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Table S1. The study characteristics for included articles. 

Publication Year Study Design Research Field Settings Exposure Outcome Effect size adjusted factors 

1991 [1] Cohort California 

no smoking 
California 

Seventh-Day 
Adventists were 
monitored for a 
6-year period, 

TSP 

New cases of 
definite symptoms 

of chronic 
bronchitis 

Significant 
association was 

observed 

Age, education, sex, 
childhood colds, childhood air 
obstructive disease, possible 

symptoms, years smoked, 
years lived with a smoker, and 
years worked with a smoker. 

2003 [2] 
Nested  

case-control 
study 

Athens 
84 cases and 168 
healthy controls 

Black 
Smoke 

Incidence of 
COPD 

Significant 
association was 

observed 

Age, gender, smoking habits 
and education 

2006 [3] Cohort 
21 cities in 10 
EU countries 

Randomized 
subjects from  

21 cities 
PM2.5 

prevalence chronic 
bronchitis 

No significant 
association was 

observed 

Age, Smoking status, 
respiratory infections, rhinitis, 

social class and traffic 

1993 [4] 
cross-sectional 

study 
53 USurban 

areas 

Representative 
sample of US 

population 
TSP 

Prevalence of 
Chronic Bronchitis

Significant 
association was 

observed 
Age, race, sex and smoking 

1993 [5] 
cross-sectional 

study 
Beijing 

1576 subjects 
with smoking 

status in age of 
40–69 

TSP 
Prevalence of 

chronic bronchitis 

Significant 
association was 

observed 

Income, indoor crowding, 
occupational exposure, 
cooking gases or fumes, 

indoor coal combustion and 
passive smoking 
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Table S1. Cont. 

Publication Year Study Design Research Field settings Exposure Outcome Effect size adjusted factors 

2008 [6] Cohort 34 cities in US COPD cases PM10 COPD death 

Significant 
association was 

observed for 
PM10 

Age, gender, race, Season of 
admission, number of days of 

coronary and medical 
intensive care, previous 

diagnoses for some diseases, 
time period and season 

2007 [7] Cohort Oslo, Norway 

All inhabitants of 
Oslo, Norway, 

aged 51–90 years 
on 1992 

PM10 and 
PM2.5 

COPD death 
Both increased 

COPD mortality 
in both genders 

occupational class and length 
of education 

2004 [8] 
case-crossover 

study 
Cook County, 

Illinois 

Elderly residents 
with a history of 
hospitalization 

for heart or lung 
disease 

PM10 COPD death 
No significant 

association was 
observed 

Mean temperature, humidity, 
and barometric pressure 

2001 [9] 
case-crossover 

study 
Barcelona 

Residents > 35 
years, attended 

emergency room 
for COPD  

1985–1989 and 
died 1990–1995 

PM10 COPD death 

PM10 increase 
associated with 

the higher 
mortality of 

COPD 

Temperature, humidity, hot 
days and influenza days 

2003 [10] 
case-crossover 

study 
Shanghai 

Data of  
cause-specific 
mortality and  
air pollution  
2000–2001 

PM10 COPD death 
No significant 

association was 
observed 

Mean temperature and 
humidity 
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Table S1. Cont. 

Publication Year Study Design Research Field Settings Exposure Outcome Effect Size Adjusted Factors 

2001 [11] 
Time-series 

study 
10 US cities 

Subjects from 10 
cities of US 

PM10 COPD death 
Significant 

association was 
observed 

Weather and season 

1992 [12] 
Time-series 

study 
Philadelphia 

Daily death from 
1973–1980 

TSP COPD death 
Significant 

association was 
observed 

Year, season, temperature, 
humidity 

2000 [13] 
Time-series 

study 
Mexico 

Mortality data of 
Mexico city 
population 

PM10 COPD death 

Increased 
mortality 

associated with 
PM 

time, month, temperature, 
relative humidity, day of the 

week and holidays 

2003 [14] 
Time-series 

study 
Netherland 

Mortality counts 
from 1986–1994 

PM10 and 
Black 
Smoke 

COPD death 

In some  
age-specific 
groups, the 
significant 

association was 
observed 

Long-term trends, seasonal 
trends, influenza epidemics, 

ambient temperature, ambient 
relative humidity, day of the 

week and holidays 

1997 [15] 
Time-series 

study 
Birmingham 

Mortality data of 
Birmingham 
population  
1992–1994 

PM10 COPD death 

The significant 
association 

existed in some 
lag day 

Temperature and relative 
humidity 

2005 [16] 
cross-sectional 

study 
Japan 

The annual 
statistics and air 

pollution 
estimates 

throughout Japan 

PM10 and 
PM2.5 

COPD death 

In females, a 
significant 

association was 
observed 

Age and smoking rate 
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Table S1. Cont. 

Publication Year Study Design Research Field Settings Exposure Outcome Effect Size Adjusted Factors 

2002 [17] 
Time-series 

study 
Hong Kong 

Daily mortalities 
for respiratory 

and 
cardiovascular 

diseases  
1995–1998 

PM10 COPD death 
Significant 

association was 
observed 

Day of the time series, days of 
the week, seasonal variations, 

temperature and humidity 

2009 [18] 
Time-series 

study 
Hong Kong 

Daily counts of 
hospitalization 
and mortalities 

from the 14 
general hospitals 

1996–2002 

PM10 COPD death 
No significant 

association was 
observed 

Daily mean temperature, 
relative humidity and 

influenza 

2000 [19] 
Time-series 

study 
Shenyang, 

China 

Air pollution in 
1992 and daily 

mortality data of 
1992 

TSP COPD death 
No significant 

association was 
observed 

Temperature, humidity, and 
Sunday 

2002 [20] 
Time-series 

study 
14 cities in US 

Persons ≥ 65 
years from  

14 cities and  
daily PM10 

measurements 
1985–1994 

PM10 
Hospital 

admission of 
COPD 

No significant 
association was 

observed 

Season, weather variables  
(24-h means of temperature, 

relative humidity, and 
barometric pressure) and day 

of week 

2006 [21] 
Time-series 

study 
204 US urban 

counties 

National database 
comprising daily 
time-series data 

1999–2002 

PM2.5 
Hospital 

admissions for 
COPD 

Significant 
association was 

observed 

Temperature and dew-point 
temperature 
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Table S1. Cont. 

Publication Year Study Design Research Field Settings Exposure Outcome Effect Size Adjusted Factors 

2000 [22] 
Time-series 

study 
3 counties in 

US 

Daily hospital 
admissions  
1987–1995 

PM10 and 
PM2.5 

Hospital 
admission of 

COPD 

Significant 
association was 

observed 

Temporal trends, temperature, 
relative humidity, and day of 

week 

2000 [23] 
Time-series 

study 
Nevada 

Daily hospital 
admissions  
1990–1994. 

PM10 
Hospital 

admission of 
COPD 

Significant 
association was 

observed 

Weather variables, day of 
week, seasons, and time trend 

1994 [24] 
Time-series 

study 
Birmingham, 

Alabama 

Records for 
pneumonia and 

COPD,  
1986–1989 

PM10 
Hospital 

admissions for 
COPD 

Significant 
association 

existed 

Time trends, seasonal 
fluctuations, and weather 

1994 [25] 
Time-series 

study 
Minneapolis, 

Minnesota 

Medicare  
records for the 

years 1986 
through 1989. 

PM10 
Hospital 

admissions for 
COPD 

In lag 0–1 day, 
the significant 

association was 
observed 

Temperature, dew point 
temperature and time terms 

2005 [26] 
Time-series 

study 
Atlanta 

Hospital 
admission of 

COPD  
1993–2000 

PM10, 
coarse PM 
& PM2.5 

Hospital 
admissions for 

COPD 

Non-significant 
association 

existed in lag  
0–2 day 

Day-of-week, hospital 
entry/exit, and holidays, time 
with monthly knots, season 

indicator 
variables,temperature and 

dew point temperature 

1994 [27] 
Time-series 

study 
Detroit, 

Michigan 

Hospital 
admission of 

COPD  
1986–1989 

PM10 
Hospital 

admission of 
COPD 

Significant 
association 

existed 

Seasonal, temporal trends, 
temperature and dew point 

temperature 

2000 [28] 
Time-series 

study 
Michigan 

Hospital 
admission of 

COPD  
1982–1994 

PM10 
Hospital 

admission of 
COPD 

Significant 
association was 
observed in the 

lag 3 day 

Temperature, humidity, 
seasonal cycles and influenza 

epidemics 
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Publication Year Study Design Research Field Settings Exposure Outcome Effect Size Adjusted Factors 

2005 [29] 
Time-series 

study 

Vancouver, 
British 

Columbia, 
Canada 

Dailycounts of 
acute COPD 

hospitalization 
1994–1998 

PM10 
Hospital 

admissions for 
COPD 

Significant 
association was 

observed 
Weather conditions 

1997 [15] 
Time-series 

study. 

Birmingham, 
United 

Kingdom 

Air pollution data 
were taken from a 
national network 

monitoring 
station  

1992–1994 

PM10 
Hospital 

admissions for 
COPD 

Non-significant 
association 

existed 

Day of the week and month, 
Maximum daily temperature 

and mean daily  
relative humidity 

1993 [30] 
Time-series 

study 
Barcelona 

Daily emergency 
room admissions 

for residents ≥ 
14 years with 

COPD,  
1985–1989 

Black 
smoke 

Hospital 
admissions for 

COPD 

Significant 
association 

existed in winter 

Temperature, day of the week, 
and year 

1996 [31] 
Time-series 

study 
Paris 

Hospital 
admission for 

COPD,  
1987–1992 

Black 
smoke and 

PM13 

Hospital 
admission for 

COPD 

Non-significant 
association was 

observed 

Linear trend, , day of the 
week, influenza A epidemic, 

holidays, temperature, 
humidity 

2001 [32] 
Time-series 

study 
Rome 

Emergency 
hospital 

admissions for 
respiratory 
conditions,  
1995–1997 

TSP 
hospital 

admissions for 
COPD 

Non-significant 
association was 

observed 

The day of study, mean 
temperature, mean humidity, 

influenza epidemics, and 
indicator variables for day of 

the week and holidays 
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Publication Year Study Design Research Field Settings Exposure Outcome Effect Size Adjusted Factors 

2009 [33] 
Time-series 

study 
Drobeta-Turnu 

Severin, Romania 

Hospital 
admissions of 

chronic 
bronchitis and 

COPD in  
586 days 

TSP 

Hospital 
admissions for 

COPD and chronic 
bronchitis 

Significant 
association was 

observed 

Day of the week and holiday 
and nonlinear effects of time, 
of temperature, of infectious 

diseases and humidity 

2009 [34] 
Time-series 

study 
Nis, Serbia 

Daily counts of 
emergency 

room visits and 
air pollution in 

2002 

Black 
smoke 

Emergency room 
visit for COPD 

In lag 0–2 day, 
significant 

association was 
observed 

Time trend, seasonal 
variation, days of week, 

temperature, relative humidity 
air pressure, precipitation, 
rainfall, snowfall and wind 

1999 [35] 
Time-series 

study 
Hong Kong 

Hospital 
admission of 

COPD in Hong 
Kong  

1994–1995 

PM10 
Hospital 

admissions for 
COPD 

In lag 0–3 day, 
significant 

association was 
observed 

Trend, season, and other 
cyclical factors, temperature, 

and humidity 

2007 [36] 
Time-series 

study. 
Hong Kong 

Hospital 
admission for 
COPD and air 
condition in 

HK 2000–2004 

PM10 and 
PM2.5 

Hospital 
admission for 

COPD 

Significant 
association could 

be got in some 
lag day 

Time trend, season, other 
cyclical factors, temperature 

and humidity 

2009 [18] 
Time-series 

study 
Hong Kong 

Hospitalization 
from the 14 

general 
hospitals, 

1996–2002 

PM10 
Hospital 

admission for 
COPD 

Significant 
association was 
observed in lag 

0–1 day 

Daily mean temperature, 
relative humidity and 

influenza 
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Publication Year Study Design Research Field Settings Exposure Outcome Effect Size Adjusted Factors 

1998 [37] 
Time-series 

study 
Sydney 

Hospital 
admission of 

COPD  
1990–1994 

PM10 
Hospital 

admissions for 
COPD 

There was a  
non-significant 

association in lag 0 
day 

Weather, seasonal trends and 
temperature 

2002 [38] 
Time-series 

study 
Delhi 

Daily 
emergency 

room visits and 
air pollution 

data  
1997–1998 

TSP 
Emergency room 
visits for COPD 

Non-significant 
association existed 

Season, day of the week, 
temperature and humidity 

2011 [39] 
Time-series 

study 
Cartagena 

Daily 
emergency 

room visits and 
air pollution 

data 1995–1998

TSP 
Emergency room 
visits for COPD 

Significant 
associations were 
observed in lag  

0 day 

Season, weather indicators, 
influenza, day of the week, 

andpublic holidays 

2009 [40] 
Time-series 

study 
Sa˜o Paulo 

COPD 
emergency 

room visits and 
air pollution 

data  
2001–2003 

PM10 
Emergency room 
visits for COPD 

Significant 
associations were 
observed in lag  

0–2 days 

Season, temperature and 
humidity 

2009 [41] 
case crossover 

study 
England 

Daily COPD 
admissions 

were recorded, 
2006–2007 

PM10 
Daily COPD 
admissions 

Non-significant 
association existed 
in the mean 8 days 

Maximum temperature, 
pollen, and influenza 

infection. 
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Publication Year Study Design Research Field Settings Exposure Outcome Effect Size Adjusted Factors 

2007 [42] 
case crossover 

study 
Taipei, Taiwan 

Hospital 
admissions for 

COPD and 
ambient air 
pollution 

data for Taipei 
1996–2003 

PM10 
Hospital 

admissions for 
COPD 

In higher 
temperature, a 

significant 
association was 

observed 

Temperature and humidity. 

2007 [43] 
case crossover 

study 
Kaohsiung, 

Taiwan 

Hospital 
admissions for 

COPD and 
ambient air 

pollution data 
for Kaohsiung 

1996–2003 

PM10 
Hospital 

admissions for 
COPD 

Significant 
association existed 

Temperature and humidity. 

2006 [44] 
case crossover 

study 
36 US cities 

Respiratory 
hospital 

admissions and 
air pollution data 

1986–1999 

PM10 
Hospital 

admission for 
COPD 

In warm season, 
there was a 
significant 
association 

Day of the week and weather 
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Figure S1. Flow diagram for study search, inclusions and exclusions. 

 

  

315 records identified from EMBASE 
284 records identified from Pubmed 

351 records after duplicates removed 

351 records screened 284 records excluded 

67full articles assessed 
for eligibility 

23 full-articles were excluded because 
they: 

1) 16 of them did not include the 
effect estimate of the 
contribution of PM to COPD 
incidence, prevalence, 
mortality or hospital 
admission. 

2) 1 of them did not in include 
the 95% CI of COPD 
mortality 

3) 5 of them were re-analysis of 
previous data 

4) 1 of them did not have the 
95% CI  of the contribution 
of PM to the hospital 
admission for COPD

44 studies included in 
qualitative synthesis 
(meta-analysis) 
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Figure S2. Funnel plot for the studies on COPD mortality. 

 

Figure S3. Funnel plot for the studies about hospital admission for COPD. 
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