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H I G H L I G H T S  

• This is first study to assess effect of particulate species on global LSCC and LADC. 
• Global decreasing LSCC incidence is associated with reduced tobacco consumption. 
• Global increase in LADC incidence is likely associated with air pollution.  
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A B S T R A C T   

Lung cancer remains the leading cancer in incidence and mortality in both genders and most countries. Global 
cancer statistics show a declining trend of lung squamous cell carcinoma (LSCC) but an uprising trend of lung 
adenocarcinoma (LADC). The reasons behind their opposite trends are unclear. This study aims to analyze the 
global trends of LSCC and LADC during 1990–2012 in relation to tobacco consumption and air pollution. Results 
show a 1% decline of smoking prevalence of 7 years ago is associated with a 9% (95% confidence interval: 8%, 
10%) drop in the LSCC incidence globally, whereas a 0.1 μg/m3 increment of BC of 7 years ago is associated with 
a 12% (9%, 16%) increase in LADC incidence globally. Association between BC and LSCC (or LADC) is more 
prominent in females, with a 14% (7%, 20%) increase in LSCC [or 14% (11%, 19%) increase in LADC] incidence 
for a 0.1 μg/m3 increment of BC of 8 (or 6) years ago. Associations vary with different genders across different 
continents. For instance, concentration of BC is positively associated with incidence of both LSCC and LADC in 
Europe and North America, whereas concentration of sulfate is positively associated with LSCC incidence in 
Europe and Oceania, and with LADC incidence in Asia, Oceania and South America. We conclude global 
decreasing LSCC incidence is associated with the reduced tobacco consumption, whereas the global increasing 
LADC incidence is likely associated with air pollution. Various particulate species have divergent effects on LADC 
incidence in different continents.   

1. Introduction 

Global cancer statistics show that lung cancer remains the leading 
disease in cancer incidence and cancer mortality (Bray et al., 2018). 

Lung cancers surpassed breast cancer in the developed countries as the 
leading cancer in females, although breast cancer is still leading in 
developing countries (Bray et al., 2018). In the past decades, however, 
there was a dramatic change in lung cancer trends for different 
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histologic types, namely, a decline of squamous cell type and a rise of 
adenocarcinoma (Charloux et al., 1997). In the US, lung cancer inci-
dence rate showed a significant drop in lung squamous cell carcinoma 
(LSCC), large cell and small cell carcinoma from 1973 to 2010. On the 
other hand, lung adenocarcinoma (LADC) incidence showed an global 
increasing trend, especially among females (Meza et al., 2015). 

Studies investigating time trend, environmental factors and 
geographic distribution of adenocarcinoma in United States shed further 
lights on the potential etiology of this changing pattern (Nakamura and 
Saji, 2014). Using nitrogen oxides (NOx) as a proxy to air pollution and 
its relation to adenocarcinoma incidence, investigators concluded that 
the significant increase may be due to long-term exposure to low-dose 
NOx. Another US study reported an increase in risk of adenocarcinoma 
by 31% for every 10 μg/m3 increment in the concentration of outdoor 
particulate matter with an aerodynamic diameter of 2.5 μm or less 
(PM2.5) (Gharibvand et al., 2017). In Asia, a Taiwanese study reported 
decline in lung cancer patients with history of tobacco consumption 
implying that smoking is no longer the most significant cause of the 
malignancy (Tseng et al., 2019). On the contrary, there is a positive 
correlation between air pollution and lung cancer, as reflected by PM2.5 
and lung adenocarcinoma incidence. In Europe, a study assessed the 
association between lung cancer incidence in nine European countries 
and different risk factors including different size of particulates, nitrogen 
oxides and two traffic indicators (Raaschou-Nielsen et al., 2013). The 
study concluded that particulate air pollution is one of the contributing 
factors to lung cancers in Europe. The study covered only a short time 
period of air quality data (2008–2011) and lumped particulates together 
as one entity. A study with a longer time span will shed light on the 
spatiotemporal sequence of changes in air quality and the changing 
epidemiology of lung cancer of different histologic types. 

A meta-analysis pooled results from various studies to investigate the 
relationship between particulates and the two critical histologic types of 
lung cancer (LSCC and LADC) in North America, Europe, and three 
countries in the Asia Pacific region (China, Japan and New Zealand) 
(Hamra et al., 2014). The authors summarized that the relative risks 
(RR) of LADC and LSCC between a 10 μg/m3 increment in PM2.5 are 1.40 
and are not significantly different from 1, respectively. PM10 also 
increased LADC risk with RR of 1.29. These findings implicate an as-
sociation between lumped particulates and LADC and LSCC. 

Yet, there are several questions that remain unanswered. Is air 
pollution an important exogenous factor for the rise in LADC on a global 
scale? While past studies mainly focused on lumped particulates, what is 
the effect of different particulate species on the global trend of LSCC and 
LADC? A previous study reported a geographical difference in LADC 
(Charloux et al., 1997). Is there any geographical variations in the effect 
of various particulate species on LSCC and LADC? Is the toxic effect of air 
pollution affecting both males and females alike? 

We aim to address all the aforementioned questions so as to elucidate 
the relationship between smoking, air pollution (and its different 
pollutant species) and the changing pattern of LSCC and LADC in both 
males and females across different continents in the globe. 

2. Materials and method 

2.1. Data 

2.1.1. Incidence data of lung cancer and its histologic types 
The current study employed the World Health Organization (GLO-

BOCAN) data from 1990 to 2012 (Ferlay et al., 2012). Estimates of new 
cases of lung cancer allocated into different categories under C34 ac-
cording to the International Classification of Diseases 10th revision 
(ICD-10) by age groups of 5-year intervals (0–5, 5–10, …, 80–85, 85+) 
and by gender (females and males) of the populations. These data of 
cancer incidence available from the Cancer Incidence in Five Continents 
(CI5) series Volumes I-X were collected from reliable and high-quality 
national population-based cancer registries (Forman et al., 2014). To 

examine time trends of LSCC and LADC, incidence data of 36 countries 
(incidence rate per 100,000 population, hereafter refer to as “IR”), 
which have at least 15 consecutive years’ figure up to 2012, were uti-
lized. With regard to trends of LSCC and LADC, age-standardized inci-
dence rates (ASIR) were computed from the GLOBOCAN estimates 
according to the world standard (Segi et al., 1957). It should be pointed 
out that both China and India were not included in this study. It is 
because China data do not differentiate into LSCC and LADC, while the 
cancer data by histologic type of India contain too many missing data 
within the study period. 

2.1.2. Smoking prevalence data 
For age-standardized smoking prevalence rates, we used estimated 

figures from the Institute for Health Metrics and Evaluation (IHME) from 
1980 to 2012 (Ng et al., 2014). The dataset considered a person who 
consumes any form of tobacco product on a daily basis as a smoker. For 
instance, a person who smoked between 1980 and 1988 and quitted 
afterwards would contribute to the smoking prevalence for those nine 
years, and would instead be considered as a non-smoker for the subse-
quent years. The prevalence rates were age-standardized using the 
World Health Organization (WHO) age standard. 

2.1.3. Air quality data 
This study used the reanalysis of monthly Modern-Era Retrospective 

Analysis for Research and Applications, version 2 (MERRA-2) PM2.5, 
black carbon (BC) and sulfate (SO4

2− ) obtained from GIOVANNI earth 
data center released by NASA from 1980 to 2012, which provides global 
model and observational productions of earth science (https://giovanni. 
gsfc.nasa.gov/giovanni/). MERRA-2 reanalysis is simulated by GEOS-5 
Earth system model (Molod et al., 2015) and the three-dimensional 
variational data assimilation Gridpoint Statistical Interpolation anal-
ysis system (Kleist et al., 2009; Wu et al., 2002). Aerosol and meteoro-
logical observations are assimilated within GEOS-5. 

All the species datasets were aggregated into yearly scale for the 
analysis. The MERRA-2 reanalysis has been comprehensively validated 
in literature. The evaluation results are summarized in Supporting In-
formation (SI). Based on the reported evaluation results, the data quality 
of MERRA-2 datasets are considered to be robust enough for this study. 

2.2. Data analysis 

We performed trend analyses of ASIR of the two histologic types of 
lung cancer, smoking prevalence, and air pollutants by regressing each 
variable on year. The slope coefficient was adopted to summarize the 
change per year. A two-sided t-test was used to determine whether there 
was a trend with statistical significance. 

We examined the simultaneous association of lung cancer incidence 
with three exogenous variables, namely, smoking prevalence, black 
carbon (BC) concentration, and sulfate (SO4

2− ) concentration in outdoor 
environment. It is noted that strong pairwise correlations exist among 
the three variables. A number of statistical methods, such as ridge 
regression (Roberts and Martin, 2005), lasso (Tibshirani, 1996) and a 
partial least squares regression (PLSR) (Li, 2020; Qian et al., 2021) are 
commonly used in environmental studies to handle regression of mul-
tiple dependent variables to multiple independent variables with strong 
pairwise correlations. This study adopted ridge regression, which is 
widely used in air quality and health studies (Paatero et al., 2005; 
Roberts and Martin, 2005; Sunyer et al., 1993), to fit the following 
regression model: 

ln(μ)= a + β1 × smoking + β2 × BC + β3 × SO2−
4 ,

where μ refers to the ASIR of histologic types of lung cancer: LSCC or 
LADC, a is constant, and exp(βi) are called the incidence rate ratio (IRR) 
due to (1) smoking, (2) black carbon (BC) and (3) sulfate (SO2−

4 ), 
respectively. When smoking prevalence increases by 1%, the ASIR is 
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expected to multiply by a factor of exp(β1) controlling for concentrations 
of BC and SO4

2− , summarizing the effect of smoking on lung cancer 
subtypes. Throughout this article, unless otherwise stated, we reported 
IRRs due to air pollutants in terms of exp(0.1 × βi), summarizing the 
relationship between a 0.1-μg/m3 change in concentration of air pol-
lutants and histologic types of lung cancer. The regression coefficients βi 
are scaled by 0.1, which is of an intermediate order of magnitude of all 
interquartile ranges of BC from individual continents (ranging from 0.02 
to 0.19). For simplicity, we chose the same scaling factor for the co-
efficients of SO4

2− . 
Previous studies reported that the three exogenous variables may 

exert a time lagging effect on cancer incidence, so we considered lag 
values from integers between 0 and 15 years. For each of the variables, 
we either set it at a certain lag value or excluded it to yield a data set 
containing cancer incidence together with 1, 2, or 3 predictors. In turn, 
there were a total of 173-1 = 4912 different data sets, or equivalently, 
4912 regression models, under consideration. With each data set, the 
ridge regression model was fitted by choosing the penalty parameter λ 
from a collection of {0, 0.1, 0.2, …, 9.9, 10} provided that p-values of all 
included predictors were less than 0.005 and the MSE was the least. The 
fitted model together with its MSE value were then extracted. It is 
possible that none of the models with respect to different values of λ 
satisfies the p-value requirement. As such, no fitted model was obtained 
from that data set. These extracted models fitted from all possible data 
sets utilized combinations of the three variables lagged at certain values 
as predictors and combined to form a candidate set of the best model. 
The best model was determined by selecting optimal lag values of the 
three variables according to models in the candidate set that achieved 
the least 10% MSE values. We remark that all regression models were 
fitted with 23 sample points corresponding to all yearly lung cancer 
incidence between 1990 and 2012 as long as lag values of all predictors 
are no larger than 10. The sample size dropped to as low as 18 when one 
of the lag values of the predictors increases to 15 due to unavailability of 
air quality data in years earlier than 1980. 

An optimal lag value for smoking prevalence was chosen as the 
median lag value applied to smoking prevalence whenever it was 
included as a predictor in those 10% of models. Optimal lag values for 
BC concentration and SO4

2− concentration were obtained in a similar 
manner. To describe precision of these optimal lag times, we obtained 
interval estimates of lag times by the 5th and the 95th percentiles of lag 
values in those 10% of models. Among the candidate set, the model 
which contained predictors as any combination of the three variables 
lagged at their optimal values and attained the least MSE value was 
selected as the best model to summarize the association of the two 
histologic types of lung cancer and the three variables of interest. This 
best model helped determine whether there was any lagged effect or no 
effect of the three exogenous variables on the cancer incidence. This 
whole procedure was repeated for both LSCC and LADC for overall and 
each gender. Two-tailed tests were conducted to confirm the statistical 
significance of our results. Unless mentioned explicitly, only the result 
values with a p-value less than 0.005 are presented hereafter. 

To examine sensitivity of our analysis, the whole procedure was 
repeated with cutoffs of p-value as 0.05 and 0.01, in the selection of 
fitted ridge regression models into the candidate set of the best model, 
and with selection of optimal lag values and the corresponding interval 
estimates according to models in the candidate set that achieved the 
least 25%, rather than 10%, MSE values. It is found that the results did 
not vary significantly in the sensitivity tests. 

For purpose of comparison with extant literature, we applied the 
aforementioned scheme with particulates PM2.5 in place of BC and 
SO4

2− in fitting ridge regression models to come up with IRRs due to 
smoking and PM2.5 for both LSCC and LADC, as well as lung cancer of 
any histologic type, for men, women, and men and women combined. 
Results are available in Tables S1–3 of SI. Data of lung cancer (regardless 
of histologic types) under C34 according to the ICD-10 by age groups of 
5-year intervals (0–5, 5–10, …, 80–85, 85+) and by genders of the 

populations were downloaded from the same source as where data of 
LSCC and LADC were obtained, and processed in the same manner as 
how data of LSCC and LADC were dealt with, as described in the Data 
section. 

3. Results 

3.1. Global time trend and geographical distribution of major cell type of 
lung cancer 

3.1.1. LSCC 
There is a global declining incidence of LSCC incidence during 

1990–2012 (− 0.21 IR/year) (Fig. 1). The decline in global LSCC is 
mainly accounted for by the significant downward trend of male LSCC 
incidence (− 0.44 IR/year) (Fig. 1a). On the other hand, female LSCC 
incidence does not show any significant change (Fig. 1b). 

For male LSCC incidence, Europe shows the largest decreasing trend 
(− 0.62 IR/year), followed by North America (− 0.44 IR/year) and 
Oceania (− 0.32 IR/year). Among countries in Europe, Poland and 
Netherlands have the largest declining rate of − 1.03 IR/year and − 0.94 
IR/year, respectively. Bulgarian is the only country showing increase in 
male LSCC incidence (+0.53 IR/year). In North America, both Canada 
and the United States show a similar decreasing rate, (− 0.48 IR/year) 
and (− 0.41 IR/year), respectively. In Oceania, male LSCC incidence in 
Australia decreases at a rate of − 0.41 IR/year. Asia shows a weak 
decreasing trend of LSCC incidence (− 0.10 IR/year; R2 = 0.56). Among 
its countries, Singapore has the largest declining rate (− 0.55 IR/year). 
South America does not show any significant changes in LSCC Incidence. 

Globally, female LSCC incidence does not show a significant change. 
Only North America and Asia show a declining trend (− 0.07 IR/year and 
− 0.02 IR/year, respectively), whereas other continents do not show any 
clear trend. Among North American countries, the United States and 
Canada, reveal a decline, (− 0.08 IR/year) and (− 0.06 IR/year), 
respectively. In Asia, both Singapore and Philippines show a clear 
declining trend, − 0.14 IR/year and − 0.07 IR/year, respectively. 

3.1.2. LADC 
The global LADC incidence shows a clear rising trend (+0.14 IR/ 

year). The female LADC incidence shows a remarkable surge (0.20 IR/ 
year) (Fig. 1d). Male LADC incidence does not show any significant 
change (Fig. 1c). 

For male LADC incidence, Asia shows the largest increasing trend 
(+0.24 IR/year). The increasing trend is mainly contributed by the 
prominent rises in Japan (+0.38 IR/year) and in Korea (+0.37 IR/year). 
Europe (+0.14 IR/year), Oceania (+0.09 IR/year) and South America 
(+0.06 IR/year) all show a modest increase. Among European countries, 
Turkey (+0.70 IR/year), France (+0.67 IR/year) and Germany (+0.58 
IR/year) show the largest increasing trends in Europe. North America 
shows a clear decline in male LADC incidence (− 0.16 IR/year), with the 
United States and Canada showing a declining rate of − 0.19 IR/year and 
− 0.10 IR/year, respectively. 

For female LADC incidence, all continents show a clear and consis-
tent increasing trend. Oceania, Europe and Asia have remarkable rates 
of rising LADC incidence, +0.30 IR/year, +0.27 IR/year and +0.25 IR/ 
year, respectively. In Oceania, the increasing rate is larger in New 
Zealand (+0.46 IR/year) than in Australia (+0.26 IR/year). In Europe, 
Germany and Denmark lead the increase in LADC incidence (+0.51 IR/ 
year and +0.49 IR/year, respectively). In Asia, both Japan and Korea 
show a clear increasing trend, +0.43 IR/year and +0.36 IR/year, 
respectively. South America (+0.13 IR/year) and North America (+0.12 
IR/year) show a modest inclining trend of LADC incidence. In South 
America, Brazil and Ecuador show the largest increasing rates, +0.14 
IR/year and +0.12 IR/year, respectively. In North America, the increase 
in LADC incidence is larger in Canada (+0.20 IR/year) than in the 
United States (+0.07 IR/year). 
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3.2. Trends of smoking 

The global smoking prevalence decreases at a rate of − 0.26%/year 
during 1990–2012. The decrease for males (− 0.48%/year) is larger than 
that for females (− 0.15%/year) (Fig. 2). 

For male smoking prevalence, Asia has the largest decreasing trend 
(− 0.61%/year) in the period 1990–2012, which is larger than the global 

trend, followed by Oceania (− 0.34%/year), North America (− 0.32%/ 
year) and Europe (− 0.27%/year) (Fig. 2a). For the decline in smoking 
population in Asia, Korea has a rate of − 1.07%/year and Japan has a 
rate of − 0.97%/year (Fig. 3a). In Oceania, both Australia and New 
Zealand respectively show a similar decreasing trend (− 0.46%/year) 
and (− 0.43%/year). Canada (− 0.71%/year) and the United States 
(− 0.40%/year) both show a significant reduction. Europe has an overall 

Fig. 1. The time trends of global and continental incidence of lung squamous cell carcinoma (LSCC) (a & b) and lung adenocarcinoma (LADC) (c & d) in male (a & c) 
and female (b & d) from 1990 to 2012. 

Fig. 2. The trends of smoking prevalence (%/year) (blue) and the two histologic types of lung cancer (magenta) (IR population/year) in the world between 1990 and 
2012: (a) male smoking and lung squamous cell carcinoma (LSCC); (b) female smoking and LSCC; (c) male smoking and lung adenocarcinoma (LADC); (d) female 
smoking and LADC. Filled labels mean statistical significance (p < 0.005). Positive values represent an increasing trend, whereas negative values represent a 
declining trend. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

S.H.L. Yim et al.                                                                                                                                                                                                                                



Atmospheric Environment 269 (2022) 118835

5

Fig. 3. The trends of smoking prevalence (%/year) (blue) and the two histologic types of lung cancer (magenta) (IR population/year) in various countries: (a) male 
smoking and lung squamous cell carcinoma (LSCC); (b) female smoking and LSCC; (c) male smoking and lung adenocarcinoma (LADC); (d) female smoking and 
LADC. Filled labels mean statistical significance (p < 0.005). The data period is from 1990 to 2012. Positive values represent an increasing trend, whereas negative 
values represent a declining trend. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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declining trend (− 0.27%/year) even though different countries vary in 
their smoking trends. Norway (− 0.99%/year) and Poland (− 0.94%/ 
year) establish the largest declines whereas Bulgaria, Croatia and 
Lithuania show an opposite trend with a rate of +0.29%/year, +0.28%/ 
year and +0.16%/year, respectively. South America has a modest 
decreasing trend (− 0.08%/year). 

For female in the same period, Oceania (− 0.33%/year) and North 
America (− 0.32%/year) show a clear decreasing trend, followed by 
Europe (− 0.10%/year) and South America (− 0.07%/year), whereas 
Asia does not show any significant changes in smoking population 
(Fig. 2b). In Oceania, the female smoking populations of New Zealand 
and of Australia decrease at a rate of − 0.49%/year and − 0.44%/year, 
respectively (Fig. 3b). In North America, the female smoking population 
in Canada (− 0.84%/year) decreases at a faster rate than that in the 
United States (− 0.39%/year) does. Female smoking population in 
Europe decreases, e.g., Denmark (− 1.11%/year), Iceland (− 0.91%/ 
year) and Norway (− 0.91%/year). In South America, the female 
smoking population is led by the reduction in Chile (− 0.48%/year). 

3.3. Trends of air pollution 

During 1990–2012, SO4
2− decreases at a rate of − 36.1 μg/m3/year, 

whereas BC shows a rise globally (+3.6 μg/m3/year) (Fig. 4). The trend 
of air pollution in Asia outstands, in which BC and SO4

2− both show a 
statistically significant increase (+11.9 μg/m3/year and +35.4 μg/m3/ 
year, respectively). Korea shows the largest increase for both BC and 

SO4
2− at a rate of +36.4 μg/m3/year and +87.5 μg/m3/year, respec-

tively (Fig. 5). South America also shows an increasing trend in both of 
the particulate species (+3.6 μg/m3/year for BC and +14.8 μg/m3/year 
for SO4

2− ). Among the countries in South America, Colombia shows the 
largest increasing trend for BC (+7.1 μg/m3/year), whereas Ecuador 
shows the largest trend of SO4

2− (+33.2 μg/m3/year). North America 
shows an increase in BC (+3.7 μg/m3/year) but a decline in SO4

2−

(− 29.0 μg/m3/year). Both the United States and Canada show increase 
in BC and decline in SO4

2− . Both Canada and the United States have an 
increasing trend of BC (+2.7 μg/m3/year and +4.6 μg/m3/year) but a 
decreasing trend of SO4

2− (− 15.1 μg/m3/year and − 42.9 μg/m3/year). 
Oceania shows a modest rise of SO4

2− (+7.3 μg/m3/year), whereas 
Europe shows the most significant reduction in SO4

2− (− 69.2 μg/m3/ 
year). 

3.4. Associations between the two histologic types of lung cancer and the 
two major factors 

Global LSCC incidence and smoking population show a consistent 
declining trend in parallel (Fig. 2a & b). During the period of 
1990–2012, global smoking population decreases at a rate of − 0.31% 
per year, while global LSCC incidence establishes a clear decline (− 0.21 
IR/year). Table 1 presents ridge regression models of LSCC incidence on 
smoking and air pollution constructed for each continent and globally, 
and for men, women, and men and women combined, showing IRR with 
95% confidence interval (CI), optimal lag year (LY) with 90% CI, and 

Fig. 4. The trends of the incidence of two major 
histologic types of lung cancer (IR population/year) 
(magenta) and air pollutant species including sul-
fate (SO4

2− ) (μg/m3/year) (red) and black carbon 
(BC) (μg/m3/year) (black) in the world between 
1990 and 2012: (a) male lung squamous cell carci-
noma (LSCC) and air pollution; (b) female LSCC and 
air pollution; (c) male lung adenocarcinoma (LADC) 
and air pollution; (d) female LADC and air pollu-
tion. Filled labels represent statistically significant 
results (p < 0.005). Filled labels mean statistical 
significance (p < 0.005). The data period is from 
1990 to 2012. Positive values represent an 
increasing trend, whereas negative values represent 
a declining trend. (For interpretation of the refer-
ences to colour in this figure legend, the reader is 
referred to the Web version of this article.)   
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Fig. 5. The linear temporal trends of the inci-
dence of two major histologic types of lung cancer 
(IR population/year) (magenta) and air pollutant 
species including sulfate (SO4

2− ) (μg/m3/year) 
(red) and black carbon (BC) (μg/m3/year) (black) 
in various countries: (a) male LSCC and air 
pollution; (b) female LSCC and air pollution; (c) 
male LADC and air pollution; (d) female LADC 
and air pollution. The data period is 1990–2012. 
Filled labels represent statistically significant re-
sults (p < 0.005). (For interpretation of the ref-
erences to colour in this figure legend, the reader 
is referred to the Web version of this article.)   
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adjusted R2. A 1% increment in smoking prevalence of 7 years ago is 
associated with a 10% (95% CI: 8%, 11%) increase in global LSCC 
incidence (IRR (95% CI): 1.10 (1.08, 1.11); LY (90% CI): 7 (1, 13) in 
Table 1). Equivalently, a 1% drop in smoking prevalence of 7 years ago 
is associated with a 9% (95% CI: 8%, 10%) decrease in global LSCC 
incidence. A positive association between LSCC incidence and smoking 
is demonstrated in Asia, Europe and Oceania. Europe and Oceania show 
a 17% (15%, 19%) and a 13% (11%, 15%) increase in LSCC incidence 
per 1% increase in smoking prevalence of 10 and 12 years ago, 
respectively (IRR: 1.17 (1.15, 1.19); LY: 10 (1, 13) for Europe; IRR: 1.13 
(1.11, 1.15); LY: 12 (1, 13) for Oceania). Nevertheless, IRR of Asia is 
marginally higher than 1, showing a modest positive association be-
tween smoking and LSCC incidence (IRR: 1.02 (1.02, 1.03); LY: 2 (1, 
12)). In both North and South Americas, there is not a significant as-
sociation between smoking and its LSCC incidence. In general, the 
positive association, if exists, between LSCC incidence and smoking 
tends to be greater and more substantial for men than for women. For 

men in Europe and Oceania, a 1% increment in male smoking preva-
lence of 8 and 3 years ago is associated with a 14% (12%, 15%) and 14% 
(12%, 16%) increase in LSCC incidence (IRR: 1.14 (1.12, 1.15); LY: 8 (1, 
13) for Europe; IRR: 1.14 (1.12, 1.16); LY: 3 (1, 13) for Oceania), 
respectively. Among females, a positive association between smoking 
and LSCC is demonstrated in Asia, North America and Oceania; in Asia, 
North America and Oceania, a 1% increment in female smoking preva-
lence of 13, 2, and 13 years ago is associated with a 12% (5%, 20%), 2% 
(1%, 2%), and a 8% (5%, 10%) increase in LSCC incidence, respectively 
(Table 1). 

When the association between air pollution and LSCC incidence is of 
interest, a 0.1 μg/m3 increment of BC of 8 years ago is associated with a 
7% (4%, 10%) increase in LSCC incidence globally (IRR: 1.07 (1.04, 
1.10); LY: 8 (5, 10) in Table 1). Such a positive association applies to 
combined sex, as well as to men and women separately; a 0.1 μg/m3 

increment of BC of 7 and 8 years ago is associated with a 8% (5%, 11%) 
and a 14% (7%, 20%) increase in male and female LSCC incidence, 

Table 1 
Fitted ridge regression models for lung squamous cell carcinoma (LSCC) incidence. Values of incidence rate ratio (IRR) are converted from the slope coefficients of the 
regression models. Results with P < 0⋅005 are considered as statistically significant. Insignificant correlation (P > 0⋅005) are not shown in this table. The parentheses in 
the lag year columns show the 90% confidence intervals (CI).  

Location Sex IRR (95% CI) Lag year [median (90% CI)] Adj.R2 

Smoking BC SO4
2- Smoking BC SO4

2- 

World All 1.10 (1.08,1.11) 1.07 (1.04,1.10) - 7 (1,13) 8 (5,10) - 0.96 
M 1.10 (1.09,1.11) 1.08 (1.05,1.11) - 6 (1,13) 7 (4,10) - 0.98 
F 1.08 (1.03,1.13) 1.14 (1.07,1.20) 0.98 (0.97,0.99) 13 (13,13) 8 (8,8) 8 (8,8) 0.68 

Asia All 1.02 (1.02,1.03) - - 2 (1,12) - - 0.63 
M - - 0.99 (0.98,0.99) - - 13 (13,13) 0.66 
F 1.12 (1.05,1.20) 0.96 (0.94,0.98) - 13 (13,13) 5 (5,5) - 0.46 

Europe All 1.17 (1.15,1.19) 1.07 (1.05,1.09) - 10 (1,13) 6 (2,10) - 0.96 
M 1.14 (1.12,1.15) 1.07 (1.05,1.10) - 8 (1,13) 6 (2,8) - 0.97 
F 0.91 (0.88,0.95) 0.91 (0.88,0.94) - 2 (1,11) 3 (2,4) - 0.70 

N. America All - 1.18 (1.09,1.27) 1.07 (1.06,1.08) - 12 (7,13) 9 (1,10) 0.89 
M - 1.24 (1.12,1.36) 1.09 (1.08,1.11) - 12 (7,13) 9 (1,10) 0.91 
F 1.02 (1.01,1.02) - 1.02 (1.01,1.03) 9 (1,12) - 8 (6,9) 0.67 

Oceania All 1.13 (1.11,1.15) - 1.20 (1.08,1.33) 12 (1,13) - 11 (2,12) 0.88 
M 1.14 (1.12,1.16) - 1.26 (1.12,1.42) 3 (1,13) - 10 (2,11) 0.90 
F 1.08 (1.05,1.10) - 1.20 (1.09,1.31) 13 (13,13) - 11 (11,11) 0.64 

S. America All - - 0.90 (0.85,0.95) - - 5 (5,5) 0.40 
M - - 0.87 (0.81,0.93) - - 4 (4,5) 0.44 
F* - - - - - - - 

BC: black carbon; SO4
2− : sulfate; Adj. R2: Adjusted R2. 

*There exists no ridge regression model with significant predictors (P < 0.005) for female LSCC incidence in South America. 

Table 2 
Fitted ridge regression models for lung adenocarcinoma incidence. Values of incidence rate ratio (IRR) are converted from the slope coefficients of the regression 
models. Results with P < 0⋅005 are considered as statistically significant. Insignificant correlation (P > 0⋅005) are not shown in this table. The parentheses in the lag 
year columns show the 90% confidence intervals (CI).  

Location Sex IRR (95% CI) Lag year [median (90% CI)] Adj.R2 

Smoking BC SO4
2- Smoking BC SO4

2- 

World All 0.91 (0.90,0.92) 1.12 (1.09,1.16) - 6 (2,12) 7 (5,7) - 0.96 
M 0.95 (0.94,0.95) 1.09 (1.07,1.12) 1.01 (1.01,1.02) 8 (2,13) 7 (7,7) 3 (3,4) 0.98 
F 0.81 (0.79,0.82) 1.14 (1.11,1.19) - 6 (1,13) 6 (4,8) - 0.68 

Asia All 0.91 (0.89,0.93) - 1.02 (1.01,1.02) 7 (4,10) - 2 (1,6) 0.63 
M 0.95 (0.93,0.96) - 1.02 (1.01,1.02) 10 (6,13) - 1 (1,2) 0.66 
F - 1.07 (1.04,1.10) 1.03 (1.03,1.04) - 4 (1,6) 6 (3,8) 0.46 

Europe All 0.83 (0.82,0.85) 1.07 (1.05,1.09) - 3 (1,5) 4 (2,7) - 0.96 
M 0.92 (0.91,0.93) 1.07 (1.05,1.10) - 8 (4,13) 4 (3,6) - 0.97 
F 0.70 (0.66,0.74) 0.93 (0.90,0.94) - 2 (1,3) 10 (1,13) - 0.70 

N. America All 1.02 (1.01,1.04) 1.10 (1.04,1.27) 0.97 (0.96,0.99) - 8 (8,8) 1 (1,1) 0.89 
M 1.01 (1.01,1.02) - 1.02 (1.01,1.03) - - 7 (5,10) 0.91 
F 0.99 (0.99,1.00) - 0.99 (0.98,1.00) 9 (1,12) - 12 (2,12) 0.67 

Oceania All 0.94 (0.93,0.96) - 1.16 (1.07,1.26) 12 (8,13) - 11 (9,12) 0.88 
M 0.98 (0.97,0.99) - 1.13 (1.06,1.21) 8 (7,9) - 11 (11,11) 0.90 
F 0.86 (0.84,0.88) - 1.16 (1.06,1.27) 12 (2,13) - 8 (3,10) 0.64 

S. America All 0.54 (0.40,0.73) - 1.10 (1.06,1.14) 13 (13,13) - 1 (1,1) 0.40 
M 0.63 (0.55,0.72) 0.75 (0.64,0.89) - 8 (8,9) 5 (5,5) - 0.44 
F 4.91 (2.78,8.69) 2.80 (1.67,4.69) - 9 (8,11) 8 (6,9) - - 

BC: black carbon; SO4
2− : sulfate; Adj. R2: Adjusted R2. 
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respectively (Table 1). For SO4
2− , no significant correlation with LSCC is 

observed globally. 
Globally, there is a positive association between LADC incidence and 

BC; a 0.1 μg/m3 increment of BC of 7 years ago is associated with a 12% 
(9%, 16%) increase in LADC incidence (IRR: 1.12 (1.09, 1.16); LY: 7 (5, 
7) in Table 2, which presents ridge regression models of LADC incidence 
on smoking and air pollution, in a similar setting as Table 1). Such a 
positive association applies to men (IRR: 1.09 (1.07, 1.12); LY: 7 (7, 7) in 
Table 2) and to women (IRR: 1.14 (1.11, 1.19); LY: 6 (4, 8) in Table 2) 
separately. A modest positive association between LADC incidence and 
SO4

2− exists only in males (IRR: 1.01 (1.01, 1.02); LY: 3 (3, 4)), but in 
neither female nor in men and women combined. Associations between 
air pollutants and LADC incidence vary across continents. In Europe and 
North America, a 0.1 μg/m3 increment of BC of 4 and 8 years ago is 
associated with a 7% (5%, 9%) and 10% (4%, 27%) increase in LADC 
incidence (IRR: 1.07 (1.05, 1.09); LY: 4 (2, 7) for Europe; IRR: 1.10 
(1.04, 1.27); LY: 8 (8, 8) for North America), respectively. A positive 
association between SO4

2− and LADC is demonstrated in Asia, Oceania 
and South America; a 0.1 μg/m3 increment of SO4

2− of 2, 11, and 1 years 
ago is associated with a 2% (1%, 2%), 16% (7%, 26%), and 10% (6%, 
14%) incline in LADC incidence in Asia (IRR: 1.02 (1.01, 1.02); LY: 2 (1, 
6)), Oceania (IRR: 1.16 (1.07, 1.26); LY: 11 (9, 12)), and South America 
(IRR: 1.10 (1.06, 1.14); LY: 1 (1, 1)), respectively. As far as the corre-
lation between LADC and smoking is concerned, all the global and 
continental IRRs are less than 1. 

4. Discussion 

There is a global decline of LSCC, which is more prominent in males 
than in females. This decline is strongly correlated with the decrease in 
smoking population around the world. Tobacco smoking has been found 
to be the most important cause of lung cancer for over half of a century 
(Doll and Hill, 1952) and the effects of smoking cessation, even in the 
middle age, have been proven to reduce risk of lung cancer (Tong et al., 
1996). In this study, global data demonstrate that the drop in LSCC is 
more significant among males, and the declining trend coincides with 
the declining trend of tobacco consumption. A previous study (Minna 
et al., 2002) reports that risk in lung cancer is reduced due to smoking 
cessation, and the lag period is 7 years, whereas another study reports a 
10-year lagging time (B’chir et al., 2007). Our data also show a lag time 
for 7 years. However, it has also been known that for men who stop 
smoking at ages 60, 50, 40 and 30, the cumulative risk of lung cancer by 
age 75 years is 10%, 6%, 3% and 2%, respectively, but never reduces to 
the risk of a non-smoker (Peto et al., 2000). 

On the other hand, LADC shows a significant rising trend in the 
period of 1990–2012 and this trend appears to correlate with air 
pollution globally, in particular BC. This correlation is more prominent 
in females than males worldwide. The plausibility of ambient air 
pollution as a cause of cancer is supported by studies which showed 
urban air sample have mutagenic activities (DeMarini and Claxton, 
2006). The combustion of fossil fuel for power generation or trans-
portation has long been known as the source of organic and inorganic 
compounds to particulate air pollution in most urban settings. Unfor-
tunately, there are few long-term trend data for ambient levels of known 
carcinogenic products of fossil fuel combustion that could be used to 
estimate long-term effects on carcinogenesis. Our study shows that the 
rising incidence of LADC is particularly prominent in Asia where both 
BC and SO4

2− have been on the rising trend in the period. The effect 
appears to be evident in both males and females. However, the differ-
ential effects of BC and SO4

2− are illustrated by the divergent effects on 
male and female LADC incidence in Europe, North America, South 
America and Oceania. More work needs to be done to understand the 
effects of air pollutant component in the development of LADC. 

North America and Europe both show a decrease in sulfate in the 
study period. This is primarily a result of control implemented under 
Environmental Protection Agency’s Acid Rain Program. In the eastern 

US, SO4
2− emission decreased approximately 33% from 1983 to 2002. In 

the US, average SO4
2− ambient concentration has been estimated to 

reduce by 54% over the same period. It is noted that North America is 
the only continent showing a non-rising or declining trend of LADC 
incidence which is consistent with previous study that then suggested 
that SO4

2- may be related to lung cancer (Chen et al., 2007). Ones may 
argue why that Europe does not have such benefit from their significant 
reduction in sulfate through the UNECE Convention on Long-range 
Transboundary Air pollution (LRTAP) (Vestreng et al., 2007). It may 
be because Europe has the relatively higher ambient BC concentration 
level than North America, see Fig. 6. The relatively high BC concen-
tration in Europe may contribute to the increase in LADC during 
1990–2012. These results highlight the divergent effects between BC 
and sulfate on LADC in various continents. Nevertheless, we also note 
that there could be other constituents (e.g. ozone) in the air that may 
cause LADC, but we lack data to further investigate this. Future studies 
should try to look for these other components. 

This study is subjected to several limitations. The first limitation is 
missing recent-year data and high-temporal-resolution data. This study 
employed the cancer incidence data from 1990 to 2012, whereas the 
data after 2012 is not available. Moreover, while high-temporal- 
resolution data are not available, yearly averaged data were used in 
this study, and hence the effect of time-varying factors cannot be fully 
evaluated. Since our analysis has considered the cancer incidence data 
for a long duration period, the influence of this limitation is considered 
as marginal. Nevertheless, it is suggested that recent and high-temporal- 
resolution data, when available, should be included in the future study. 

The second limitation is that China and India, the two largest 
countries in terms of population, could not be included in this study. The 

Fig. 6. Average concentration (μg/m3) of black carbon (BC) and sulfate 
(SO4

2− ) in 1990, 2012 and 1990–2012 (a 13-year mean). 
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reasons behind are that China lacks data in differentiating between LSCC 
and LADC, and there are too many missing cancer incidence data of 
different histologic types in India. Therefore, China and India, which 
together constitute more than one-third of the world’s population, 
cannot be included in this study. Given the adverse air pollution prob-
lems in the two countries, this limitation may limit our understanding of 
the association between the two lung cancer subtypes and air pollution 
in a relatively polluted environment. It is suggested that further studies 
should be conducted for China and India when their LSCC and LADC 
cancer data are available with a sufficient level of data availability. 

Third, in recent years, there have been improvement of new tech-
nologies to detect earlier cancer cases and differentiate between 
different types of lung cancer. These developments certainly are not 
equally distributed and accessible globally due to, for example, different 
socio-economic status and differences in access to healthcare systems, 
with some countries or subpopulations benefiting the most. Conse-
quently, cancer data are unlikely to be of similar quality across different 
countries and perhaps across subpopulations within a county. We note 
that different diagnostic capacities cannot be considered in this study 
even though they could have affected the observed cancer incidence. 
Further cohort studies might be therefore required to understand the 
effects of diagnostic capabilities on lung cancer incidence. Furthermore, 
although LSCC and LADC are the two most common lung cancer types in 
the whole spectrum, there are still some 30% of lung cancers which do 
not belong to these cell types. These include small cell lung cancer and 
large cell lung cancer, which are not included in this study. 

On the other hand, exposure to carcinogen, including tobacco and 
organic or inorganic compound in the air that may predispose to cancer 
development, will require a period of time to take effect. The time period 
of lung cancer incidence during 1990–2012, and the time period of 
smoking prevalence and air pollution from 1980 to 2012 were used for 
time lagging estimations in this study. This may not be sufficient to 
delineate the true time-lag between exposure to carcinogen and the 
emergence of cancers in various countries and continents. We must also 
point out that this analysis of correlations of cancer incidence and 
smoking prevalence or air pollution can only hint an association. This is 
not sufficient to imply a causal relationship. Moreover, other PM2.5 
species (i.e. organic carbon, nitrate, etc.) may also have effect on LSCC 
and LADC. Nevertheless, due to data availability, this study mainly 
focused on BC and SO4

2− . Future research should investigate the effect 
of other PM2.5 species once the data are available. 

Finally, it should also be noted that there are other potential 
contributing factors of lung cancer which have not included in this 
study. These factors include family history of lung cancer, exposure to 
radon, heavy metals and asbestos, intake of arsenic in drinking water, 
previous radiation therapy to the lungs, etc. 

Despite the above limitations, this study offers a global view on the 
association between the two major lung cancer types (LSCC and LADC) 
and two major potential contributors (smoking and air pollution) with a 
differential analysis between males and females, attempting to provide a 
global insight to explain the current trend of reduction in LSCC and 
increase in LADC. While previous work mainly focuses on lumped par-
ticulates or uses AOD as a proxy for air quality, this study aims to assess 
the contribution of BC and SO4

2− , which are critical components of 
particulates. Furthermore, published work typically focuses on either 
smoking or air pollution. We consider both smoking and air pollution 
together, further advancing our knowledge of the effect of the two 
critical factors. A valuable strength of our methodology is to perform 
two equally important and closely related tasks in selection of significant 
predictors and determination of any of their lagged effects on the 
response of interest, while mitigating problems of collinearity among 
potential predictors. We exhaust all subsets of models and fit a ridge 
regression model to all possible datasets, enhancing robustness of our 
results. 

None of previous studies assessed associations between the two 
histologic types of lung cancer and particulate species of PM2.5. To 

validate our method, we first conducted ridge regression runs to esti-
mate the IRRs of all lung cancer, LADC, LSCC per a 10-μg/m3 increment 
of PM2.5, and compared the results with those reported in the literature, 
see Table 3. The comparison shows that our result (IRR = 1.13) for all 
lung cancer is within the range of the reported values. For Europe, our 
result (IRR = 1.12) is slightly higher than that reported by Hamra et al. 
(2014). This difference is consistent with the global values reported by 
this study and Hamra et al. (2014). Also, the global value in the latter 
study is at the low end of the range of all the results. For LADC and LSCC, 
our results are also within the range of the reported values in the liter-
ature. These comparison results prove that our method is robust. 

Comparing results of ridge regressions for LSCC in Tables 1 and S1 
based on adjusted R2 suggest that BC and SO4

2− offer a much better 
explanation (68% versus 37%) as PM2.5 does for the female global 
incidence, while giving comparable explanations as PM2.5 does for 
global incidence of men and of men and women combined. None of the 
two sets of pollutants stands out based on their results for individual 
continents. Similarly, an analogous comparison between results for 
LADC in Tables 2 and S2 demonstrates that the two species BC and SO4

2−

also give better explanations of the incidence than the particulate PM2.5, 
as illustrated by, for instance, a 11% increase from 77% to 88% in 
adjusted R2 for explaining the global incidence. In general, IRRs due to 
smoking, with coefficients of the same sign and similar magnitude, are 
robust to which of the two different sets of pollutants are included in the 
ridge regression models. In summary, we conclude that the two com-
ponents, BC and SO4

2− , of the particulate PM2.5 are attributable to the 
association between PM2.5 and lung cancer incidence. Addressing BC 
and SO4

2− , two components of PM2.5, may help better understand as-
sociation between air pollution and lung cancer incidence. 

5. Conclusions 

Based on population-based cancer registration data during 
1990–2012, we adopted an approach with ridge regression models to 
determine which of smoking prevalence, concentration of black carbon 
(BC) and concentration of sulfate, all possibly with lag years, are asso-
ciated with age-adjusted incidence rates of LSCC and of LADC globally 
and by continents. Globally, a 1% drop of smoking prevalence of 7 years 
ago is associated with a 9% (95% CI: 8%, 10%) decline in LSCC inci-
dence, whereas a 0.1 μg/m3 increment of BC of 7 years ago is associated 
with a 12% (95% CI: 9%, 16%) increase in LADC incidence. Global 

Table 3 
Comparison of associations between lung cancer and PM2.5 based on our ridge 
regression approach and those reported in the literature. The incidence rate 
ratios (IRRs) are computed based on a 10 μg/m3 increment in PM2.5. A 95% 
confidence interval (CI) is given in the parentheses behind each IRR value. 
Values with * are converted from a 5 μg/m3 increment to a 10 μg/m3 increment. 
The detailed description of our ridge regression results for this comparison is 
provided in SI for reference.  

Study IRR (95% CI) per 10 μg/m3 increment in PM2.5 

All lung cancer LADC LSCC 

Puett et al. (2014) 1.06 (0.91, 
1.25) 

1.33 (0.92, 
1.93) 

- 

Raaschou-Nielsen et al. 
(2013) 

1.37 (0.90, 
2.08)* 

2.40 (1.10, 
5.24)* 

2.13 (0.19, 
24.29)* 

Hystad et al. (2013) 1.29 (0.95, 
1.76) 

1.27 (0.84, 
1.90) 

1.09 (0.70, 
1.70) 

Hamra et al. (2014) 
(global) 

1.09 (1.04, 
1.14) 

- - 

This study (global) 1.13 (1.05, 
1.22) 

1.49 (1.18, 
1.88) 

1.28 (1.10, 
1.49) 

Hamra et al. (2014) 
(Europe) 

1.03 (0.89, 
1.20)   

This study (Europe) 1.12 (1.08, 
1.17)   

LADC: lung adenocarcinoma; LSCC: lung squamous cell carcinoma. 
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decreasing LSCC incidence is associated with the reduced tobacco con-
sumption, whereas the global increase in LADC incidence is likely 
associated with air pollution. Our results warrant further investigation 
of functions of black carbon and sulfate in the pathogenesis of LADC, 
suggesting possible research directions for new studies to combat the 
surge of LADC incidence. 

Funding 

This work was funded by Dr. Stanley Ho Medicine Development 
Foundation (grant no. 8305509). The funding source had no involve-
ment in study design, in the collection, analysis and interpretation of 
data, in the writing of the article, or in the decision to submit the article 
for publication. 

Ethical approval 

Not needed. 

CRediT authorship contribution statement 

Steve H.L. Yim: Conceptualization, Formal analysis, Funding 
acquisition, Methodology, Resources, Supervision, Visualization, 
Writing – original draft. T. Huang: Investigation, Software, Visualiza-
tion, Formal analysis, Visualization, Writing – review & editing. Jason 
M.W. Ho: Methodology, Software, Investigation, Formal analysis, 
Visualization, Writing – review & editing. Amy S.M. Lam: Investigation. 
Sarah T.Y. Yau: Investigation. Thomas W.H. Yuen: Writing – review & 
editing. G.H. Dong: Writing – review & editing. Kelvin K.F. Tsoi: 
Writing – review & editing. Joseph J.Y. Sung: Conceptualization, 
Funding acquisition, Resources, Supervision, Writing – review & editing. 

Declaration of competing interest 

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

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.atmosenv.2021.118835. 

References 

B’chir, F., Laouani, A., Ksibi, S., Arnaud, M.J., Saguem, S., 2007. Cigarette filter and the 
incidence of lung adenocarcinoma among Tunisian population. Lung Cancer 57, 
26–33. https://doi.org/10.1016/j.lungcan.2007.01.034. 

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R.L., Torre, L.A., Jemal, A., 2018. Global 
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide 
for 36 cancers in 185 countries. Ca - Cancer J. Clin. 68, 394–424. https://doi.org/ 
10.3322/caac.21492. 

Charloux, A., Quoix, E., Wolkove, N., Small, D., Pauli, G., Kreisman, H., 1997. The 
increasing incidence of lung adenocarcinoma: reality or artefact? A review of the 
epidemiology of lung adenocarcinoma. Int. J. Epidemiol. 26, 14–23. https://doi.org/ 
10.1093/ije/26.1.14. 

Chen, F., Bina, W.F., Cole, P., 2007. Declining incidence rate of lung adenocarcinoma in 
the United States. Chest 131, 1000–1005. https://doi.org/10.1378/chest.06-1695. 

DeMarini, D.M., Claxton, L.D., 2006. Outdoor air pollution and DNA damage. Occup. 
Environ. Med. 63, 227–229. https://doi.org/10.1136/oem.2005.025502. 

Doll, R., Hill, A.B., 1952. Study of the aetiology of carcinoma of the lung. Br. Med. J. 2, 
1271–1286. 

Ferlay, J., Soerjomataram, I., Ervik, M., Dikshit, R., Eser, S., Mathers, C., Rebelo, M., 
Parkin, D., Forman, D., Bray, F., 2012. GLOBOCAN 2012: Estimated Cancer 
Incidence, Mortality and Prevalence Worldwide in 2012 v1.0. 

Forman, D., Bray, F., Brewster, D., Gombe Mbalawa, C., Kohler, B., Piñeros, M., 
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