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Purpose: To investigate the association between long-term exposure to ambient air pollution and lung cancer incidence in Koreans.
Materials and Methods: This was a population-based case-control study covering 908 lung cancer patients and 908 controls se-
lected from a random sample of people within each Korean province and matched according to age, sex, and smoking status. We
developed land-use regression models to estimate annual residential exposure to particulate matter (PM,,) and nitrogen dioxide
(NO,) over a 20-year exposure period. Logistic regression was used to estimate odds ratios (ORs) and their corresponding 95%
confidence intervals (CI).

Results: Increases in lung cancer incidence (expressed as adjusted OR) were 1.09 (95% CI: 0.96-1.23) with a ten-unit increase in
PM, (ug/m®) and 1.10 (95% CI: 1.00-1.22) with a ten-unit increase in NO, (ppb). Tendencies for stronger associations between
air pollution and lung cancer incidence were noted among never smokers, among those with low fruit consumption, and among
those with a higher education level. Air pollution was more strongly associated with squamous cell and small cell carcinomas

than with adenocarcinoma of the lung.

Conclusion: This study provides evidence that PM,, and NO, contribute to lung cancer incidence in Korea.
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INTRODUCTION

Lung cancer is the leading cause of cancer related death world-
wide. In Korea, it accounted for 22.8% of all cancer deaths in
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2014.! Although the smoking rate in Korea has lowered, the
prevalence of lung cancer is increasing and is anticipated to
increase over the next decade.” Lung cancers have recently
displayed major shifts in the frequencies of histological types,
with steady increases in adenocarcinomas and decreases in
squamous cell carcinomas.' Studies have suggested that chang-
es in tobacco blends and air pollution might be related to these
shifts.** However, few studies have examined air pollution ex-
posure and risk of lung cancer according to histological sub-
types.®”

Previous studies have proved that tobacco use is the major
cause of lung cancer.® However, relatively high rates of lung
cancer have also been observed among non-smokers and nev-
er smokers.”" Therefore, studies have suggested that other fac-
tors, such as occupational exposures to carcinogens (radon,
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arsenic, asbestos, and heavy metals), environmental tobacco
smoke, and lower socioeconomic status, could also contribute
to the development of lung cancer." In addition, traffic- and
heating-related emissions in urban areas have been described
as risk factors for lung cancer.”

Several studies have linked ambient air pollutants, including
particulate matter with an aerodynamic diameter of less than
10 micrometers (PM,o) and nitrogen dioxide (NO,), to lung
cancer incidence.”"*'® A cohort study conducted in nonsmok-
ing California adults (USA) reported that an interquartile range
(IQR) increase in mean concentration of PM,, was positively
associated with incident lung cancer in males [relative risk
(RR)=5.21; 95% confidence interval (CI): 1.94-13.99]." Find-
ings from individual data from 17 European cohorts showed a
positive association between PM,, and risk for lung cancer
(hazard ratio=1.22; 95% CI: 1.03-1.45, per 10 pg/m?®), suggest-
ing an effect even below 40 ug/m?® for PMy,." In a case-control
study of 2390 lung cancer cases and 3507 population controls
in Canada, an odds ratio (OR) of 1.11 (95% CI: 1.00-1.24) was ob-
served for a 10 ppb increase in exposure to NO,.”

Adenocarcinoma is the most common histological subtype
of lung cancer; however, studies have reported inconsisten-
cies in the association between air pollution and adenocarci-
noma or other histological subtypes. Air pollution has been
reported to be more strongly associated with adenocarcinoma
in some studies,®'® whereas other studies have shown the st-
rongest association with other histological subtypes.'®* The
inconsistency may be due to differences in exposure assess-
ment or inadequate power for sub-analysis of each histological
subtype.” Also, a high frequency of some subtypes of lung can-
cer due to a bias in the pathological material may be an issue.”

Although some studies in Asia have reported associations
between air pollutants and lung cancer risk,>* local data on
the long-term effects of air pollution on lung cancer to sup-
port policy is scare. Further, studies on ambient air pollution
and lung cancer risk, particularly risk according to histological
subtypes, have not been performed in Korea. We therefore
aimed to investigate lung cancer incidence in relation to long-
term exposure to PM;, and NO, via a population-based case-
control study.

MATERIALS AND METHODS

Study subjects

This study was conducted as a population-based case-control
study, a matched case-control study with a 1:1 ratio, at three
university hospitals in Seoul and Incheon, Korea. These hos-
pitals are reference centers for the surrounding catchment
health area. From 2014 to 2015, a standard protocol was used
to recruit a total of 959 incident cases of histologically con-
firmed lung cancer. Population controls were selected from a
random sample of people who were individually matched to
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the cases by sex, smoking status, and age (+5 years). Controls
were recruited from healthy individuals (no radiotherapy and
chemotherapeutic treatment) in the same community as the
cases, and 908 controls were individually matched to the cas-
es. Under the assumptions of an effect size of 1.5 and a two-
sided alpha level of 0.05 and given a 1:1 comparison, the study
had 80% power at a total sample size of 905 cases and 905 con-
trols. Informed consent was obtained from all participants,
and the study was approved by the Institutional Review Board
of Inha University Hospital ([UHIRB 13-2878).

Exposure assessment

Assessment of air pollution exposure was done based on resi-
dential histories, which were geo-coded. We retrieved all ad-
dresses of the study participants from 1995 onward. Our data-
base included PM,, and NO, monitoring data, population
count data, road network data, and land use data. The variables
were grouped into five categories: 1) land use; 2) physical ge-
ography (X and Y coordinates); 3) elevation; 4) roads and traffic
(lengths of different road types and traffic flow density within
buffers of different radii); and 5) population. We calculated
variables at regulatory monitoring sites using one of two met-
rics: the distance of a feature or a buffer summary statistics (e.g.,
sum or proportion) of a feature. A buffer indicates that the con-
centration of air pollution measured at the central point of the
buffer is influenced by probable sources at a given distance.
The buffer radii for traffic variables were 25, 50, 100, 200, 300,
500, and 1000 m, whereas larger radii of 100, 200, 300, 500, 1000,
and 2000 m were applied to non-traffic variables for demo-
graphic characteristics and land use categories. For each road,
we defined the traffic intensity as the average traffic volume
per day, and traffic intensity was estimated from traffic demand
models. In addition, traffic load was defined as a function of
road length and traffic intensity. Long-term exposure to air pol-
lution were estimated from the residential histories from 1995
to 2014. Various exposure periods were also examined (2010~
2014; 1995-2009; and 1995-2004) to check whether more re-
cent exposure to air pollution is important in the development
of lung cancer.

Concentrations of PM;, and NO, at residential addresses of
the study participants were estimated by land-use regression
(LUR) models following a standardized method that has been
described elsewhere.” In brief, we modeled traffic-related pol-
lutants by LUR using regulatory monitoring networks and used
annual means for PM;, and NO; in 2010. LUR models for PM1o
and NO, were conducted in nine areas (Seoul, Incheon, Busan,
Ulsan, Gyeonggi, Chungcheong, Jeolla-Jeju, Daegu-Gyeong-
book-Gangwon, and Gyeongnam) and were optimized local-
ly. Measurements of both PM,, and NO; were conducted at
14-72 urban background monitoring sites per area. For Seoul,
the air pollutants were measured at 37 regulatory monitoring
sites and used centrally and locally available geographic vari-
ables as potential predictors. Supplementary Fig. 1 (only on-
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line) shows statistics and scatter plots of observation and
cross-validated prediction from the LUR models in Seoul. Five
predictor variables were left in the final LUR model for NO,:
the length of all roads within 300 m, traffic intensity on the
nearest road, total heavy-duty traffic load of all roads within 100
m, urban green area within 300 m, and a variable representing
spatial trend. The model adjusted R* and the leave-one-out-
cross-validation (LOOCV) R? of the NO, models were 0.79 and
0.73, respectively. For PM;,models, the adjusted R* and LOOCV
R*were 0.69 and 0.60, respectively.

Outcomes
The primary outcome variable of this study was histologically
confirmed lung cancer incidence. We also examined specific
histological subtypes of lung cancer, such as adenocarcinoma,
squamous cell carcinoma, small cell carcinoma, and large cell
carcinoma.

Data collection

Information on potential risk factors for lung cancer was col-
lected personally through questionnaires by trained interview-
ers. Structured questionnaires collected data on sociodemo-
graphic characteristics, residential history, current and past
tobacco use, exposure to secondhand smoke (SHS), personal
and family history of cancer, occupational history, and frequen-
cy of fruit consumption.

Participants were categorized by tobacco consumption into
three groups: never smokers, defined as persons who were sm-
oking at the time of the interview and had not smoked 100 or
more cigarettes in their lifetimes; former smokers, defined as
subjects who did not smoke at the time of interview and had
smoked atleast 100 cigarettes in their lifetime; and current smo-
kers, defined as subjects who met none of these criteria. Expo-
sure to SHS was assessed by the question: “How many days in
the past 7 days did someone smoke near you at home or work?”
Response options of 0 to 7 days/week were classified into three
levels: no exposure (none/week), occasional exposure (1-4
days/week), and regular exposure (5-7 days/week).”

We obtained information on frequency of fruits consump-
tion. Subjects were asked to indicate their usual frequency of
consumption of fruits for the last week using the following
scale: more than once per day; daily; one to two times per week;
three to four times per week; five to six times per week; two or
three times per month; once per month; or never. Responses
were categorized into three levels: 1-3 times/month, 1-6 times/
week, and at least once/day.

We collected information about occupational carcinogens
(kind of carcinogen, occupation, industry classification of wo-
rking factory, exposure periods, and latent periods) for the
measurement of occupational exposure to lung carcinogens.
We defined exposure to confirmed or suspected occupational
carcinogens as ever regularly exposed (i.e., at least once a week
for at least 6 months) to any of these agents: asbestos, polycy-
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clic aromatic hydrocarbons, diesel engine exhaust, crystalline
silica, radon, hexavalent chromium, nickel, pesticide, dioxin,
welding fume, cadmium, formaldehyde, and arsenic.”” Family
history of cancer was classified into three levels; none, first-de-
gree relatives with other types of cancer, and first-degree rela-
tives with lung cancer.

Statistical analyses

Multiple unconditional logistic regression models (backward
stepwise method) were used to estimate ORs and 95% CIs in
order to assess the possible relationship between lung cancer
and air pollution. In our models, we adjusted for matching vari-
ables of age (yrs), sex (male vs. female), and smoking status
(never, former, and current smoker), as well as for other poten-
tial confounding risk factors, such as education (more than high
school, high school, and less than high school), exposure to
SHS at work and home (never, occasional, and regular), family
history of cancer (none, other cancers, and lung cancer), fre-
quency of fruit consumption (1-3 times/month; 1-6 times/
week; and at least once/day), and occupational exposure to
lung carcinogens (exposed vs. unexposed).

The percentages of missing values within the population for
analysis were <10% for the frequency of fruit consumption (9.5%)
and <5% for exposure to SHS (1.5%) and education (3.9%). We
used multiple imputation to impute missing values for these
covariates.” This method has been suggested as an efficient
alternative to analyze missing data in matched case-control
studies.”” The results without imputation are presented in the
Supplementary Table 1 and 2 (only online) to show the sensi-
tivity of results to imputation.

We further assessed effect modification by a priori variables
(smoking status, education, sex, family history of cancer, occu-
pational carcinogens, and fruit consumption) that may modi-
fy the relationship between air pollution and lung cancer”**?
in stratified analyses and by entering products terms into our
logistic regression models. The interaction p values were based
on a log likelihood ratio test. In addition, we examined a po-
tential lung cancer risks in populations living within 2 km of
hazardous sites using logistic regression.

RESULTS

The lung cancer patients included in this study were on aver-
age 61 years of age at first symptoms or diagnosis, more were
male than female (62-38%), and more than one-fifth were
current smokers (23%) (Table 1). About a quarter had a higher
level of education and more than half had never been exposed
to SHS at work; all of these characteristics were similar between
controls and cases. Histologically, adenocarcinoma (63.2%)
and squamous cell carcinoma (21.2%) were the main types of
lung cancer. Table 2 summarizes study participant air pollution
exposures and correlations between pollutants. The estimates
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of NO, were moderately correlated with PM;, (r=0.70).

Table 3 shows lung cancer ORs with exposure to PM,, and
NO,, based on results obtained from imputed data set. Adjust-
ed for age, sex, smoking, exposure to SHS at home and work,

Table 1. Characteristics of Lung Cancer Cases and Controls

Cases Controls p

Characteristics (n=908), n (%) (n=908), n (%) value*

Sex

Male 566 (37.7) 566 (37.7)

Female 342 (62.3) 342 (62.3) 1.000
Age (yr), mean (SD) 60.8(10.4) 60.9(10.4) 0911
Smoking status

Never 363 (43.6) 363 (43.6)

Former 306 (33.7) 306 (33.7)

Current 206 (22.7) 206 (22.7) 1.000
Exposure to secondhand smoke

At work

Never 497 (55.2) 468 (52.7)
Occasional 142 (15.8) 153(17.2)
Regular 262 (29.1) 267 (30.1)
Missing 7 20 0.539

At home

Never 498 (55.3) 483 (43.4)

Occasional 14(1.6) 48 (5.4)

Regular 389 (43.2) 357 (40.2)

Missing 7 20 <0.001
Family history of cancer

None 565 (62.2) 709 (78.1)

Other cancers 282 (31.1) 174(19.2)

Lung cancer 61(6.7) 25(2.8) <0.001
Histology type

Adenocarcinoma 559 (63.2)

Squamous cell carcinoma 188(21.2)

Small cell carcinoma 55(6.2)

Large cell carcinoma 35(4.0)

Non-differentiated 19(2.1)

Others 29(3.3)

Missing 23
Frequency of fruit consumption

1-3 times/month 187(21.7) 114 (14.6)

1-6 times/week 396 (45.9) 472 (60.4)

At least once/day 279(32.4) 195(25.0)

Missing 46 127 <0.001
Occupational carcinogens

No 601 (66.2) 675(74.3)

Yes 307 (33.8) 233(25.7)  <0.001
Education

More than high school 186 (21.6) 228(25.8)

High school 320(37.2) 331(37.4)

Less than high school 355(41.2) 326 (36.8) 0.069

Missing 47 23

SD, standard deviation.
*Two-sided y? test and Mann-Whitney test where appropriate.
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education, exposure to occupational carcinogens, and frequen-
cy of fruit intake, the OR for a 10 ppb increase in NO, was 1.10
(95% CI: 1.00-1.21) and that for a 10 pg/m? increase in PM;,
was 1.09 (95% CIL: 0.96-1.23). For NO,, exposure quartiles were
elevated relative to the lowest quartile (<15.4 ppb) and showed
a dose-response relationship. With a 10-year average, the effects
of pollutants appeared stronger than for average exposure over
the whole 20-year period. Likewise, compared with the results
from imputed data, the associations of NO, and PM,, exposure
with lung cancer were slightly stronger with the results obtained
from complete case analyses (OR=1.14, 95% CI: 1.03-1.27 per
10 ppb NO,; OR=1.12, 95% CI: 0.98-1.29 per 10 pug/m?* PM, )
(Supplementary Table 1, only online).

Table 4 presents stratified models for smoking status, edu-
cation attainment, sex, family history of cancer, exposure to oc-
cupational carcinogens, and frequency of fruit consumption,
based on results obtained from imputed data set. No consis-
tent patterns of smoking status and either PM;, or NO, expo-
sure were observed. For PM,,, compared with never smokers,
larger ORs for lung cancer were observed for current smokers
(OR=1.14, 95% CI: 0.85-1.52). However, the NO, model exhib-
ited a higher and significant OR for never smokers (OR=1.17,
95% CI: 1.01-1.34). For NO,, associations were stronger in sub-
jects with more than high school education than in those with
high school education, and the interaction with educational
status was significant (p-interaction=0.027). For NO,, point
estimates appeared somewhat larger for subjects reporting ex-
posure to carcinogens, compared with those unexposed to any
carcinogens, although ClIs largely overlapped (p-interaction
>0.1). Although the NO, model indicated higher OR for wom-
en (OR=1.15, 95% CI: 0.98-1.35; p=0.084), the level of signifi-
cance was borderline. The results obtained from data without
imputation demonstrated a slightly stronger association of ex-
posure with the outcomes considered in this study (Supple-
mentary Table 2, only online).

Table 5 summarizes ORs for subjects with residences within
2 km of a hazardous facility. A higher risk was observed among
subjects with residences within 2 km of bus/taxi terminals.
The ORs were positive for those residing within 2 km of an in-
dustrial complex, incinerator, and transmission tower, although
the ORs could not exclude the null values.

DISCUSSION

This study highlighted associations between residential expo-

Table 2. Descriptive Statistics of Average Residential Air Pollution Expo-
sure

Pollutant Mean (SD)  Median I0R Range
PMig (ug/m3) ~ 55.27 (7.83) 55.93 12.17 18.25-95.58
NO; (ppb) 2338(1053) 2257 15.65 1.05-86.76

SD, standard deviation; IQR, interquartile range.
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Table 3. ORs for the Association between Lung Cancer Incidence and PM;, and NO, Exposure

YMJ

OR (95% CI)
Pollutant Case/control (n) Crude” X Adjusted model’ .
OR (95% CI) pvalue OR (95% CI) pvalue

PMio

All (per 10 pg/m®) 908/908 1.03(0.92-1.16) 1.09 (0.96-1.23)

Quartile 1 (<49.7) 235/219 Reference Reference

Quartile 2 (49.7-55.9) 223/236 0.88(0.68-1.14) 0.93(0.71-1.22)

Quartile 3 (55.9-61.9) 211/238 0.82(0.63-1.07) 0.90(0.68-1.18)

Quartile 4 (>61.9) 239/215 1.03 (0.80-1.34) 0916 1.17 (0.89-1.55) <0.001
5-year average® 908/908 0.88(0.75-1.03) 0.93(0.79-1.10)
10-year averagell 908/908 1.11(1.01-1.21) 1.16 (1.05-1.28)
15-year average’ 908/908 1.07 (0.96-1.19) 1.12(1.00-1.25)
Histology (per 10 pg/m?)

Adenocarcinoma 559/908 1.01(0.88-1.16) 1.04(0.90-1.20)

Squamous cell carcinoma 188/908 1.11(0.90-1.38) 1.26 (1.05-1.52)

Small cell 55/908 1.19(0.82-1.73) 1.41(1.04-1.92)

Large cell 35/908 1.04 (0.65-1.66) 1.09 (0.75-1.59)
NO;

All (per 10 ppb) 908/908 1.05(0.97-1.14) 1.10(1.00-1.22)

Quartile 1 (<15.4) 229/226 Reference Reference

Quartile 2 (15.4-22.6) 218/235 0.91(0.70-1.19) 0.97 (0.74-1.28)

Quartile 3 (22.6-31.0) 217/237 0.90(0.70-1.17) 1.02(0.77-1.35)

Quartile 4 (>31.0) 244/210 1.14(0.88-1.49) 0.345 1.33(1.00-1.76) <0.001
5-year average® 908/908 1.00(0.92-1.08) 1.05(0.95-1.15)
10-year averagel 908/908 1.08 (0.99-1.18) 1.15(1.05-1.26)
15-year average” 908/908 1.06 (0.97-1.15) 1.12(1.02-1.23)
Histology (per 10 pph)

Adenocarcinoma 559/908 1.06 (0.95-1.17) 1.09(0.97-1.22)

Squamous cell carcinoma 188/908 1.03 (0.88-1.20) 1.15(0.98-1.35)

Small cell 55/908 1.21(0.93-1.57) 1.36 (1.05-1.73)

Large cell 35/908 0.86 (0.60-1.24) 0.87 (0.60-1.25)

OR, odds ratio; Cl, confidence interval; SHS, secondhand smoke.

*Adjusted for age, sex, and smoking, "Adjusted for age, sex, smoking, exposure to SHS at home and work, education, exposure to occupational carcinogens, and
frequency of fruit intake, *Test for trend, *The average concentration of pollutants was calculated for the period 2010-2014, The average concentration of pollut-
ants was calculated for the period 1995-2004, "The average concentration of pollutants was calculated for the period 1995-2009. All models are single pollutant.

sure to air pollution and risk for lung cancer in a case-control
study. The results indicated stronger associations among nev-
er-smokers, among participants with higher education, and
among those with relatively low consumption of fruits. In ad-
dition, the associations were stronger for squamous cell and
small cell carcinomas than for adenocarcinoma of the lung.
Our findings are consistent with previous studies showing
that ambient air pollution is associated with increased lung
cancer risk.”" The present study estimated an OR of 1.10 (95%
CI: 1.00-1.22) per 10 ppb of NO,, which is similar to a Canadi-
an study (OR=1.11; 95% CI: 1.00-1.24 per 10 ppb),” but higher
than the estimate from a recent meta-study (OR=1.04; 95% CI:
1.01-1.07)."® Our estimated OR for PM,, (OR=1.16, 95% CI:
1.05-1.28 per 10 pg/m®) is in line with that of a recent study in
the European cohorts (HR=1.22, 95% CI: 1.03-1.45 per 10 pg/
m?®),’® but lower than those in studies in the USA (HR=5.21,

https://doi.org/10.3349/ym;}.2017.58.6.1111

95% CI: 1.94-13.99 per 24 pg/m® PM;p)"* and Germany (HR=
1.84, 95% CI: 1.23-2.74 per 7 pg/m® PM,,).** Some differences
in the magnitude of associations across studies may arise from
study settings, such as the demographic characteristics of the
study population, exposure periods, timing of measurements,
magnitude of exposure misclassification, and covariates in-
cluded in models.

Stronger associations between air pollution and lung can-
cer in never-smokers have been observed in previous studies.*"**
In a cohort study from Norway, the RR per 10 pg/m? increase
in the concentration of nitrogen oxide was 1.20 for never-smok-
ers.”> We found no significant associations for former and cur-
rent smokers. This might be due to the strong relationship be-
tween cigarette smoking and lung cancer incidence, as was
also suggested in a previous study.’

In our study, education seemed to modify the association of
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Table 4. Stratification of Lung Cancer and Pollutant Models by Potential Confounding Variables

Stratification variable Case/control s L
(n) OR (95% CI) pvalue* OR (95% CI) pvalue*
Smoking status' 0.994 0.063
Never smoker 396/396 1.02 (0.85-1.23) 1.17(1.01-1.34)
Former 306/306 1.01(0.81-1.16) 1.01(0.85-1.19)
Current 206/206 1.14(0.85-1.52) 0.92(0.73-1.15)
Education* 0.093 0.027
More than high school 186/228 1.35(1.00-1.83) 1.35(1.06-1.68)
High school 320/331 0.91(0.72-1.14) 0.97 (0.82-1.14)
Less than high school 355/326 1.07 (0.88-1.30) 1.15(0.98-1.34)
Sex? 0.881 0.377
Male 566/566 1.07(0.91-1.27) 1.05(0.92-1.18)
Female 342/342 1.05(0.85-1.29) 1.15(0.98-1.35)
Family history of cancer! 0.874 0.953
None 565/709 1.07(0.92-1.25) 1.10(0.98-1.23)
Other cancers 282/174 1.03(0.79-1.36) 1.07 (0.87-1.32)
Lung cancer 61/25 1.03(0.53-2.02) 0.97 (0.64-1.46)
Occupational carcinogens? 0.655 0.692
No 569/579 1.12(0.95-1.32) 1.13(0.99-1.28)
Yes 293/202 1.04(0.82-1.33) 1.08 (0.89-1.31)
Fruit consumption** 0.196 0.600
1-3 times/month 187/114 1.44(1.06-1.96) 1.03(0.80-1.32)
1-6 times/week 396/472 1.05(0.88-1.26) 1.11(0.96-1.28)
At least once/day 279/195 1.01(0.77-1.31) 1.20(0.98-1.46)

OR, odds ratio; Cl, confidence interval; SHS, secondhand smoke.

*Interaction p values were based on a log likelihood ratio test. All models are single pollutant, "Adjusted for age, sex, education, occupational carcinogens, and
frequency of fruit intake, *Adjusted for age, sex, smoking, exposure to SHS at home and work, occupational carcinogens, family history of cancer, and frequency
of fruit intake, *Adjusted for age, smoking, exposure to SHS at home and work, occupational carcinogens, family history of cancer, and frequency of fruit intake,
IAdjusted for age, sex, smoking, exposure to SHS at home and work, occupational carcinogens, and frequency of fruit intake, "Adjusted for age, smoking, sex,
exposure to SHS at home and work, family history of cancer, and frequency of fruit intake, **Adjusted for age, sex, smoking, education, occupational carcino-

gens, and family history of cancer.

ambient air pollution with lung cancer incidence, showing lar-
ger ORs for lung cancer among participants with more than
high school education, compared with those having less than
high school education. However, the differences in ORs ac-
cording to levels of educational were not consistent and were
too large to provide significant effect modification. Each case
was assigned to one of the three educational strata based on the
area of residence. This ecological approach did not take into
account the fact that areas are large and socially quite hetero-
geneous. Therefore, educational status may not have discrimi-
nated appropriately the status of each area. This might have
reported lower ORs for the less education group. Nevertheless,
previous research on effect modification of education has re-
ported inconsistent findings: the Harvard Six-Cities American
Cancer Society cohort studies reported an increased risk of
cancer from long-term exposure to particulate matter among
those with lower educational attainment;" no compelling evi-
dence of effect modification was found in a study of mortality
risk estimates from PM;, and NO, in Hong Kong® or in a time-
series study from 20 of the largest US cities.* A study reported
amonotonically increasing effect of air pollution with increas-
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ing socioeconomic status, which is positively correlated with
the level of education.® This inconsistency among studies is
likely due to differences in study design and procedures.

Of the four major histological subtypes of lung cancer, asso-
ciations with pollutants were stronger for squamous cell and
small cell carcinomas than for adenocarcinoma and large cell
carcinomas of the lung. This is in line with previous studies.'**
In contrast, other studies have found air pollution to be more
strongly associated with adenocarcinoma.** We also reported
a significant, but less stronger than squamous cell carcinoma
and small cell carcinoma, association of NO, with adenocarci-
noma, which is the most common type of lung cancer and has
been steadily increasing in Korea since 2003."! This association
may be due to variation in incidence rates of adenocarcinoma
during different time periods.* We observed some variations
in strengths of associations by histological subtype, which is
believed to be associated with tumor location. Adenocarcino-
ma arises from more peripheral sites of bronchi, whereas small
cell lung cancer and squamous cell carcinoma mainly occur
in the large central bronchi.”!

We found that effect estimates for particulate air pollutants

https://doi.org/10.3349/ymj.2017.58.6.1111
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Table 5. Risk of Lung Cancer for Living Close to Hazardous Sites

Hazardous sites within

2 km of residence Case/control (n) OR (95% CI)

Bus/taxi terminal

No 825/864 Reference

Yes 83/44 2.01(1.36-2.98)
Industrial complex

No 794/817 Reference

Yes 114/91 1.18(0.87-1.61)
Incinerator

No 883/888 Reference

Yes 114/91 1.18(0.63-2.19)
Sewage treatment plant and landfill sites

No 878/875 Reference

Yes 30/33 0.73(0.73-1.23)
Transmission tower

No 868/876 Reference

Yes 40/32 1.13(0.69-1.87)

OR, odds ratio; Cl, confidence interval; SHS, secondhand smoke.
Models are adjusted for age, sex, smoking, exposure to SHS at home and
work, education, occupational carcinogens, and frequency of fruit intake.

tended to be higher for subjects with low fruit consumption
(1-3 times/month), compared with subjects who had high fruit
consumption (at least once/day). Previous studies have dem-
onstrated that fruit consumption is inversely associated with
lung cancer incidence.**** Diet is considered as a source of
antioxidants that may protect against oxidative stress.*” Oxida-
tive stress has been suggested as one of the potential mecha-
nisms of effect of air pollution. Therefore, low fruit consumption
may be related to a protection against oxidative stress effects
of air pollution.*”

Strengths of this study include exposure assessment that was
derived from 20 years of residential histories to reduce expo-
sure misclassification. We used a relatively large sample size
that allowed us to examine the associations between air pollu-
tion and lung cancer histology. Further, we were able to adjust
important confounding variables. Our study has some limita-
tions, however. Although we used LUR models to estimate ex-
posure at each participant’s home address, some degree of ex-
posure misclassification may still be present. We had no in-
formation about work address and each individual’s time based
activity patterns. However, the resulting misclassification is
expected to be nondifferential. Our models were sensitive to
the period of estimated exposure. Our results show stronger
associations between air pollution and risk for lung cancer
when exposure was assessed over a 10-year period (1995-2004).
When the estimated exposure was limited to 5-year periods,
associations between air pollution and lung cancer risk became
weaker. A previous study indicated that the spatial distribu-
tion of air pollution is stable over 10-year period.* Our find-
ings showed that period of exposure assessment is also im-
portant in the development of lung cancer.

https://doi.org/10.3349/ym;}.2017.58.6.1111
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In conclusion, we found increased risks of lung cancer inci-
dence with residential exposures to ambient PM,, and NO,, in
particular squamous cell carcinoma and small cell carcinoma,
in Korea, adding substantially to the existing literature on air
pollution and lung cancer.

ACKNOWLEDGEMENTS

This study was supported by a grant from the National R&D
Program for Cancer Control, Ministry of Health and Welfare,
Republic of Korea (#1320280).

REFERENCES

1. Park JY, Jang SH. Epidemiology of lung cancer in Korea: recent
trends. Tuberc Respir Dis (Seoul) 2016;79:58-69.

2. In KH, Kwon YS, Oh IJ, Kim KS, Jung MH, Lee KH, et al. Lung can-
cer patients who are asymptomatic at diagnosis show favorable
prognosis: a Korean Lung Cancer Registry Study. Lung Cancer
2009;64:232-7.

3. Gabrielson E. Worldwide trends in lung cancer pathology. Respi-
rology 2006;11:533-8.

4. Chen E Cole P, Bina WE Time trend and geographic patterns of
lung adenocarcinoma in the United States, 1973-2002. Cancer Epi-
demiol Biomarkers Prev2007;16:2724-9.

5. Chen E Jackson H, Bina WE Lung adenocarcinoma incidence rates
and their relation to motor vehicle density. Cancer Epidemiol Bio-
markers Prev 2009;18:760-4.

6. Liaw YP, Ting TE, Ho CC, Chiou ZY. Cell type specificity of lung
cancer associated with nitric oxide. Sci Total Environ 2010;408:
4931-4.

7. Hystad P, Demers PA, Johnson KC, Carpiano RM, Brauer M. Long-
term residential exposure to air pollution and lung cancer risk.
Epidemiology 2013;24:762-72.

8. Ezzati M, Lopez AD. Measuring the accumulated hazards of smok-
ing: global and regional estimates for 2000. Tob Control 2003;12:
79-85.

9. Beelen R, Hoek G, van den Brandt PA, Goldbohm RA, Fischer P,
Schouten LJ, et al. Long-term exposure to traffic-related air pollu-
tion and lung cancer risk. Epidemiology 2008;19:702-10.

10. Raaschou-Nielsen O, Bak H, Serensen M, Jensen SS, Ketzel M,
Hvidberg M, et al. Air pollution from traffic and risk for lung can-
cer in three Danish cohorts. Cancer Epidemiol Biomarkers Prev
2010;19:1284-91.

11. Spitz MR, Wu X, Wilkinson A, Wei Q. Cancer of the lung. In: Schot-
tenfeld D, Fraumeni JF Jr, editors. Cancer Epidemiology and Pre-
vention. Oxford: Oxford University Press;2006. p.638-58.

12. Nyberg E Gustavsson P, Jarup L, Bellander T, Berglind N, Jako-
bsson R, et al. Urban air pollution and lung cancer in Stockholm.
Epidemiology 2000;11:487-95.

13. Pope CA 3rd, Burnett RT, Thun MJ, Calle EE, Krewski D, Ito K, et al.
Lung cancer, cardiopulmonary mortality, and long-term expo-
sure to fine particulate air pollution. JAMA 2002;287:1132-41.

14. Beeson WL, Abbey DE, Knutsen SE Long-term concentrations of
ambient air pollutants and incident lung cancer in California
adults: results from the AHSMOG study. Adventist Health Study
on smog. Environ Health Perspect 1998;106:813-22.

15. Raaschou-Nielsen O, Andersen ZJ, Beelen R, Samoli E, Stafoggia M,
Weinmayr G, et al. Air pollution and lung cancer incidence in 17
European cohorts: prospective analyses from the European Study

1117



YMJ

16.
17.

18.

19.

20.

21.

22.

23.

24.

25

26.

of Cohorts for Air Pollution Effects (ESCAPE). Lancet Oncol 2013;
14:813-22.

Puett RC, Hart JE, Yanosky JD, Spiegelman D, Wang M, Fisher JA,
et al. Particulate matter air pollution exposure, distance to road,
and incident lung cancer in the nurses’ health study cohort. Envi-
ron Health Perspect 2014;122:926-32.

Raaschou-Nielsen O, Andersen ZJ, Hvidberg M, Jensen SS, Ketzel
M, Serensen M, et al. Lung cancer incidence and long-term expo-
sure to air pollution from traffic. Environ Health Perspect 2011;
119:860-5.

Chen G, Wan X, Yang G, Zou X. Traffic-related air pollution and
lung cancer: a meta-analysis. Thorac Cancer 2015;6:307-18.
Lépez-Cima MF, Garcia-Pérez J, Pérez-Gomez B, Aragonés N,
Lépez-Abente G, Tardén A, et al. Lung cancer risk and pollution
in an industrial region of Northern Spain: a hospital-based case-
control study. Int ] Health Geogr 2011;10:10.

Xu ZY, Blot W], Xiao HP, Wu A, Feng YP, Stone BJ, et al. Smoking,
air pollution, and the high rates of lung cancer in Shenyang, China.
J Natl Cancer Inst 1989;81:1800-6.

Kim CH, Lee YC, Hung RJ], McNallan SR, Cote ML, Lim WY, et al.
Exposure to secondhand tobacco smoke and lung cancer by his-
tological type: a pooled analysis of the International Lung Cancer
Consortium (ILCCO). Int ] Cancer 2014;135:1918-30.

Whitwell E Newhouse ML, Bennett DR. A study of the histological
cell types of lung cancer in workers suffering from asbestosis in
the United Kingdom. Br ] Ind Med 1974;31:298-303.

Yorifuji T, Kashima S, Tsuda T, Ishikawa-Takata K, Ohta T, Tsuruta
K, et al. Long-term exposure to traffic-related air pollution and the
risk of death from hemorrhagic stroke and lung cancer in Shizuoka,
Japan. Sci Total Environ 2013;443:397-402.

GuoY, Zeng H, Zheng R, Li S, Barnett AG, Zhang §, et al. The asso-
ciation between lung cancer incidence and ambient air pollution
in China: a spatiotemporal analysis. Environ Res 2016;144(Pt A):
60-5.

. Lee JY, Leem JH, Kim HC, Hwang SS, Jung DY, Park MS, et al. Land

use regression model for assessing exposure and impacts of air
pollutants in school children. ] Korea Soc Atmos Environ 2012;28:
571-80.

Chen JJ, Ho SY, Au WM, Wang MP, Lam TH. Family smoking, ex-
posure to secondhand smoke at home and family unhappiness in

1118

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Air Pollution and Lung Cancer Risk

children. Int J Environ Res Public Health 2015;12:14557-70.

Leem JH, Kim HC, Ryu JS, Won JU, Moon JD, Kim YC, et al. Occu-
pational lung cancer surveillance in South Korea, 2006-2009. Saf
Health Work 2010;1:134-9.

StataCorp. Stata Multiple-Imputation Reference Manual: Release
13. College Station, TX: Stata Press; 2013.

Seaman SR, Keogh RH. Handling missing data in matched case-
control studies using multiple imputation. Biometrics 2015;71:
1150-9.

Heinrich J, Thiering E, Rzehak P, Kramer U, Hochadel M, Rauch-
fuss KM, et al. Long-term exposure to NO2 and PM10 and all-cause
and cause-specific mortality in a prospective cohort of women.
Occup Environ Med 2013;70:179-86.

Samet JM, Avila-Tang E, Boffetta P, Hannan LM, Olivo-Marston S,
Thun M]J, et al. Lung cancer in never smokers: clinical epidemiol-
ogy and environmental risk factors. Clin Cancer Res 2009;15:
5626-45.

Nafstad P, Hdheim LL, Oftedal B, Gram F Holme I, Hjermann I, et
al. Lung cancer and air pollution: a 27 year follow up of 16 209
Norwegian men. Thorax 2003;58:1071-6.

Ou CQ, Hedley AJ, Chung RY, Thach TQ, Chau YK, Chan KP, et al.
Socioeconomic disparities in air pollution-associated mortality.
Environ Res 2008;107:237-44.

Samet JM, Dominici E Curriero FC, Coursac I, Zeger SL. Fine par-
ticulate air pollution and mortality in 20 U.S. cities, 1987-1994. N
Engl ] Med 2000;343:1742-9.

Gouveia N, Fletcher T. Time series analysis of air pollution and
mortality: effects by cause, age and socioeconomic status. J Epi-
demiol Community Health 2000;54:750-5.

Linseisen J, Rohrmann S, Miller AB, Bueno-de-Mesquita HB,
Biichner FL, Vineis P, et al. Fruit and vegetable consumption and
lung cancer risk: updated information from the European Prospec-
tive Investigation into Cancer and Nutrition (EPIC). Int ] Cancer
2007;121:1103-14.

Kelly FJ. Dietary antioxidants and environmental stress. Proc Nutr
Soc 2004;63:579-85.

Cesaroni G, Porta D, Badaloni C, Stafoggia M, Eeftens M, Melief-
ste K, et al. Nitrogen dioxide levels estimated from land use re-
gression models several years apart and association with mortali-
ty in a large cohort study. Environ Health 2012;11:48.

https://doi.org/10.3349/ymj.2017.58.6.1111





