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Background: The density of particulate matter (PM) in mega-cities in China such as Beijing and Shanghai 
has exceeded basic standards for health in recent years. Human exposure to PMs has been identified as 
traceable and controllable factor among all complicated risk factors for lung cancer. While the improvement 
of air quality needs tremendous efforts and time, certain revision of PM’s density might happen associated 
with the adjustment of built environment. It is also proved that urban built environment is directly relevant 
to respiratory disease. Studies have respectively explored the indoor and outdoor factors on respiratory 
diseases. More comprehensive spatial factors need to be analyzed to understand the cumulative effect of built 
environment upon respiratory system. This interdisciplinary study examines the impact of both indoor (including 
age of housing, interval after decoration, indoor humidity etc.) and outdoor spatial factors (including density, 
parking, green spaces etc.) on lung cancer.
Methods: A survey of lung cancer patients and a control group has been conducted in 2014 and 2015. A total 
of 472 interviewees are randomly selected within a pool of local residents who have resided in Shanghai for 
more than 5 years. Data are collected including their socio-demographic factors, lifestyle factors, and external 
and internal residential area factors. Regression models are established based on collected data to analyze the 
associations between lung cancer and urban spatial factors.
Results: Regression models illustrate that lung cancer presents significantly associated with a number of 
spatial factors. Significant outdoor spatial factors include external traffic volume (P=0.003), main plant type 
(P=0.035 for trees) of internal green space, internal water body (P=0.027) and land use of surrounding blocks 
(P=0.005 for residential areas of 7-9 floors, P=0.000 for residential areas of 4-6 floors, P=0.006 for business/
commercial areas over 10 floors, P=0.005 for business/commercial areas of 7-9 floors, P=0.043 for business/
commercial areas of 4-6 floors). Indoor spatial factors include age of housing (P=0.003) and indoor humidity 
(P=0.000).
Conclusions: The findings support the hypothesis that both indoor and outdoor spatial factors are 
independently associated with lung cancer incidence. Certain principles based on the modeling results are 
proposed to revise the criteria for lung cancer screening of high-risk individuals. It also provides empirical 
evidence for urban planning and design to improve built environment with more thorough consideration of 
respiratory health.
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Introduction

Today lung cancer has become a major cause of death for 
human being, displaying the highest morbidity among all 
types of cancers (1). While a total of 1.8 million lung cancer 
patients increased all around the world and it caused 59 
million deaths within the year of 2012, China counts about 
one third in both mortality and morbidity (2). It is not a 
surprise when air pollution in Chinese cities, especially 
the concentration of particulate matter (PM), has become 
severe, which caused increasing incidence of respiratory 
disorders, including lung cancer. Under the urgent 
circumstance, this interdisciplinary study attempt to identify 
significant factors in urban built environment to respiratory 
disease.

The theoretic framework of this study is built on an 
interdisciplinary approach, which includes literatures 
focusing on three types of correlations (Figure 1). The 
first correlation lies between the PM concentration 
and the morbidity and mortality of lung cancer. Recent 
epidemiologic studies in many continents observe negative 
effects of long-term exposure to particulate air pollution 
including decreased lung function and increased risk of 
all-cause, cardiopulmonary, and lung cancer mortality. 
These respiratory effects of PMs are commonly found in 
researches regarding U.S. Cities, including cities where the 
PM concentration at levels below current USA National 
Ambient Air Quality Stand for particulate pollution (3). 
For instance, a cohort study through 1982 to 1998 enrolled 
approximately 500,000 adults proves that long-term 
exposure to fine particulate air pollution is an important 
environmental risk factor for lung cancer mortality,. With 
the controlling of individual risk factors including age, 
sex, race, weight, height, smoking history, education, 
marital status, diet, alcohol consumption, and occupational 
exposures, the study finds that each 10 μg/m³ increase of 
PM2.5 is associated with approximately a 4%, 6%, and 
8% increased risk of all-cause, cardiopulmonary, and lung 
cancer mortality, respectively (4).

Similar effects are also reported from Europe and Japan. 
The European Study of Cohorts for Air Pollution Effects has 
used data from 17 cohort studies based in nine European 
countries. The meta-analyses show that risk for lung cancer 
is statistically significant associated with PM10 [hazard ratio 
(HR) =1.22 (95% CI: 1.03–1.45) per 10 μg/m³] and PM2.5 
[HR =1.18 (0.96–1.46) per 5 μg/m3], even at levels below the 
European Union limit values (5,6). Based on data acquired 
between 1970 and 1990 for 47 Japanese prefectures, the age-

adjusted lung cancer death rates are higher in the southern 
geographical block of Japan (approximately 1.2-fold in 
males and 1.1-fold in females) and in the northern block 
(approximately 1.2-fold in males) than in the central block, 
which is explained by nitrogen dioxide and temperature (7). 
As in China, some epidemiologic studies measure the fine 
particulate matter concentration in specific areas and cities 
and find its mutagenicity and carcinogenicity (8,9).

The second correlation lies between urban built 
environment and PM concentration. Empirical studies 
have conducted to identify significant factors of built 
environment that influence PM concentration in cities, such 
as Hong Kong, Beijing, Shanghai, Guangzhou, Qingdao and 
Ningbo. It has demonstrated that the mass concentrations 
of total suspended particulate (TSP), PM10 and PM 2.5 
vary in different areas within a same city (10-13). Researches 
particularly prove the significant influences of land use 
types (14-18) and building density (19-21), green space (10),  
water body (22), location of highway entrance (23),  
traffic patterns (24,25) and street scale (26,27) upon 
particulate matter concentration and distribution. 

The third correlation focuses on the morbidity of 
respiratory disease and urban built environment, in addition 
to inherent physiological determinants and lifestyle such 
as cigarette consuming, cooking oil fumes, etc. There are 
emerging studies about the implication of built environment 
in explain in explaining health outcomes (28-31), 
especially neighborhood environment (32,33). Empirical 
researches have provided evidence about how household 
quality, ventilation condition, indoor humidity, and street 
congestion are linked to respiratory diseases (34-36).  
Specific land use types are also found correlated to 
respiratory health. For instance, residences near industrial 
areas are significantly associated with various disease 
incidences including lung cancer (37-39); green spaces 
have a positive impact on health, including decreasing 
respiratory disease mortality (40-42), while the impact may 
not always significant in certain areas (43). Meanwhile, since 
high traffic volume increases incidence rate of pulmonary 
adenoma (44,45), living within 100 m from highways has 
a negative impact on respiratory health for both children 
(46,47) and adults (48). Current studies have respectively 
explored the indoor and outdoor factors on respiratory 
diseases. More comprehensive spatial factors need to 
be analyzed to understand the cumulative effect of built 
environment upon respiratory diseases and identify the 
possible causation.

This paper, therefore, investigate the correlation between 
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lung cancer morbidity and both indoor and outdoor 
factors of urban built environment in a comprehensive 
approach. We hypothesize that the broad range of urban 
spatial factors affect lung cancer incidence not only by 
patterning particulate matter distribution but also in other 
ways. Indoor and outdoor factors are selected to test the 
hypothesis after adjusting individual level factors. The 
study aims to reducing the morbidity of respiratory disease 
through the adjustment of external factors on the one hand, 
on the other hand providing new clues for lung cancer 
screening of high-risk individuals.

Methods

Data collection

The study is a hospital-based case-control study conducted 
at the Renji Hospital affiliated to Shanghai Jiao Tong 
University School of Medicine. All samples/patients have 
been informed about the content of this study for the 
publication of this article. A structured questionnaire has 
been adopted in the survey started in March 2014 and 
ended in May 2015. Data are collected from the total of 472 
participants, including 202 incident cases of lung cancer and 
270 controls. Controls are selected among normal people 
attending the hospital for physical examinations who are 
unrelated to respiratory disorders. Both cases and controls 
are required to reside within the center city of Shanghai for 
more than 5 years. The central city of Shanghai, defined 
by the outer circle of highway of Shanghai, covers a total 
area of 660 square kilometers. Mostly of the central city of 
Shanghai presents relevant high density of buildings, which 
provides the study site with rich spatial factors. We randomly 
select cases and controls with the entire data to conduct a 

frequency matched case-control study by age (±7.5 years)  
and gender. The final study population comprises a total of 
312 samples with 156 matched pairs.

The collected data cover both socioeconomic features 
of individual and spatial factors of built environment of 
their residences. Certain spatial factors are identified 
and measured through satellite maps and the software of 
geographic information system (GIS) with the addresses of 
surveyed individuals.

Variable definitions

In the models for correlation analysis, we identify the lung 
cancer incidence as the dependent variable, individual level 
factors including socio-economic status and lifestyle as the 
control variables. The independent variables cover both 
indoor and outdoor factors to conduct a more comprehensive 
exploration of the built environment (Figure 2). 

Dependent variable: lung cancer incidence
The main health outcome we focus on is lung cancer 
incidence based on confirmed clinical diagnosis. 

Control variables: individual level factors
Individual level factors as the control variables attempt to 
capture the socio-economic status and lifestyle of surveyed 
residents that influence their health outcome. Age, gender, 
working environment, tobacco consumption (smoking 
history and family/colleague smoking status), cooking 
fume exposure, outdoor exercise duration, and chronic 
medical history are identified according to the individual 
level risk factors for lung cancer listed in the National 
Comprehensive Cancer Network (NCCN) guideline in the 
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Figure 1 Correlations between particulate matter, urban spatial factors and lung cancer incidence
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US for lung screening and relevant studies (49).
Among all these factors, we collect information about 

occupation, working environment and duration of the job 
and then focus on jobs for a minimum duration of 6 months 
or longer. Occupations are categorized into high-risk or 
non-high-risk for lung cancer, and then participants in the 
survey are classified into three groups accordingly, including 
unexposed individual that have never worked in a high-risk 
job, individual that have worked <35 years in a high-risk 
job, and individual that have worked ≥35 years in a high-risk 
job. This 35-year breaking point is identified based on the 
statistic of the control group, in which 75% (three quarter) 

individuals working in a high-risk environment have lasted 
for less than 35 years.

As for tobacco consumption, surveyed individuals are 
categorized based on their smoking history and family/
colleague smoking status. Smoking history is divided into 
two groups: non-smokers, defined as subject who has not 
smoked in the entire lifetimes; and former and current 
smokers, defined as regular smokers who has smoked for 
at least 1 year. Family/colleague smoking status describes 
whether or not subject were exposed to second-hand smoke.

For Chinese family, exposure to cooking fume is traced 
as one of the risk for lung cancer (50-52). It is categorized 
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according cooking habit of the surveyed individual into four 
degrees, including never cook (subject who do not cook 
daily); steam preferred (adopting steam as main cooking 
method), stir-fry preferred and fry preferred.

Furthermore, outdoor exercise duration, as an important 
indicator for lifestyle, is defined as the average outdoor 
excise time per day for the surveyed individual. We also 
include the chronic medical history as a two-level factor  
(0 vs. 1) that is confirmed by clinical diagnosis.

Independent variable group 1: outdoor spatial factors
The data of outdoor spatial factors are derived from the 
individual survey and the estimation of researchers through 
the software of GIS. We geocode the subjects’ address and 
measure certain variable in the GIS. Twenty seven variables 
are identified to describe 15 outdoor spatial factors. 
The study adopts the residential area as a spatial unit, 
categorizing the variables into the external and internal 
factors of the subjects’ residential areas. 

The external factors of residential area include measures 
of distance to pollution sources, distance to parks, 
external traffic volume and development intensity of the 
surrounding area of the subjects’ neighborhood. Distance to 
pollution sources and distance to parks are represented by 
the distance of the neighborhood to the nearest pollution 
source and park. Living nearby pollution source such as 
industrial areas could add risk on lung cancer incidence 
(34-36), while green spaces on the contrary are assumed 
having positive impacts on healthy outcome (40-42). 
External traffic volume, an important pollutant source, 
is described through a five-category score in the survey. 
The variable of development intensity of the surrounding 
area aims to describe the ventilation of the subjects’ 
neighborhood, which may present negative influence on 
residents’ respiratory health. It also attempts to capture land 
use mix and density, which may have a positive influence 
on health through accessibility and walking opportunity. 
Because 2 kilometer is a comfortable walking distance for 
daily life (53), the study adopts 2 kilometer as the radius 
to define the surrounding area of a neighborhood. We 
basically categorize the surrounding residential blocks and 
commercial/business blocks by the average heights, namely 
low story (1-3F), multi story (4-6F), middle height (7-9F) 
and high-rise (over 10F). The models we built in the study 
may provide clues to analyze the controversial factors of 
development intensity.

The internal factors of residential area describe the 
built environment within the subjects’ resident areas that 

may influence respiratory health. It includes measures of 
building density, presence of internal pollution source, 
internal traffic volume, parking type, sidewalk type, outdoor 
exercise space, green space (area per capita/ plant type/ 
location) and presence of internal water-body. Among these 
factors, the building density of the neighborhoods, which 
affects particulate matter diffusion and distribution, is 
defined as building density and reported by four-category 
scores. The presence of internal pollution source, outdoor 
exercise space and internal water-body is represented as 
a two-level factor in terms of case and non-case. Internal 
traffic volume, same as the external traffic volume, is 
reported through five-category scores. Internal pollution 
source and internal traffic volume may both release 
particulate matter and other harmful substances. Outdoor 
exercise space in a neighborhood provides opportunity to 
exercise but may also add exposure to air pollution. Internal 
water-body may mitigate air pollution such as particulate 
matter concentration. Parking type is defined as non-
parking (no vehicles parking lot inside a neighborhood), 
ground parking (vehicles mainly parking on the ground 
such as roadside); garage parking (parking underground 
or inside garages). We divided sidewalk type into two 
categories: shared sidewalk (residents walking along with 
vehicles on the same road section) and divided sidewalk. 
The type of parking and sidewalk, as important design 
elements in residential area planning, provides different 
degree of residents’ exposure to vehicle and its associated 
PM. Internal green space is represented through total area 
per capita, main plant type and location. Main plant type 
of internal green space is described as lawn, bush and tree, 
which influence the concentration of PM in different ways. 
Location of internal green space include scattered (no 
central green space in a neighborhood), center (large scale 
green space located at the center of a neighborhood), and 
near the exit. Similar to green space outside residential area, 
internal green space can attribute to outdoor exercise while 
increase the exposure of PM to certain extent.

Independent variable group 2: indoor spatial factor
The data of indoor spatial factors are collected based on 
individual survey. Six variables are identified to describe 6 
indoor spatial factors. The variable titled age of housing 
aims to represent the duration of housing in usage. 
Individuals’ bedroom area and total area of living space per 
capita represents ventilation quality of housing. Interval 
after decoration represents the time between decoration 
and move-in, because housing units provided in China are 
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usually unfurnished and need decoration after purchase. 
It may cause volatile organic emission during and after 
decoration. Both indoor humidity and indoor dust are 
reported into three levels according to the observation of 
surveyed individuals, which related to exposure to harmful 
substance to the residents.

Statistical methods

Two-level logistic regression models are adopted to evaluate 
possible impact of urban built environment upon lung 
cancer. Certain adjustments are made based on matching 
factors (age and gender) and other socio-demographic and 
lifestyle factors, such as smoking and work environment. To 
avoid possible confounding, we test the correlation between 
each of the independent variables. It is found that bedroom 
area and per capita living space are significantly correlated 
with age of housing—bigger area is associated with newer 
houses, due to the development evolution of house type in 
China. So bedroom area and per capita living space are not 
brought into the models. 

We select unconditional logistic regression including 
matching characteristics in the model because it is a 
standard methodology when conducting a frequency-
matched study, especially when matching characteristics 
provide high opportunity to prepare cases and controls. 
With age and gender as the matching characteristics in 
this study, cases and controls have been paired and the 
corresponding pairs are interchangeable among the same 
age group and gender.

Results

The correlation analysis includes 156 pairs and controls 
matched by age (±7.5 years) and gender (Figure 3). The 
discriptive statistics of age, gender, work environment, 
smoking history, cooking fumes exposure, outdoor exercise 
duration and chronic medical history are summarized (Table 1).  
Among these, the work environment, smoking history and 
chronic medical history are criteria for selecting high-risk 
individuals for lung cancer screening in the guideline of 
National Comprehensive Cancer Network of the USA (49). 
There are more samples working in high-risk environment 
and suffering chronic disease among cases than among 
controls (36.6% vs. 19.6%; 61.4% vs. 44.4%), while tobacco 
consuming presents no obvious difference in the two 
groups.

The results of two-level logistic regressions are presented 

Figure 3 Age and gender distribution of the study population
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Table 1 Characteristics of lung cancer cases and controls

Characteristic
Cases (n=156)  

n (%)
Controls (n=156)  

n (%)

Age (yrs), mean (SD) 61.80 (12.00) 59.64 (12.48)

Median (IQR) 63.00 (12.00) 62.00 (15.00)

Gender

Male 59 (37.8) 59 (37.8)

Female 97 (62.2) 97 (62.2)

Working environment

High risk 77 (49.9) 46 (29.5)

Non high risk 79 (50.1) 110 (70.5)

Smoking status

Never 114 (73.1) 122 (78.2)

Ever 42 (26.9) 34 (21.8)

Family/colleague smoking status

Never 54 (34.6) 79 (50.6)

Ever 102 (65.4) 77 (49.4)

Cooking fume

Never 60 (38.5) 62 (39.7)

Ever 96 (61.5) 94 (60.3)

Outdoor exercise duration 
(hrs), mean (SD)

1.81 (1.61) 1.66 (1.84)

Median (IQR) 1.29 (1.00) 1.00 (1.00)

Chronic medical history

Never 60 (38.5) 84 (53.8)

Ever 96 (61.5) 72 (46.2)
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in Table 2. Both outdoor and indoor built environment 
indicators are included in model 1, and adjustments are 
made to age, gender as well as lifestyle factors in model 2. 
Model fit is assessed by -2 Log likelihood and Cox & Snell 
R Square with larger values indicating better fit. R Square 
equal to 0.42 and 0.49 in model 1 and model 2 respectively, 
which are both acceptable.

In model 1, 9 of the 20 spatial factors measured by  
31 variables are significantly associated with lung cancer. 
Among the external factors of residential area, external 
traffic plays a significant role in predicting lung cancer 
incidence. Higher external traffic volume presents a 
significant association with higher lung cancer incidence 
(B=0.573, P<0.05). Neighborhoods surrounded with 
residential blocks (within 2 km radius) are significantly 
associated with increasing lung cancer incidence  
(B for 4-6 floors=1.641, P<0.001; B for 7-9 floors=1.462, 
P<0.01). Surrounded with commercial/business districts 
is inversely associated with lung cancer prevalence  
(B for 4-6 floors=−0.885, P<0.05; B for 7-9 floors=-1.281, 
P<0.05). Shorter distance to pollution source (B=−0.0003, 
P<0.05) within the defined buffer (4 km radius) is associated 
with increasing lung cancer incidence. Distance to parks 
(B=−0.0002, P<0.05) presents negatively correlated to health 
that is contrary to common sense. In respect of internal 
residential area, green space covered with trees (B=−1.969, 
P<0.05) and water body (B=−1.826, P<0.01) inside residential 
areas are associated with lower lung cancer prevalence. As 
for indoor environment, elder age of housing is associated 
with lower lung cancer incidence (B=−0.027, P<0.05). Higher 
indoor humidity level is associated with lower lung cancer 
incidence (B=−0.947, P<0.001), which is contrary to previous 
studies (54). Indoor dust present none significance.

In model 2, further adjustments to match factors (age, 
gender), socio-demographic and lifestyle factors are made. 
We find lung cancer significantly correlated with age 
(B=0.061, P<0.001), work environment (B=0.354, P<0.05) 
and chronic medical history (B=1.626, P<0.001). Smoking 
duration, family/colleague smoking status, cooking fume, and 
outdoor exercise duration present insignificant in the model. 
The individual variables made no substantial difference to 
associations between lung cancer and built environment 
factors. Only two factors significant in model 1 including 
distance to outside pollution source and park present 
insignificant in model 2. The rest of significant factors in 
model 1 keep similar confidence level and +/− correlation. 

Discussion

In this study, we investigate the effects of urban built 
environment both outdoor and indoor on lung cancer in 
high-density urban area of central Shanghai. The built 
environment factors identified significantly correlated with 
lung cancer morbidity include external traffic volume, 
surrounding land use type, plant type of internal green 
space, internal water-body, age of housing and indoor 
humidity.

Certain spatial factors of built environment that influence 
particulate matter concentration are significantly related 
to lung cancer prevalence in the models. Before and after 
adjustment to individual level socio-demographic and lifestyle 
confounders, external traffic volume producing PMs presents 
highly significant correlation with lung cancer incidence. The 
negative effect of heavy external traffic volume upon lung 
cancer morbidity is consistent with previous findings that 
high density of traffic may lead to heavy particulate matter 
emission (41,42). On the other hand, internal water-body 
and green space mainly covered with trees are considered as 
spatial factors that mitigate the concentration of PMs. Water-
body and plants may absorb particulate matters and open 
space could promote particulate matter diffusion (55,56). It 
proves that the presence of water-body and green space may 
have positive effect to decrease the lung cancer morbidity. 
While cross-sectional studies have reported similar results (10),  
the study provides more detailed comparison among plant 
types of green space. Trees present significant correlation 
with lower lung cancer morbidity, while both lawn and bush 
do not. It may implicate that more trees than lawn and bush 
in green space within neighborhoods could lead to lower 
respiratory disease prevalence. 

Other factors of built environment that indirectly 
relevant to particulate matter distribution also exhibit 
significant association with lung cancer prevalence. 
Neighborhoods surrounded with residential buildings from 
4 to 11 floors (including variables: 4–6 floors, 7−11 floors) 
present significant correlation with lung cancer morbidity. 
It can be explained that the emission and concentration of 
PMs produced by cooking. Comparing to neighborhoods 
surrounded with business/commercial blocks, it presents 
contrary effect. It indicates that higher land use mix may 
be associated with less respiratory disease prevalence. 
Better land use mix may lead to higher walkability and 
more physical excise (57). Meanwhile, age of housing is 
associated with lung cancer. New buildings lead to higher 
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Table 2 Results of two level logistic regressions with individual level adjustment in 312 samples in the central city of Shanghai

Indicators
Model 1 Model 2

β1 (S.E.) 95% C.I. β2 (S.E.) 95% C.I.

Outdoor built environment

External residential areas

External traffic volume (degree) 0.573* (0.23) 1.12, 2.80 0.792** (0.27) 1.31, 3.71

Surrounding residential areas

Over 12F (yes vs. no) 0.549 (0.37) 0.84, 3.56 0.635 (0.40) 0.86, 4.16

7-11F (yes vs. no) 1.462** (0.46) 1.74, 10.70 1.431** (0.51) 1.55, 11.31

4-6F (yes vs. no) 1.641*** (0.40) 2.35, 11.33 1.597*** (0.45) 2.06, 11.82

1-3F (yes vs. no) 0.127 (0.45) 0.47, 2.76 0.262 (0.49) 0.49, 3.42

Surrounding business/commercial district

Over 11F (yes vs. no) −1.156+ (0.64) 0.09, 1.10 −1.955** (0.71) 0.04, 0.57

7-11F (yes vs. no) −1.281* (0.59) 0.09, 0.88 −1.840** (0.66) 0.04, 0.58

4-6F (yes vs. no) −0.885* (0.41) 0.19, 0.92 −0.913* (0.45) 0.17, 0.97

1-3F (yes vs. no) 0.073 (0.37) 0.52, 2.21 0.134 (0.42) 0.50, 2.60

Distance to pollution sources 0.000* (0.00) 1.00, 1.00 0.000+ (0.00) 1.00, 1.00

Distance to parks 0.000* (0.00) 1.00, 1.00 0.000+ (0.00) 1.00, 1.00

Internal residential areas

Density of residential areas (degree) 0.106 (0.26) 0.66, 1.87 0.241 (0.29) 0.72, 2.24

Internal pollution source (yes vs. no) 1.175 (1.24) 0.28, 36.82 2.394+ (1.38) 0.73, 163.70

Internal garbage collection facilities (yes vs. no) −0.601 (0.37) 0.27, 1.13 −0.576 (0.41) 0.25, 1.26

Internal traffic volume (degree) 0.034 (0.22) 0.67, 1.60 −0.282 (0.27) 0.45, 1.28

Parking type

Ground (yes vs. no) −0.535 (0.63) 0.17, 2.03 −0.452 (0.67) 0.17, 2.37

Garage (yes vs. no) −0.387 (0.51) 0.25, 1.84 −0.582 (0.54) 0.19, 1.60

Sidewalk type: shared vs. separated 0.016 (0.82) 0.20, 5.07 −0.586 (0.92) 0.09, 3.36

Internal outdoor exercise space (yes vs. no) 0.529 (0.61) 0.51, 5.65 0.263 (0.67) 0.35, 4.87

Per capital internal green space (degree) 0.453 (0.96) 0.24, 10.39 0.740 (1.05) 0.27, 16.47

Plant type of internal green space

Lawn (yes vs. no) −1.400 (0.96) 0.04, 1.61 −1.638 (1.08) 0.02, 1.60

Bush (yes vs. no) −1.512+ (0.91) 0.04, 1.32 −1.965+ (1.04) 0.02, 1.09

Tree (yes vs. no) −1.969* (0.99) 0.02, 0.97 −2.427* (1.15) 0.01, 0.85

Location of internal green space

Gate (yes vs. no) −0.896 (0.87) 0.07, 2.24 −0.660 (0.94) 0.08, 3.25

Center (yes vs. no) −0.003 (0.64) 0.29, 3.49 0.234 (0.74) 0.30, 5.38

Scattered (yes vs. no) −0.169 (0.50) 0.32, 2.25 −0.509 (0.55) 0.20, 1.77

Internal water body (yes vs. no) −1.826** (0.70) 0.04, 0.64 -1.673* (0.76) 0.04, 0.83

Table 2 (continued)
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Table 2 (continued)

Indicators
Model 1 Model 2

β1 (S.E.) 95% CI β2 (SE) 95% CI

Indoor built environment

Age of housing −0.027* (0.01) 0.95, 0.99 −0.034** (0.01) 0.94, 0.99

Interval after decoration −0.035 (0.02) 0.92, 1.01 −0.050+ (0.03) 0.90, 1.00

Indoor humidity (degree) −0.947*** (0.24) 0.24, 0.63 −1.087*** (0.28) 0.19, 0.58

Indoor dust (degree) −0.330 (0.29) 0.41, 1.26 −0.369 (0.32) 0.37, 1.29

Individual variables

Age 0.061*** (0.02) 1.03, 1.10

Gender −0.273 (0.56) 0.25, 2.28

Work environment (risk level) 0.354* (0.16) 1.04, 1.95

Smoking duration (degree) 0.177 (0.23) 0.76, 1.88

Family/colleague smoking status (yes vs. no) 0.586 (0.37) 0.87, 3.71

Cooking fume (degree) 0.127 (0.22) 0.73, 1.76

Outdoor exercise duration 0.163 (0.12) 0.93, 1.49

Chronic medical history (yes vs. no) 1.626*** (0.42) 2.21, 11.68

Constant 2.908 (1.93) −1.556 (2.28)

Model statistic

-2 Log likelihood 259.97 224.28 

Cox & Snell R Square 0.42 0.49 

Models presented as 95% confidence interval. Model 1: Model with only built environment variables. Model 2: Model with built environment 
variables adjusted for age, gender, socioeconomic and lifestyle factors. *, P<0.05; ** P<0.001; *** P<0.001; + P<0.10.

lung cancer morbidity. It indicates that building materials 
may cause indoor air pollution, which brings risk on lung 
cancer. Higher level of indoor humidity is associated with 
less lung cancer morbidity appears contrary to the general 
understanding that humidity is considered as a poor 
environment. Because the surveyed individuals instead of 
field measure report this data, it may be explained that the 
presence of mildew spots are noticed by who pay more 
attention to indoor environment quality and then lower the 
possibility of respiratory disease.

Based on the result of modeling, the study attempts to 
provide different angle to rethink about screening that can 
contribute to early detection and therefore improve survival 
rates. The America National Lung Screening Trial (NLST) 
has assessed the ability of low-dose computed tomography 
(LDCT) scans to decrease lung cancer-specific mortality by 
20% (58). The current guidance of lung cancer screening 
for high-risk individuals basically follows the National 

Comprehensive Cancer Network (NCCN) of the United 
States. It has been developed in 2011 and updated every year.

The NCCN guideline describes risk factors for lung cancer 
including smoking history (present or past), radon exposure, 
occupational exposure, cancer history, disease history (COPD 
or pulmonary fibrosis), smoking exposure (second-hand 
smoke) and absence of symptoms or signs of lung cancer etc. 
It recommends the following two types of individuals need 
screening: (I) aged 55 to 74 years; 30 or more pack-year  
history of smoking tobacco and quit within 15 years; (II) 
aged 50 years or older, 20 or more pack-year history of 
smoking tobacco, and one additional risk factor (other 
than second-hand smoke). It basically focuses on age and 
smoking exposure. However, other risk factors should be 
considered, especially in China where has experienced an 
increasing air pollution. Smoking duration and family/
college smoking status, which are regarded as regular causes, 
present insignificant correlation to lung cancer morbidity 
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based on the modeling of the survey data. External traffic 
volume, surrounding land uses, presence of green space/
water-body and age of housing present their significance. 
Non-smoking female patients are increasing recently 
(59,60). It indicates that the causes of lung cancer in China 
are more complicated than smoking. When external 
factors of air quality lead to high morbidity of respiratory 
disease combining with individual factors, it brings clue to 
rethinking about the screening standards. Certain features 
of neighborhoods can be listed as additional risk factors for 
respiratory system. We propose that high-risk individual 
screening could more consider the following conditions 
when residents living in a neighborhood within high-
density urban area for more than 5 years:

(I)	 High traffic volume outside the neighborhood, 
such as residential areas near highways/elevated 
highway, highway ramps, arterials, and tunnel exits, 
especially with frequent congestion;

(II)	 Residential as the singular land use surrounding the 
neighborhood, such as within 2 kilometer radius;

(III)	 Absence of green space inside the neighborhood, or 
absence of leafy plants in green space.

These factors have been identified as risky built 
environment in this cross disciplinary study. Lung cancer 
screening need to consider the potential patients living in 
these neighborhoods, with a combination of their individual 
variables such as age, working environment and chronic 
medical history. 

This study provides detailed assessment of diverse aspects 
of both outdoor and indoor built environment based on a 
multi-level modeling. A range of covariates are taken into 
analysis to reduce the possibility of confounding and reverse 
causation. Limitations of the study include the assumption 
that environment conditions have not dramatically changed 
over the participants’ reported period. Wider range and 
longitudinal data are required to provide more convincing 
evidence. Further research shall address complex causal path 
through which built environment affects health outcome 
can be drawn. This study initiates the approach to explore 
the correlation between respiratory disease and spatial 
factors in order to improve long term public health. 
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