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Long-term Exposure to PM;, Increases Lung Cancer Risks: A Cohort Analysis
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Purpose Although lung cancer incidences in female never-smokers have increased, few studies focus on explicit investigation. We
aimed to investigate the relationship between long-term exposure to ambient particulate matter sized 10 um or less in diameter
(PMy0) and the incidence of lung cancer within different genders and smoking status populations.

Materials and Methods We included Seoul metropolitan residents, aged between 20 and 65 years, who underwent a national
health screening examination from 2005-2007 and were followed up until 2015. Individual-level long-term exposure to PMi, was
assessed based on subject home addresses. To assess the relationship between PMy, and lung cancer, we estimated hazard ratios
(HRs) for increased lung cancer incidence from a 10 pg/m? increase in PMy.

Results Among 5,831,039 individuals, 36,225 (0.6%) developed lung cancer within the 7 years observed. In females, the majority
(94.4%) of lung cancer development was found in never-smokers. In adjusted analyses, a significant relationship between lung cancer
development and PM,, was observed in males, regardless of smoking status (never-smoker: HR, 1.14 [95% confidence interval (Cl),
1.13 to 1.15]; ex-smoker: HR, 1.16 [95% Cl, 1.14 to 1.17]; current smoker: HR, 1.18 [95% Cl, 1.17 to 1.19]). We also found significant
associations in female never- or ex-smokers with smaller HRs (never-smoker: HR, 1.06 [95% CI, 1.05 to 1.07]; ex-smoker: HR, 1.13
[95% ClI, 1.02 to 1.23]; current smoker: HR, 1.04 [95% Cl, 0.99 to 1.10]).

Conclusion Our findings suggest that long-term exposure to PMy, is associated with lung cancer development. A novel approach to

lung cancer screening needs to be considered depending on the exposed PMy, level.
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Introduction

Lung cancer is one of the most prevalent malignant neo-
plasms in many countries [1]. Increasing knowledge has
enlightened the complex and intertwined effects of demo-
graphic, environmental, and genetic susceptibility on lung
cancer development [2]. In general, lung cancer is more
prevalent in cigarette smokers and men [3]. Recently though,
incidence pattern of lung cancer according to sex and smok-
ing status has changed [4]. As the incidence of lung cancer in
females has increased in recent years, the difference in lung
cancer prevalence between men and women is remarkably
decreasing [5]. Although smoking has been well studied as
an important carcinogen in the development of lung cancer
[6], recent evidences have presented that lung cancer inci-

dence is increasing in never-smokers [7].

Particulate matter (PM) has been considered as one of the
environmental lung carcinogens. Globally, it has been con-
tinuously reported that an increasing concentration of PM 10
um or less in diameter (PMy) is related with an increasing
risk of newly developed lung cancer [8]. A systematic review
and meta-analysis showed a significantly positive association
between PM;; and lung adenocarcinoma [9]. Based on accu-
mulating evidence, the International Agency for Research on
Cancer declared that outdoor air pollution is a carcinogen
for lung cancer [10]. Given the relationship between ambi-
ent PMyo and lung cancer incidence, recent interests have
focused on the role of PMy in lung cancer pathogenesis in the
patients naive to cigarette smoking. Epidemiologic evidence
has suggested that the development of lung cancer in never-
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smokers can be contributed to by an increased concentration
of indoor or outdoor air pollution [11]. However, no study
has clearly identified the relationship between long-term
exposure to ambient PMyy and the incidence of lung cancer
within different genders and smoking status, especially in
female never-smokers.

The present cohort study aimed to clarify the long-term
impact of exposure to PMip on lung cancer incidence accord-
ing to different gender and smoking status in a large portion
of Seoul metropolitan residents, using the universally cov-
ered national health insurance database and annually-updat-
ed address information.

Materials and Methods
This study complied with STROBE guidelines.

1. Study design and eligibility criteria

We screened all Seoul residents under coverage of the
national health insurance who received a health screening
examination from January 2005 to December 2007, including
all adults aged 20 to 65 years. We excluded subjects previ-
ously diagnosed with lung cancer before examinations or
within 1 year since the baseline (January 2008). We observed
all included subjects from January 2008 to December 2015.
Follow-up observation was discontinued if with; diagnosis
of lung cancer, death, or transfer of residence outside of the
Seoul metropolitan area. The study subjects without address
information were excluded from analysis.

2. Individual characteristics and lung cancer

Individual characteristics such as sociodemographic, beha-
viors, and medical information were extracted from the Kore-
an National Health Insurance Service (NHIS) claim database
[12]. We acquired anthropometric assessments and standard-
ized questionnaires regarding social and medical history for
all subjects. Never-smokers were defined as subjects who
smoked < 100 cigarettes in their lifetime. Ex-smokers were
defined as subjects who smoked > 100 cigarettes in their life-
time, but quit smoking at least 30 days before their screening
examination. We created five groups based on radiologist
readings; normal, suspicious active pulmonary tuberculosis,
suspicious inactive pulmonary tuberculosis, suspicious lung
disease other than pulmonary tuberculosis, and suspicious
cardiovascular disease. Lung cancer incidence was deter-
mined based on initial diagnosis dates of lung cancer from
the anonymized database of the National Health Insurance
Review and Assessment Service (HIRA). Lung cancer was
defined using the International Classification of Diseases-10
codes C33 and C34.

3. Assessment of individual-level long-term exposure to
PMi,

We used annual average PM;y concentrations predicted
within subject home addresses for 2002-2006 from a validat-
ed exposure prediction model to assess individual long-term
exposure to PMy. This model was constructed in a universal
kriging framework, which is composed of a few summary
predictors estimated from hundreds of geographic vari-
ables and a spatial correlation structure modeled based on
regulatory monitoring data [13]. For residential address data,
we obtained annually-updated home addresses for all sub-
jects on a 100-m grid produced by the National Geographic
Information Institute. Lastly, we computed 5-year averages
of annual average PMiy concentrations across all addresses
of each subject from 2002-2006.

4. Statistical analyses

Demographic characteristics, clinical features, and PMio
concentrations were descriptively analyzed. Cox regres-
sion analyses, stratified by sex and smoking status, were
performed to estimate hazard ratios (HRs) and 95% confi-
dential intervals (95% ClIs) for lung cancer incidence per
10 pg/m?® increase of PMi,. Confounders included in the
adjusted models were: age, body mass index, income, pre-
vious malignancy history, and chest X-ray abnormality.
Survival time was calculated from January 2008 to lung can-
cer diagnosis or censoring dates. Study subjects who died,
transferred outside of the Seoul metropolitan area during the
observation period, or survived by the end of study period
(December 31, 2015) were classified as censored. Age-strati-
fied analysis was conducted as a subgroup analysis. We used
SAS ver. 9.4 software (SAS Institute Inc., Cary, NC) for all
statistical analyses.

Results

1. Baseline characteristics and clinical features

The Seoul metropolitan health screening cohort contained
5,831,039 individuals, from whom a total of 2,622,914 (45.0%)
were identified as women (Table 1). Approximately, 54%
never moved and 91% resided within the metropolitan area
during the follow-up period. The most commonly included
age group was 30-39 years old (31.4%) for men and 40-49
years old (31.5%) for women. Median body mass index was
calculated as 23.4. Generally, female individuals engaged in
less risky health-related behaviors than male. In male indi-
viduals, 43.1% were current smokers and 38.2% were nev-
er-smokers, while 88.8% of female individuals were never-
smokers. The lowest percentage of male individuals was seen
in the lowest income group, indicating limited participation
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Table 1. Sociodemographic characteristics of the included patients who received national health screening during 2005-2007

Total patients

(n=5,831,039)

Male
(n=3,208,125)

Female
(n=2,622,914)

Age (yr)
>20 and < 30
>30and <40
>40 and < 50
>50 and < 60
> 60 and < 65
BMI
Screening year
2005
2006
2007
Smoking history
Never-smoker
Ex-smoker
Current smoker
Not recorded
Income
1st (0%-25%)
2nd (25%-50%)
3rd (50%-75%)
4th (75%-100%)
Not recorded
Drinking behavior
<3/wk
>3/wk
Not recorded
Exercise behavior
<3/wk
>3/wk
Not recorded
Underlying chronic disease
Hypertension
Diabetes mellitus
Cardiovascular disease
Stroke
Liver disease
Previous malignancy
Blood chemistry
Hemoglobin (g/dL)
Fasting glucose (mg/dL)
Total cholesterol (mg/dL)
Chest radiography
Normal

Suspicious active pulmonary tuberculosis

Suspicious inactive pulmonary tuberculosis

Suspicious lung disease other than pulmonary tuberculosis
Suspicious cardiovascular disease

Not recorded

1,028,358
1,411,323
1,710,016 (29.3
1,203,381 (20.6

477,961 (8.2)
23.4(21.3-25.6)

17.6
24.2

AA,_\A
NN N

1,608,929 (27.6)
2,709,626 (46.5)
1,512,484 (25.9)

3,553,833 (60.9)
512,534 (8.8)
1,477,450 (25.3)
287,222 (4.9)

1,131,845 (19.4)
1,357,739 (23.3)
1,583,787 (27.2)
1,655,162 (28.4)
102,506 (1.8)

5,108,203 (87.6)
490,980 (8.4)
231,856 (4.0)

4,539,320 (77.8)
1,013,490 (17.4)
278,229 (4.8)

6.7)
2.2)
0.6)
0.3)
1.3)
0.4)

390,603
130,321
35,808
17,064
77,767
24,205

—~ BN B

14.1 (13.0-15.3)
90 (83-99)
190 (167-215)

5,189,969 (89.0)
242,56 (0.4)
301,362 (5.2)
117,372 (2.0)
85,068 (1.5)
113,012 (1.9)

499,383 (15.6)
1,007,648 (31.4)
884,570 (27.6)
586,348 (18.3)
230,176 (7.2)
24.1(22.1-26.0)

869,492 (27.1)
1,551,651 (48.4)
786,982 (24.5)

1,225,457 (38.2)
468,370 (14.6)

1,384,209 (43.1)
130,089 (4.1)

469,056 (14.6)
721,011 (22.5)
955,146 (29.8)
983,715 (30.7)
79,197 (2.5)

2,663,189 (83.0)
433,887 (13.5)
111,049 (3.5)

2,499,046 (77.9)
570,131 (17.8)
138,948 (4.3)

200,085 (6.2
76,698 (2.4
19,129 (0.6
10,048 (0.3
53,628 (1.7

8,230 (0.3

PSRN NN N

15.1 (14.4-15.8)
92 (83-101)
191 (169-216)

2,853,769 (89.0)
16,505 (0.5)
192,083 (6.0
67,782 (2.1
33,142 (1.0
44,844 (14

= — =

528,975 (20.2
403,675 (15.4
825,446 (31.5
617,033 (23.5
247,785 (9.4)
22.4(20.4-24.7)

o o DO

739,437 (28.2)
1,157,975 (44.1)
725,502 (27.7)

2,328,376
44,164
93,241

157,133

88.8)
1.7)
3.6)
6.0)

—. - PN

662,789 (25.3
636,728 (24.3
628,641 (24.0
(
(

N RN NN

671,447 (25.6
23,309 (0.9)

2,445,014 (93.2)
57,093 (2.2)
120,807 (4.6)

2,040,274 (77.8)
443,359 (16.9)
139,281 (5.3)

190,518 (7.3)
53,623 (2.0)
16,679 (0.6)
7,016 (0.3)
24,139 (0.9)
15,975 (0.6)

13.0 (12.3-13.6)
89 (82-97)
188 (165-213)

2,336,200
7,751
109,279
49,590
51,926
68,168

89.1)
0.3)
42)
1.9)
2.0)
2.6)

= =N =N

Values are presented as number (%) or median (IQR). BMI, body mass index; IQR, interquartile range.
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Table 2. Exposed mean PMj, levels in Seoul metropolitan area each grid of one hectare cell unit, weighted by individual residence, from
2002 to 2006

Annually measured PM;, (ug/m3)

Mean Standard deviation 5th percentile 25th percentile Median 75th percentile 95th percentile
2002 63.3 11.8 43.1 56.1 64.0 70.8 81.5
2003 57.9 6.2 47.2 53.6 58.2 62.3 67.3
2004 58.0 7.7 454 529 58.3 63.3 69.9
2005 58.9 5.6 50.4 55.4 58.9 62.4 67.2
2006 60.6 6.0 51.6 56.6 60.3 64.3 70.8

PMy, particulate matter 10 pm or less in diameter.

2002 2003
por
nﬁﬂ
2005
& &
.{3’_ .\C?ﬁ
2006 PM1o (ug/m3)
1-100
10.1-20.0
© 20.1-30.0
s 30.1-40.0
" 40.1-50.0
50.1-60.0
60.1-70.0
70.1-80.0
80.1-90.0
90.1-100.0
>100.0

Fig. 1. Maps of mean PM; concentrations in the Seoul metropolitan area of South Korea. PMyy, particulate matter 10 um or less in diameter.

of male individuals with low income in the health screening more frequent alcoholic use (> 3/ wk) was found in men.
examination, while female individuals showed similar par- At baseline, underlying chronic comorbidities were identi-
ticipation rates among different income groups. In addition, fied, including hypertension (6.7%), diabetes mellitus (2.2%),
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cardiovascular disease (0.6%), stroke (0.3%), liver disease
(1.3%), and previous malignancy (0.4%). In baseline blood
tests, median hemoglobin was lower in women, but within
the normal range. In chest radiography, most included sub-
jects had normal features (89.0%).

Among a total of 5,831,039 individuals, 36,225 (0.6%) new-
ly diagnosed cases of lung cancer were identified from 2008
to 2015 (S1 Table). A majority of incident lung cancer was
found in individuals > 40 years old who were never-smok-
ers. The incidence of lung cancer was 0.76% in male patients
and 0.45% in female patients. In the male patients with lung
cancet, current, ex-, and never-smokers comprised 52.2%,
15.8%, and 32.0%, respectively. In contrast, these propor-
tions were 4.3%, 1.3%, and 94.4%, respectively, in the female
patients with lung cancer. The proportion of never-smok-
ers in females was 30.7% among all lung cancer patients,
and 58.8% among never-smoker patients with lung cancer.
Among the total lung cancer patients, 2.5% had previous
malignancy history and only 70.7% had normal features on
initial chest radiography.

2. Air pollutant exposure and lung cancer incidence

Annual average PMio concentrations, predicted within
100-m of patient home addresses, were summarized in Table
2. The mean PM;, concentration was 59.7 pg/m?® (standard
deviation, 7.5). Temporal and spatial distribution of annual
mean PM;, concentrations are depicted in Fig. 1. Among the
entire Seoul metropolitan areas, PMio concentrations were
higher in the central urban areas than in surrounding rural
areas and this pattern was consistent over time.

The association between long-term exposure to PMio and
incident lung cancer is presented in Table 3. The incidence
rate of lung cancer was found increased in the following
populations: never-smokers, ex-smokers, and current smok-
ers in both sexes. Compared to never-smokers, incidence
rate ratio (IRR) of lung cancer per 10 pg/m?® increase in PMio
was significantly higher in current smokers (male: IRR, 1.400
[95% CI, 1.342 to 1.460]; female: IRR, 1.400 [95% CI, 1.323 to
1.479]) and ex-smokers (male: IRR, 1.223 [95% CI, 1.154 to
1.295]; female: IRR, 1.222 [95% CI, 1.144 to 1.303]). In males,
regardless of smoking status, we observed positive associa-
tion between lung cancer and PM, after adjustments were
made (never-smoker: HR, 1.138 [95% CI, 1.127 to 1.149];
ex-smoker: HR, 1.155 [95% CI, 1.138 to 1.172]; current smok-
er: HR, 1.180 [95% CI, 1.165 to 1.194]). In females, we found a
positive association between lung cancer and PM in never-
smokers (HR, 1.062 [95% CI, 1.050 to 1.072]) and ex-smokers
(HR, 1.127 [95% CI, 1.021 to 1.234]), but a marginal associa-
tion in current smokers (HR, 1.043 [95% CI, 0.985 to 1.101]).
In addition, when stratified by age, young (age 20-44) female
never-smokers showed an association between PMiy expo-
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Table 3. Risk of lung cancer development according to PMj level within different sex and smoking statuses

Adjusted analysis®

Unadjusted analysis

Incidence rate?

=
2|
2]
>
&=
[
=
<
=]
@
2
(2]
&,
el
<

Unadjusted analysis

Incidence rate?

95% CI
1.050-1.072

Hazard ratio

95% CI
1.051-1.072

1.030-1.242
0.990-1.105

Hazard ratio

(95% CI)
36.0 (35.3-36.8)

—
]
N
in
=N

Hazard ratio 95% CI  Hazard ratio
1.127-1.161

(95% CI)
50.2 (49.1-51.4)

1.061
1.127
1.043

1.062
1.136
1.048

1.127-1.149

1.138-1.172
1.165-1.194

1.138
1.155
1.180

1.144
1.161
1.184

Never-smoker

1.021-1.234
0.985-1.101

(42.1-46.0)

50.4 (48.7-52.2)

44.0

1.138-1.184
1.172-1.195

61.4 (59.3-63.6)

Ex-smoker

70.3 (69.0-71.7)
Hazard ratio was estimated based on per 10 pg/m?® change. CI, confidence interval; PM, particulate matter 10 um or less in diameter. ¥Incidence rate was expressed as 100,000

Current smoker

person-year, PCovariables including age, body mass index, income, previous malignancy history, and chest X-ray abnormality were adjusted.
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sure and lung cancer whereas none was found in older (age
45-64) female never-smokers (S2 Table).

Discussion

Our large population-based cohort study investigated
the impact of long-term PM;y exposure on the incidence of
lung cancer, especially in male and female never-smokers,
using spatially-resolved PM, predictions. In females, the
majority (94.4%) of lung cancer development was found in
never-smokers. The HR for lung cancer was higher in men,
in which positive association with PMi was identified regar-
dless of smoking status. Considering that the HR for lung
cancer development from long-term exposure to PMio was
rising in multiple population subsets in the order of never-
smokers, ex-smokers, and current smokers, there may be a
synergetic mechanism between cigarette smoking and PMjo
on the lung carcinogenesis in males. We found that IRR of
lung cancer per pg/m? increase in PMio was higher in current
smokers and ex-smokers compared to never-smokers. How-
ever, this synergetic mechanism may also not exist because
of the low HR and weak association between PM) and lung
cancer found in female current smokers. In females, a sig-
nificant relationship between PM, exposure and lung cancer
development was found in never-smokers or ex-smokers.
Our result indicates that even women who never smoked
can be at a higher risk for lung cancer development if they
reside in a region with higher PMi, concentrations compared
to those living in a low pollution area.

Lung cancer occurring in never-smoker females is con-
sidered as a distinct entity with different epidemiologic,
biologic, and genetic features compared to lung cancer
associated with cigarette smoking [14]. Globally, about 25%
of lung cancer patients are considered never-smokers and
the incidence of lung cancer in never-smoker females is
increasing [15]. Never-smoker females have a higher rate of
lung adenocarcinoma and targetable genetic mutations. The
proportion of lung cancer development in never-smoker
females was higher compared to never-smoker males [16].
One important review reported that the percentage of female
never-smokers among lung cancer patients was about 43%-
94% in Asia [17]. In a previous study including 9,685 Korean
patients diagnosed with lung cancer in 2005, about 24% of
lung cancer patients were found to be female and about 80%
of female patients with lung cancer were never-smokers [18].
Our study included 36,225 patients diagnosed with lung
cancer from 2008 to 2015 and showed a higher proportion of
female lung cancer patients (32.6%) and never-smokers
among female lung cancer patients (94.4%). Considering that
female lung cancer rates are increasing [19], this epidemio-

logic difference can be explained by the different observation
period.

Little evidence has been established regarding the etiol-
ogy of lung cancer development in female never-smokers.
Although numerous etiologic factors for lung cancer in nev-
er-smokers, including environmental, genetic, hormonal,
and viral factors have been evaluated [16], currently estab-
lished factors remain ambient toxic chemicals mainly related
with occupational exposure [20]. A prospective study report-
ed that occupational carcinogens were significantly related
with lung cancer in male never-smokers [14]. Currently, PM
exposure has been considered as another potential etiology
of lung cancer. The European Study of Cohorts for Air Pol-
lution Effects (ESCAPE) study prospectively identified that
ambient PMi, was associated with a higher risk of lung can-
cer, especially lung adenocarcinoma [21]. Several European
studies have shown a significant impact of long-term PM;o
exposure on lung cancer in ever-smokers or male popula-
tions [22]. The relationship between long-term PMy exposure
and female never-smokers with lung cancer has not been
well elucidated. Our study showed that long-term exposure
to PMo was related with a higher incidence of lung cancer in
both sexes. Importantly, long-term exposure to a higher level
of PMio was significantly related with an increased risk of
lung cancer in female never-smokers.

Although recent epidemiological evidence showed PMas
as a stronger risk factor than PMy for lung cancer, our study
did not include PM.5 because PMa; data for the Seoul met-
ropolitan area has only been available since 2015. However,
our findings focusing on PMio can still provide important
implication in the association with lung cancer particularly
under high-dose PM exposure. Until recently, spatially and
temporally extensive PM,;s data have been available mostly
in countries with low-dose PM exposure. In the ESCAPE
study, where mean PMio was 21.3 pg/m?, adjusted HR for
lung cancer incidence was 1.22 (95% CI, 1.03 to 1.45) per 10
ug/m? increase of PMo [21] and 1.28 (95% CI, 1.10 to 1.51)
per 10 pg/m? increase of PM.s [23]. In United States, where
mean PMj, was 21.6 pg/m? adjusted HR for lung cancer
incidence in female was 1.04 (95% CI, 0.95 to 1.14) per 10 ug/
m?® increase of PMip and 1.06 (95% CI, 0.91 to 1.25) per 10 ug/
m?® increase of PMas [24]. PMas has been reported a higher
effect estimates for lung cancer development. In a similar
condition, the association of PM,s with lung cancer could
be stronger in Korea given our findings of the relationship
between PMio exposure and lung cancer incidence.

In fact, two similar studies were published before we finish
the present study [25,26]. Yang et al. [25] analyzed 489 cases
of lung cancer in 83,478 individuals and found that a higher
level of PM was related with lung cancer development in
heavy smokers or those with family history of cancer. The
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relationship between PM and lung cancer in never-smoker or
female population was insignificant in this study. Yang et al.
[25] reported limitations of small number of lung cancer cas-
es and less detailed geographic information. Moon et al. [26]
overcame these limitations by using a larger cohort database
including 6,567,909 individuals and district-specific home
addresses, which is a similar methodology with our study.
They showed a significantly elevated risk of lung adenocar-
cinoma development in male smokers, but not in female or
never-smokers. In our consideration, they might fail to find
a significant relationship between lung cancer development
and PMy level in female or never-smoker because the elderly
were included. In fact, our study set a washout period for 1
year before enrollment and excluded the elderly (= 65 years
old) that was considered as a uncontrollable confounding
factor. Compared to former two studies, our study empha-
sized hazardous effects of PM on lung cancer development
in female never-smokers.

The present study had several strengths. First, we per-
formed our investigation on individuals who were under
the coverage of a national health insurance and received a
national health screening examination. Our study evaluated
a total of 5,831,039 individuals, which is a large sample size
compared to previous studies [9]. This approach can reduce
biases attributed to medical inequality on lung cancer detec-
tion in smaller cohort samples. Second, our exposure assess-
ment relied on annually-updated addresses on the 100-m
grid. These spatially-resolved and mobility-incorporated
exposures helped accurate assessment of the association
with lung cancer incidence [27].

There were several limitations in our study. First, the PMi,
level estimated by our kriging model using geographic infor-
mation and regulatory monitoring data is not exactly same
with actual PM, exposure at individual level. Discrepancy
between indoor and outdoor air pollution level and distant
movement while awake needs to be considered but relevant
information was not available. In spite of this major limita-
tion on interpreting results, well-designed studies on envi-
ronmental epidemiology have used geographic information
system-based spatiotemporal exposure model, because any
alternative measure on air pollution exposure at the indi-
vidual basis was not available. In fact, most epidemiologic
studies evaluate the impact of air pollution on human health
with an effect estimation model using continuously meas-
ured PMj like ours [28]. In the United States, a prospective
study used a prediction model for spatiotemporal exposure
to PMy based on a 100-m grid geographic information [24].
In Europe, a multicentre prospective study assessed PMio
exposure by land-use regression models [21]. In addition,
even if individual exposure measurement is possible, many
new problems arise due to errors between measuring devic-
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es. Second, data on ambient PMy, levels before 2002 were not
available in South Korea. Third, our study used a relatively
short period of exposure before lung cancer incidence. There
should be a long latency period before the detection of lung
cancer as a result of past exposure to PMi. However, the
optimal lag time to evaluate the risk for lung cancer after
PMo exposure has not been evaluated yet [27]. Fourth, oth-
er ambient exposures were not considered in this analysis.
Occupational or environmental exposure is related with
a higher risk of lung cancer in never-smokers. In addition,
second-hand smoke exposure can increase the risk of lung
cancer among never-smokers, especially in female [29]. Nev-
ertheless, we could not adjust these confounders because of
lack of information. Fifth, histological subtype data of lung
cancer was not available in our cohort dataset. Considering
that female lung cancer has been increasing and a majority of
lung cancers in female were adenocarcinoma, lung adenocar-
cinoma incidence may specifically be at a risk of increasing
alongside higher exposure levels of PMy in females [7]. In a
previous systematic review and meta-analysis, adenocarci-
noma was reportedly associated with outdoor PMyo [9].

In conclusion, our study suggests that long-term expo-
sure to PM is associated with lung cancer development. An
extended indication of lung cancer screening examination
needs to be considered to include never-smokers depending
on the degree of population exposure to PM.
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