco smoke and lung cancer risk of
nonsmoker in China. Medicine (Baltimore) 97, (28) e11389.

Office of Research for cancer prevention in Ministry of Health: Study on Cancer
Mortality in China. Beijing: People’s Medical Publishing House; 1980.

J. L. Mumford, X. Z. He, R. S. Chapman, S. R. Cao, D. B. HARLUS, X. M. Li, Y. L. Xia, W. Z.
Jiang, C. W. Xu, J. C. Chuang et al. Lung Cancer and Indoor Air Pollution in Xuan
Wei, China. Science 1987, 235(4785):217-220.

Chapman, R.S., Mumford, J.L., Harris, B.D., He, X., Jiang, W., Yang, R., 1988. The
Epidemiology of Lung Cancer in Xuan Wei, China: Current Progress, Issues, and
Research Strategies. Archives of Environmental Health 43 (2), 180–185.

He, Xingzhou, Chen, Wei, Liu, Ziyuan, Chapmant, Robert S., 1991. An
epidemiological study of lung cancer in Xuan Wei County, China: current
progress. Case-control study on lung cancer and cooking fuel. Environmental
Health Perspectives 94, 9–13.

Lan, Q., Chen, W., Chen, H., He, X., 1993. Risk Factors for Lung Cancer in Non-
smokers in Xuanwei County of China. BIOMEDICAL AND ENVIRONMENTAL
SCIENCES 6, 112–118.

Tian, Linwei, Dai, Shifeng, Wang, Jianfang, Huang, Yunchao, Ho, Suzanne C., Zhou,
Yiping, Lucas, Donald, Koshland, Catherine P., 2008. Nanoquartz in Late Permian
C1 coal and the high incidence of female lung cancer in the Pearl River Origin
area: a retrospective cohort study. BMC Public Health 8, 398.

Qing Lan, Xingzhou He, Min Shen, Linwei Tian, Larry Z. Liu, Hong Lai, Wei Chen,
Sonja I. Berndt, H. Dean Hosgood, Kyoung-Mu Lee et al: Variation in lung cancer
risk by smoky coal subtype in Xuanwei, China. Int. J. Cancer 2008, 123(9):2164–
2169

David J. Large, Shona Kelly, Baruch Spiro, Linwei Tian, Longyi Shao, Robert
Finkelman, Mingquan Zhang, Chris Somerfield, Steve Plint, Yasmin Ali et al.
Silica-Volatile Interaction and the Geological Cause of the Xuan Wei Lung
Cancer Epidemic. Environ. Sci. Technol. 2009, 43:9016–9021.

VanderWeele, T.J., Ding, P., 2017. Sensitivity Analysis in Observational Research:
Introducing the E-Value. Ann Intern Med 167 (4), 268–274.

Vermeulen, R., Rothman, N., Lan, Q., 2011. Coal combustion and lung cancer risk in
Xuanwei: a possible role of silica? Med Lav 102 (4), 362–367.

Barone-Adesi, Francesco, Chapman, Robert S, Silverman, Debra T, He, Xinghzhou,
Wei, Hu., Vermeulen, Roel, Ning, Bofu, Fraumeni, Joseph F, Jr, Nathaniel
Rothman, Lan, Qing, 2012. Risk of lung cancer associated with domestic use
of coal in Xuanwei, China: retrospective cohort study. BMJ, 345(5414).

Downward, George S., Wei, Hu., Large, David, Veld, Harry, Jun, Xu., Reiss, Boris,
Guoping, Wu., Wei, Fusheng, Chapman, Robert S., Rothman, Nat, et al., 2014.
Heterogeneity in coal composition and implications for lung cancer risk in
Xuanwei and Fuyuan counties, China. Environment International 68, 94–
104.

Xiao, Yize, Shao, Ying, Xianjun, Yu., Zhou, Guangbiao, 2012. The epidemic status and
risk factors of lung cancer in Xuanwei City, Yunnan Province, China. Front Med 6
(4), 388–394.

Chen, Gongbo, 2015. Study on epidemic patterns of lung cancer and its risk factors
in Xuanwei, China. Peking Union Medical College, Beijing.

Liu, X., Liu, L., Zou, X., Ma, X., Ning, B., Ning, Y., Wan, X., 2019. Epidemiological
Features of Lung Cancer Mortality between 1990 and 2016 in Xuanwei City,
Yuannan Province. ACTA ACADEMIAE MEDICINAE SINICAE, 41(3).

https://doi.org/10.1016/j.scitotenv.2019.135232
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0110
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0110
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0110
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0010
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0010
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0010
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0100
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0100
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0100
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0015
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0015
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0015
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0020
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0020
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0020
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0035
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0035
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0035
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0040
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0040
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0040
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0040
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0045
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0045
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0045
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0050
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0050
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0050
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0050
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0135
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0135
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0065
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0065
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0070
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0070
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0070
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0070
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0075
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0075
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0075
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0075
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0075
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0085
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0085
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0085
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0090
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0090
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0095
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0095
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0095


8 L. Liu et al. / Science of the Total Environment 717 (2020) 135232
Lee, K., Chapman, R., Shen, M., Lubin, J., Silverman, D., He, X., Hosgood, H., Chen, B.,
Rajaraman, P., Caporaso, N., et al., 2010. Differential effects of smoking on lung
cancer mortality before and after household stove improvement in Xuanwei,
China. British Journal of Cancer 103, 727–729.

Li, J., Zhang, Y., Li, Y., Yin, G., Li, Y., Ning, B., Guo, J., 2011. Descriptive Study on the
Epidemiology of Lung Cancer in Coal-producing Area in Eastern Yunnan. Chin J
Lung Cancer 4 (2), 107–119.

Chinese Center For Disease Control And Prevention, 2011. Global Adult Tobacco
Survey (GATS) China 2010 Country Report. China Three Gorges Press, Beijing.
Yang, Y., Nan, Y., Tu, M., Wang, J., Wang, L., Jiang, Y., 2016. Major finding of 2015
China adults tobacco survery. Chinese Journal of Health Management 10 (2),
85–87.

He, X., Lan, Q., Yang, R., Li, R., Huang, C., 1995. An overview of studies on risk factors
for lung cancer in Xuanwei, China (1979–1993). Journal of Hygiene Research 24
(4), 203–206.

Ding, P., VanderWeele, T., 2016. Sensitivity analysis without assumptions.
Epidemiology 27, 368–377.

http://refhub.elsevier.com/S0048-9697(19)35224-6/h0105
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0105
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0105
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0105
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0080
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0080
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0080
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0115
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0115
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0120
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0120
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0120
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0125
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0125
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0125
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0130
http://refhub.elsevier.com/S0048-9697(19)35224-6/h0130

	Analysis of the associations of indoor air pollution and tobacco use with morbidity of lung cancer in Xuanwei, China
	1 Background
	2 Methods
	2.1 Study design
	2.2 Quality control
	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	ack11
	Acknowledgments
	Author contributions
	Appendix A Supplementary data
	References


