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1 Background 
 

Air pollution has become a major environmental health problem in many cities of developed and 

developing countries. The issue has attracted much public attention in Hong Kong, and the Chief 

Executive himself acknowledged the gravity of the problem in his 2005–06 policy address.2 ** It has 

been recognized that emissions of air pollutants from the Pearl River Delta contribute significantly to 

the ambient air pollution in Hong Kong.3#  

 

Since the 1990s, many studies have been conducted in developed countries, particularly in Europe and 

North America, on the short-term and long-term effects of air pollution on human health. A literature 

review on outdoor air pollution in Asian developing countries covered 37, 15, and 26 studies on 

mainland China, Hong Kong, and Taiwan respectively, from 1980 to 2003.1 This review, conducted 

by the Health Effects Institutes (HEI), was based on peer-reviewed papers published in international 

journals and a limited number of papers published in local journals, as available in databases like 

Medline and PubMed. It also appraised leading Chinese preventive medicine and epidemiology 

journals. More than 60 papers from mainland China were identified, but most papers published in 

local journals were not reviewed.∗ 

 

Consequently, the Civic Exchange – supported by the Rockefeller Brothers Fund – commissioned this 

literature review on local air pollution and health studies. The objectives of this review are: to identify 

the nature and types of studies on air pollution and health in this region; to critically review the 

research findings, including strengths and weaknesses; and to identify the research needs that should 

be addressed. Outside of Hong Kong, few academic institutions are situated in the Pearl River Delta. 

Furthermore, air pollution has been an ever-growing crisis in many other parts of China, in particular 

the heavily industrialized northeast, the Yangtze Delta, and parts of central and western China. Hence, 

the review is extended to all of China, excluding Taiwan, and the emphasis is on all Chinese studies, 

including publications in both local and international journals on medicine and health. 

                                                 
** The following is quoted from the Chief Executive’s Policy Address: ‘In recent years, the extent of air pollution in Hong 
Kong has aroused grave concern in the community. We must take vigorous measures to make sustained improvement to air 
quality. We must first tackle the problem at home….’ 
# This statement is excerpted from the Hong Kong Environmental Protection Department website: ‘The smog that hangs 
over the Pearl River Delta region is a combination of emissions from Hong Kong and Guangdong. The governments of 
both jurisdictions have been working together for several years to tackle this problem.’ 
∗ The author (WTW) was a peer reviewer of this HEI Report. 
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2 Methods 
 

2.1 Time frame 

Papers reporting studies conducted in mainland China and Hong Kong, which were published in the 

past 25 years (from 1983 up to September 2007), were reviewed. 

 

2.2 Database for papers published in international journals 

Two major databases, Medline and PubMed, were searched for papers published in international 

journals. For papers published in local mainland journals, the China Academic Journals Full-text 

Database (http://cjn.lib.hku.hk/kns50/Navigator.aspx?ID=1) was used instead. 

 

2.3 Keywords 

The following keywords were used in the search: 

 

2.3.1 Papers in local journals 

Air pollution (空氣污染) and: hospital admissions (醫院診量), emergency room visits (急診), 

outpatient consultations (門診), mortality (死亡), asthma (哮喘), chronic obstructive pulmonary 

diseases (慢性阻塞性肺疾病), cardiovascular diseases (心血管疾病), lung cancer (肺癌), lung 

function (肺功能), and respiratory diseases (呼吸道疾病).  

 

2.3.2 Papers in international journals 

Air pollution and: hospital admissions, emergency room visits, general practice consultations, 

outpatient consultations, mortality, asthma, chronic obstructive pulmonary diseases, cardiovascular 

diseases, lung cancer, lung function, and respiratory diseases.  
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2.4 Categorisation of papers by health outcomes 

Papers were grouped by short- / long-term health impact, and according to the following categories of 

health outcomes: 

 

1. Mortality 

2. Emergency room / hospital admissions and outpatient department visits 

3. Respiratory diseases and symptoms 

4. Cardiovascular diseases 

5. Asthma 

6. Chronic obstructive pulmonary diseases 

7. Lung cancer 

8. Lung function 

 

2.5 Summaries of papers 

Each paper was reviewed and tabulated as follows: 

1. Title, author, journal, publication year, volume, and page number 

2. Number of subjects, city, province, country, and study period 

3. Study design and methodology 

4. Exposure to types of air pollutants 

5. Confounding variables 

6. Main findings 

7. Remarks 

8. Comprehensiveness Index: This is a subjective rating of the comprehensive quality of the 

paper, ranging from 1 (lowest) to 5 (highest). The following criteria are used to assess the 

comprehensiveness of a paper: 

a. Whether baseline data on air pollution and on the target group (samples, patients, 

population) are given, and the routine health statistics presented; 

b. Whether the statistical methods used are appropriate; whether the statistical models 

used are presented; and which confounding variables are adjusted; 

c. Whether results are clearly presented; 

d. The quality of the discussion: whether the results, including those not in line with the 

research hypothesis, are adequately addressed; whether limitations and biases are 
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addressed; and whether previous work is reviewed and discussed in the context of the 

findings; and 

e. Whether references are sufficient. 

 

3 Results: 
 

3.1 Summary tables of papers reviewed 

The summary tables for local journal papers (with eight categories of health outcomes) are shown in 

Appendices 1-8. Those for international journal papers are shown in Appendix 9. 

 

Total no. of papers reviewed: 143 (97 in published in local journals and 46 in international journals) 

 

3.2 Summary statistics of papers by health outcomes 

Summary statistics of local and international journal papers are shown in Tables 1 and 2 respectively. 
 
N. B. The number of studies and the number of papers are not always equal, because more than one paper can be based on 
a single study. Moreover, some papers are duplicated because any one paper can refer to multiple health outcomes, and 
will therefore be entered in separate categories. 
 
Table 1: Studies and papers published in local journals by health outcome 
 

No. Category of health outcomes No. of studies No. of papers 
1 Respiratory diseases & symptoms (RD) 20# 26 
2 Cardiovascular diseases (CVD) 1 1 
3 Asthma (A) 5$ 7 
4 Chronic obstructive pulmonary diseases (COPD) 2 3 
5 Lung function (LF) 28@ 39 
6 Mortality (M) 24 24 

7 Emergency room / hospital admissions & outpatient 
department visits (ER-OPD) 9 9 

8 Lung cancer (LC) 5 5 
 Total (all categories) 94 114 
 No. of duplicated studies* 3 - 
 No. of duplicated **papers  13 17 
 Total (excluding duplicated studies / papers) 78 97 

 
# Includes the four cities study (Guangzhou, Wuhan, Chongqing and Lanzhou), which accounted for 7 papers in the RD 
category. 
$ Includes the four cities study, which accounted for 3 papers in the A category (overlapping with those reported in RD). 
@ Includes the four cities study, which accounted for 10 papers in the LF category; and another study (Tangshan, Hebei) 
with 3 papers in this category. 
* The four cities study was represented 3 times (in RD, A, and LF); and one study on COPD produced 2 papers in the 
COPD category. Hence, three studies have been deducted from the total. 
** Refers to papers entered into more than one category of outcomes. This occurs whenever one paper reports more than 
one health outcome. 
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Table 2: Studies and papers published in international journals by health outcome 

 

No. Category of health outcomes No. of 
studies 

No. of 
papers 

1 Respiratory diseases & 
symptoms (RD) 8 9 

2 Cardiovascular diseases 
(CVD) 1^ 1 

3 Asthma (A) 6 8 

4 Chronic obstructive 
pulmonary diseases (COPD) 2# 3 

5 Lung function (LF) 4* 5 

6 Mortality (M) 16 16 

7 
Emergency room / hospital 
admissions & outpatient 
department visits (ER-OPD) 

7 8 

8 Lung cancer (LC) 1 1 
    
 Total (all categories) 45 51 
 No. of duplicated studies* 4 - 
 No. of duplicated papers** - 5 

 Total (excluding duplicated 
studies / papers) 41 46 

 
^ Same study as Item 1 of ER-OPD, Item 1 of COPD, and Item 5 of RD. Hence, this study in CVD should not be counted 
in the total no. of studies. 
# Item 1 (HGS 002) is the same study as Item 3 of A, and Item 1 of ER-OPD. 
* Item 4 of LF is from the same study as Item 4 of RD and Item 1 of CVD, and can be deducted from the total count of the 
studies. The four cities study produced 3 papers (see Item 1, Item 2 and Item 9 of RD in Appendix 9). 
** Refers to papers entered into more than one category of outcomes. This occurs whenever one paper reports more than 
one health outcome. 
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3.3 Geographical coverage of studies 

The geographical coverage of published papers by health outcome is shown in Tables 3 – 5.  

 

Table 3: Papers by city / province and health outcome (local and international journal papers) 
 

 
Asthma CVD COPD

ER / hospital 
admissions 

& OPD 

Lung 
cancer

Lung 
function Mortality 

Respiratory 
diseases & 
symptoms 

Total Column
% 

Beijing 北京    3  6 8 2 19 9.5% 
Shanghai 上海 1  1 2  1 6 1 12 6.0% 
Tianjin 天津   2      2 1.0% 
Chongqing 重慶 2   1  8 1 6 18 9.0% 
Hong Kong 香港 7 1 2 6  1 5 5 27 13.5% 
Macau 澳門         0 0.0% 
Zhejiang 浙江     1 1 1  3 1.5% 
Fujian 福建     1    1 0.5% 
Guangdong 廣東 2     7 1 7 17 8.5% 
Guangxi 廣西      1   1 0.5% 
Hainan 海南         0 0.0% 
Jiangsu 江蘇       2  2 1.0% 
Shandong 山東      2 2  4 2.0% 
Jilin 吉林         0 0.0% 
Liaoning 遼寧 1    3 1 7 4 16 8.0% 
Heilongjiang 黑龍江      1 2 1 4 2.0% 
Hebei 河北      6 1  7 3.5% 
Henan 河南        1 1 0.5% 
Hubei 湖北 3     5  9 17 8.5% 
Hunan 湖南         0 0.0% 
Anhui 安徽        1 1 0.5% 
Jiangxi 江西         0 0.0% 
Shanxi 山西 1  1 3  6 2 2 15 7.5% 
Shannxi 陕西         0 0.0% 
Yunnan 云南        1 1 0.5% 
Sichuan 四川    1  1  1 3 1.5% 
Guizhou 貴州         0 0.0% 
Ningxia 寧夏         0 0.0% 
Gansu 甘肅 1   1 1 5  9 17 8.5% 
Qinghai 青海         0 0.0% 
Inner Mongolia 內蒙古        2 2 1.0% 
Xinjiang 新疆       2  2 1.0% 
Tibet 西藏         0 0.0% 
Unknown  1    4  3 8 4.0% 
Total 18 2 6 17 6 56 40 55 200* 100% 
Row % 9% 1% 3% 8.5% 3% 28% 20% 27.5% 100%  

 

* Papers with multiple health outcomes and from multi-city studies are counted more than once. Hence, the total number 
quoted here, 200, is higher than the actual number of papers (97 local journal papers and 46 international journal papers) 
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Table 4: Papers by city / province and health outcome (local journal papers) 
 

 
Asthma CVD COPD

ER / hospital 
admissions & 

OPD 

Lung 
cancer

Lung 
function Mortality 

Respiratory 
diseases & 
symptoms 

Total Column
% 

Beijing 北京    1  4 5 1 11 7.8% 
Shanghai 上海    2  1 1 1 5 3.5% 
Tianjin 天津   2      2 1.4% 
Chongqing 重慶 2   1  7  4 14 9.9% 
Hong Kong 香港         0 0.0% 
Macau 澳門         0 0.0% 
Zhejiang 浙江     1 1 1  3 2.1% 
Fujian 福建     1    1 0.7% 
Guangdong 廣東 2     7 1 4 14 9.9% 
Guangxi 廣西      1   1 0.7% 
Hainan 海南         0 0.0% 
Jiangsu 江蘇       2  2 1.4% 
Shandong 山東      2 2  4 2.8% 
Jilin 吉林         0 0.0% 
Liaoning 遼寧 1    2  5 4 12 8.5% 
Heilongjiang 黑龍江      1 2 1 4 2.8% 
Hebei 河北      6 1  7 4.9% 
Henan 河南        1 1 0.7% 
Hubei 湖北 3     5  6 14 9.9% 
Hunan 湖南         0 0.0% 
Anhui 安徽        1 1 0.7% 
Jiangxi 江西         0 0.0% 
Shanxi 山西 1  1 3  6 2 2 15 10.6% 
Shaanxi 陕西         0 0.0% 
Yunnan 云南        1 1 0.7% 
Sichuan 四川    1  1  1 3 2.1% 
Guizhou 貴州         0 0.0% 
Ningxia 寧夏         0 0.0% 
Gansu 甘肅 1   1 1 5  6 14 9.9% 
Qinghai 青海         0 0.0% 
Inner Mongolia 內蒙古        2 2 1.4% 
Xinjiang 新疆       2  2 1.4% 
Tibet 西藏         0 0.0% 
Unknown  1    4  3 8 5.7% 
Total 10 1 3 9 5 51 24 38 141* 100% 

Row % 7.1% 0.7% 2.1% 6.4% 3.5% 36.1% 17.0% 27% 100%  
 
There are 114 papers (double counting those with multiple health outcomes. See Table 1). There are 9 papers from the four 
cities study that present data in all four cities. Each of these papers is therefore counted 3 more times. Hence the total 
number becomes 114 + (3 x 9) = 141. 
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Table 5: Papers by city / province and health outcome (international journal papers) 
 
 

Asthma CVD COPD 
ER / hospital 
admissions & 

OPD 

Lung 
cancer

Lung 
function Mortality 

Respiratory 
diseases & 
symptoms 

Total Column 
% 

Beijing 北京    2  2 3 1 8 13.6% 
Shanghai 上海 1  1    5  7 11.9% 
Chongqing 重慶      1 1 2 4 6.8% 
Hong Kong 香港 7 1 2 6  1 5 5 27 45.8% 
Guangdong 廣東        3 3 5.1% 
Liaoning 遼寧     1 1 2  4 6.8% 
Hubei 湖北        3 3 5.1% 
Gansu 甘肅        3 3 5.1% 
Total 8 1 3 8 1 5 16 17 59* 100% 
Row % 13.6% 1.7% 5.1% 13.6% 1.7% 8.5% 27.1% 28.8% 100%  
 
* There are 51 papers (double counting those with more than one outcome; see Table 2). The total includes two papers on 4 
cities in the four cities study, and one paper on 3 cities (excluding Chongqing) in the same study, i.e., counted 3 times and 
2 times more, respectively. Hence, the total becomes 51 +8 = 59. 
 
 

3.3.1 Local journal papers 

A wide geographical coverage was found. Most studies were centred on sources of heavy pollution, 

either from industrial sources (in particular, metallurgy and mining), or from urban traffic sources. 

Sixteen papers were from provinces in the industrial northeast, including Liaoning (12 papers, mostly 

on the cities Shenyang and Anshan) and Heilongjiang (4 papers), and the central and western 

industrial heartland: Wuhan in Hubei; Chongqing, a direct administrative city in Sichuan; and 

Lanzhou in Gansu. These three cities, together with Guangzhou, had 14 papers each. Major cities such 

as Beijing (11 papers) and Shanghai (5 papers) were well researched. In addition, the heavily polluted, 

coalmining regions in Shanxi (Taiyuan and other cities / counties) had 15 papers. Other less 

researched regions included Yunnan, Xinjiang, Ningxia, Jiangsu, Zhejiang, Anhui, Inner Mongolia 

(where sandstorms are common), and Fujian. Studies conducted in the Pearl River Delta that were 

published in local journals were limited to only Guangzhou and Huizhou, situated northwest and 

northeast of Hong Kong respectively. Apart from its inclusion in the four cities study, there were quite 

a few studies in Guangzhou. No studies were found in Dongguan, Foshan, the special economic zone 

of Shenzhen, or other townships in the Pearl River Delta, even though many factories are located 

there. Also notable for the absence of papers are Xian in Shaanxi, where air pollution is a serious 

problem, and the many mining cities in Jiangsu and Hunan. No local mainland journal papers have 

been published in Hong Kong. 
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3.3.2 International journal papers 

Hong Kong accounted for over half of the international journal papers. The other cities with good-

quality publications in international journals are Shanghai and Beijing, the four cities of Guangzhou, 

Chongqing, Wuhan and Lanzhou (all from the four cities study), and Liaoning. 

 

3.4 Statistical significance of study results 

Papers are classified into whether the main findings are positive (supporting the research hypothesis of 

the harmful effect of air pollution on health) and significant (p value < 0.05, or confidence interval at 

95%). The following tables show the results by health outcome category, by the direction of the 

findings in relation to the research hypotheses, and the statistical significance. It should be noted that 

many papers investigated multiple relations between each of several air pollutants and more than one 

health outcome. For such papers, the major finding is defined as that stated in the title of the paper. 

The findings are overwhelmingly positive and statistically significant (at the 95% confidence limit or 

greater). The proportion of significant, positive findings for international journal papers are higher 

than in local journal papers, which might have been due to issues of journal stringency; some local 

journal papers did not specify statistical significance, or even report the actual values of the risk 

estimate. ‘Publication bias’ – a bias of publications towards reporting positive and significant results – 

probably exists in both English and Chinese journals. 

 

3.4.1 Local journal papers (97) 

The overall direction and statistical significance of the studies, and those of the eight categories of 

health outcomes, are shown in Tables 6 to 14. 
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Table 6: Outdoor air pollution and health outcomes (local journal papers):  
 

Association reported as main finding  No. of papers (%) 
(i) Positive* and significant 96 (86.4%) 
(ii) Positive, significance not specified 7 (6.3%) 
(iii) Positive and insignificant 3 (2.7%) 
(iv) Negative** and significant 2 (1.8%) 
(v) Negative, significance not specified 0 (0.0%) 
(vi) Negative and insignificant 0 (0.0%) 
Unclear# (not reporting level of significance) 3 (2.7%) 
Total no. of papers 111^ (100%) 

 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and 
categorized into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized 
into (iv), (v), or (vi) accordingly. 
# Studies that do not report the magnitude and confidence interval of the parameter of association (e.g. OR, RR or 
β) between air pollution and health outcomes. 
^ Total no. of papers in this table is more than 97 because some papers report more than one category of health 
outcomes. 

 

Table 7: Outdoor air pollution and respiratory diseases & symptoms (international journal 

papers) 

Association reported as main 
finding 

Count (%) Code 

(i) Positive* and significant 24 (88.9%) CRS 008, CRL 002, CGL 002, CGL 018, CGS 
018, CGL 001, CGL 004, CGL 005, CGL 006, 
CGL 007, CGL 008, CGL 009, CGL 010, CGL 
011, CGL 012, CGL 013, CGL 014, CGL 015, 
CGL 016, CFL 018, CFL 039, CDRL 001, GL 
206, GL 207 

(ii) Positive, significance not 
specified 

  

(iii) Positive and insignificant 1 CGL 005 
(iv) Negative** and significant   
(v) Negative, significance not 
specified 

  

(vi) Negative and insignificant   
Unclear# 2 CRL 003, CRL 005 

 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the magnitude and confidence interval of the parameter of association (e.g. OR, RR or β) 
between air pollution and health outcomes. 
 
Total number of papers: 27 
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Table 8: Outdoor air pollution and asthma (local journal papers) 
 
Association reported as main finding  Count (%) Code 
(i) Positive* and significant 5 (71.4%) CAL 001, CGL 005, CGL 006, CGL 

007, CGL 008 
(ii) Positive, significance not specified 1 (14.3%) CGL 010 
(iii) Positive and insignificant   
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear 1 (14.3%) CFS 002 
 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the magnitude and confidence interval of the parameter of association (e.g. OR, RR or β) 
between air pollution and health outcomes. 
 
Total number of papers: 7 
 
 
Table 9: Outdoor air pollution and COPD (local journal papers) 
 

Association reported as main finding  Count (%) Code 
(i) Positive* and significant 3 (100%) CGL 010, CCoL 004, CCoL 005 
(ii) Positive, significance not specified   
(iii) Positive and insignificant   
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear   
 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the magnitude and confidence interval of the parameter of association (e.g. OR, RR or β) 
between air pollution and health outcomes. 
 
Total number of papers: 3 
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Table10: Outdoor air pollution and CVD (local journal papers) 
 
Association reported as main finding Count (%) Code 
(i) Positive* and significant 1 (100%) CFL 026 
(ii) Positive, significance not specified   
(iii) Positive and insignificant   
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear   

 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the magnitude and confidence interval of the parameter of association (e.g. OR, RR or β) 
between air pollution and health outcomes. 
 
Total number of papers: 1 
 
 
Table 11: Outdoor air pollution and lung cancer (local journal papers) 
 
Association reported as main finding Count (%) Code 
(i) Positive* and significant 4 (80%) CCA 007, CCA 008, CCA 017, CCA 018 
(ii) Positive, significance not specified   
(iii) Positive and insignificant 1 (20%) CCA 016 
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear   

 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the value of the statistical association (e.g. OR, RR or β) between air pollution and health 
outcomes. 
 
Total number of papers: 5 
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Table 12: Outdoor air pollution and lung function (local journal papers) 
 

Association reported as main finding Count (%) Code 
(i) Positive* and significant 35 (89.7%) CFS 001, CFL 001, CFL 004, CFL 006, CFL 

008, CFL 009, CFL 010, CFL 011, CFL 012, 
CFL 013, CFL 014, CFL 015, CFL 016, CFL 
017, CFL 018, CFL 020, CFL 021, CFL 022, 
CFL 024, CFL 025, CFL 026, CFL 027, CFL 
028, CFL 029, CFL 030, CFL 032, CFL 023, 
CFL 034, CFL 035, CFL 036, CFL 037, CFL 
038, CML 012, CGL 010, CFL 040 

(ii) Positive, significance not specified   
(iii) Positive and insignificant 1 (2.6%) CFL 031 
(iv) Negative** and significant 2 (5.1%) CFL 033##, CFL 039## 
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear 1 (2.6%) CFS 002 
 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the magnitude and confidence interval of the parameter of association (e.g. OR, RR or β) 
between air pollution and health outcomes. 
## The authors attributed this finding to greater indoor air pollution in the ‘less polluted” (outdoor) district. 
 
Total number of paper: 39 
 



 15

Table 13: Outdoor air pollution and mortality (local journal papers) 
 

 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the value of the statistical association (e.g. OR, RR or β) between air pollution and health 
outcomes. 
 
Total number of papers: 24 
 
 
Table 14: Outdoor air pollution and ER / hospital admissions & outpatient department visits 
(local journal papers) 
 

Association reported as main finding Count (%) Code 
(i) Positive* and significant 5 (55.6%) CERS 001, CDRS 002, CDRS 005, CDRL 001, 

CHGL 001 
(ii) Positive, significance not specified 3 (33.3%) CDRS 003, CDRS 004, CERS 002 
(iii) Positive and insignificant   
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear 1 (11.1%) CDRS 006 

 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the magnitude and confidence interval of the parameter of association (e.g. OR, RR or β) 
between air pollution and health outcomes. 
 
Total number of papers: 9 
 

Association reported as main finding Count (%) Code 
(i) Positive* and significant 20 (83.3%) CMS 002, CMS 003, CMS 004, CMS 005, 

CMS 006, CMS 007, CMS 008, CMS 009, 
CML 002, CML 004, CML 006, CML 007, 
CML 009, CFL 001, CFL 018, CML 011, 
CML 012, CML 013, CML 014, CML 015  

(ii) Positive, significance not specified 3 (12.5%) CMS 001, CML 003, CML 008,  
(iii) Positive and insignificant 1 (4.2%) CMS 010 
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear   
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3.4.2 International journal papers (46) 

The overall directions and statistical significance of the studies and those of the 8 categories of health 

outcomes are shown in Tables 15 to 23.  

 
Table 15: Outdoor air pollution and health outcomes (international journal papers):  
 
Association reported as main finding  Count (%) 
(i) Positive* and significant 48 (94.1%) 
(ii) Positive, significance not specified 2 (3.9%) 
(iii) Positive and insignificant 1 (2.0%) 
(iv) Negative** and significant  
(v) Negative, significance not specified  
(vi) Negative and insignificant  
#Unclear  
Total no. of papers 51 ^ (100%) 
 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the magnitude and confidence interval of the parameter of association (e.g. OR, RR or β) 
between air pollution and health outcomes. 
^ Total no. of papers in this table is more than 38 because more than one category of health outcomes has been reported in 
some papers. 
 
 

Table 16: Outdoor air pollution and respiratory diseases & symptoms (international journal 
papers) 
 

Association reported as main finding  Count (%) Code 
(i) Positive* and significant 7 (77.8%) GL 201, RL 009, RL 010, GL 209, GL 210, 

GL 206, GL 207 
(ii) Positive, significance not specified 1 (11.1%) RL 001 
(iii) Positive and insignificant 1 (11.1%) GL 213 
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear   
 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the value of the statistical association (e.g. OR, RR or β) between air pollution and health 
outcomes. 
 
Total number of papers: 9 
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Table 17: Outdoor air pollution and asthma (international journal papers) 
 

Association reported as main finding  Count (%) Code 
(i) Positive* and significant 8 (100%) AS 205, AS 217, HGS 002, AL 212, AL 213, 

AL 214, AL 215, RL 009 
(ii) Positive, significance not specified   
(iii) Positive and insignificant   
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear   
 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the value of the statistical association (e.g. OR, RR or β) between air pollution and health 
outcomes. 
 
Total number of papers: 8 
 

 

Table 18: Outdoor air pollution and COPD (international journal papers) 
 

Association reported as main finding  Count (%) Code 
(i) Positive* and significant 3 (100%) ECoS 201, HGS 002, CoL 204 
(ii) Positive, significance not specified   
(iii) Positive and insignificant   
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear   
 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the value of the statistical association (e.g. OR, RR or β) between air pollution and health 
outcomes. 
 
Total number of papers: 3 
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Table 19: Outdoor air pollution and CVD (international journal papers) 
 

Association reported as main finding  Count (%) Code 
(i) Positive* and significant 1 (100%) HGS 002 
(ii) Positive, significance not specified   
(iii) Positive and insignificant   
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear   
 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the value of the statistical association (e.g. OR, RR or β) between air pollution and health 
outcomes. 
 
Total number of papers: 1 
 

 

Table 20: Outdoor air pollution and ER / hospital admissions & outpatient department visits 
(international journal papers) 
 
Association reported as main finding  Count (%) Code 
(i) Positive* and significant 8 (100%) HGS 002, HGS 005, EGS 001, DRS 003, 

DRS 202, HVS 023, HAS 011, HRS 209 
(ii) Positive, significance not specified   
(iii) Positive and insignificant   
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear   
 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the value of the statistical association (e.g. OR, RR or β) between air pollution and health 
outcomes. 
 
Total number of papers: 8 
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Table 21: Outdoor air pollution and lung cancer (international journal papers) 
 
Association reported as main finding  Count (%) Code 
(i) Positive* and significant   
(ii) Positive, significance not specified 1 (100%) CA 025 
(iii) Positive and insignificant   
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear   
 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the magnitude and confidence interval of the parameter of association (e.g. OR, RR or β) 
between air pollution and health outcomes. 
 
Total number of papers: 1 
 

 

Table 22: Outdoor air pollution and lung function (international journal papers) 
 
Association reported as main finding  Count (%) Code 
(i) Positive* and significant 5 (100%) FL 009, FL 214, FL 215, RL 009, FL 223 
(ii) Positive, significance not specified   
(iii) Positive and insignificant   
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear   
 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the magnitude and confidence interval of the parameter of association (e.g. OR, RR or β) 
between air pollution and health outcomes. 
 
Total number of papers: 5 
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Table 23: Outdoor air pollution and mortality (international journal papers) 
 
Association reported as main finding  Count (%) Code 
(i) Positive* and significant 16 (100%) MS 201, MS210, MS 212, MS 023, MS 

051, MS 013, MS 067, MS 022, MS 227, 
MS 004, MS 025, MS 217, ML 002, ML 
221, MS 228, ML 229 

(ii) Positive, significance not specified   
(iii) Positive and insignificant   
(iv) Negative** and significant   
(v) Negative, significance not specified   
(vi) Negative and insignificant   
#Unclear   
 
* If the main finding is in conformity with the research hypothesis, the study result is classified as positive, and categorized 
into (i), (ii), or (iii) accordingly. 
** If the main finding contradicts the research hypothesis, the study result is classified as negative, and categorized into 
(iv), (v), or (vi) accordingly. 
# Studies that do not report the value of the statistical association (e.g. OR, RR or β) between air pollution and health 
outcomes. 
 
Total number of papers: 16 
 

 

3.5 Comprehensiveness Index 

The Comprehensiveness Index was designed by the author to assess the quality of a paper, based on 

whether it presents baseline data, descriptions of appropriate statistical methods and models, clear 

results, and references, in addition to how well it discusses the results and limitations of its study. 

 

Table 24 shows the frequency distribution of the Comprehensiveness Index in local and international 

journal papers. Over 40% of local journal papers scored a Comprehensiveness Index of 2; while about 

one quarter of papers scored 3. This contrasts with international journal papers of which 95% are 

grade 4 or above. 
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Table 24: Distribution of papers by Comprehensiveness Index 

 
 Comprehensiveness Index Sub-total % 

 5 4 3 2 1   
Local journal papers        
Health outcomes:        
Asthma  3 2 1 1 7 6.1 
CVD     1 1 0.9 
COPD  1 2   3 2.6 
Hospital admissions / ER admissions / 
Outpatient visits 

 2 6 1  9 7.9 

Lung cancer   1 1 3 5 4.4 
Lung function  4 8 20 7 39 34.2 
Mortality 1 4 8 11  24 21.0 
Respiratory diseases / symptoms  4 8 10 4 26 22.8 
Subtotal (No. of papers by health 
outcome)* 

1 18 35 44 16 114  

Row %  0.9 % 15.8% 30.7 % 38.6 % 14.0 %   
Sub-total (Actual no. of papers)* 1 13 33 36 14 97  
Row % 1.0% 13.4% 34% 37.1% 14.4% 100%  
        
International journal papers        
Health outcomes:        
Asthma  1 6 1   8 15.7 
CVD  1    1 2.0 
COPD 1 2    3 5.9 
Hospital admissions / ER admissions / 
Outpatient visits 

3 3 2   8 15.7 

Lung cancer 1     1 2.0 
Lung function 4 1    5 9.8 
Mortality 11 5    16 31.4 
Respiratory diseases / symptoms 9     9 17.6 
Subtotal (No. of papers by health 
outcome)* 

30 18 3   51  

Row %  58.8 % 35.3 % 5.9%     
Sub-total (Actual no. of papers)* 28 15 3   46  
Row % 60.1% 32.6% 6.5%   100%  
        
Local and international journal 
papers 

       

Subtotal (No. of papers by health 
outcome)* 

31 36 38 44 16 165  

Row %  18.8% 21.8% 23.0% 26.7% 9.7% 100%  
Sub-total (Actual no. of papers)* 29 28 36 36 14 143  
Row % 20.3% 19.6% 25.2% 25.2% 9.8% 100%  
 

*The no. of papers by health outcome is larger than the actual no. of papers because some papers may present more than 

one health outcome, and may therefore be counted more than once. 
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4 Discussion 
 

4.1 Commentary 

The following observations refer to the local journal papers included in this review: 

 

1. Most papers were brief. 

 

2. In most papers, the sampling method was generally provided – in the case of cross-sectional 

comparative studies, this was usually cluster sampling. However, the majority of methods were 

not presented in detail. This made it difficult for the reader to gain a good understanding of the 

nature of the samples. The problem was compounded by the usual absence of baseline data on 

the subjects. The lack of description was also evident when the study involved the use of 

routine health data. When describing statistical methods, a common practice was to mention 

only the name of the software used, and that the data was entered by the ‘double entry’ 

method. There was often insufficient description of the statistical model used, the nature and 

types of variables, and the reference variable used in a multiple regression model. In many 

cases, statistical analyses were conducted without adjustment for confounding variables, even 

if they were mentioned in the paper, and have had data collected on them. In several papers, 

correlations between air pollutant concentrations during a given period (usually over several 

years) were made with long-term health impacts such as lung cancer or mortality during the 

same period, without consideration of the latency period of the disease. 

 

3. Results and discussions were placed under one heading in all journals. This practice prevented 

thorough discussion of the overall strengths and weaknesses of the study. Almost invariably, 

results were commented on immediately following their appearance in the text. Negative or 

unusual findings were usually neglected. 

 

4. Internationally, it is not unusual for researchers to report provisional results of a large study 

before they publish the full results in a main paper or papers. It is also customary for 

researchers to publish several papers based on data from one large-scale study, such as multi-

city studies or cohort studies. Such was the case for the four cities study on Guangzhou, 

Lanzhou, Chongqing, and Wuhan. Seventeen papers originating from this study have been 
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published in local mainland journals (8 papers involved multi-city data and comparisons; 9 

papers reported findings in one of the participating cities). However, in several other studies, 

very similar papers – some with identical data, and even with identical tables – appeared in two 

different journals. While the text had been altered into different formats, the conclusions were 

essentially similar. This is not an accepted practice in international journals. 

 

5. An important problem encountered in many Chinese households, as in other developing 

countries, is indoor air pollution generated by the indoor burning of fuels. While biomass fuel 

has been used across Southeast Asian and African countries, coal burning both for home 

heating (as in ‘kangs’) and cooking is a major source of air pollutants that include not only 

particulates, sulphur dioxide, and carbon monoxide, but also highly toxic heavy metals such as 

mercury. The problem is prevalent in, but not limited to, rural communities, although there is a 

gradual move towards gas for heating and fuel. Hence, studies on the effects of outdoor air 

pollution on health must address the source and extent of indoor air pollution, a difficult task 

especially in terms of exposure assessment. Some investigators have resorted to constructing a 

quasi-quantitative index of exposure to indoor air pollution. However, there is no unanimity in 

its composition, and regional variations in the predominant source of indoor air pollution are 

likely to be large, making comparison between studies difficult. Hence, such indices must be 

interpreted with caution. 

 

In contrast to those in local journals, the papers found in journals published worldwide – whether 

written by mainland researchers or by Hong Kong academics – are up to international standard. 

Original research papers published in international journals typically follow the format: Abstract, 

Background, Methods, Results, and Discussion. High quality papers tend to be clearly presented, 

providing well-defined objectives and data sources, as well as methods of acquiring and analysing 

data. In studies involving statistical modelling, details of the models are described. Results are 

displayed in a comprehensible and unambiguous form, and are free from any commentary. Instead, the 

interpretations of results are dealt with in the Discussion, where all important findings – irrespective of 

whether they are consistent with the research hypothesis – are discussed. The validity and limitations 

of the study are also addressed. Finally, conclusions are drawn based on the study findings. 

 



 24

4.2 Future research needs 

The design of those studies published in local mainland journals is dominated by cross-sectional, time 

series studies, and other ecological studies that utilize routine health statistics. There is an obvious lack 

of cohort studies that investigate the long-term effects of air pollution; for example, the mortality and 

morbidity of respiratory and cardiovascular diseases, including lung cancer incidence. The only 

exception is lung function in children, which has been thoroughly documented in the four cities study 

(Guangzhou, Chongqing, Wuhan and Lanzhou), conducted in the mid-1990s with the collaboration of 

international researchers. Equally noted for their absence from mainland research are intervention 

studies, which are of practical significance in evaluating the effectiveness of air pollution control 

measures in producing health gains. 

 

The quality of the international journal papers is generally much higher than that of papers published 

in local mainland journals, even by the same authors on the same studies. This is probably partly 

explainable by the specific requirements of local journals, which keep a tight limit on the length of the 

articles. At the same time, however, many local journals are not up to the quality standards adopted by 

international journals. This discrepancy can be reflected by the arbitrary Comprehensiveness Index 

assigned by the author to the two categories of publications. One common feature accounting for the 

lower rating of local journal papers is that many authors tend to make general statements in their 

discussions, instead of focussing on the interpretation of specific findings. There is a tendency to 

report and discuss positive findings, while glossing over or even not addressing results that are 

contradictory or negative with regard to the research hypotheses. Greater cooperation, in the form of 

joint projects, between mainland researchers and established Hong Kong or international researchers 

should improve the quality of research. 

 

A total of 97 Chinese language papers from 78 studies on air pollution and health, published in local 

journals over a period of 25 years, is a small number in relation to the size and population of China. Of 

the 46 international journal publications that were of higher ranking, 22 (47.8%) were published by 

Hong Kong researchers. If we exclude Hong Kong and Guangzhou, however, only one paper from the 

Pearl River Delta (PRD) was published, in Huizhou. As most research projects are associated directly 

or indirectly with universities, the small number of universities in the PRD outside Hong Kong and 

Guangzhou is an important reason for our observation. There is a need to increase both the quality and 
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quantity of research in mainland China, particularly in the provinces that are affected by the move of 

industries from the coastal cities to central and western China. 

 

 

End of Text 
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Appendices 1 – 9 
 

Please see the separate Appendix files for details of each reviewed paper 

 



Appendix 1: Outdoor Air Pollution and Respiratory Diseases & Symptoms (Chinese) – 1983 to 2007 
 

A) Short-term 
 

Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / CGS 018 
(陳曉燕 et al., 
2007) 
 
內蒙古揚沙天

氣與人群健康

效應關系的初

步研究 
 
衛生研究, 
Journal of 
Hygiene 
Research, 35, 
276-278. 

n=3980 
(Schoolchildren=
1362, their 
parents=2618) 
 
Baotou 包头, 
Inner Mongolia 
內蒙古, China 
 
2004 

Panel study, 
using illness 
diary and the 
relation between 
respiratory 
symptoms and 
daily air pollutant 
concentrations 
 
Multiple linear 
regression was 
used 

Dust storm, 
CO, SO2, NO2, 
PM10 

Not reported 1. There were 
significant 
associations between 
dust storms and 
several respiratory 
symptoms (e.g. 
coughing, sputum, 
shortness of breath, 
running nose, and 
sneezing), as well as 
outpatient visits 
(P<0.01), in parents. 
2. There was 
significant 
association between 
PM10 and cough 
(P<0.01), and also 
outpatient visits 
(P<0.05), in 
schoolchildren. 
3. There was positive 
association between 
dust storms and 
PM10, but not CO or 
NO2. 

1. Baseline data of air 
pollution presented, 
but that of subjects 
not presented 
2. Statistical model 
not presented 
3. Confounders not 
reported and not 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

3 

2. / CRS 008 
(何萍芬 et al., 

Adult inpatients 
& child 

Time-series study 
 

TSP, NOx, 
SO2 

Not reported 1. TSP is the most 
serious pollutant in 

1. Baseline data of air 
pollution, and that of 

2 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

2006) 
 
鄭州市大氣污

染物分析及其

與呼吸道感染

疾病的相關性 
 
中國臨床康復, 
Chinese Journal 
of Clinical 
Rehabilitation, 
10, 1-3. 

outpatients from 
hospitals 
 
Zhengzhou 鄭州, 
Henan 河南, 
China 
 
1996 to 2001 

Multiple linear 
regression,  
stepwise 
regression, and 
correlation were 
used 

Zhengzhou (followed 
by NOx and SO2). 
2. There were 
significant 
associations (P<0.01) 
between Y (adult) 
and: 
PSO2 (r=0.432), 
PNOx (r=0.293), 
PTSP (r=0.322). 
3. There were 
significant 
associations (P<0.01) 
between Y (children) 
and: 
PSO2 (r=0.909), 
PNOx (r=0.740), 
PTSP(r=0.759). 
 
*Y=outpatient visits 
in respiratory 
department / total 
outpatient visit; 
p=annual mean 
concentration of air 
pollutant / national 
standard 

subjects, not 
presented 
2. Statistical model 
not presented 
3. Confounders not 
presented 
4. Results clear 
5. Discussion 
appropriate 
 

3. / CGS 004 
(李炳成 et al., 
2002) 
 

n=549 
 
Lancang 瀾滄, 
Yunnan 雲南, 

Ecological study, 
describing an 
increase in clinic 
attendance and 

SO2 Not reported 1. 100% of SO2-
exposed residents 
had mild to severe 
respiratory signs and 

1. Baseline of air 
pollution presented, 
but that of subjects 
not presented 

1 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

瀾滄城區 SO2

污染致居民健

康影響的調查

分析 
 
職業與健康, 
Occupation and 
Health, 18, 99-
100. 

China 
 
1999 

increase in 
prevalence of 
respiratory 
symptoms, 
during an episode 
of SO2 air 
pollution 
affecting two 
villages 
(population 
~38,000) for 10 
days 
 
Statistical 
method was not 
specified 

symptoms, 
predominantly: chest 
tightness, cough, 
throat irritation, 
tears, and running 
nose. Children and 
the elderly were 
more affected. 
2. There was a 50% 
increase in clinic 
attendance for upper 
respiratory infections 
during the air 
pollution episode. 

2. Statistical analysis 
too brief 
3. Confounders not 
adjusted for 
4. Results simple 
5. Discussion too 
brief 

 
 
B) Long-term 
 

Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

4. / CGL 001 
(劉嶸 et al., 
2005) 
 
室外空氣污染

對兒童呼吸系

統健康的影響 
 
中國公共衛生, 

n=2318, 
schoolchildren 
 
Benxi 本溪, 
Liaoning 辽宁, 
China 
 
1997 to 2000 

Cross-sectional 
study, comparing 
respiratory 
disease and 
symptoms among 
three districts 
 
Logistic 
regression was 

TSP, SO2, 
NOx 

Family 
history of 
asthma and / 
or allergy, 
personal 
history of 
allergy, 
proximity to 
traffic routes 

1. The OR for 
asthma was 1.50 
(95% CI: 1.01 to 
2.25) in the highly 
polluted district.  
2. The OR for 
coughing, sputum, 
and asthma were 
1.30 (1.01 to 1.68), 

1. Baseline data of air 
pollution presented; 
that of children not 
presented 
2. Statistical model 
not presented 
3. Confounders 
(personal and family 
histories) adjusted for 

3 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

China Journal 
of Public 
Health, 21, 579-
580. 

used 1.85 (1.29 to 2.66), 
and 1.37 (1.00 to 
1.90) respectively, in 
children who live 
next to a main street. 

4. Results: indoor 
pollution not 
presented; joint effect 
and pollution studied 
5. Discussion 
appropriate 

5. / CGL 003 
(林萍 et al., 
1993) 
 
鄉鎮鉛冶煉廠

環境污染對中

小學生健康的

影響 
 
中國校醫, 
Chinese Journal 
of School 
Doctors, 7, 39-
43. 

n=223 
(polluted=151, 
reference=72), 
schoolchildren 
aged 5 to 14 
 
China 
(region not 
specified) 
 
Year not specified 

Cross-sectional 
study, measuring 
blood Pb, blood 
ZPP and urinary 
CP in children, 
and comparing 
results between 
pollution and 
reference districts
 
T-test was used 

Lead 
concentration 
in the ambient 
air around a 
lead refinery 
factory 

Not reported 1. There were 
significantly higher 
levels of PbB and 
ZPP in the polluted 
district (P<0.01). 
2. There was a higher 
mean score of 
cardiovascular 
symptoms among 
children in the 
polluted district 
(P<0.01). 

1. Baseline data of air 
pollution presented, 
but that of children 
not presented 
2. Confounders not 
adjusted for 
3. Results: Other 
sources of Pb (e.g. 
food) not considered 
4. Discussion 
appropriate 

2 

6. / CGL 004 
(魏復盛 et al., 
2000) 
 
空氣污染與兒

童呼吸系統患

病率的相關分

析 
 
中國環境科學 , 

n=7977, 
schoolchildren 
aged 7 to 12 
 
Guangzhou 廣州, 
Wuhan 武漢, 
Lanzhou 蘭州, 
Chongqing 重慶, 
China 
(Part of the four 

Cross-sectional 
study, multi-
centred 
 
Simple and 
multiple logistic 
regression were 
used 

PM10, PM2.5, 
SO2, NOx 

Mother’s 
education 
level, heating 
with coal in 
winter, family 
member’s 
smoking, 
indoor air 
condition, 
ventilation, 
indoor/ 

Respiratory illnesses 
(phlegm, cough, 
phlegm without cold, 
cough without cold, 
bronchitis, and 
asthma) are affected 
mainly by PM10 
(correlation ranging 
from 0.544 to 0.900); 
then by NOx 
(correlation ranging 

1. Baseline data of air 
pollution and of 
children were not 
shown. 
2. Statistical model 
clear 
3. Confounders 
adjusted for 
4. Results: Some 
errors were found in 
the text and table 

2 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

China 
Environmental 
Science, 20, 
220-224. 

cities study) 
 
1993 to 1996 

outdoor 
cooking  

from 0.311 to 0.634), 
and SO2 (correlation 
ranging from 0.175 
to 0.549). 

5. Discussion: Too 
brief 

7. / CGL 005 
(魏復盛 and 胡
偉, 2000) 
(Also reviewed 
under asthma – 
long term) 
 
中國四城市空

氣污染及其對

兒童呼吸健康

影響的分析 
 
世界科技研究
與發展, World 
Sci-Tech R & D, 
22, 9-13. 

n=7900, 
schoolchildren 
aged 7 to 12 
 
Guangzhou 廣州, 
Wuhan 武漢, 
Lanzhou 蘭州, 
Chongqing 重慶, 
China 
(Part of the four 
cities study) 
 
1995 to 1997 

Cross-sectional 
study, multi-
centred 
 
Multiple logistic 
regression was 
used 

PM10, PM2.5, 
TSP, SO2, 
NOx, using 
coal for 
cooking and 
heating, 
environmental 
tobacco smoke 
(ETS) 

Confounders 
adjusted for, 
but not 
specified 

1. There were 
positive but 
statistically 
insignificant 
associations between 
air pollutants (PM2.5, 
SO2, NOx) and 
asthma (P=0.106). 
2. There were 
significant and 
positive associations 
between these air 
pollutants and the 
prevalence of cough 
with cold, phlegm 
with cold, bronchitis, 
and hospital 
admissions for 
respiratory disease. 
3. There were 
significant 
associations between 
cooking / heating 
using coal, together 
with indoor smoke, 
and: cough with cold, 
phlegm with cold, 

1. Baseline data of air 
pollution and of 
children were not 
shown 
2. Statistical model 
not clear 
3. Confounders 
adjusted for 
4. Results: Some 
errors were found in 
the text and table 
5. Discussion too 
brief 
6. Some results were 
also presented in 
CGL 004 

2 
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Study Design & 
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Exposures Confounders Main Findings Remarks CoI 

wheezing with cold, 
bronchitis, and 
hospital admissions 
for respiratory 
disease (P<0.01). 
4. Indoor air 
pollution was not 
significantly 
associated with 
asthma. 

8. / CGL 006 
(何慶慈 and 孔
玲莉, 2003) 
(Also reviewed 
under asthma – 
long term) 
 
空氣污染對學

齡兒童呼吸系

統影響的研究 
 
護理學雜志, 
Journal of 
Nursing 
Science, 18, 
325-327. 

n=2626 (from 
polluted 
district=2079, 
from reference 
district=547), 
schoolchildren 
 
Wuhan 武漢, 
Hubei 湖北, 
China 
(Part of the four 
cities study) 
 
1993 to 1996 

Cross-sectional 
study, assessing 
respiratory 
diseases and 
symptoms in 
children, and 
comparing results 
between 
pollution and 
reference districts
 
Multiple logistic 
regression 
analysis was used

TSP, SO2, 
NOx, cooking 
with coal, ETS

Age, sex, 
housing type, 
child’s living 
conditions, 
kitchen type, 
kitchen 
ventilation 
condition, 
mother’s 
education 
level, passive 
smoking, 
heating with 
coal, heating 
in winter 

1. Significant 
positive associations 
between cough and: 
(i) outdoor air 
pollutants, 
(ii) passive smoking, 
(iii) coal burning, 
(iv) home heating in 
winter, and 
(v) cooking fumes. 
2. Significant 
association between 
phlegm and all of the 
above risk factors 
except (iii). 
3. Significant 
association between 
bronchitis and all of 
the above risk factors 
except (ii). 
4. Significant 

1. Baseline data of air 
pollution and that of 
children’s homes 
presented; personal 
data not presented 
2. Statistical model 
not presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 
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association between 
hospital admissions 
for wheezing and 
respiratory diseases 
and: (i) and (v). 
5. No significant 
association between 
asthma and outdoor 
pollution.  

9. / CGL 007 
(孔玲莉 et al., 
2001) 
(Also reviewed 
under asthma – 
long term) 
 
室內外空氣污

染對學齡兒童

呼吸系統影響

的研究 
 
中國環境監測, 
Environmental 
Monitoring In 
China, 17, 43-
48. 

n=2517 
(case=1924, 
control=593) 
 
Wuhan 武漢, 
Hubei 湖北, 
China 
(Part of the four 
cities study) 
 
1993 to 1996 

(Same as for 
CGL 006) 

(Same as for 
CGL 006) 

(Same as for 
CGL 006) 

Points 1–5 same as 
for CGL 006, and 
also: 
6. Significant 
association between 
ETS and cough with 
cold, and also 
between ETS and 
bronchitis  
7. Significant 
association between 
ETS with respiratory 
symptoms; the risk 
increases with age 
(due to increased 
exposure) 

(Same as for CGL 
006) 

 

10. / CGL 008 
(劉美娟 et al., 
2006) 
(Also reviewed 

n=1951, 
preschoolers and 
schoolchildren 
 

Cross-sectional 
study, comparing 
respiratory 
diseases and 
symptoms in 

CO, TSP, SO2, 
NOx 

Traffic 
pollution, 
family and 
personal 
history of 

1. The OR for 
coughing and phlegm 
in the high pollution 
area were 1.54 (95% 
CI: 1.06 to 2.22) and 

1. Baseline data of air 
pollution presented, 
but that of children 
not presented 
2. Statistical method: 
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under asthma –
long term) 
 
鞍山市大氣污

染對兒童呼吸

系統健康的影

響 
 
環境與健康雜
志, Journal of 
Environment 
and Health, 23, 
198-201. 

Anshan 鞍山, 
Liaoning 辽宁, 
China 
 
2002 

children from 
high, moderate, 
and low pollution 
districts 

asthma and 
allergy 

2.65 (1.57 to 4.58) 
respectively 
(P<0.05). 
2. The OR for 
coughing, phlegm, 
asthma, and 
shortness of breath 
were 3.19 (95% CI: 
1.85 to 5.50), 5.30 
(2.58 to 10.92), 
10.76 (2.84 to 40.74) 
and 3.84 (2.00 to 
7.38) in ‘sensitive’ 
children* living in 
the low pollution 
area (P<0.01). 
* ‘Sensitive’ children are 
defined as children with a 
family and / or personal 
history of asthma or 
atopy 

confounders adjusted 
for by stratified 
analysis; effects of 
indoor air pollutants 
not studied 
3. Results clear 
4. Discussion 
comprehensive 

11. / CGL 009 
(王烈 et al., 
2005) 
 
盤錦市室外空

氣污染對兒童

呼吸系統健康

的影響 
 
中國醫科大學

n=2114, 
preschoolers and 
schoolchildren 
 
Panjin 盤錦, 
Liaoning 辽宁, 
China 
 
2002 

Cross-sectional 
study, comparing 
respiratory 
diseases and 
symptoms in 
children from 
high, moderate, 
and low pollution 
districts 
 
Logistic 

TSP, SO2, 
NOx 

Age, sex, 
domestic air 
pollution, 
family and 
individual 
atopy  

1. There were higher 
prevalence rates of 
respiratory 
symptoms in 
moderate and high 
pollution districts, 
compared to the low 
pollution (reference) 
district. 
2. The prevalence 
rates were higher in 

1. Baseline data of air 
pollution presented, 
but that of children 
not presented 
2. Statistical model 
not presented; 
probable use of 
stratified analysis, 
but not a multivariate 
model 
3. Confounders, e.g. 

3 
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學報, Journal of 
China Medical 
University, 36, 
536-538. 

regression was 
used 

preschoolers than in 
schoolchildren. 
3. The OR for 
coughing and phlegm 
were 2.32 (95% CI: 
1.41 to 3.80) and 
2.22 (1.08 to 4.57) in 
children who live 
next to a main street. 
4. The ‘sensitivity’ of 
children (i.e. family 
and personal history 
of allergy) varies 
with outdoor air 
pollution levels. 

indoor air pollution, 
not adjusted for 
4. Discussion fair 
5. Might be same 
study as CGL 008 (?) 

12. / CGL 010 
(金银龙 et al., 
2002) 
(Also reviewed 
under lung 
function, asthma 
and COPD – 
long term) 
 
中国煤烟型大

气污染对人群

健康危害的定

量研究 
 
卫生研究, 
Journal of 

n=2000, 
schoolchildren 
and their parents 
 
Taiyuan 太原, 
Shanxi 山西, 
China 
 
1994 to 1999 

Cross-sectional 
study, comparing 
the lung 
functions of 
children from 
districts with 
high, medium, 
and low 
(reference) 
pollution levels. 
 
Also studied 
were 
immunological 
parameters 
(salivary IgE, 

PM2.5, PM10, 
SO2, NO2, 
B(a)P and 
heavy metals 

Age, sex, 
history of 
exposure to 
dust, history 
of exposure to 
toxicity, 
burning fuel, 
smoking, 
family history 

Adults: 
1. In the high 
pollution area, the 
adjusted ORs were 
1.70, 1.96, 2.05, and 
2.10 for respiratory 
symptoms, asthma 
attacks, pneumonia, 
and COPD 
respectively. 
2. Each unit increase 
in ln [SO2], ln [TSP], 
ln [PM10], and ln 
[PM2.5] during coal 
burning increases the 
risk of respiratory 

1. Baseline data of air 
pollution presented, 
but that of children 
not presented 
2. Statistical model 
unclear 
3. Confounders 
adjusted for 
4. Results 
comprehensive 
5. Discussion 
appropriate 

4 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

Hygiene 
Research, 31, 
342-348. 

IgM, IgA, 
enzyme activity, 
and T-
lymphocytes); 
ECGs of the 
children; and the 
prevalence of 
respiratory 
illnesses in the 
children and their 
parents 
 
Stepwise 
regression was 
used 

symptoms by 1.39, 
1.71, 1.67, and 1.79 
times, respectively. 
3. Each unit increase 
in ln [SO2], ln [TSP], 
ln [PM10], and ln 
[PM2.5] during coal 
burning increases the 
risk of COPD by 
1.31, 1.53, 1.51, and 
1.68 times, 
respectively. 
Children: 
1. Each unit increase 
in ln [PM10] reduced 
the FVC by 194 ml 
and the FEF50 by 172 
ml. 
2. Each unit increase 
in ln [SO2] reduced 
the FVC by 69 ml 
and the FEF50 by 119 
ml. 
3. The prevalence of 
respiratory illnesses 
and symptoms were 
significantly higher 
in the high and 
medium pollution 
districts than in the 
low pollution 
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(reference) district. 
Others: 
1. Immune markers 
were inconsistent or 
not significant 
among the 3 districts. 

13. / CGL 011 
(田裘學 et al., 
2001) 
 
蘭州市空氣污

染對兒童及其

父母呼吸系統

健康的影響 
 
中國環境監測, 
Environmental 
Monitoring In 
China, 17, 48-
51. 

n=1487, 
schoolchildren 
and their parents 
 
Lanzhou 蘭州, 
Gansu 甘肅, 
China 
(Part of the four 
cities study) 
 
1993 and 1995 

Cross-sectional 
study, assessing 
respiratory 
diseases and 
symptoms in 
children, and 
comparing results 
between polluted 
and reference 
districts 
 
Statistical 
method was not 
specified 

Not reported Not reported 1. There were 
significantly higher 
prevalence rates of 
respiratory 
symptoms (cough 
without cold, phlegm 
with cold, doctor 
diagnosed asthma, 
doctor diagnosed 
bronchitis, current 
asthma and current 
bronchitis) in 
children living in the 
polluted district 
(P<0.05). 
2. There were 
significantly higher 
prevalence rates of 
respiratory 
symptoms (cough 
with cold, cough 
without cold, phlegm 
with cold) in fathers 
living in the polluted 
district (P<0.01). 

1. Baseline data of air 
pollution and that of 
children not 
presented 
2. Statistical model 
not presented (only 
crude prevalence 
rates were compared) 
3. Confounders not 
adjusted for 
4. Results fair 
5. Discussion too 
brief 
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3. There were 
significantly higher 
prevalence rates of 
respiratory 
symptoms (cough 
with cold, cough 
without cold, doctor 
diagnosed asthma) in 
mothers living in the 
polluted district 
(P<0.01). 

14. / CGL 012 
(胡懷明 and 徐
任霞, 1994) 
 
空氣污染與兒

童眼和呼吸道

疾病 
 
中國公共衛生
學報, Chinese 
Journal of 
Public Health, 
13, 1. 

n=429 
(polluted=268, 
reference=161), 
schoolchildren 
 
China 
(region not 
specified) 

Cross-sectional 
study, comparing 
respiratory and 
eye diseases in 
children from 
polluted and 
reference districts
 
Statistical 
method was not 
specified 

SO2, NOx, 
TSP, THC 

Not reported There were higher 
prevalence rates of 
eye and respiratory 
illnesses (trachoma, 
conjunctivitis, nasal 
swelling, chronic 
rhinitis, tonsillitis 
and pharyngitis) in 
children living in the 
polluted district 
(P<0.01). 

1. Baseline data of air 
pollution and that of 
children not 
presented 
2. Only crude 
prevalence rates were 
compared between 
pollution and 
reference districts 
3. Confounders not 
adjusted for 
4. Results too brief 
5. Discussion too 
brief 

1 

15. / CGL 013 
(吳國平 et al., 
2001) 
 
室外空氣污染

對成人呼吸系

n=8000, 
schoolchildren 
and their parents 
 
Guangzhou 廣州, 
Wuhan 武漢, 

Cross-sectional 
study, comparing 
respiratory 
diseases and 
symptoms in 
children from 8 

PM2.5, PM10, 
SO2, NOx 

Smoking, 
heating with 
coal, indoor 
air pollution, 
ventilation 
system in 

1. Prevalence of 
respiratory signs and 
symptoms in adults 
was affected by 
PM10, SO2, and NOx 
levels; higher 

1. Baseline data of air 
pollution and that of 
children not 
presented 
2. Statistical model 
presented: adjusted 

2 
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統健康影響的

分析 
 
中國環境監測, 
Environmental 
Monitoring In 
China, 17, 33-
38. 

Lanzhou 蘭州, 
Chongqing 重慶, 
China 
(Part of the four 
cities study) 
 
1993 to 1997 

schools in 4 
cities, with one 
‘clean’ and one 
‘polluted’ school 
in each city 
 
Multiple logistic 
regression and 
correlation were 
used 

kitchen, 
indoor/ 
outdoor 
cooking, 
education 
level 

prevalence in 
‘polluted’ districts 
than in ‘clean’ ones; 
male more affected 
2. With 100 µg/m3 

increase in PM10, the 
prevalence of cough 
(with cold) increased 
by 4.81% in fathers 
and 4.48% in 
mothers. 
3. With 100 µg/m3 

increase in SO2, the 
prevalence of phlegm 
(with cold) increased 
by 4.08% in fathers 
and 1.69% in 
mothers 

prevalence rates of 
respiratory signs and 
symptoms then 
regressed on air 
pollutant 
concentration in 8 
schools 
3. Confounders 
adjusted for 
4. Results appropriate
5. Discussion too 
brief 

16. / CGL 014 
(陈小琳 et al., 
1993) 
 
上海市大气二

氧化硫污染与

常见呼吸道症

状的关系 
 
中国公共卫生
学报, Chinese 
Journal of 
Public Health, 

n=4403 
(low=1258, 
moderate=1560, 
high=1585), aged 
10 to 65 
 
Shanghai 上海, 
China 
 
Year not specified 

Cross-sectional 
study, comparing 
respiratory 
diseases and 
symptoms in 
subjects from 
high, moderate, 
and low pollution 
districts 
 
Multiple logistic 
regression was 
used 

SO2 Sex, age, 
smoke, 
passive 
smoking, 
education, 
source of 
medical fees, 
cooking at 
home, PM 
concentration 

With 60 µg/m3 
increase in SO2, the 
ORs were 1.31 for 
cough and 1.71 for 
shortness of breath 
(P<0.01). 

1. Baseline data of air 
pollution presented, 
but that of subjects 
not presented 
2. Statistical model 
presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 
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12, 1-3. 
17. / CGL 015 
(马洪宝 and 洪
传洁, 1992) 
 
大气颗粒物污

染对慢性呼吸

道疾病的影响 
 
中国公共卫生
学报, Chinese 
Journal of 
Public Health, 
11, 229-231. 

Aged 20 to 75 
 
China 
(region not 
specified) 
 
Year not specified 

Cross-sectional 
study 
 
Multiple logistic 
regression was 
used 

TSP, SO2 Sex, age, 
years of 
residence, 
residential 
area, income, 
occupation, 
education, 
smoking, 
passive 
smoking 

With 100 µg/m3 
increase in TSP, the 
ORs were 1.20, 1.23, 
1.13, 1.29, and 1.59 
for cough, phlegm, 
shortness of breath, 
chronic bronchitis, 
and emphysema 
respectively 
(P<0.05). 

1. Baseline data of air 
pollution presented, 
but that of subjects 
not presented 
2. Statistical model 
presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 
6. Some 
inconsistencies 
(errors) in OR values 

4 

18. / CFL 018 
(胡懷明 et al., 
1997) 
(Also reviewed 
under mortality 
and lung 
function – long 
term) 
 
工業區空氣污

染對兒童健康

及居民死因的

影響 
 
中國公共衛生, 
China Journal 

n=1300, 
schoolchildren 
from polluted and 
reference districts; 
mortality statistics 
in the two districts 
 
Songjiang 松江, 
Heilongjiang 黑
龍江, China 
 
Year not specified 

Cross-sectional 
study comparing: 
1. Children’s 
lung function, 
immune 
response, and 
prevalence of 
respiratory signs 
and symptoms; 
2. Age-
standardized and 
age-specific 
mortality rates, 
3. Ranking of 
cause of death 
between polluted 

Total 
hydrocarbons, 
TSP, SO2, 
NOx 

Not reported 1. There was 
significantly higher 
lung function (FEF75-

85) in the reference 
district compared 
with the polluted 
district (P<0.05). 
2. There were 
significantly higher 
prevalence rates of 
respiratory 
symptoms (nasal 
swelling, chronic 
rhinitis, tonsillitis, 
and pharyngitis) in 
the polluted district, 

1. Methods too brief, 
especially on 
immune response 
2. Baseline data not 
fully presented 
3. Discussion too 
brief 
4. Several 
comparisons made in 
one paper 

2 
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of Public 
Health, 13, 289. 

and reference 
districts 

compared with the 
reference district 
(P<0.01). 
3. There were 
significantly higher 
age-standardized and 
age-specific 
mortality rates in the 
polluted district 
compared with the 
reference district 
(P<0.05), except for 
the age groups of 30– 
and 35–. The 
difference was 
significant among 
those aged ≥50 
(P<0.01). 

19. / CFL 039 
(王惠梅 et al., 
2004) 
(Also reviewed 
under 
respiratory 
disease) 
 
室內外空氣污

染對婦女呼吸

健康的影響 
 
中國初級衛生

n=510 
(children=406, 
adult female=104) 
 
Taiyuan 太原, 
Shanxi 山西, 
China 
 
Year not specified 

Cross-sectional 
study, comparing 
lung function for 
children and 
female adults 
from districts 
with high and 
low air pollution 
 
Stepwise 
regression was 
used 

TSP, SO2 Cooking 
stove, 
duration of 
residence, 
age, 
occupation, 
housing type, 
number of 
rooms, family 
smoking, 
heating 
system, 
ventilation 

1. Female adults 
from the high 
pollution district had 
better lung function 
(FEV, MMEF, 
MVV43, PEFR, V50, 
and V75). 
2. There were more 
female adults with 
obstructive and 
restrictive lung 
function test results 
(FVC<80%, 

1. Baseline data of air 
pollution presented, 
but that of subjects 
not presented 
2. Statistical model 
not presented 
3. Confounders: 
height and body 
weight addressed by 
reference value; 
unclear whether age 
was adjusted. 
Females in high 

2 
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保健, Chinese 
Primary Health 
Care, 18, 73-76. 

system FEV1<70%) in the 
low pollution district. 
3. There was lower 
FEV1.0%, V25/Ht in 
the low pollution 
district (P<0.01). 
4. There was no 
difference in the 
prevalence of 
respiratory diseases 
between the two 
districts. 

pollution district and 
reference district 
were using different 
fuels and were 
separately analyzed. 
4. Results: Some 
lung function tests 
were better among 
females in the high 
pollution district 
5. Discussion: The 
author attributed this 
to possible indoor air 
pollution in the 
reference district 

20. / CRL 002 
(胡偉 et al., 
2000) 
 
空氣污染對兒

童及其父母呼

吸系統健康的

影響 
 
中國環境科學, 
China 
Environmental 
Science, 20, 
425-428. 

Schoolchildren 
and their parents 
 
Guangzhou 廣州, 
Wuhan 武漢, 
Lanzhou 蘭州, 
Chongqing 重慶, 
China 
(Part of the four 
cities study) 
 
1995 

Cross-sectional 
study, comparing 
respiratory 
diseases and 
symptoms in 
children and their 
parents, from 8 
districts with 
high, moderate, 
and low pollution 
levels. The latter 
was the reference 
district 
 
Multiple logistic 
regression was 

PM10, PM2.5, 
TSP, SO2, 
NOx  

Family 
member 
smoking, 
mother’s 
education 
level, use of 
fuel for 
indoor or 
outdoor 
cooking, use 
of fuel for 
heating in 
winter, indoor 
smoke and 
fumes, indoor 
ventilation 

1. There were 
positive and 
significant 
associations between 
air pollutants and 
most respiratory 
symptoms (except 
asthma) in children 
and adults living in 
high pollution 
districts (P<0.01). 
2. The crude 
prevalence of 
respiratory signs and 
symptoms in high 
pollution districts 

1. Baseline data of air 
pollution presented, 
but that of subjects 
not presented 
2. Statistical model 
not presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion too 
brief 
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used were 1.71 to 3.95 
times that in low 
pollution districts. 
3. The crude OR for 
bronchitis, cough, 
phlegm, cough with 
cold, and phlegm 
with cold ranged 
from 3.3 to 6.9 in 
high pollution 
districts compared 
with the reference 
district. 
4. ORs adjusted for 
ETS and indoor 
smoke and fumes 
show similar results. 
5. ORs of respiratory 
signs and symptoms 
were smaller for 
parents but many 
were positive and 
significant. 

21. / CRL 003 
(陳貴孚 et al., 
1991) 
 
水泥廠粉塵污

染與健康 
 
皖南醫學院學

Subjects not 
specified 
 
Wuhu 芜湖, 
Anhui 安徽省, 
China 
 
Emission 

Ecological study; 
health data were 
scanty 
 
Statistical 
method not 
specified 

PM2, PM5, 
TSP 

Not reported 1. 67.5% of illnesses 
among local 
residents were upper 
respiratory illnesses; 
9.1% were 
circulatory illnesses, 
16.4% were GI 
illnesses; and 7% 

1. Baseline data of air 
pollution presented, 
but that of subjects 
not presented 
2. Statistical analysis 
inappropriate; type of 
health data not 
described 

1 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

報, Acta 
Academiae 
Medicinae 
Wannan, 10, 
236-239. 

monitoring from 
1986 to 1989 

other illnesses. 
2. Daily TSP 
concentration levels 
in different locations 
near the cement plant 
ranged from 1.59 to 
1.69 mg/m3. 
3. Maximum TSP 
over 8-hour and 18-
hour periods were, 
respectively, 7–9 
times and 4–6 times 
higher than the 
international 
standard. 

3. Confounders not 
adjusted for 
4. Discussion focused 
mainly on TSP 
levels; insufficient 
consideration of the 
health of the factory 
workers 

22. / CRL 005 
(武永麗 et al., 
1996) 
 
小兒支氣管肺

炎與大氣環境

中 SO2濃度關

系的探討 
 
內蒙古醫學院
學報, Acta 
Academiae 
Medicinae Nei 
Mongol, 18, 
124-125. 

Children with 
respiratory 
diseases, aged 20 
days to 13 years 
 
Hohhot 呼和浩特

, Inner Mongolia 
內蒙古, China 
 
1990 to 1992 

Ecological study 
on the relation 
between the 
percentage of 
bronchopneumon
ia cases among 
paediatric 
patients in 
hospital, and 
mean SO2 
concentration 
 
Chi-square test 
was used 

SO2 Not collected There was positive 
and significant 
association between 
quarterly mean SO2 
concentration and the 
percentage of 
bronchopneumonia 
cases among 
paediatric patients in 
the hospital. 

1. Baseline data of air 
pollution presented, 
but that of subjects 
not presented 
2. χ2 test incorrectly 
used for percentage 
3. Confounders not 
adjusted for 
4. Results too crude 
5. Discussion too 
brief 

1 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

23. / CGL 002 
(席淑華 et al., 
2003) 
 
本溪市兒童呼

吸系統健康狀

況及其影響因

素 
 
環境與健康雜
志, Journal of 
Environment 
and Health, 20, 
93-95. 

n=5404, 
schoolchildren 
 
Benxi 本溪, 
Liaoning 辽宁, 
China 
 
1998 

Cross-sectional 
study, comparing 
respiratory 
diseases and 
symptoms among 
children from 
high pollution 
and low pollution 
districts 
 
Logistic 
regression was 
used 

TSP, SO2 Age, sex, 
heating with 
coal, parents’ 
smoking, 
ventilation 
system, 
family history 
of respiratory 
disease, 
different 
pollution 
districts 

1. The prevalence of 
respiratory 
symptoms (cough, 
phlegm, wheeze) and 
diseases (bronchitis, 
asthmatic bronchitis, 
pneumonia) is 
significantly higher 
(P<0.01 and P<0.05, 
respectively) in the 
high pollution 
district. 
2. Adjusted OR of 
children’s respiratory 
signs and symptoms 
was significantly 
higher in the high 
pollution district than 
in the low pollution 
district. 
3. Parents’ history of 
respiratory illnesses 
and ETS were 
significant risk 
factors for children’s 
respiratory signs and 
symptoms. 

1. Baseline data of air 
pollution and that of 
subjects presented 
2. Statistical model 
not presented 
3. Confounders 
adjusted for 
4. Results adequate 
5. Discussion 
appropriate 

3 

24. / CDRL 001 
(楊勇 et al., 
1995) 
(Also reviewed 

Chengdu 成都, 
Sichuan 四川, 
China 
 

Cross-sectional 
study, comparing 
respiratory 
diseases and 

SO3 Age, sex, 
occupation, 
smoking, fuel 
use, housing, 

1. There is an annual 
increase in the ratio 
of OPD attendance 
for respiratory 

1. Baseline data of air 
pollution presented, 
but that of subjects 
not presented 

2 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

under OPD/ER 
admission – 
short term) 
 
硫酸鹽化速率

與居民呼吸道

疾病的關系 
 
四川環境, 
Sichuan 
Environment, 
14, 41-43. 

1993 symptoms in 
subjects from 
polluted and 
reference districts
 
ANOVA, U-Test, 
and correlation 
were used 

socio-
economic and 
education 
level 

illnesses to that of all 
medical OPD 
attendance; the ratio 
was higher in the 
polluted district. 
2. The increase was 
observed in both 
polluted and 
reference districts. 
3. The prevalence of 
chronic respiratory 
disease in the 
polluted district is 
significantly higher 
than in the reference 
district (P<0.001) 
(from survey). 
4. There is an annual 
increase in 
sulphation rate, 
which is more 
obvious in the 
polluted district than 
in the reference 
district. 

2. Statistical method 
not presented; use of 
correlation not 
appropriate for 
percentage 
3. Confounders not 
adjusted for 
4. Results too simple, 
using a ratio instead 
of a direct index of 
risk 
5. Discussion fair 

25. / CGL 018 (
田裘學 and 周
伶芝, 1994) 
(Also reviewed 
under lung 
cancer) 

Lanzhou 蘭州, 
Gansu 甘肅, 
China 
 
1982 to 1987 

Cross-sectional 
study 
 
Canonical 
correlation, 
multiple 

SO2, NOx, 
CO, TSP, 
HCHO 

Not specified 1. Ambient air 
pollution is related to 
health; the relation is 
not specific for 
individual pollutants 
(r=0.56–0.91) 

1. Baseline data of air 
pollution presented, 
but that of subjects 
not presented 
2. Statistical model 
presented, but 

2 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

 
蘭州市大氣污

染對居民健康

影響的研究 
 
中國環境科學, 
China 
Environmental 
Science, 14, 
200-205. 

regression, and 
correlation were 
used 

2. Air pollution is 
related to immune 
function (r=0.56–
0.78). 
3. The OR for lung 
cancer was 2.0767 
and 2.05637 in 
people cooking with 
coal and in people 
who smoke, 
respectively. 

methods did not state 
how to collect or 
measure indoor air 
samples; did not 
explain method of 
health investigation 
among subjects 
3. Confounders 
adjusted for 
4. Results: Health 
index, respiratory 
index and immune 
index were not 
clearly defined; many 
exposures and 
outcomes were 
included 
5. Discussion too 
general; not specific 
enough 

26. / CFL 040 
(汪晶 et al., 
1992) 
(Also reviewed 
under lung 
function – long 
term) 
 
北京市大气污

染对居民健康

影响的研究 

n=3000, healthy 
non-smokers with 
no occupational 
exposure to 
harmful chemicals 
(adults aged 20 to 
55 years and 
children aged 6 to 
9 years) 
 
15 districts in 

Cross-sectional 
study comparing 
subjects’ lung 
function, 
respiratory health 
indices, and 
immune 
functions among 
high, medium, 
and low pollution 
districts and 

TSP, RSP, 
SO2, NOx, 
CO, and 
others 

Not reported There were 
significant 
associations in the 
composite health 
index, FEV1%, and 
respiratory 
symptoms and 
illnesses with the 
different air pollution 
levels in the four 
types of district. 

1. Baseline data of air 
pollution and that of 
data of subjects not 
presented 
2. Method of 
calculation of health 
index not presented 
(reference provided); 
statistical model not 
presented 
3. Confounders not 

3 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

 
中华流行病学
杂志, Zhonghua 
Liu Xing Bing 
Xue Za Zhi, 13, 
89-92. 

Beijing 北京, 
China 
 
1989 

reference districts
 
Linear regression 
and correlation 
were used 

adjusted for 
4. Results clear 
5. Discussion brief 

 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
Number of papers: 26 (Short-term effects: 3, long-term effects: 23) 
Number of studies: 20 (7 papers – Items 6, 7, 8, 9, 13, 15, and 20 – are from the same four cities study) 
Study design: 
Ecological: 5 (Time series: 1; panel: 1; other ecological designs: 3, of which 1 reported short-term effects and 2 reported long-term effects) 
Cross-sectional: 15 
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Appendix 2: Outdoor Air Pollution and Asthma (Chinese) – 1983 to 2007 
 

A) Short-term 
 

Author, Title 
& Sources 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / CFS 002 
(徐述章 et al., 
2006) 
(Also reviewed 
under lung 
function – short 
term) 
 
兒童哮喘與環

境空氣污染物

關系的調查研

究. 
 
中國小兒急救
醫學, Chinese 
Pediatric 
Emergency 
Medicine, 13, 
347-349. 

n=49, aged 5 to 
11, asthmatics 
 
Huizhou 惠州, 
Guangdong 廣東, 
China 
 
2003 

Panel study of 
children’s FEV1, 
PEF, frequency 
of asthmatic 
attacks, use of 
medication, and 
score of severity 
 
Pearson 
correlation was 
used for API 
and lung 
function 

PM10, SO2, 
NO2 
(monthly 
mean) 

Not reported 1. PM10 has the strongest 
adverse effect on 
asthmatics lung function. 
2. PM10 is associated 
with the length of use of 
β2 agonist. 
3. Frequency of asthma 
and severity score not 
significantly associated 
with air pollution. 

1. Baseline data 
presented 
2. Statistical results 
not shown 
(Pearson’s r or 
regression 
coefficients not 
presented) 
3. Discussion on 
impact by different 
pollutant not clearly 
presented 

1 

 
 



B) Long-term 
 

Author, Title 
& Sources 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

2. / CAL 001 
(陳坤華 et al., 
1994) 
 
重慶地區小兒

支氣管哮喘與

大氣污染和氣

象因素關系的

探討. 
 
重慶醫學, 
Chongqing 
Medical 
Journal, 23, 8-
10. 

n=143922 
 
Chongqing 重慶, 
China 
 
1990 

Cross-sectional 
study comparing 
the prevalence of 
asthma in subjects 
from city and 
rural areas 
 
Logistic 
regression and 
linear correlation 

TSP, SO2, 
NO2, PM10 

Temperature, 
humidity, air 
pressure 

1. The prevalence of 
asthma was higher in city 
dwellers and factory 
workers (P<0.05) than in 
subjects from rural areas. 
2. Children, especially 
those aged ≤3, had higher 
prevalence than adults 
3. More asthma attacks 
occur in winter and spring. 
4. TSP, SO2, NO2 and 
PM10 had significantly high 
ORs for asthmatic attacks; 
temperature had 
significantly low ORs 
(protective effect) 

1. Baseline data 
of air pollution 
presented, but 
that of subjects 
not presented 
2. Statistical 
model clear 
3. Confounders 
adjusted for 
4. Results 
simple 
5. Discussion 
appropriate 

3 

3. / CGL 005 
(魏復盛 and 胡
偉, 2000) 
(Also reviewed 
under 
respiratory 
symptoms – 
long term) 
 
中國四城市空

氣污染及其對

兒童呼吸健康

影響的分析 

n=7900, 
schoolchildren 
aged 7 to 12 
 
Guangzhou 廣州, 
Wuhan 武漢, 
Lanzhou 蘭州, 
Chongqing 重慶, 
China 
(Part of the four 
cities study) 
 
1995 to 1997 

Cross-sectional 
study, multi-
centred 
 
Multiple logistic 
regression was 
used 

PM10, 
PM2.5, TSP, 
SO2, NOx, 
using coal 
for cooking 
and heating, 
environment
al tobacco 
smoke 
(ETS) 

Confounders 
adjusted for, 
but not 
specified 

1. There were positive but 
statistically insignificant 
associations between air 
pollutants (PM2.5, SO2, 
NOx) and asthma 
(P=0.106). 
2. There were significant 
and positive associations 
between these air 
pollutants and the 
prevalence of cough with 
cold, phlegm with cold, 
bronchitis, and hospital 

1. Baseline data 
of air pollution 
and of children 
were not shown 
2. Statistical 
model not clear 
3. Confounders 
adjusted for 
4. Results: 
Some errors 
were found in 
the text and 
table 

2 



Author, Title 
& Sources 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

 
世界科技研究
與發展, World 
Sci-Tech R & 
D, 22, 9-13. 

admissions for respiratory 
disease. 
3. There were significant 
associations between 
cooking / heating using 
coal, together with indoor 
smoke, and: cough with 
cold, phlegm with cold, 
wheezing with cold, 
bronchitis, and hospital 
admissions for respiratory 
disease (P<0.01). 
4. Indoor air pollution was 
not significantly associated 
with asthma. 

5. Discussion 
too brief 
6. Some results 
were also 
presented in 
CGL 004 

4. / CGL 006 
(何慶慈 and 孔
玲莉, 2003) 
(Also reviewed 
under 
respiratory 
symptoms – 
long term) 
 
空氣污染對學

齡兒童呼吸系

統影響的研究 
 
護理學雜志, 
Journal of 
Nursing 

n=2626 (from 
polluted 
district=2079, 
from reference 
district=547), 
schoolchildren 
 
Wuhan 武漢, 
Hubei 湖北, 
China 
(Part of the four 
cities study) 
 
1993 to 1996 

Cross-sectional 
study, assessing 
respiratory 
diseases and 
symptoms in 
children, and 
comparing results 
between pollution 
and reference 
districts 
 
Multiple logistic 
regression 
analysis was used 

TSP, SO2, 
NOx, 
cooking 
with coal, 
ETS 

Age, sex, 
housing type, 
child’s living 
conditions, 
kitchen type, 
kitchen 
ventilation 
condition, 
mother’s 
education 
level, passive 
smoking, 
heating with 
coal, heating 
in winter 

1. Significant positive 
associations between 
cough and: 
(i) outdoor air pollutants, 
(ii) passive smoking, 
(iii) coal burning, 
(iv) home heating in 
winter, and 
(v) cooking fumes. 
2. Significant association 
between phlegm and all of 
the above risk factors 
except (iii). 
3. Significant association 
between bronchitis and all 
of the above risk factors 

1. Baseline data 
of air pollution 
and that of 
children’s 
homes 
presented; 
personal data 
not presented 
2. Statistical 
model not 
presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

4 



Author, Title 
& Sources 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

Science, 18, 
325-327. 

except (ii). 
4. Significant association 
between hospital 
admissions for wheezing 
and respiratory diseases 
and: (i) and (v). 
5. No significant 
association between 
asthma and outdoor 
pollution.  

5. / CGL 007 
(孔玲莉 et al., 
2001) 
(Also reviewed 
under 
respiratory 
symptoms – 
long term) 
 
室內外空氣污

染對學齡兒童

呼吸系統影響

的研究. 
 
中國環境監測, 
Environmental 
Monitoring In 
China, 17, 43-
48. 

n=2517 
(case=1924, 
control=593) 
 
Wuhan 武漢, 
Hubei 湖北, 
China 
(Part of the four 
cities study) 
 
1993 to 1996 

(Same as CGL 
006) 

(Same as 
CGL 006) 

(Same as 
CGL 006) 

Points 1–5 same as CGL 
006, and also: 
6. Significant association 
between ETS and cough 
with cold and bronchitis  
7. Significant association 
between ETS with 
symptoms; the risk 
increases with age (due to 
increased exposure) 

(Same as CGL 
006) 

4 

6. / CGL 008 n=1951, 
preschoolers and 

Cross-sectional 
study, comparing 

CO, TSP, 
SO2, NOx 

Traffic 
pollution, 

1. The OR for coughing 
and phlegm in the high 

1. Baseline data 
of air pollution 

3 



Author, Title 
& Sources 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

(劉美娟 et al., 
2006) 
(Also reviewed 
under 
respiratory 
symptoms – 
long term) 
 
鞍山市大氣污

染對兒童呼吸

系統健康的影

響 
 
環境與健康雜
志, Journal of 
Environment 
and Health, 23, 
198-201. 

schoolchildren 
 
Anshan 鞍山, 
Liaoning 辽宁, 
China 
 
2002 

respiratory 
diseases and 
symptoms in 
children from 
high, moderate, 
and low pollution 
districts 

family and 
personal 
history of 
asthma and 
allergy 

pollution area were 1.54 
(95% CI: 1.06 to 2.22) and 
2.65 (1.57 to 4.58) 
respectively (P<0.05). 
2. The OR for coughing, 
phlegm, asthma, and 
shortness of breath were 
3.19 (95% CI: 1.85 to 
5.50), 5.30 (2.58 to 10.92), 
10.76 (2.84 to 40.74) and 
3.84 (2.00 to 7.38) in 
‘sensitive’ children* living 
in the low pollution area 
(P<0.01). 
* ‘Sensitive’ children are 
defined as children with a family 
and / or personal history of 
asthma or atopy 

presented, but 
that of children 
not presented 
2. Statistical 
method: 
confounders 
adjusted for by 
stratified 
analysis; effects 
of indoor air 
pollutants not 
studied 
3. Results clear 
4. Discussion 
comprehensive 

7. / CGL 010 
(金银龙 et al., 
2002) 
(Also reviewed 
under lung 
function, 
COPD and 
respiratory 
symptoms—
long term) 
 
中国煤烟型大

n=2000, 
schoolchildren 
and their parents 
 
Taiyuan 太原, 
Shanxi 山西, 
China 
 
1994 to 1999 

Cross-sectional 
study, comparing 
the lung functions 
of children from 
districts with 
high, medium, 
and low 
(reference) 
pollution levels. 
 
Also studied were 
immunological 
parameters 

PM2.5, 
PM10, SO2, 
NO2, B(a)P 
and heavy 
metals 

Age, sex, 
history of 
exposure to 
dust, history 
of exposure to 
toxicity, 
burning fuel, 
smoking, 
family history 

Adults: 
1. In the high pollution 
area, the adjusted ORs 
were 1.70, 1.96, 2.05, and 
2.10 for respiratory 
symptoms, asthma attacks, 
pneumonia, and COPD 
respectively. 
2. Each unit increase in ln 
[SO2], ln [TSP], ln [PM10], 
and ln [PM2.5] during coal 
burning increases the risk 
of respiratory symptoms by 

1. Baseline data 
of air pollution 
presented, but 
that of children 
not presented 
2. Statistical 
model unclear 
3. Confounders 
adjusted for 
4. Results 
comprehensive 
5. Discussion 
appropriate 

4 



Author, Title 
& Sources 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

气污染对人群

健康危害的定

量研究 
 
卫生研究, 
Journal of 
Hygiene 
Research, 31, 
342-348. 

(salivary IgE, 
IgM, IgA, 
enzyme activity, 
and T-
lymphocytes); 
ECGs of the 
children; and the 
prevalence of 
respiratory 
illnesses in the 
children and their 
parents 
 
Stepwise 
regression was 
used 

1.39, 1.71, 1.67, and 1.79 
times, respectively. 
3. Each unit increase in ln 
[SO2], ln [TSP], ln [PM10], 
and ln [PM2.5] during coal 
burning increases the risk 
of COPD by 1.31, 1.53, 
1.51, and 1.68 times, 
respectively. 
Children: 
1. Each unit increase in ln 
[PM10] reduced the FVC 
by 194 ml and the FEF50 
by 172 ml. 
2. Each unit increase in ln 
[SO2] reduced the FVC by 
69 ml and the FEF50 by 
119 ml. 
3. The prevalence of 
respiratory illnesses and 
symptoms were 
significantly higher in the 
high and medium pollution 
districts than in the low 
pollution (reference) 
district. 
Others: 
1. Immune markers were 
inconsistent or not 
significant among the 3 
districts. 



 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best). 
 
Number of papers: 7 (Short-term effects: 1, long-term effects: 6) 
Number of studies: 5 (Items 3, 4 and 5 are from the same four cities study) 
Study design: 
Panel study: 1; Cross-sectional: 5 
 
 
何慶慈 & 孔玲莉 (2003) 空氣污染對學齡兒童呼吸系統影響的研究. 護理學雜志, Journal of Nursing Science, 18, 325-327. (CGL 006) 
劉美娟, 董光輝, 潘國偉, 井立斌, 馬英順, 董千澤 & 韓安崗 (2006) 鞍山市大氣污染對兒童呼吸系統健康的影響. 環境與健康雜志, Journal 

of Environment and Health, 23, 198-201. (CGL 008) 
孔玲莉, 何慶慈, 許芬, 徐康裕 & 郭皓 (2001) 室內外空氣污染對學齡兒童呼吸系統影響的研究. 中國環境監測, Environmental Monitoring in 

China, 17, 43-48. (CGL 007) 
徐述章, 黃細花, 徐桂萍, 張素玲, 朱永中 & 曾艷芳 (2006) 兒童哮喘與環境空氣污染物關系的調查研究. 中國小兒急救醫學, Chinese 

Pediatric Emergency Medicine, 13, 347-349. (CFS 002) 
金银龙, 何公理, 刘凡, 洪燕峰, 程义斌, 王汉章, 赵宝新, 邓晓为, 刘力 & 张燕萍 (2002) 中国煤烟型大气污染对人群健康危害的定量研究. 

卫生研究, Journal of Hygiene Research, 31, 342-348. (CGL 010) 
陳坤華, 石田田, 伍祥芳, 王潤華, 周燕榮 & 曾軍 (1994) 重慶地區小兒支氣管哮喘與大氣污染和氣象因素關系的探討. 重慶醫學, Chongqing 

Medical Journal, 23, 8-10. (CAL 001) 
魏復盛 & 胡偉 (2000) 中國四城市空氣污染及其對兒童呼吸健康影響的分析. 世界科技研究與發展, World Sci-Tech R & D, 22, 9-13. (CGL 

005) 
 



Appendix 3: Outdoor Air Pollution and Chronic Obstructive Pulmonary Disease (COPD) (Chinese) – 
1983 to 2007 

 
Long-term 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / CGL 010 
(金银龙 et al., 
2002) 
(Also reviewed 
under lung 
function, 
asthma, and 
respiratory 
symptoms – 
long term) 
 
中国煤烟型大

气污染对人群

健康危害的定

量研究 
 
卫生研究, 
Journal of 
Hygiene 
Research, 31, 
342-348. 

n=2000, 
schoolchildren 
and their parents 
 
Taiyuan 太原, 
Shanxi 山西, 
China 
 
1994 to 1999 

Cross-sectional 
study, comparing 
the lung 
functions of 
children from 
districts with 
high, medium, 
and low 
(reference) 
pollution levels. 
 
Also studied 
were 
immunological 
parameters 
(salivary IgE, 
IgM, IgA, 
enzyme activity, 
and T-
lymphocytes); 
ECGs of the 
children; and the 
prevalence of 
respiratory 
illnesses in the 

PM2.5, 
PM10, 
SO2, NO2, 
B(a)P and 
heavy 
metals 

Age, sex, 
history of 
exposure to 
dust, history 
of exposure 
to toxicity, 
burning fuel, 
smoking, 
family 
history  

Adults: 
1. In the high pollution area, 
the adjusted ORs were 1.70, 
1.96, 2.05, and 2.10 for 
respiratory symptoms, 
asthma attacks, pneumonia, 
and COPD respectively. 
2. Each unit increase in ln 
[SO2], ln [TSP], ln [PM10], 
and ln [PM2.5] during coal 
burning increases the risk of 
respiratory symptoms by 
1.39, 1.71, 1.67, and 1.79 
times, respectively. 
3. Each unit increase in ln 
[SO2], ln [TSP], ln [PM10], 
and ln [PM2.5] during coal 
burning increases the risk of 
COPD by 1.31, 1.53, 1.51, 
and 1.68 times, respectively. 
Children: 
1. Each unit increase in ln 
[PM10] reduced the FVC by 
194 ml and the FEF50 by 172 
ml.  

1. Baseline data of 
air pollution 
presented, but that 
of children not 
presented 
2. Statistical 
model unclear 
3. Confounders 
adjusted for 
4. Results 
comprehensive 
5. Discussion 
appropriate 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

children and their 
parents 
 
Stepwise 
regression was 
used 

2. Each unit increase in ln 
[SO2] reduced the FVC by 69 
ml and the FEF50 by 119 ml. 
3. The prevalence of 
respiratory illnesses and 
symptoms were significantly 
higher in the high and 
medium pollution districts 
than in the low pollution 
(reference) district. 
Others: 
1. Immune markers were 
inconsistent or not significant 
among the 3 districts. 

2. / CCoL 
004 
(單淑香 and 
陳寶元, 
2005) 
 
天津市農村

地區慢性阻

塞性肺疾病

危險因素的

研究. 
 
天津醫科大
學學報, 
Journal of 
Tianjin 

n=1508, mean 
age=55 
 
Baodi 寶坻, 
Tianjin 天津, 
China 

Cross-sectional 
prevalence study 
of chronic 
obstructive 
pulmonary 
disease (COPD) 
 
Logistic 
regression model 
was used 

Not 
reported 

No. of people 
in the 
household, 
residential 
area, pets, 
duration of 
use of 
firewood for 
fuel, 
smoking, 
cooking, age, 
sex, family 
history 

Significant ORs for COPD 
with: 
1. Outdoor air pollution 

(26.67) 
2. Duration of firewood use 

(1.04) 
3. Smoking (1.80) 
4. Cooking (0.52) 
5. Family history (3.73) 
 

1. Baseline data of 
subjects presented; 
air pollution data 
obtained only by 
questionnaire 
2. Statistical 
model: calculation 
of air pollution 
index unclear 
3. Confounders 
adjusted for 
4. Results simple: 
assessment of 
outdoor air 
pollution level not 
explained; 
reference group of 

3 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

Medical 
University, 
11, 113-116. 

risk factors not 
specified 
5. Discussion 
appropriate 

3. / CCoL 
005 
(陳寶元 et 
al., 2006) 
 
天津市農村

地區慢性阻

塞性肺疾病

流行病學調

查. 
 
中華全科醫
師雜志, 
Chinese 
Journal of 
General 
Practitioners, 
5, 596-598. 

(Same as for 
CCoL 004) 

(Same as for 
CCoL 004) 

(Same as 
for CCoL 
004) 

Duration of 
use of 
firewood for 
fuel, 
smoking, 
cooking, age, 
sex, family 
history 

(Same as for CCoL 004) 1. Baseline data of 
subjects and that 
of air pollution not 
presented 
2. Same study as 
CCoL 004 
(please refer to 
CCoL 004 for 
other points) 

3 

 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
Number of papers: 3 (Long-term effects: 3) 
Number of studies: 2 
Study design: 
Cross-sectional: 2 
 



 
單淑香 & 陳寶元 (2005) 天津市農村地區慢性阻塞性肺疾病危險因素的研究. 天津醫科大學學報, Journal of Tianjin Medical University, 11, 

113-116. (CCoL 004) 
金银龙, 何公理, 刘凡, 洪燕峰, 程义斌, 王汉章, 赵宝新, 邓晓为, 刘力 & 张燕萍 (2002) 中国煤烟型大气污染对人群健康危害的定量研究. 

卫生研究, Journal of Hygiene Research, 31, 342-348. (CGL 010) 
陳寶元, 單淑香, 陳哲, 馮靖, 李津娜, 李碩, 鐘曉芃, 周偉, 鄭立文 & 趙麗紅 (2006) 天津市農村地區慢性阻塞性肺疾病流行病學調查. 中華

全科醫師雜志, Chinese Journal of General Practitioners, 5, 596-598. (CCoL 005) 



Appendix 4: Outdoor Air Pollution and Cardiovascular Diseases (Chinese) – 1983 to 2007 
 

Long-term 
 
Author, Title & 

Source 
Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / CFL 026 
(金永堂 and 周曉鐵, 
1997) 
(Also reviewed under 
lung function – long 
term) 
 
大氣污染對青少年

血壓及肺功能的影

響 

 
現代預防醫學, 
Modern Preventive 
Medicine, 24, 493-
494. 

n=250, 
schoolchildren, 
aged 10 to 15 
(boys=125, 
girls=125) 
 
China 
(region not 
specified) 
 
Year not specified

Cross-sectional 
study comparing 
polluted with 
reference districts 
 
Statistical method 
not specified 

Air 
pollutant 
from a 
metal 
refinery 
plant 
(pollutant 
not 
specified) 

Not reported 1. There was 
significantly lower FVC 
in both boys (P<0.05) 
and girls (P<0.01) in the 
polluted district. 
2. There was 
significantly lower FEV1 
in girls in the polluted 
district (P<0.05). 
3. There was statistically 
higher blood pressure 
(both systolic and 
diastolic) in all subjects 
(except boys aged 13–15) 
in the polluted district 
(P<0.05). 

1. Baseline 
data of 
pollutants 
and 
subjects’ 
health not 
presented 
2. 
Confounders 
not adjusted 
for 
3. 
Discussion 
not focused 
on specific 
risk factors 

1 

 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
Number of papers: 1 (Long-term effect: 1) 
Number of studies: 1 
Study design: 
Cross-sectional: 1 
 
金永堂 & 周曉鐵 (1997) 大氣污染對青少年血壓及肺功能的影響. 現代預防醫學, Modern Preventive Medicine, 24, 493-494. (CFL 026) 



Appendix 5: Outdoor Air Pollution and Lung Function (Chinese) – 1983 to 2007 
 

A) Short-term 
 

Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / CFS 001 
(王黎華 et al., 
1994) 
 
空氣污染與兒童最

大呼氣流速變化的

關系 
 
環境與健康雜志, 
Journal of 
Environment and 
Health, 11, 243-
246. 

n=60, 
schoolchildren 
aged 9 to11 
 
Beijing 北京, 
China 
 
Year not specified

Panel study where 
PEF was 
measured 3 times 
a day, and 
respiratory signs 
& symptoms and 
drug use were 
recorded daily 
 
Multiple linear 
regression was 
used 

SO2, NO2 
(stationary 
and personal 
sampling)  

Sex, age, 
weight, 
height, 
cooking and 
heating fuel 
(coal / gas), 
physical 
activity 

1. There was negative 
association between 
PEF and personal 
exposure of SO2 
(P=0.02). 
2. The stationary 
monitor measured 
significant (P=0.01) 
negative association 
between diurnal 
change in PEF and 
NO2. 

1. Baseline data 
presented 
2. Relation 
between NO2 and 
change in PEF not 
explained 
3. Effects of other 
pollutants not 
addressed 
4. Discussion: does 
not address why 
PEF (pm)> PEF(am) 
5. No references 
cited 

2 

2. / CFS 002 
(徐述章 et al., 
2006) 
(Also reviewed 
under asthma-short 
term) 
 
兒童哮喘與環境空

氣污染物關系的調

查研究 
 
中國小兒急救醫學, 

n=49, asthmatics 
aged 5 to 11 
 
Huizhou 惠州, 
Guangdong 廣東, 
China 
 
2003 

Panel study of 
children’s FEV1, 
PEF, frequency of 
asthmatic attacks, 
use of 
medication, and 
score of severity 
 
Pearson’s 
correlation was 
used for API and 
lung function 

PM10, SO2, 
NO2 
(monthly 
mean) 

Not reported 1. PM10 has the 
strongest adverse 
effect on asthmatics’ 
lung function. 
2. PM10 is associated 
with the length of use 
of β2 agonist. 
3. Frequency of 
asthma and severity 
score not 
significantly 
associated with air 
pollution. 

1. Baseline data 
presented 
2. Statistical results 
not shown 
(Pearson’s 
correlation or 
regression 
coefficients not 
presented) 
3. Discussion on 
impact by different 
pollutants not 
clearly presented 

1 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

Chinese Pediatric 
Emergency 
Medicine, 13, 347-
349. 

 
B) Long-term 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

3. / CFL 001 
(胡雁, 2003) 
(Also reviewed 
under mortality 
– long term) 
 
青島市大氣污

染對人體健康

經濟損失評估 
 
中國公共衛生, 
China Public 
Health, 19, 940-
941. 

Schoolchildren 
for lung function 
test (1998) and 
mortality data for 
entire population 
of Qingdao (1995 
to 1998) 
 
Qingdao 青島, 
Shandong 山東, 
China 
 
1995 to 1998 

Cross-sectional 
study: 
1. Comparing 
lung functions of 
children in 
polluted, urban 
district with 
those in 
reference district 
2. Comparing 
lung cancer 
mortality rates 
between urban 
and reference 
district 
3. Assessing 
economic impact 
(health cost) of 
air pollution 
 
T-test and U-test 
were used 

TSP, SO2, 
NOx 

Not reported 1. Children in the urban group 
had a lower VC%, FVC, FEV1 
and FEV/VCPR% than those in 
the reference group (P<0.05). 
2. The urban group have a 
higher lung cancer mortality 
rate than the reference group 
(P<0.01). 
3. The economic loss due to air 
pollution was estimated to be 
RMB 353 million. 
4. The SO2 concentration level 
ranged from 2.6 to 4.6 from 
1981 to 1990, and dropped 
gradually to 1.6 in 2000. 
5. The TSP concentration level 
ranged from 1.0 to 3.9 from 
1981 to 1990, and dropped 
gradually in 2000. 
6. The NOx concentration level 
was stable, ranging from 0.6 to 
1.4 in 1981 to 2000. 

1. Method not 
well presented 
2. Several 
studies presented 
in one paper: 
lung function, 
mortality rate, 
and economic 
loss 
3. Baseline data 
on children’s 
health not 
presented 
4. Discussion too 
brief 

2 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

4. / CFL004 
(朱順澤 et al., 
1990) 
 
鉛鋅冶煉廠廢

氣對環境及青

少年健康的影

響 
 
安徽醫科大學
學報 , Acta 
Universitis 
Medicinalis 
Nahui, 25, 94-
96. 

n=168 
(pollution=108, 
reference=60), 
high school 
students living 
close to a lead-
zinc refinery 
 
China 
(region not 
specified) 
 
Year not 
specified 

Cross-sectional 
study comparing 
students in 
polluted and 
reference 
districts on these 
outcomes: 
FVC, FEV1, 
FEF75-85, RBC, 
WBC, blood Pb, 
salivary 
lysozyme, 
fluoride in teeth 
 
T-test and non-
parametric test 
were used 

TSP, SO2, 
NOx, Pb, 
F- 

Not reported 1. In the polluted district, 
FEF75-85, REC and S-L were 
significantly lower than in the 
reference district. 
2. Blood Pb and prevalence of 
F- in teeth were significantly 
higher in the polluted district 
than in the reference district. 

1. Baseline data 
presented 
2. Confounders 
not adjusted for 
3. Environmental 
pollution well 
documented 
4. Discussion 
adequate 

3 

5. / CFL 006 
(張紅 et al., 
1999) 
 
大氣污染對城

鄉婦女肺功能

影響的調查研

究 
 
山西醫藥雜志, 
Shanxi Medical 
Journal, 28, 
293-294. 

n=100 
(pollution=50, 
reference=50), 
females aged 25 
to 35 
 
Taiyuan 太原, 
Shanxi 山西, 
China 
 
1998 to 1999 

Cross-sectional 
study comparing 
women in the 
polluted district 
with those in the 
rural (reference) 
district 
 
T-test was used 

TSP, SO2 Smoking, 
passive 
smoking, 
type of fuel 
used (coal / 
gas) 

The percentages of abnormal 
(<80% predicted value) PEFR 
(P=0.020) and V25 (P=0.045) 
were significantly higher in 
women from the reference 
district. 

1. Baseline data 
presented 
2. Higher PEFR 
abnormality in 
rural women 
explained by 
indoor air 
pollution, as a 
higher 
percentage use 
coal as fuel 
3. Discussion: 
Weak supporting 
evidence 

2 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

6. / CFL 008 
(高紅霞 et al., 
2000) 
 
唐山市工業區

大氣污染對兒

童健康影響的

研究 
 
環境與健康雜
志, Journal of 
Environment 
and Health, 17, 
349-401. 

n=452 
(pollution=214, 
reference=238), 
schoolchildren 
aged 7 to 15 
 
Tangshan 唐山, 
Hebei 河北, 
China 
 
Year not 
specified 

Cross-sectional 
study comparing 
groups in 
polluted and 
reference 
districts for these 
outcomes: 
1. Lung function 
– VC, FVC, 
FEV1, V25, V50, 
V75, V25-75; 
MVV 
2. Respiratory 
illness 
3. Salivary 
lysozyme, SIgA 
 
T-test was used 

CO, TSP, 
SO2, NOx 

Age, gender, 
indoor air 
pollution 
(passive 
smoking, 
cooking, 
ventilation, 
etc.) 

1. There was significantly 
higher lung function (VC, 
FEV1, V75, V50) in the 
reference district (P<0.05). 
2. In the polluted district, the 
prevalence of respiratory 
illness in children was 
significantly higher 
3. Salivary lysozyme was 
significantly lower in children 
from the polluted district 

1. Baseline data 
presented 
2. Confounders 
not adjusted for 
3. Discussion of 
abnormal results 
(SIgA) not 
convincing 

2 

7. / CFL 009 
(高紅霞 et al., 
2001) 
 
唐山市工業區

大氣污染對小

學生肺功能的

影響 
 
環境污染與防
治, 
Environmental 
Pollution & 

(Same as for 
CFL 008) 

(Same as for 
CFL 008) 
 
Multiple 
stepwise 
regression and 
chi-square test 
were used 

(Same as 
for CFL 
008) 

(Same as for 
CFL 008) 

1. Lung function results: Same 
as for CFL 008 
2. MVV negatively associated 
with SO2 (Multiple correlation 
coefficient=0.92, P=0.01) 
3. Indoor air pollution index: 
Opening windows for 
ventilation was associated with 
FEV1 (Multiple correlation 
coefficient=0.90, P=0.05) 

1. Same study, 
results and even 
tables as CFL 
008; only added 
features were 
associations of 
lung function 
with SO2 and 
indoor air 
pollution 
2. Discussion 
was superficial 

2 
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& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

Control, 23, 
323-325. 
8. / CFL 010 
(高紅霞 et al., 
2002) 
 
空氣污染對兒

童部分免疫及

肺通氣功能的

多因素分析 
 
環境與健康雜
志, Journal of 
Environment 
and Health, 19, 
204-206. 

n=1368 
(pollution=656, 
reference=712), 
schoolchildren 
aged 7 to 15 
 
Tangshan 唐山, 
Hebei 河北, 
China 
 
1988 to 1998 

(Same as for 
CFL 008) 
 
Multiple 
stepwise 
regression was 
used 

(Same as 
for CFL 
008) 

(Same as for 
CFL 008) 

1. There were significantly 
negative correlations for SO2 
and NOx with the activity of 
saliva lysozyme, the contents 
of salivary IgA, and the levels 
of VC, FVC, FEV, MVV, V25, 
V50 and V75 
(P=0.0005~0.00086). 
2. Some findings have been 
presented in CFL 008. 

(Same as for 
CFL 008 and 
CFL 009) 

2 

9. / CFL 011 
(魏復盛 et al., 
2001b) 
 
空氣污染與兒

童肺功能指標

的相關分析 
 
中國環境科學, 
China 
Environmental 
Science, 21, 
385-389. 

n=15600, 
schoolchildren 
 
Guangzhou 廣州, 
Wuhan 武漢, 
Lanzhou 蘭州, 
Chongqing 重慶, 
China 
(Part of the four 
cities study) 
 
1993 to 1997 

Two-stage cross-
sectional study 
 
Stepwise 
multiple linear 
regression was 
used 

TSP, 
PM2.5, 
PM2.5-10, 
PM10, SO2, 
NOx 

Sex, age, 
height, 
weight, home 
indoor air 
quality, 
history of 
asthma / 
bronchitis 
and others 

1. Significant negative 
correlation between: (i) 
adjusted FEV1 and TSP; and 
(ii) adjusted FEV1/FVC and 
PM2.5, PM2.5-10, PM10, and 
TSP. 
2. Significant positive 
correlation between abnormal 
FEV1/FVC % (≤80%) and 
PM2.5, PM10, and TSP. 
3. Correlation between SO2 
and the above variables was 
not significant. 
4. The relation between 

1. Baseline not 
shown, but 
referenced 
2.Methods 
appropriate 
3.Confounders 
adjusted for 
4. Results clearly 
shown 
5 Discussion: 
Did not explain 
unexpected 
findings (NOx); 
did not address 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

abnormal FEV1 % (≤85%) and 
NOx was significant but 
negative. 

biases and 
limitations 

10. / CFL 012 
(魏復盛 et al., 
2001a) 
 
空氣污染對兒

童肺功能指標

影響的初步分

析 
 
中國環境監測, 
Environmental 
Monitoring in 
China, 17, 61-
66. 

n=15600, 
schoolchildren 
 
Guangzhou 廣州, 
Wuhan 武漢, 
Lanzhou 蘭州, 
Chongqing 重慶, 
China 
(Part of the four 
cities study) 
 
1993 to 1997 

Two-stage cross-
sectional study 
comparing the 
lung functions of 
children in high, 
moderate and 
low pollution 
districts 
 
Log linear 
regression was 
used 

Air 
pollution 
data sorted 
by city 
into urban 
/ rural 
categories, 
and finally 
graded as 
high, 
moderate, 
and low 
pollution 
districts 

Age, sex, 
height, 
indoor 
temperature, 
FEV1, FVC 

1. There was a significantly 
higher rate of abnormal FVC, 
FEV1, and FEV1/FVC in the 
high pollution districts than in 
the moderate and low pollution 
districts. 
2. Heavy air pollution 
increased the abnormal rate of 
FVC, FEV1, and FEV1/FVC 
from 30% to 78%, 52% to 
86%, and 144% to 218% 
(figures for the latter were 
different in the abstract, at 
102% to 127%), respectively. 
3. Children with respiratory 
illness had lower FEV1 and 
FVC (330 to 460 ml); and 
lower FEV1/FVC (13% to 
15%). 

1. Baseline air 
pollution data 
not presented 
2. Methods: 
Field tests not 
clearly 
presented; 
statistical 
method 
appropriate 
3. Confounders 
adjusted for 
4. Results: 
Figures in 
abstract different 
from those in 
table 
5. Discussion: 
Did not address 
city differences 
adequately 

3 

11. / CFL 013 
(孔玲莉 et al., 
2001) 
 
學齡兒童肺功

能的影響因素

分析 

n=500, 
schoolchildren 
 
Wuhan 武漢, 
China 
(Part of the four 
cities study) 

(Same as for 
CFL 011) 
 
4-year cohort 
study where data 
were analyzed as 
in a cross-

Cooking & 
heating 
fuel, ETS, 
TSP, SO2, 
NOx 

Age, height, 
weight, year 
of residence, 
parents’ 
smoking, 
housing, 
kitchen type, 

1. There was significant 
negative association between 
TSP and FEF25-75 in both boys 
and girls (P<0.01). 
2. There was significantly 
lower FEF25-75 in the polluted 
district, in both boy and girls 

1. Baseline data 
of children 
presented, but 
that of air 
pollution not 
shown 
2. Methods do 

3 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

 
中國環境監測, 
Environmental 
Monitoring in 
China, 17, 91-
98. 

 
1993 to 1997 

sectional study, 
comparing 
children’s lung 
functions in 
polluted and 
reference 
districts 
 
Multiple 
stepwise 
regression was 
used 

ventilation, 
fuel use 

aged 9 to 11. 
3. TSP significantly lowers 
FVC and FEV25-75; other risk 
factors for lung function are 
SO2, coal burning, NOx, and 
ETS. 

not mention how 
prospective data 
were used; only 
mean lung 
function values 
were presented; 
seasonal and 
yearly changes 
were not 
addressed 
3. Statistical 
methods used 
were for a cross-
sectional study, 
not a cohort 
study. 

12. / CFL 014 
(董勝璋 et al., 
1999) 
 
工業區大氣污

染對兒童肺功

能影響研究 
 
環境與健康雜
志, Journal of 
Environment 
and Health, 16, 
71-73. 

n=187 
(pollution=98, 
reference=89), 
schoolchildren 
aged 11 to 13 
 
Guangzhou 廣州, 
China 
 
Year not 
specified 

Cross-sectional 
study comparing 
children’s lung 
function in 
polluted and 
reference 
districts 
 
Multiple 
stepwise 
regression was 
used 

SO2, NOx 
(By direct 
measurem
ent) 

Height, 
weight, chest 
width, age, 
sex, cooking 
fuel, passive 
smoking, 
kitchen type, 
living area 

1. There were significantly 
higher lung functions (VC, 
FVC, FEV1, MMEF, V25, and 
V50) for girls in the reference 
district, compared with girls in 
the polluted district (P<0.05). 
2. There was significantly 
higher FVC for boys in the 
reference district, compared 
with boys in the polluted 
district (P<0.05). 
3. The mean concentration 
level of SO2 was 0.056 mg/m3 
in the reference district, and 
0.068 mg/m3 in the polluted 

1. Baseline data 
presented; 
sample size was 
small 
2. Statistical 
method 
appropriate 
3. Results of 
regression model 
not presented 
4. Discussion 
fair; suggested 
daily maximum 
concentration 
may be more 

2 
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& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

district. 
4. The mean concentration 
level of NOx was 0.047 mg/m3 
in the reference district, and 
0.090 mg/m3 in the polluted 
district. 
5. NOx was significantly 
negatively correlated with 
MMF, V25, and V50. 

relevant than 
daily mean 
concentration of 
air pollutants 

13. / CFL 015 
(王漢章 et al., 
2003) 
 
煤煙型大氣污

染對兒童肺功

能的影響 
 
衛生研究, 
Journal of 
Hygiene 
Research, 32, 
138-140. 

n=450 
(high=150, 
moderate=150 
and 
reference=150), 
schoolchildren 
aged 9 to 12 
 
Taiyuan 太原, 
Shanxi 山西, 
China 
 
Year not 
specified 

Cross-sectional 
study comparing 
children’s lung 
function in high, 
moderate, and 
low pollution 
(reference) 
districts 
 
Linear and 
logistic 
regressions were 
used 

TSP, 
PM10, 
PM2.5, 
SO2, NOx 

Height, 
weight, sex, 
heating 
system, 
heating 
duration, 
cooking fuel, 
ventilation 
condition in 
kitchen, 
kitchen type, 
home 
location 

1. There were significantly 
lower lung functions (FVC, 
FEV1, FEF25, FEF50, FEF25-75) 
in the high pollution district, 
compared with the moderate 
and low pollution districts 
(P<0.01). 
2. Each 1 mg/m3 increase in 
PM10 decreases FVC and 
FEF50 by 193.50 ml and 171.69 
ml, respectively. 
3. Each 1 mg/m3 increase in 
SO2 decreases FVC and FEF50 
by 69.10 ml and 119.79 ml, 
respectively. 
4. FVC, FEV1, FEF25, and 
FEF75 were significantly lower 
in the heating season than in 
the non-heating season. 

1. Baseline data 
on children not 
presented 
2. Method 
appropriate 
3. Results: Some 
values shown in 
table do not 
agree with text 
4. Discussion 
fair 

2 
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14. / CFL 016 
(陈小琳 et al., 
1993) 
 
大氣二氧化硫污

染對婦女和兒童

肺功能的影響 
 
環境與健康雜志, 
Journal of 
Environment and 
Health, 10, 152-
155. 

n=208 (females 
aged 50 to 
59=105, 
children=98) 
 
Shanghai 上海, 
China 
 
Year not 
specified 

Cross-sectional 
study comparing 
lung functions of 
residents in 
districts with high 
and low SO2 
levels 
 
Multiple stepwise 
regression, with 
log or square root 
transformation of 
the lung function, 
was used 

SO2, ETS Age, height, 
sex, weight, 
passive 
smoking, 
cooking, 
living area, 
education 
level 

1. A 60 µg/m3 increase in 
SO2 decreases FVC by 
56.53 ml in adults and 
99.48 ml in children, 
respectively. 
2. A 60 µg/m3 increase in 
SO2 decreases FEV1 by 
70.15 ml in children. 
3. Other significant risk 
factors of children’s lung 
function are ETS and 
mean living area per 
person 

1. Baseline data 
on subjects not 
presented 
2. Methods 
appropriate  
3. Results: 
Some errors in 
values in 
equation; 
otherwise 
clearly 
presented 
4. Discussion 
fair 

3 

15. / CFL 017 
(張金良 et al., 
2001) 
 
兒童肺功能與其

居住區大氣污染

水平的關系 
 
北京大學學報 (醫
學版), Journal of 
Beijing Medical 
University, 33, 
578-579. 

n=487, 
schoolchildren 
 
Beijing 北京, 
China 
 
Year not 
specified 

Cross-sectional 
study comparing 
children’s lung 
functions in 
polluted, 
residential, and 
clean (reference) 
districts 
 
T-test, chi-square 
test, and one-way 
ANOVA were 
used 

CO, TSP, 
SO2, NOx  

Age, height, 
body weight, 
coal for 
cooking, coal 
/ gas heating, 
ETS, housing, 
single room 
per child, 
kitchen 
ventilation, 
home 
renovation 

1. In the three-district 
comparison, there were 
significantly higher lung 
functions (SVC, FVC, 
FEV1, FEV1/FVC, 
MMEF, and V25, 
expressed as % of 
predicted value) in the 
reference district 
(P<0.05), These were 
adjusted for age, height 
and body weight. 
2. In the reference district, 
MMEF and V25 were 
significantly higher in 
children who occupy a 
single room; coal for 

1. Baseline data 
presented 
2. Confounders 
adjusted for 
only in 
reference 
district 
3. Statistical 
method: 
Multiple 
regression not 
used 
3. Discussion 
fair 

2 
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Exposures Confounders Main Findings Remarks CoI 

cooking significantly 
lowered V25. 

16. / CFL 018 
(胡懷明 et al., 
1997) 
(Also reviewed 
under mortality 
and respiratory 
diseases & 
symptoms – long 
term) 
 
工業區空氣污染

對兒童健康及居

民死因的影響 
 
中國公共衛生 , 
China Journal of 
Public Health, 13, 
289. 

n=1300, 
schoolchildren 
from polluted and 
reference 
districts; 
mortality 
statistics in the 
two districts 
 
Songjiang 松江, 
Heilongjiang 黑
龍江, China 
 
Year not 
specified 

Cross-sectional 
study comparing: 
1. Children’s lung 
function, immune 
response, and 
prevalence of 
respiratory signs 
and symptoms; 
2. Age-
standardized and 
age-specific 
mortality rates, 
3. Ranking of 
cause of death 
between polluted 
and reference 
districts 

Total 
hydrocarbon
s, TSP, SO2, 
NOx 

Not reported 1. There was significantly 
higher lung function 
(FEF75-85) in the reference 
district compared with the 
polluted district (P<0.05). 
2. There were 
significantly higher 
prevalence rates of 
respiratory symptoms 
(nasal swelling, chronic 
rhinitis, tonsillitis, and 
pharyngitis) in the 
polluted district, 
compared with the 
reference district 
(P<0.01). 
3. There were 
significantly higher age-
standardized and age-
specific mortality rates in 
the polluted district 
compared with the 
reference district 
(P<0.05), except for the 
age groups of 30– and 
35–. The difference was 
significant among those 
aged ≥50 (P<0.01). 
 

1. Methods too 
brief, especially 
on immune 
response 
2. Baseline data 
not fully 
presented 
3. Discussion 
too brief 
4. Several 
comparisons 
made in one 
paper 

2 
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17. / CFL 020 
(曹力生, 2003) 
 
汽車尾氣污染對

交通警察肺通氣

功能的影響 
 
職業衛生與病傷, 
Journal of 
Occupational 
Health and 
Damage, 18, 253-
254. 

n=95 
(civilians=42, 
traffic 
policemen=53, of 
which 7 were 
also in the 
before-after 
study) 
 
Xichang 西昌, 
Sichuan 四川, 
China 
 
Year not 
specified 

1. Cross-sectional 
study comparing 
lung functions of 
traffic policemen 
with civilians 
(reference group) 
2. Before-after 
study comparing 
changes in lung 
function, pre- and 
post-shift 
 
Chi-square test 
was used 

PM10, NO2 Not reported 1. In the cross-sectional 
study, there were 
significantly higher lung 
functions (VC, FVC, 
FEV1, FEV1%, MMEF, 
PEFR, MVV, and FEF75) 
in the reference group 
than in the traffic 
policemen (P<0.05 to 
P<0.01). 
2. In the before-after 
study, FEV1, FEV%, 
MMF, PEFR, and V75 
decrease after 4 hours on 
duty 

1. Baseline data 
not presented 
2. Statistical 
method: 
Univariate 
analysis only; 
data on 
confounders 
not collected; 
pre- and post-
shift changes in 
lung function 
not tested for 
significance 
3. Discussion 
too brief 

1 

18. / CFL 021 
(席淑華 et al., 
2000) 
 
大氣污染對兒童

健康所致潛在危

害研究 
 
環境與健康雜志, 
Journal of 
Environment and 
Health, 17, 26-28. 

n=300, Grade 1 
and Grade 6 
primary school 
pupils from 2 
schools 
(pollution=150, 
reference=150) 
 
China 
(region not 
specified) 
 
1998 

Cross-sectional 
study comparing 
lung functions of 
children, from 
schools in high 
pollution and 
reference districts 
 
T-test was used 

TSP, SO2, 
NOx 
(5-day mean 
concentratio
n) 

Sex, height, 
school grade 

1. TSP in the polluted 
district was 2 times higher 
than in the reference 
district; SO2 levels were 
similar; but NOx in the 
reference district was 2 
times higher than in the 
polluted district. 
2. The FVC was 
significantly lower (~8%) 
for Grade 1 boys in the 
polluted district compared 
to the reference district; 
for Grade 1 girls, there 
was no significant 

1. Baseline data 
of pollution 
presented; that 
of children not 
shown 
2. Method: No 
multivariate 
model 
3. Confounders 
adjusted for by 
stratified 
analysis 
3. Results: 
Some 
numerical 

2 
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difference. For Grade 6 
students, the difference 
was insignificant for both 
sexes. 
3. Salivary secretory IgA 
was lower in the polluted 
district; significantly so 
for boys in Grade 1. 
4. Serum IgE was 
significantly lower in all 
children from the polluted 
district. 

errors in table 
4. Discussion 
fair, but did not 
address effect 
of NOx in the 
reference 
district 

19. CFL 022 
(彭中貴 et al., 
2001c) 
 
重慶大氣污染與

兒童肺功能橫截

面研究 
 
中國環境監測 , 
Environmental 
Monitoring in 
China, 17, 98-102. 

n=3536 
(females=1792, 
males=1744), 
aged 7 to 14 
 
Chongqing 重慶, 
China 
(Part of the four 
cities study) 
 
1995 

Cross-sectional 
study comparing 
children’s lung 
functions in 
polluted and 
reference 
districts; further 
comparison with 
children in the 
USA 
 
Multiple 
regression was 
used 

SO2, PM2.5, 
PM10 

Sex, age, 
height, 
weight, birth 
weight, 
housing type, 
parental 
education 
level, family 
history, 
current health 
status, coal 
burning 

1. Crude FEV1 in the 
polluted district was 
slightly lower than in the 
reference district. 
2. In the American 
subjects, FVC and FEV1 
were 14% and 9% higher 
respectively, compared to 
those in Chongqing (from 
both polluted and 
reference districts). 
3. Housing type, low 
parental education level, 
coal burning, and low 
birth weight were risk 
factors for lower FVC and 
FEV1. 
4. Regression equations 
for FVC and FEV1 in 

1. Baseline data 
presented 
2. Statistical 
method 
appropriate 
3. Confounders 
addressed 
4. Statistically, 
results were 
unclear; 
comparisons of 
adjusted FEV1 
and FVC 
between 
polluted and 
reference 
districts were 
not presented 
5. Discussion 

2 
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normal children were 
obtained. 

too brief 

20. / CFL 023 
(彭中貴 et al., 
2001a) 
 
重慶大氣環境質

量與兒童肺功能

的前瞻性研究 
 
中國環境監測 , 
Environmental 
Monitoring in 
China, 17, 87-91. 

n=457 
(pollution=286, 
reference=171), 
aged 7 to 13 
 
Chongqing 重慶, 
China 
(Part of the four 
cities study) 
 
1994 to 1996 

Prospective 
cohort study, 
comparing 
children’s lung 
functions in 
polluted and 
reference districts 
 
T-test was used 

Not reported 
in this paper 
(According 
to CFL 022, 
PM and 
SO2) 

Sex, age, 
height, weight 

1. The growth rate of lung 
function was significantly 
higher in the reference 
district than in the 
polluted district, for both 
genders. 
2. There was no 
difference in the growth 
height and increase in 
body weight in the two 
districts. 

1. Baseline data 
of air pollution 
levels and of 
the children 
were not 
presented 
2. Information 
on age in the 
abstract does 
not agree with 
that in the text 
3. Statistical 
results not 
shown; no 
adjustment for 
confounders 
4. Discussion 
was superficial 

2 

21. / CFL 024 
(彭中貴 et al., 
2001b) 
 
大氣污染與兒童

肺功能的典型相

關分析 
 
中國環境監測, 
Environmental 
Monitoring in 

n=3957 
(pollution=2499, 
reference=1458), 
aged 7 to 13 
 
Chongqing 重慶, 
China 
(Part of the four 
cities study) 
 
1994 to 1996 

Cohort study 
collecting lung 
function data 
from subjects in 
polluted and 
reference districts 
 
Canonical 
correlation 
analysis was used 

PM2.5, 
PM10, 
PM2.5-10, 
TSP, SO2, 
NOx 

Sex, age, 
height, weight 

1. There were negative 
associations between the 
concentrations of air 
pollutants and lung 
function. 
2. FEV1 and PEFR were 
affected by air pollutant 
concentration, especially 
by PM2.5. 

1. Baseline data 
of children’s 
lung function 
was shown, but 
that of air 
pollution levels 
was not shown 
2. Statistical 
method 
appropriate 
3. Confounders 

2 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

China, 17, 76-80. (height and 
sex) adjusted 
for 
3. Discussion 
too brief 

22. / CFL 025 
(宋宏 et al., 1998) 
 
石油化工企業外

環境空氣臭氧水

平與兒童健康關

系的研究 
 
環境與健康雜志, 
Journal of 
Environment and 
Health, 15, 61-64. 

n=1457, 
schoolchildren 
aged 9 to 12 
 
China 
(region not 
specified) 
 
1994 to 1995 

Cross-sectional 
study comparing 
lung functions 
between a 
reference district 
and in different 
parts of a polluted 
district. Subjects 
were from 3 
schools, located 
1000 m, 1500 m, 
and 2000 m away 
from a 
petrochemical 
factory 
 
Stepwise 
regression was 
used 

O3 Sex, age, 
weight, 
height, chest 
width, 
respiratory 
disease index 
(RSPD), 
indoor air 
pollution 
index (NAP), 
passive 
smoking 
index 
(PSMK), 
living 
condition 
index (LICD) 

The children in polluted 
districts had significantly 
lower MMEF (P<0.001) 
and FEF75 (P<0.01) than 
those in the reference 
district. 

1. Baseline data 
presented 
2. Methods: 
Lung function 
parameters may 
be over-
adjusted for 
(chest width) 
3. Stepwise 
regression 
results not 
shown 
4. Discussion 
fair 

2 

23. / CFL 026 
(金永堂 and 周曉

鐵, 1997) 
(Also reviewed 
under CVD – long 
term) 
 

n=250, 
schoolchildren, 
aged 10 to 15 
(boys=125, 
girls=125) 
 
China 

Cross-sectional 
study comparing 
polluted with 
reference districts 
 
Statistical method 
not specified 

Air 
pollutant 
from a 
metal 
refinery 
plant 
(pollutant 

Not reported 1. There was significantly 
lower FVC in both boys 
(P<0.05) and girls 
(P<0.01) in the polluted 
district. 
2. There was significantly 
lower FEV1 in girls in the 

1. Baseline data 
of pollutants 
and subjects’ 
health not 
presented 
2. Confounders 
not adjusted for 

1 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

大氣污染對青少

年血壓及肺功能

的影響 

 
現代預防醫學, 
Modern Preventive 
Medicine, 24, 493-
494. 

(region not 
specified) 
 
Year not 
specified 

not 
specified) 

polluted district (P<0.05). 
3. There was statistically 
higher blood pressure 
(both systolic and 
diastolic) in all subjects 
(except boys aged 13–15) 
in the polluted district 
(P<0.05). 

3. Discussion 
not focused on 
specific risk 
factors 

24. / CFL 027 
(江耀安, 1988) 
 
大氣中 SO2含量

與人群肺功能關

系 
 
環境與健康雜志, 
Journal of 
Environment and 
Health, 36. 

n=120 (polluted 
districts=90, 
reference 
district=30), aged 
33 
 
Liuzhou 柳州, 
Guangxi 廣西, 
China 
 
Year not 
specified 

Cross-sectional 
study comparing 
lung functions of 
subjects in 
polluted districts 
(high, moderate, 
and low 
pollution) with 
reference district 
 
Statistical method 
not specified 

SO2 Not specified 1. Lung functions (FVC, 
FEV1, MMEF, and FEF25-

75) were significantly 
lower in polluted districts, 
compared with the 
reference district 
(P<0.05). 
2. The prevalence rate of 
respiratory disease was 
higher in polluted 
districts. 

1. No baseline 
data 
2. Confounders 
not adjusted for 
3. Statistical 
method not 
described 
4. Some errors 
in the values 
and the nature 
of reported 
lung function 
parameters 

1 

25. / CFL 028 
(陳旸 et al., 2001) 
 
學齡兒童肺功能

水平影響因素的

研究 
 
中國環境監測 , 
Environmental 

Schoolchildren 
aged 7 to 12 
 
Guangzhou 廣州, 
China 
(Part of the four 
cities study) 
 
1995 to 1996 

Cross-sectional 
study comparing 
children’s lung 
functions in 
polluted and 
reference districts 
 
Multiple stepwise 
regression was 
used 

TSP, PM10, 
PM2.5, SO2, 
NOx 

Age, height, 
air 
conditioning, 
history of 
asthma, 
father’s 
smoking, 
heating fuel 
and other 
confounding 

1. There were significant 
negative associations 
between NOx and the 
FVC, FEV1, and FEF25-75 
in females (P<0.05). 
2. There were significant 
negative associations 
between SO2 and the FVC 
and FEV1 in females 
(P<0.01). 

1. Baseline data 
for air pollution 
levels and for 
children were 
not presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for, 

3 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

Monitoring in 
China, 17, 71-75. 

factors, 
interaction 
term (PM10 x 
SO2) 

3. There were significant 
negative associations 
between SO2 and the 
FEV1 and FEF25-75 in 
males (P<0.01). 
4. There were significant 
negative associations 
between NOx and the 
FEV1 and PEFR in males 
(P<0.05). 
5. There were significant 
negative associations 
between PM2.5 and the 
PEFR, FEV1, and FEF25-75 
in males (P<0.01). 

including 
indoor air 
pollutants 
4. Results 
clearly 
presented 
5. Discussion 
appropriate 

26. / CFL 029 
(張曉明 et al., 
1995) 
 
空氣污染與兒童

呼出氣最大流速

的研究 
 
環境與健康雜志, 
Journal of 
Environment and 
Health, 12, 53-55. 

n=400 (coal 
heating=200, gas-
based central 
heating=200), 
aged 10 to13 
 
Chengde 承德, 
Hebei 河北, 
China 
 
Year not 
specified 

Cross-sectional 
study comparing 
the PEF of 
children in two 
districts with coal 
heating and gas-
based central 
heating, before 
and after the 
‘home warming’ 
period 
 
Statistical method 
not specified 

TSP, CO, 
SO2, NO2 

Height, body 
weight, 
passive 
smoking 

1. Children in the coal 
heating group had 
significantly lower PEF 
than their counterparts 
with central heating 
during the post-home 
warming period (P<0.01). 
Also, their PEF after the 
warming period was 
significantly lower than 
their PEF before it. 
2. For the central heating 
group, there was no 
significant difference in 
the PEF before and after 
home warming. 

1. Baseline data 
not presented 
2. Confounders 
not adjusted for 
3. Discussion 
brief 

1 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

27. / CFL 030 
(趙寶新, 2003) 
 
太原市 PM10與

SO2空氣污染對兒

童肺功能的影響 
 
環境與職業醫學, 
Journal of Labour 
Medicine, 20, 203-
206. 

n=817, aged 9 to 
12 
 
Taiyuan 太原, 
Shanxi 山西, 
China 
 
1999 

Cross-sectional 
study with 2 
phases (during 
heating and non-
heating periods), 
comparing lung 
function among 
children in high, 
medium, and low 
(reference) 
pollution districts. 
Air pollution was 
measured in the 
outdoor, indoor, 
and classroom 
environments 
 
Linear regression 
was used 

PM10, SO2 Sex, ETS, 
heating, 
housing, and 
kitchen type 

1. With exposure to PM10, 
there was a significant 
decrease in the FVC, 
PEF, and FEF25 for both 
sexes, during the non-
heating period (P<0.01). 
2. With exposure to SO2, 
there was a significant 
decrease in the PEF and 
FEF25 for both sexes, 
during the non-heating 
period (P<0.01). 
3. During the heating 
period, the effect of PM10 
and SO2 on the FVC, 
FEV1, PEF, and FEF of 
females was significant. 

1. Baseline data 
presented 
2. Exposure 
assessment 
described 
3. Personal 
confounders 
addressed by 
using the 
difference 
between 
measured and 
predicted 
values 
4. Not clear if 
confounders 
were adjusted 
for in the 
regression 
model 
5. Relationship 
(whether direct 
or inverse) 
between air 
pollution and 
difference in 
lung function 
was not clearly 
stated 
6. Discussion 
brief 

3 
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Study Design & 
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Exposures Confounders Main Findings Remarks CoI 

28. / CFL 031 
(曹婉娟 et al., 
2003) 
 
紹興市學齡兒童

血鉛水平及健康

狀況的研究 
 
職業與健康, 
Occupation and 
Health, 19, 94-95. 

n=193, primary 
schoolchildren 
 
Shaoxing 紹興, 
Zhejiang 浙江, 
China 
 
Year not 
specified 

Cross-sectional 
study comparing 
children’s lung 
function and 
blood tests among 
three districts 
with different 
pollution levels 
 
One-way 
ANOVA was 
used 

PM10, Pb, 
TSP, SO2, 
NOx 

Not specified 1. There was insignificant 
difference in lung 
function among pupils 
from the three primary 
schools. 
2. The levels of salivary 
lysozyme and blood lead 
were significantly higher 
in children from the high 
polluted district (P<0.05). 

1. Baseline data 
presented 
2. Confounders 
not reported 
3. Discussion 
brief 

1 

29. / CFL 032 
(殷秀芬 et al., 
2005) 
 
威海市某煤制氣

廠附近大氣質量

及其對兒童健康

與肺功能的影響 
 
預防醫學論壇, 
Literature and 
Information On 
Preventive 
Medicine, 11, 179-
180. 

n=508 
(pollution=256, 
reference=252) 
 
Weihai 威海, 
Shandong 山東, 
China 
 
Year not 
specified 

Cross-sectional 
study comparing 
children’s lung 
function and the 
prevalence of 
respiratory 
illnesses between 
polluted and 
reference districts 
 
T-test was used 

TSP, SO2, 
NO2 

Not specified 1. There was a higher 
prevalence rate of 
respiratory disease and 
pharyngitis in the polluted 
district (P<0.05). 
2. There was lower lung 
function (VC, FVC, 
FEV1) in females in the 
polluted district (P<0.05). 

1. Baseline data 
presented 
2. Confounders 
not adjusted for 
3. Data 
separately 
analyzed by 
gender 
4. Discussion 
too brief 

1 

30. / CFL 033 
(王惠梅 et al., 
2004a) 

n=302 
(pollution=151, 
reference=151), 
aged 7-10 

Cross-sectional 
study comparing 
lung function of 
children in high 

TSP, SO2 Weight, 
height, sex, 
family 
member 

1. Between the two 
districts, which have 
different levels of outdoor 
air pollution, a 

1. Baseline data 
of air pollution 
presented, but 
that of children 

3 
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Exposures Confounders Main Findings Remarks CoI 

 
室內外空氣污染

對兒童呼吸健康

的影響及相關因

素研究 
 
山西醫藥雜志 , 
Shanxi Medical 
Journal, 33, 931-
934. 

 
Taiyuan 太原, 
Shanxi 山西, 
China 
 
Year not 
specified 

and low pollution 
districts 
 
Multiple stepwise 
regression was 
used 

smoking, 
housing type, 
heating 
system, 
cooking 
stoves, indoor 
ventilation 
system, open 
windows 

significantly higher 
prevalence of ‘cough 
without cold’ and ‘flu or 
other respiratory illness 
requiring sick leave’ was 
found in low pollution 
district. 
2. Some parameters of 
lung function were higher 
in the high pollution 
district. 

not presented 
2. Statistical 
model unclear 
3. Confounders 
addressed 
4. Results clear 
5. Discussion: 
The author 
attributed the 
unusual 
findings to 
differences in 
the indoor air 
pollution 
concentration 
levels (e.g. use 
of coal for 
cooking and 
heating). 

31. / CFL 034 
(高紅霞 et al., 
2006) 
 
大氣污染與小學

生因病缺課和肺

通氣功能、非特

異免疫功能關系

研究 
 
現代預防醫學 , 
Modern Preventive 

n=1332, 
schoolchildren 
aged 7 to 14 
 
Tangshan 唐山, 
Hebei 河北, 
China 
 
1993 to 2001 

Cross-sectional 
study comparing 
the lung function 
of children from 
industrial, 
business, high 
traffic, and clean 
districts 
 
Statistical method 
not specified 

TSP, SO2, 
NO2 

Not specified 1. The proportion of 
abnormal lung function 
values (VC, FVC, FEV1) 
were significantly higher 
in industrial, business, 
and high traffic districts 
than in the clean districts 
(P<0.05). 
2. There was a 
significantly higher rate 
of absence from school 
(P<0.01) among the 

1. Baseline data 
of air pollution 
and that of 
children’s 
health 
presented 
2. Methods not 
presented 
3. Confounders 
not adjusted for 
4. Results clear 
5. Discussion 

2 
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Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

Medicine, 33, 
1531-1534. 

industrial (32.6%), 
business (30.2%), and 
high traffic (40.1%) 
districts, compared with 
the clean district (24.8%). 
3. The salivary IgA level 
was higher in polluted 
districts than in the clean 
district. 

brief 

32. / CFL 035 
(張金良 et al., 
1995) 
 
北京市空氣污染

對兒童肺功能的

影響 
 
環境與健康雜志 , 
Journal of 
Environment and 
Health, 12, 206-
209. 

n=498 
(pollution=407, 
reference=91), 
schoolchildren 
aged 9 to 11 
 
Beijing 北京, 
China 
 
1992 

Cross-sectional 
study comparing 
lung function in 
children from 3 
polluted districts 
and 1 reference 
district 
 
Log multiple 
linear regression 
was used 

SO2, NOx, 
CO, TSP, 
EQI 
(Environme
ntal Quality 
Index), 
burning coal 
/ LPG / 
natural gas 

Height, 
weight, sex, 
age, burning 
fuel, heating 
condition, 
housing type, 
ETS 

1. There was significantly 
higher MVV and 
FEV1/FVC in the 
reference district 
(P<0.05). 
2. TSP and NOx were the 
two major air pollutants; 
SO2 had little adverse 
effect. 
3. The indoor combustion 
of coal may decrease the 
amount of air entering the 
small airways 
4. Combustion of liquid 
petroleum gas, especially 
natural gas, may reduce 
lung function in children. 
5. The adverse effect of 
ETS was not significant. 
6. MMEF and MVV are 
the only two sensitive 
lung function indices in 

1. Baseline data 
of air pollution 
presented; that 
of children’s 
health not 
presented 
2. Method 
appropriate 
3. Confounders 
addressed 
4. Result: 
Reference 
district had 
highest [SO2], 
lowest [TSP], 
2nd lowest 
[NO2], low 
[CO], and 2nd 
lowest EQI. 
Therefore, their 
conclusion 
about the 

2 
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this study. effects of the 
different 
pollutants on 
lung function, 
based on 
differences 
between the 
districts, was 
questionable. 

33. / CFL 036 
(田裘學 et al., 
2001) 
 
蘭州市空氣污染

對兒童肺功能影

響的前瞻性研究 
 
中國環境監測 , 
Environmental 
Monitoring in 
China, 17, 80-86. 

No. of 
measurements = 
3730, subjects 
aged 7 to 12 
 
Lanzhou 蘭州, 
Gansu 甘肅 , 
China 
(Part of the four 
cities study) 
 
1993 and 1996 

Prospective 
cohort study (2 
lung function 
measurements a 
year, for 3 years), 
comparing lung 
function in 
children from 
polluted and 
reference districts 
 
Stepwise 
regression was 
used 

Outdoor air 
pollutants 
(SO2, NOx, 
TSP, PM10, 
PM2.5-10, 
PM2.5), 
indoor air 
pollutants 
(SO2, NOx, 
CO, TSP, 
PM10, 
PM2.5-10, 
PM2.5) 

Height, 
weight, sex, 
age, chest 
width, chest 
width 
difference, 
respiratory 
heath 
condition, 
housing type, 
kitchen 
ventilation, 
fuel burning, 
family 
members’ 
smoking, 
parental 
health status, 
other living 
conditions 

1. The pollutants TSP, 
PM10, and SO2 had an 
adverse effect on FVC 
and FEV1. 
2. The pollutants NOx and 
SO2 had an adverse effect 
on PEFR. 
3. The pollutant PM2.5-10 
had an adverse effect on 
FEF25-75. 
4. The lung functions and 
growth rates (height, 
weight, and chest width) 
were higher in the 
polluted district. 

1. Baseline data 
of air pollution 
not presented; 
no. of children 
in sample not 
presented; 
some data not 
described 
2. Regression 
model: 
Adjustment 
variables not 
presented 
3. Confounders 
(chest width 
and chest width 
difference) may 
have been over-
adjusted 
4. Results: 
(i) Statistical 
results of 

2 
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regression were 
unclear; and 
(ii) Cohort data 
analyzed only 
by comparing 
data in summer 
and winter; 
changes 
throughout the 
3 years were 
not analyzed 
5. Discussion: 
Addressed 
indoor sources 
of air pollution, 
but outdoor 
levels were not 
described 

34. / CFL 037 
(胡偉 et al., 2001) 
 
兒童的形態發育

和肺功能生長 
 
中國環境監測, 
Environmental 
Monitoring in 
China, 17, 56-61. 

n=1296 
 
Guangzhou 廣州, 
Wuhan 武漢, 
Lanzhou 蘭州, 
Chongqing 重慶, 
China 
(Part of the four 
cities study) 
 
1993 to 1996 

Cohort study 
comparing the 
lung function and 
nutrition 
condition of 
children in 
polluted and 
reference districts 
 
Simple linear 
regression was 
used 

Not 
specified 

Age, height, 
weight, sex 

1. Apart from Chongqing, 
children had higher FVC 
and FEV1 in the urban 
districts of the three cities.
2. Nutrition conditions 
and air pollution levels 
were two opposing factors 
in the children’s lung 
function and growth rate. 

1. Baseline data 
of children 
presented; that 
of air pollution 
concentrations 
not presented 
2. Statistical 
model not 
shown 
3. Confounders 
not addressed 
4. Results: 
Growth in lung 

2 
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function and 
body weight 
presented 
5. Discussion: 
(i) Effect of 
nutrition on 
lung function 
was not 
evaluated; and 
(ii) Indoor air 
pollution and 
personal factors 
were not 
addressed 

35. / CFL 038 
(胡偉 et al., 2004) 
 
空氣污染與呼吸

系統疾病對兒童

肺功能的交互影

響 
 
安全與環境學報 , 
Journal of Safety 
and Environment, 
4, 22-6. 

n=8196 
(questionnaires), 
n=9482 (lung 
function tests), 
schoolchildren 
 
Guangzhou 廣州, 
Wuhan 武漢, 
Lanzhou 蘭州, 
Chongqing 重慶, 
China 
(Part of the four 
cities study) 
 
1993 to 1996 

Cohort study 
conducting lung 
function tests on 
schoolchildren in 
4 districts 
 
Stepwise linear 
regression was 
used 

SO2, NOx, 
TSP, PM10, 
PM2.5 

Sex, age, 
height, 
weight, BMI, 
housing type, 
kitchen type, 
heating with 
coal, heating 
period, 
ventilation 
system, open 
windows, 
parents’ 
respiratory 
disease, 
father’s 
smoking, 
breast 

1. For children who had 
bronchitis in the past year 
and for those who had 
not, a 10 µg/m3 increase 
in TSP decreased FVC by 
7.2 ml and 3.3 ml 
respectively, and FEV1 by 
6.0 ml and 3.4 ml 
respectively. 
2. For children who had 
bronchitis in the past year 
and for those who had 
not, a 10 µg/m3 increase 
in PM2.5 decreased FVC 
by 28.4 ml and 10.9 ml 
respectively, and FEV1 by 
23.0 ml and 10.9 ml 

1. Baseline data 
of air pollution 
and that of 
children not 
presented 
2. Statistical 
method clearly 
presented 
3. Confounders 
addressed 
4. Results 
clearly 
presented 
5. Discussion 
appropriate 

4 
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feeding, 
interaction 
terms: 
burning with 
coal & open 
window, sex 
& passive 
smoking 

respectively. 
3. There were significant 
negative associations 
between air pollution and 
FEV1 and FVC in 
children with bronchitis 
or asthma. 
4. There was significant 
interaction between TSP 
and recent history of 
bronchitis and asthma, 
affecting FEV1 and FVC. 
5. However, there was no 
significant interaction 
between TSP and recent 
history of bronchitis and 
asthma for FEV1/FVC. 
6. SO2 and NOx had no 
significant interactions 
with asthma; NO2 had 
significant interaction 
with bronchitis. 

36. / CFL 039 
(王惠梅 et al., 
2004b) 
(Also reviewed 
under respiratory 
disease) 
 
室內外空氣污染

對婦女呼吸健康

n=510 
(children=406, 
adult 
females=104) 
(Paper presented 
only the findings 
on adult females) 
 
Taiyuan 太原, 

Cross-sectional 
study comparing 
lung functions of 
children and adult 
females from high 
and low air 
pollution districts 
 
Stepwise 

TSP, SO2 Cooking 
stoves, 
duration of 
residence, 
age, 
occupation, 
housing type, 
number of 
rooms, family 

1. Adult females adult 
from the high pollution 
district had better lung 
function (FEV, MMEF, 
MVV43, PEFR, V50, and 
V75). 
2. There were more adult 
females with obstructive 
and restrictive lung 

1. Baseline data 
of air pollution 
presented, but 
that of subjects 
not presented 
2. Statistical 
model not 
presented 
3. 

2 
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的影響 
 
中國初級衛生保
健, Chinese 
Primary Health 
Care, 18, 73-76. 

Shanxi 山西, 
China 
 
Year not 
specified 

regression was 
used 

smoking, 
heating 
system, 
ventilation 
system 

function test results 
(FVC<80%, FEV1<70%) 
in the low pollution 
district. 
3. There was lower FEV1 
%, V25/Height in the low 
pollution district 
(P<0.01). 
4. There was no 
difference in the 
prevalence of respiratory 
disease between the two 
districts. 

Confounders: 
Height and 
body weight 
addressed by 
reference 
value; not clear 
whether age 
was adjusted. 
Females in 
pollution and 
reference 
districts using 
different fuels 
were analyzed 
separately. 
4. Results: 
Some lung 
function tests 
were better 
among females 
in the high 
pollution 
district. 
5. Discussion: 
The author 
attributed this 
to possible 
indoor air 
pollution in the 
reference 
district. 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

37. / CML 012 
(張曉明 et al., 
1999) 
(Also reviewed 
under mortality – 
long term) 
 
承德空氣污染流

行病學研究 
 
中國衛生工程學, 
Chinese Journal of 
Public Health 
Engineering, 8, 
13-17. 

n=800 (lung 
function tests), 
primary 
schoolchildren 
aged 11 to 13 
 
Chengde 承德, 
Hebei 河北, 
China 
 
1983 to 1998 

Intervention study 
comparing 
respiratory 
illness, mortality 
rate, PEF, and 
SIgA in primary 
schoolchildren, 
before and after 
their districts 
change from coal 
heating to central 
heating 
 
Toxicological 
study on the 
effects of TSP (in 
coal heating 
districts) on the 
survival of 
macrophages and 
on enzymes 
(LDH & ACP) 

SO2, NO2, 
CO, TSP, IP 

Not specified 1. After the introduction 
of central heating, 
respiratory disease 
mortalities decreased 
from 81/105 to 23.7/105; 
life expectancy increased 
by 2.3 years. 
2. The PEF was higher in 
the central heating group 
compared with the coal 
heating group (P<0.01); 
PEF in the coal heating 
group was higher in the 
pre-heating season than in 
the heating season 
3. SIgA of children in the 
coal heating group was 
significantly lower than in 
the central heating group. 
4. The TSP concentration 
level decreased between 
1983 and 1997; the 
concentration level in 
1997 was 0.201–0.232 
mg/m3. 
5. The SO2 concentration 
level decreased between 
1983 and 1997; the 
concentration level in 
1997 was 0.234–0.264 
mg/m3. 

1. Description 
of intervention 
and control 
districts was 
unclear 
2. Baseline data 
on health not 
presented 
3. A 
comprehensive 
study, but 
coverage too 
wide and 
results not 
clearly 
presented 
4. Discussion 
inadequate in 
interpreting 
results; health 
cost data to 
show economic 
impact should 
have been 
presented under 
Methods and 
Results. 

2 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

6. Toxicological results: 
The survival of 
macrophages in the coal 
heating group was lower 
than in the control group. 

38. / CGL 010 
(金银龙 et al., 
2002) 
(Also reviewed 
under asthma, 
COPD and 
respiratory 
symptoms – long 
term) 
 
中国煤烟型大气

污染对人群健康

危害的定量研究 
 
卫生研究, Journal 
of Hygiene 
Research, 31, 342-
348. 

n=2000, 
schoolchildren 
and their parents 
 
Taiyuan 太原, 
Shanxi 山西, 
China 
 
1994 to 1999 

Cross-sectional 
study, comparing 
the lung functions 
of children from 
districts with 
high, medium, 
and low 
(reference) 
pollution levels. 
 
Also studied were 
immunological 
parameters 
(salivary IgE, 
IgM, IgA, 
enzyme activity, 
and T-
lymphocytes); 
ECGs of the 
children; and the 
prevalence of 
respiratory 
illnesses in the 
children and their 
parents 
 

PM2.5, 
PM10, SO2, 
NO2, B(a)P 
and heavy 
metals 

Age, sex, 
history of 
exposure to 
dust, history 
of exposure to 
toxicity, 
burning fuel, 
smoking, 
family history 

Adults: 
1. In the high pollution 
area, the adjusted ORs 
were 1.70, 1.96, 2.05, and 
2.10 for respiratory 
symptoms, asthma 
attacks, pneumonia, and 
COPD respectively. 
2. Each unit increase in ln 
[SO2], ln [TSP], ln 
[PM10], and ln [PM2.5] 
during coal burning 
increases the risk of 
respiratory symptoms by 
1.39, 1.71, 1.67, and 1.79 
times, respectively. 
3. Each unit increase in ln 
[SO2], ln [TSP], ln 
[PM10], and ln [PM2.5] 
during coal burning 
increases the risk of 
COPD by 1.31, 1.53, 
1.51, and 1.68 times, 
respectively. 
Children: 
1. Each unit increase in ln 

1. Baseline data 
of air pollution 
presented, but 
that of children 
not presented 
2. Statistical 
model unclear 
3. Confounders 
adjusted for 
4. Results 
comprehensive 
5. Discussion 
appropriate 
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Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

Stepwise 
regression was 
used 

[PM10] reduced the FVC 
by 194 ml and the FEF50 
by 172 ml.  
2. Each unit increase in ln 
[SO2] reduced the FVC 
by 69 ml and the FEF50 
by 119 ml. 
3. The prevalence of 
respiratory illnesses and 
symptoms were 
significantly higher in the 
high and medium 
pollution districts than in 
the low pollution 
(reference) district. 
Others: 
1. Immune markers were 
inconsistent or not 
significant among the 3 
districts. 

39. / CFL 040 
(汪晶 et al., 1992) 
(Also reviewed 
under respiratory 
symptoms – long 
term) 
 
北京市大气污染

对居民健康影响

的研究 
 

n=3000, healthy 
non-smokers with 
no occupational 
exposure to 
harmful 
chemicals (adults 
aged 20 to 55 
years and 
children aged 6 to 
9 years) 
 

Cross-sectional 
study comparing 
subjects’ lung 
function, 
respiratory health 
indices, and 
immune functions 
among high, 
medium, and low 
pollution districts 
and reference 

TSP, RSP, 
SO2, NOx, 
CO, and 
others 

Not reported There were significant 
associations in the 
composite health index, 
FEV1%, and respiratory 
symptoms and illnesses 
with the different air 
pollution levels in the 
four types of district. 

1. Baseline data 
of air pollution 
and that of data 
of subjects not 
presented 
2. Method of 
calculation of 
health index 
not presented 
(reference 
provided); 

3 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

中华流行病学杂
志, Zhonghua Liu 
Xing Bing Xue Za 
Zhi, 13, 89-92. 

15 districts in 
Beijing 北京, 
China 
 
1989 

districts 
 
Linear regression 
and correlation 
were used 

statistical 
model not 
presented 
3. Confounders 
not adjusted for 
4. Results clear 
5. Discussion 
brief 

 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
Number of papers: 39 (Short-term effects: 2, long-term effects: 37) 
Number of studies: 28 (3 papers – Items 6, 7, and 8 – are from the same cross-sectional study; 10 papers –Items 9–11, 19, 20–21, 25, 33–35 – are 
from the same four cities cohort study) 
Study design: 
Panel: 2 
Multicity cohort: 1 (with 10 papers) 
Intervention: 1 
Cross-sectional: 24 
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Appendix 6: Outdoor Air Pollution and Mortality (Chinese) – 1983 to 2007 
 

A) Short-term, cause specific mortality 
i) Total Mortality + Other Causes 

 
Author, Title 

& Source 
Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / CMS 002 
(都英杰 et al., 
2006) 
 
撫順城區大氣

懸浮顆粒物污

染與心腦血管

疾病死亡率的

定量分析 
 
環境與健康雜
志 , Journal of 
Environment 
and Health, 23, 
493-495. 

City mortalities 
 
Fushun 撫順, 
Liaoning 辽宁, 
China 
 
1999 to 2003 

Time series study 
 
Poisson 
regression was 
used 

TSP Seasonality 1. With a 50 µg/m3 increase 
in TSP, the ORs for cerebral-
cardiovascular mortality 
were 1.01542 (95% CI: 
1.00018 to 1.03089) in adult 
males and 1.02240 (1.00487 
to 1.04023) in elderly males. 
2. With a 50 µg/m3 increase 
in TSP at lag day 4, the ORs 
for cerebral-cardiovascular 
mortality were 1.00826 
(1.00057 to 1.01602) for all 
subjects, 1.01627 (1.00671 
to 1.02593) for adult males 
and 1.01665 (1.00525 to 
1.02819) for elderly males. 

1. Statistical 
model not 
specified 
2. Baseline 
data presented 
3. Results 
clearly 
presented 
4. Sub-groups 
analysed 

4 

2. / CMS 004 
(張燕萍 and 張
曉平, 2003) 
 
太原市空氣污

染與醫院日死

亡構成的相關

性 
 

n=11010, patients 
who died in 
hospital, 
excluding those 
who had lived <5 
years in Taiyuan 
 
Taiyuan 太原, 
Shanxi 山西, 

Time series study 
 
Generalized 
additive model 
(GAM) with 
smoothing spline 
and linear 
regression were 
used 

TSP, SO2 Temperature, 
humidity, 
interaction 
term (TSP x 
SO2), other 
pollutants 

1. From 1994 to 1998, the 
concentration level of SO2 
increased from 183.5 to 274 
µg/m3, but TSP decreased 
from 602.6 to 517.7 µg/m3. 
2. There were significant 
positive associations 
between TSP and mortalities 
from COPD, 
cardiopulmonary disease, 

1. Statistical 
model: GAM 
2. Baseline 
data presented 
3. Interaction 
between 
pollutants and 
cold / warm 
seasons 
studied 

3 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

環境與職業醫
學, Journal of 
Environmental 
and 
Occupational 
Medicine, 20, 
198-202. 

China 
 
1994 to 1998 

and cardiovascular disease 
(P<0.0001). 
3. There were significant 
positive associations 
between SO2 and mortalities 
from cardiovascular disease 
and cancer (P<0.005). 
4. There were significant 
negative associations 
between the interaction term 
(TSP x SO2) and mortalities 
from cardiovascular disease 
and cancer (P<0.0001). 

4. Results 
expressed as 
β, not as RR 
5. Did not 
specify the 
other 
pollutants that 
were 
controlled for 
in ANCOVA. 
6. Did not 
address 
different 
effects of TSP 
on COPD and 
cancer 

3. / CMS 007 
(張金良 et al., 
2003) 
 
北京市空氣質

量與每日居民

死亡關系的研

究 
 
環境與健康雜
志, Journal of 
Environment 
and Health, 20, 
75-78. 

Beijing 北京, 
China 
 
1998 to 2000 

Time series study 
 
Poisson 
regression was 
used 

AQI 
 
[AQI = 
(AQISO2 + 
AQITSP + 
AQICO + 
AQINOx) / 4] 

Temperature, 
humidity, air 
pressure, 
seasonality, 
working days 

1. With a 10-unit increase in 
AQI in the summer, the RRs 
for mortality in COPD, 
respiratory disease, 
cardiovascular disease, and 
cerebrovascular disease were 
1.022, 1.018, 1.013, and 
1.012, respectively. 
2. With a 10-unit increase in 
AQI in the winter, the RRs 
for mortality in COPD, 
respiratory disease, 
cardiovascular disease, and 
cerebrovascular disease were 
1.037, 1.036, 1.020, and 

1. Statistical 
model not 
specified 
2. Baseline 
data presented 
3. AQI used as 
exposure 
variable; dose-
response 
presented 
4. Seasonal 
effect 
analyzed; sub-
group (age) 
analyzed 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1.018, respectively. 5. Discussion 
appropriate 

4. / CMS 008 
(高軍 et al., 
1993a) 
 
北京市海淀區

空氣污染與居

民死亡關系的

調查 
 
中國慢性病預
防與控制, 
Chinese 
Journal of 
Prevention and 
Control of 
Chronic Non-
Communicable 
Diseases, 1, 
207-211. 

n=3367 
 
Haidi 海淀, 
Beijing 北京, 
China 
 
1989 

Time series study 
 
Poisson 
regression, 
stepwise 
regression, and 
Generalized 
Estimation 
Equation were 
used 

SO2, TSP Temperature, 
humidity, air 
pressure 

1. There was positive and 
significant association 
between SO2 and non-
accident mortality. 
2. There was positive but 
insignificant association 
between TSP and non-
accident mortality. 
3. There were positive 
associations between SO2 and 
mortalities from COPD and 
CVD. 
4. There were positive 
associations between TSP 
and mortalities from COPD 
and CVD. 
5. There were negative 
associations between cancer 
mortality and both SO2 and 
TSP. 

1. Statistical 
model 
presented 
2. Baseline 
data presented 
3. Dose-
response 
studied 
4. Sub-groups 
(age) analyzed 
5. Did not state 
whether the 
positive 
associations 
were 
significant 
(Points 3 & 4 
of the Main 
Findings). 
6. Did not 
address other 
air pollutants, 
e.g. NO2, O3 
7. Discussion 
appropriate 

4 

5. / CMS 009 
(董景五 et al., 
1995) 
 

Beijing 北京, 
China 
 
1990 to 1991 

Time series study 
 
Poisson 
regression was 

SO2, TSP Temperature, 
humidity 

1. There was positive and 
significant association 
between SO2 and total 
mortality, and also 

1. Statistical 
model 
presented 
2. Baseline 

3 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1990～1991 年

北京市城區大

氣污染與每日

居民死亡關系

的研究 
 
衛生研究, 
Journal of 
Hygiene 
Research, 24, 
212-214. 

used respiratory disease mortality. 
2. There was positive but 
insignificant association 
between SO2 and mortalities 
from cerebrovascular disease 
and cancer. 
3. There was positive and 
significant association 
between TSP and total 
mortality, and also 
cerebrovascular mortality. 
4. There was positive but 
insignificant association 
between TSP and respiratory 
disease mortality. 
5. There was negative and 
insignificant association 
between TSP and cancer 
mortality. 

data shown 
3. Dose-
response 
studied but 
statistics not 
presented 
4. Did not 
specify level of 
significance 
5. RRs not 
presented; 
seasonal 
analysis done 
6. Interaction 
not studied 
7. Discussion 
insufficient 

6. / CMS 010 
(宋桂香 et al., 
2006) 
 
上海市大氣氣

態污染物與居

民每日死亡關

系的時間序列

研究 
 
環境與健康雜

n=173911 
 
Shanghai 上海, 
China 
 
2001 to 2004 

Time series study 
 
Linear regression, 
with semi-
parametric 
generalized 
additive model 
and smoothing 
spline, was used 

SO2, NO2, 
O3, PM10 

Time trend, 
day of the 
week, 
temperature, 
humidity, 
interaction 
terms (SO2 
with PM10 / 
NO2 / O3, and 
NO2 with 
PM10 / SO2 / 
O3) 

1. With a 10 µg/m3 increase 
in SO2 at lag day 3, non-
accident mortality, 
cerebrovascular mortality, 
and respiratory mortality 
increased by 1.25% (95% CI: 
0.85% to 1.65%), 1.45% 
(0.86% to 2.04%), and 
1.71% (0.72% to 2.71%), 
respectively. 
2. With a 10 µg/m3 increase 
in NO2 at lag day 1, non-

1. Statistical 
model 
presented; 
degree of 
freedom 
addressed; 
single and 
multiple 
pollutant 
models studied 
2. Baseline 
data presented 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

志 , Journal of 
Environment 
and Health, 23, 
390-393. 

accident mortality, 
cerebrovascular mortality, 
and respiratory mortality 
increased by 1.04% (95% CI: 
0.72% to 1.35%), 1.05% 
(0.59% to 1.51%), and 
1.43% (0.65% to 2.21%), 
respectively. 
3. There were positive 
associations between total 
mortality and the interaction 
terms. 

3. Dose-
response curve 
shown 
4. Seasonal 
analysis not 
done 
5. Discussion 
comprehensive

 
 

ii) Cardiovascular + Respiratory Mortalities 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

7. / CMS 001 
(常桂秋 et al., 
2003) 
 
北京市大氣污

染與城區居民

死亡率關系的

時間序列分析 
 
衛生研究, 
Journal of 
Hygiene 
Research, 32, 

Beijing 北京, 
China 
 
1998 to 2000 

Time series study 
 
Poisson 
regression and a 
generalized linear 
model were used 

CO, SO2, 
NOx, TSP, 
PM10 

Temperature, 
humidity, 
seasonality, 
flu epidemics 

The percentage increase in 
mortality with a 100µg/m3 
increase in: 
1. NOx was 4.27% for 
respiratory disease, 2.56% for 
cardiovascular and 
cerebrovascular disease, 8.95% 
for coronary heart disease, and 
45.25% for COPD; 
2. SO2 was 3.56% for 
respiratory disease, 1.74% for 
cardiovascular and 
cerebrovascular disease, 6.77% 

1. Statistical 
model 
specified 
2. Baseline 
data presented
3. Single and 
multiple 
pollutant 
models 
studied 
4. Lag day10 
had highest 
association – 

3 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

565-568. for coronary heart disease, and 
30.98% for COPD; 
3. CO was 0.20% for 
respiratory disease, 0.11% for 
cardiovascular and 
cerebrovascular disease, 0.43% 
for coronary heart disease, and 
1.84% for COPD; 
4. TSP was 2.74% for 
respiratory disease, 0.73% for 
cardiovascular and 
cerebrovascular disease, and 
11.39% for COPD; 
5. PM10 was 4.08% for 
respiratory disease, 4.98% for 
cardiovascular and 
cerebrovascular disease, 3.77% 
for coronary heart disease, and 
4.95% for COPD. 

very unusual 
5. Discussion 
too brief, and 
did not 
address lag 
effect 

8. / CMS 003 
(王慧文 et al., 
2003) 
 
沈陽市大氣懸

浮顆粒物與心

血管疾病死亡

率 
 
環境與健康雜
志, Journal of 
Environmental 

City mortalities 
 
Shenyang 沈陽, 
Liaoning 辽宁, 
China 
 
1996 to 2000 

Time series study 
 
Poisson 
regression was 
used 

TSP Temperature, 
humidity, 
seasonality 

1. With a 50 µg/m3 increase in 
TSP, the ORs for 
cardiovascular mortality were 
1.0122 (95% CI: 1.0036 to 
1.0209) for all subjects, 1.043 
(1.0343 to 1.0519) for the 
elderly, 1.0577 (1.0452 to 
1.0703) for elderly males, and 
1.0427 (1.0284 to 1.0572) for 
elderly females. 
2. The TSP concentration level 
decreased from 1996 to 2000; 

1. Statistical 
model not 
presented 
2. Baseline 
data presented
3. ORs 
presented 
instead of 
RRs 
4. Other 
pollutants not 
studied 

2 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

Health, 20, 13-
15. 

its annual mean fell from 
421.58 to 267.67 µg/m3.  

5. Discussion 
inadequate 

9. / CMS 006 
(徐肇翊 et al., 
1996) 
 
沈陽市大氣污

染對死亡率的

影響 
 
中國公共衛生
學報 15, 61-
64. 

Shenyang 沈陽, 
Liaoning 辽宁, 
China 
 
1992 

Time series study 
 
Multiple 
regression was 
used 

TSP, SO2 Temperature, 
humidity, 
age, cause of 
death, age-
adjusted 
death rate 

1. With a 100 µg/m3 increase in 
TSP, the RRs were 1.017 for 
all cause mortality and 1.021 
for cerebro-cardiovascular 
mortality (P<0.05). 
2. There were positive but 
insignificant associations 
between TSP and mortalities 
from COPD and from cancer. 
3. With a 100 µg/m3 increase in 
SO2, the RRs were 1.024 for all 
cause mortality and 1.074 for 
COPD mortality (P<0.05). 
4. There was positive but 
insignificant association 
between SO2 and cerebro-
cardiovascular mortality. 
5. There was negative and 
insignificant association 
between SO2 and cancer 
mortality.  

1. Statistical 
model not 
specified 
2. Baseline 
data presented
3. Single and 
multiple 
pollutant 
models 
studied 
4. Interaction 
not studied 
5. Discussion 
fair 

3 

 
 

B) Short-term, total mortality 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

10. / CMS 005 
(高軍 et al., 

n=7208 
 

Time series study 
 

TSP, SO2 Humidity, 
temperature, 

1. Single pollutant model: 
SO2 showed significant 

1. Statistical 
model 

3 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1993b)  
 
北京市東西城

區空氣污染與

居民死亡情況

的分析 
 
中華預防醫學
雜誌, Chinese 
Journal of 
Preventive 
Medicine, 27, 
340-343. 

Beijing 北京, 
China 
 
1989 

Poisson 
regression was 
used 

Sundays associations with all cause 
mortality, and mortality from 
pulmonary heart disease, 
COPD, and CVD 
TSP showed significant 
associations with mortality 
from COPD and chronic 
bronchitis, but association with 
all cause mortality was not 
significant 
2. Multi-pollutant model: 
SO2 showed significant 
association with all cause 
mortality (β=0.092, t=2.98) 
TSP did not show significant 
associations 
3. No significant interactions 
between SO2 and TSP 
4. Seasonal effect: Winter > 
Summer (SO2 significant in 
both seasons; TSP not 
significant in both) 
5. The TSP annual 
concentration levels were 281.0 
µg/m3 (summer) and 483.5 
µg/m3 (winter) in 1989. 
6. The SO2 annual 
concentration levels were 24.0 
µg/m3 (summer) and 190.8 
µg/m3 (winter) in 1989. 

specified 
2. Baseline 
data presented
3. Single and 
multiple 
pollutant 
models 
studied 
4. Interaction 
and seasonal 
differences 
studied 
5. Discussion 
too brief 

 



C) Long-term, cause specific mortality 
i) Total Mortality + Other Causes 

 
Author, Title & 

Source 
Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

11. / CML 002 
(陸應昶 et al., 
2003) 
 
江蘇省肺癌死亡

和大氣污染情況

地理信息系統的

相關性 
 
中國腫瘤, 
Bulletin of 
Chinese Cancer, 
12, 374-377. 

Jiangsu 江蘇, 
China 
 
1996 to 1998 

Ecological 
study, mapping 
age-standardized 
mortality rates 
(SMRs) of lung 
cancer and the 
concentrations 
of TSP, SO2, 
and NOx using 
ArcView Spatial 
Analyst, a 
geographic 
information 
system (GIS) 
software 
package 
 
Spearman rank 
correlations 
between SMR 
and air 
pollutants were 
calculated 

TSP, SO2, 
NOx 

Not reported 1. SMRs for lung cancer in 
Jiangsu 江蘇 province 
were highest in Suzhou 蘇
州 (in the southeast), 
Nanjing 南京 (in the west), 
and Xuzhou 徐州 (in the 
northwest). 
2. SO2 and NOx levels 
were highest in 
southwestern Jiangsu; TSP 
levels were highest in 
central and western 
Jiangsu. 
3. There was significant 
association between NOx 
and lung cancer mortality 
(P<0.01, RS=0.454). 
4. The annual 
concentration levels (in 
mg/m3) of TSP, SO2, and 
NOx ranged from 0.0842 to 
0.4060, 0.0077 to 0.0531, 
and 0.0137 to 0.0713, 
respectively. 

1. Methods 
appropriate 
2. Confounders 
not addressed 
3. Discussion: 
Limitations 
addressed 

4 

12. / CML 003 
(馮丹 et al., 2001)
 
肺癌死亡率與大

Urumqi 乌鲁木

齐, Xinjiang 新
疆, China 

Ecological study 
 
Grey Model was 
used 

TSP, SO2, 
NOx 

Not reported 1. There were positive 
associations between lung 
cancer mortality and the 
concentrations of SO2, 

1. 
Mathematical 
method 
presented 

2 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

氣污染關系的灰

色關聯分析 
 
數理醫藥學雜志, 
Journal of 
Mathematical 
Medicine, 14, 
364-365. 

 
1979 to 1992 

NOx, and TSP (r= 0.6579, 
0.7280, and 0.5576, 
respectively). 
2. From 1979 to 1992, the 
annual concentration levels 
(in mg/m3) of SO2, NOx, 
and TSP ranged from 
0.149 to 0.318, 0.028 to 
0.159, and 0.448 to 1.480, 
respectively. 

2. Level of 
significance of 
r not presented 
3. 
Appropriatenes
s of study 
method unclear 
4. Confounders 
not addressed 
5. Discussion 
too brief 

13. / CML 004 
(鄭元達 et al., 
1997) 
 
金華市疾病監測

區 1990～1995
年惡性腫瘤死亡

城市農村對比分

析 
 
中國慢性病預防
與控制, Chinese 
Journal of 
Prevention and 
Control of 
Chronic Non-
Communicable 
Diseases, 5, 184-
185. 

Jinhua 金華, 
Zhejiang 浙江, 
China 
 
1990 to 1995 

Ecological 
study, 
comparing age-
standardized 
mortality rates, 
PMR, and 
PYLL for all 
causes in city 
and county, 
using routine 
health data 

Total PM10 
emission 
(in tons) 
and 
industrial 
air 
pollutants 
(in 108 m3) 

Smoking 
prevalence, per 
capita GDP, 
tobacco 
consumption 

1. Lung cancer mortality 
was 2.66 times higher in 
Jinhua 金華 city (polluted) 
compared with Wuyi 武義

county (reference) 
(P<0.005). 
2. Volume of industrial air 
pollutant emissions and 
PM10 emission tonnage 
were high in the city; 
figures not presented for 
the county. 
3. Smoking prevalence was 
similar, although tobacco 
consumption in the county 
was greater than in the 
city. 

1. Methods 
appropriate 
2. Results: 
Health data not 
tabulated 
3. Confounders 
presented but 
not adjusted for 
4. Discussion 
brief 

2 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

14. / CML 006 
(胡懷明 et al., 
1995) 
 
空氣污染影響居

民死亡原因的統

計分析 
 
牡丹江醫學院學
報, Journal of 
Mudanjiang 
Medical College, 
16, 58-59. 

Songjiang 松江, 
Heilongjiang 黑
龙江, China 
 
Year not 
specified 

Ecological 
study, 
comparing the 
age-standardized 
mortality rates 
in a polluted 
district and a 
non-polluted 
reference district

SO2, NOx, 
TSP, total 
hydrocarbo
ns, CO 

Socioeconomic 
conditions and 
lifestyle could 
not be adjusted 
in an 
ecological 
study, but were 
similar 
between 
different 
districts 

1. TSP, total hydrocarbons, 
and CO were 6.23, 9.66, 
and 1.95 times higher than 
the national Grade 2 
standard. 
2. Age-adjusted total 
mortality was higher in 
Songjiang city (polluted 
district) compared with its 
rural areas (reference 
district) (P<0.05). 
3. The difference in age-
adjusted mortality between 
polluted and reference 
districts was even greater 
among those aged ≥50 
years (P<0.01). 
4. The ranking of cause-
specific death rates was 
similar for both districts. 

1. Baseline data 
presented 
2. Method 
simple, but 
crude 
3. Confounders 
not adjustable 
4. Discussion 
too brief 

2 

15. / CML 007 
(井立濱 et al., 
1999) 
 
本溪市大氣污染

與死亡率的關系 
 
中國公共衛生, 
China Public 
Health, 15, 211-
212. 

Benxi 本溪, 
Liaoning 辽宁, 
China 
 
1993 to 1994 

Ecological 
study, 
comparing age-
adjusted 
mortality rates 
(total, TB, CVD, 
COPD, and 
cerebrovascular 
disease) in 3 
districts of 
differing air 

TSP, CO, 
SO2, NOx 

Not reported 1. The age-standardized 
death rates for all causes, 
coronary heart disease, 
cerebrovascular disease, 
and COPD were 
significantly higher in the 
industrial district compared 
to the other two districts. 
2. TSP and SO2 were 
significantly associated 
with all cause, CHD, CVD, 

1. Description 
of polluted and 
non-polluted 
districts unclear 
2. Baseline data 
presented 
3. Statistical 
method: 
Confounders 
could not be 
controlled; only 

2 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

quality and COPD death rates. 
3. With a 100 µg/m3 
increase in TSP, the ORs 
were 1.08 (P=0.0485) for 
all cause mortality and 
1.24 (P=0.0313) for 
cardiovascular mortality. 

age 
adjustments 
were made 
4. Limitations 
recognized 
5. Data not 
clearly 
presented 
6. Discussion 
too brief  

16. / CML 008 
(楚建軍 et al., 
1993) 
 
大氣污染與肺癌

關係岭回歸分析-
-徐州市 1980-
1991 年大氣污染

與肺癌斷面研究 
 
環境與健康雜志, 
Journal of 
Environment and 
Health, 10, 201-
204. 

Xuzhou 徐州, 
Jiangsu 江蘇, 
China 
 
1980 to 1991 

Ecological 
study, 
comparing lung 
cancer 
mortalities with 
mean annual 
concentrations 
of air pollutants 
 
Ridge regression 
was used 

PM10, TSP, 
CO, SO2, 
NOx, 
photochem
ical 
oxidants 

Not reported There were positive 
associations between 
PM10, TSP, NOx, photo-
chemical oxidants, and 
lung cancer mortality. 

1. Baseline data 
not presented 
2. Used ridge 
regression to 
address 
problem of 
collinearity 
3. Did not 
report 
statistical 
significance 
4. Discussion 
fair 

2 

17. / CML 009 
(趙爾民, 1997) 
 
烏魯木齊市肺癌

死亡率與大氣污

City mortalities 
 
Urumqi 乌鲁木

齐, Xinjiang 新
疆, China 

Ecological study 
on pollutant 
concentration 
levels and lung 
cancer mortality 

TSP, SO2, 
NOx 

Not reported There were significant 
associations between TSP, 
SO2, and lung cancer 
mortality (P<0.001). 

1. Baseline data 
presented 
2. Statistical 
method 
appropriate 

2 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

染的相關分析 
 
環境與健康雜志, 
Journal of 
Environment and 
Health, 40. 

 
1979 to 1992 

 
Simple, 
multiple, linear, 
and stepwise 
regressions were 
used 

3. Confounders 
not adjusted for 
4. No 
consideration 
of latency 
period 
5. Discussion: 
Limitations of 
ecological 
study were 
acknowledged; 
lack of data on 
smoking 
prevalence and 
indoor air 
pollution was 
not addressed 

18. / CFL 001 
(胡雁, 2003) 
(Also reviewed 
under lung 
function – long 
term) 
 
青島市大氣污染

對人體健康經濟

損失評估 
 
中國公共衛生, 
China Public 
Health, 19, 940-

Schoolchildren 
for lung function 
test (1998) and 
mortality data for 
entire population 
of Qingdao (1995 
to 1998) 
 
Qingdao 青島, 
Shandong 山東, 
China 
 
1995 to 1998 

Cross-sectional 
study: 
1. Comparing 
lung functions 
of children in 
polluted, urban 
district with 
those in 
reference district 
2. Comparing 
lung cancer 
mortality rates 
between urban 
and reference 

TSP, SO2, 
NOx 

Not reported 1. Children in the urban 
group had a lower VC%, 
FVC, FEV1 and 
FEV/VCPR% than those in 
the reference group 
(P<0.05). 
2. The urban group have a 
higher lung cancer 
mortality rate than the 
reference group (P<0.01). 
3. The economic loss due 
to air pollution was 
estimated to be RMB 353 
million. 

1. Method not 
well presented 
2. Several 
studies 
presented in 
one paper: lung 
function, 
mortality rate, 
and economic 
loss 
3. Baseline data 
on children＇s 
health not 
presented 

2 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

941. district 
3. Assessing 
economic 
impact (health 
cost) of air 
pollution 
 
T-test and U-test 
were used 

4. The SO2 concentration 
level ranged from 2.6 to 
4.6 from 1981 to 1990, and 
dropped gradually to 1.6 in 
2000. 
5. The TSP concentration 
level ranged from 1.0 to 
3.9 from 1981 to 1990, and 
dropped gradually in 2000. 
6. The NOx concentration 
level was stable, ranging 
from 0.6 to 1.4 in 1981 to 
2000. 

4. Discussion 
too brief 

19. / CFL 018 
(胡懷明 et al., 
1997) 
(Also reviewed 
under lung 
function and 
respiratory 
symptoms – 
long term) 
 
工業區空氣污染

對兒童健康及居

民死因的影響 
 
中國公共衛生, 
China Journal of 
Public Health, 13, 
289. 

n=1300, 
schoolchildren 
from polluted and 
reference 
districts; 
mortality 
statistics in the 
two districts 
 
Songjiang 松江, 
Heilongjiang 黑
龍江, China 
 
Year not 
specified 

Cross-sectional 
study 
comparing: 1. 
Children＇s 
lung function, 
immune 
response, and 
prevalence of 
respiratory signs 
and symptoms; 
2. Age-
standardized and 
age-specific 
mortality rates, 
3. Ranking of 
cause of death 
between 
polluted and 

Total 
hydrocarbo
ns, TSP, 
SO2, NOx 

Not reported 1. There was significantly 
higher lung function 
(FEF75-85) in the reference 
district compared with the 
polluted district (P<0.05). 
2. There were significantly 
higher prevalence rates of 
respiratory symptoms 
(nasal swelling, chronic 
rhinitis, tonsillitis, and 
pharyngitis) in the polluted 
district, compared with the 
reference district (P<0.01). 
3. There were significantly 
higher age-standardized 
and age-specific mortality 
rates in the polluted district 
compared with the 

1. Methods too 
brief, especially 
on immune 
response 
2. Baseline data 
not fully 
presented 
3. Discussion 
too brief 
4. Several 
comparisons 
made in one 
paper 

2 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

reference 
districts 

reference district (P<0.05), 
except for the age groups 
of 30– and 35–. The 
difference was significant 
among those aged ≥50 
(P<0.01). 

20. / CML 013 
(李會慶 et al., 
1994) 
 
山東省肺癌死亡

率變化趨勢與大

氣污染的相關分

析 
 
中華流行病學雜
志, Chinese 
Journal of 
Epidemiology, 15, 
38-41. 

Shandong 山東, 
China 
 
1970 to 1974; 
1985 to 1989 

Ecological study 
 
Correlation and 
stepwise linear 
regression were 
used 

TSP, SO2, 
NOx 

Not reported 1. There were significant 
correlations between SO2 
and age-standardized rates 
of mortality from 
malignant tumour 
(r=0.6294, P<0.05) and 
lung cancer (r=0.8299, 
P<0.01). 
2. The lung cancer 
mortality rate (adjusted by 
the Chinese population) 
was 2 to 3 times higher in 
1985–1989 than in 
1970–1974. 

1. Baseline data 
presented 
2. Statistical 
method 
appropriate 
3. Confounders 
not adjusted for 
4. Results clear 
5. Discussion 
brief 

3 

21. / CML 014 
(韓存芝 et al., 
1995) 
 
大同市北村鄉惡

性腫瘤死亡與環

境污染關系的調

查研究 
 

n=70671 for 
mortality 
statistics on 
residents of two 
villages (polluted 
and reference); 
n=133 for 
exposure 
assessments on 
the residents 

Cross-sectional 
study 
 
Chi-square test 
was used 

TSP, SO2, 
NOx, CO2; 
B[a]P, 
NO3

- and 
NO2

- in 
drinking 
water and 
vegetables; 
trace 
elements in 

Not reported 1. Mortality from 
malignant tumours 
(whether in the digestive 
system, respiratory system, 
or others) was higher in the 
polluted village than in the 
reference village 
(P<0.001). 
2. SO2, NOx, and CO2 
levels in the polluted 

1. Baseline data 
presented 
2. Statistical 
method 
appropriate 
3. Confounders 
not adjusted for 
4. Results clear 
5. Discussion 
fair 

3 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

中華流行病學雜
志, Chinese 
Journal of 
Epidemiology, 16, 
101-104. 

(n=103 for 
polluted village; 
n=30 for 
reference village) 
 
Datong city 大同

市, Shanxi 山西, 
China 
 
1985 to 1989 

blood 
serum and 
hair 

village were higher than 
the secondary national 
standard. 
3. B[a]P and TSP levels in 
the polluted village were 
higher than in the reference 
village. 
4. Levels of NO3

- in 
drinking water and NO2

-in 
vegetables were higher in 
the polluted village than in 
the reference village. 
5. The trace elements 
found in blood and hair 
were not significant. 

22. / CML 015 
(杜應秀 et al., 
1986) 
 
廣州市空氣污染

與肺癌 
 
廣州醫學院學報, 
Academic Journal 
of Guangzhou 
Medical College, 
14, 1-7. 

Lung cancer 
mortalities 
 
Guangzhou 廣州, 
China 
 
1971 to 1983 

Ecological study 
of age 
standardized 
cancer rate 
against indoor 
and outdoor 
pollutant 
indicators 
 
Case-control 
study 
 
Multiple 
regression, 
stepwise 
regression, and 

TSP, SO2, 
NOx, 
B[a]P, 
222Rn and 
Rn 
daughter 
isotopes, 
consumpti
on of 
cigarettes, 
use of coal 
(domestic 
and 
industrial) 
and 
gasoline 

Not reported 1. There were significant 
associations between levels 
of SO2 and TSP, and 
standardized lung cancer 
mortality rate in 1976 to 
1983 (r=0.499, P<0.01; 
and r=0.400, P<0.05, 
respectively). 
2. There was an 
association between 
cooking with coal and lung 
cancer mortality in females 
(RR=1.9 to 2.0). 
3. There was an 
association between 
smoking and mortality in 

1. Baseline data 
of mortality not 
presented, and 
that of air 
pollution 
concentration 
was presented 
only for the 
year 1984 
2. Study design 
unclear 
3. Confounders 
adjusted for 
4. Confidence 
intervals and P-
values not 

3 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

correlation 
were used 

males (RR=4.4 to 5.6). presented 
5. Discussion 
fair 

 
 

ii) Cardiovascular + Respiratory Mortalities 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

23. / CML 012 
(張曉明 et al., 
1999) 
(Also reviewed 
under lung 
function – 
long term) 
 
承德空氣污染

流行病學研究 
 
中國衛生工程
學, Chinese 
Journal of 
Public Health 
Engineering, 8, 
13-17. 

n=800 (lung 
function tests), 
primary 
schoolchildren 
aged 11 to 13 
 
Chengde 承德, 
Hebei 河北, 
China 
 
1983 to 1997 

Intervention 
study comparing 
respiratory 
illness, mortality 
rate, PEF, and 
SIgA in primary 
schoolchildren, 
before and after 
their districts 
change from coal 
heating to central 
heating 
 
Toxicological 
study on the 
effects of TSP (in 
coal heating 
districts) on the 
survival of 
macrophages and 
on enzymes 
(LDH & ACP) 

SO2, NO2, 
CO, TSP, 
IP 

Not specified 1. After the introduction of 
central heating, respiratory 
disease mortalities decreased 
from 81/105 to 23.7/105; life 
expectancy increased by 2.3 
years. 
2. The PEF was higher in the 
central heating group 
compared with the coal heating 
group (P<0.01); PEF in the 
coal heating group was higher 
in the pre-heating season than 
in the heating season 
3. SIgA of children in the coal 
heating group was significantly 
lower than in the central 
heating group. 
4. The TSP concentration level 
decreased between 1983 and 
1997; the concentration level 
in 1997 was 0.201–0.232 
mg/m3. 

1. Description 
of 
intervention 
and control 
districts was 
unclear 
2. Baseline 
data on health 
not presented 
3. A 
comprehensiv
e study, but 
coverage too 
wide and 
results not 
clearly 
presented 
4. Discussion 
inadequate in 
interpreting 
results; health 
cost data to 

2 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

5. The SO2 concentration level 
decreased between 1983 and 
1997; the concentration level 
in 1997 was 0.234–0.264 
mg/m3. 
6. Toxicological results: The 
survival of macrophages in the 
coal heating group was lower 
than in the control group. 

show 
economic 
impact should 
have been 
presented 
under 
Methods and 
Results. 

24. / CML 011 
(王慧文 et al., 
2002) 
 
沈陽市空氣二

氧化硫污染對

心血管疾病死

亡率的影響 
 
環境與健康雜
志 , Journal of 
Environment 
and Health, 19, 
50-52. 

n=20854 
 
Shenyang 沈陽, 
Liaoning 辽宁, 
China 
 
1996 to 2000 

Ecological study 
(time trend) 
 
Poisson 
regression was 
used 

SO2 Time trends, 
temperature, 
humidity, air 
pressure 

1. The mortality rate for 
coronary heart disease (CHD) 
increased from 1996 to 2000; 
for those ≥65 years, this was 
about 10 times the overall rate. 
2. With a 50 µg/m3 increase in 
SO2, the total CHD mortality 
rate increased by 5.33% (95% 
CI: 4.17–6.49%); for females, 
this increased by 6.96 % 
(5.34–8.60%); and for males, 
by 6.43% (4.86–8.03%). 
3. With a 50 µg/m3 increase in 
SO2, there was an 8.14% 
(6.86–9.43%) increase in CVD 
mortality in all CHD patients 
aged ≥65; 6.40% (4.49–8.34%) 
in female CHD patients aged 
≥65; and 9.55% (7.74–11.39%) 
in male CHD patients aged 
≥65 (P<0.001). 

1. Baseline 
data for time 
trend study 
presented 
2. Statistical 
model not 
presented 
3. Results: 
Rising trend 
of CHD 
mortality not 
explained by 
falling trend 
of SO2 
concentration 
4. Limitations 
of ecological 
study 
presented 

2 

 



* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
Number of papers: 24 (Short-term effects: 10, long-term effects: 14) 
Number of studies: 24 
Study design: 
Time series: 10 
Ecological (time trend): 7 
Ecological (spatial): 3 
Cross-sectional: 3 
Intervention: 1 
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Appendix 7: Outdoor Air Pollution and ER / Hospital Admissions & Outpatient Department Visits 
(Chinese) – 1983 to 2007 

 
A) Short-term 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / CERS 001 
(李晉芬 et al., 
2003) 
 
太原市空氣

污染與兒童

醫院日門診

量的相關性

研究 
 
環境與職業
醫學 , Journal 
of Labour 
Medicine, 20, 
264-267. 

Visits to two 
children’s 
hospitals: 
1. Shanxi 
Children’s 
Hospital – 
industrial district 
2. Taiyuan 
Children’s 
Hospital – 
commercial 
district 
 
Taiyuan 太原, 
Shanxi 山西, 
China 
 
1998 

Time-series 
study 
 
Generalized 
additive model 
(GAM) with 
smoothing 
spline 
 
Multiple logistic 
regression were 
used 

TSP, SO2 Humidity, 
temperature, 
and other 
unspecified 
confounding 
factors; 
interaction 
term (TSP 
and SO2) 

1. Shanxi Children’s Hospital: 
i) There were significant 
associations (P<0.0001) between 
[TSP] and daily ER and 
outpatient department (OPD) 
internal medicine visits. 
ii) There was a significant 
association (P<0.0001) between 
[SO2] and daily OPD (internal 
medicine) visits. 
2. Taiyuan Children’s Hospital: 
i) There were significant 
associations (P<0.0001) between 
[TSP] and daily ER and medical 
OPD visits. 
ii) There was a significant 
association (P<0.05) between 
[SO2] and daily medical OPD 
visits. 
3. No interaction was found 
between TSP and SO2. 
4. The annual mean 
concentration of TSP and SO2 in 
both districts were above WHO 
guidelines. 

1. Baseline data 
on OPD visits 
presented, but 
that of air 
pollution not 
presented 
2. Statistical 
model presented
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

2. CERS 002 
(常桂秋 et al., 
2003) 
 
北京市大氣

污染物與兒

科門急診就

診人次關系

的研究 
 
中國校醫, 
Chinese 
Journal of 
School 
Doctor, 17, 
295-297. 

Children who 
made ER and/or 
OPD visits to 
three hospitals 
 
Beijing 北京, 
China 
 
1998 to 2000 

Time-series 
study 
 
Generalized 
linear model 
adjusted for 
trigonometric 
functions 
 
Poisson 
regression was 
used 

CO, TSP, 
SO2, NOx, 
PM10 

Seasonality, 
long-term 
patterns, 
temperature, 
air humidity 

1. There were positive 
associations between air pollutant 
concentrations (CO, SO2, NOx, 
and PM10) and ER and OPD 
admissions on visits for 
pneumonia, colds, and bronchitis. 
2. No significant associations 
were found for TSP. 

1. Baseline data 
on ER and OPD 
visits, and on 
air pollution 
concentrations, 
were presented 
2. Statistical 
model presented
3. Confounders 
adjusted for 
4. Results: 
Significant 
levels not 
presented 
5. Discussion 
brief 

3 

3. / CDRS 002 
(孫惠樂 et al., 
2003) 
 
空氣污染對

日門診量的

影響 
 
環境與健康
雜志, Journal 
of 
Environmental 
Health, 20, 
289-291. 

ER and OPD 
visits to Taiyuan 
Central Hospital 
 
Taiyuan 太原, 
Shanxi 山西, 
China 
 
1998 

Time-series 
study 
 
GAM with 
smoothing 
spline 
 
Multiple logistic 
regression was 
used 

TSP, SO2 Humidity, 
temperature, 
and other 
unspecified 
confounding 
factors; 
interaction 
term (TSP 
and SO2) 

1. During the period of home 
heating, there were significant 
associations (P<0.01) between 
[SO2] and daily ER visits, OPD 
visits for respiratory diseases, 
and paediatric OPD visits. 
2. During the period of home 
heating, there were significant 
associations (P<0.01) between 
[TSP] and daily OPD visits for 
cardiovascular diseases, and for 
other specialties. 
3. The annual mean 
concentration of TSP and SO2 
were 593.89 ± 203.46 µg/m3 and 

1. Baseline data 
of OPD visits 
and air 
pollution 
presented 
2. Statistical 
model presented
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

3 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

294.37 ± 317.45 µg/m3, above 
the WHO guidelines. 

4. / CDRS 003 
(彭希哲 et al., 
2002) 
 
上海市空氣

污染造成人

群健康經濟

損失的研究 
 
復旦學報 (社
會科學版) , 
Fudan 
Journal(Social 
Sciences 
Edition), 
2002, 105-
111. 

n=99031 
 
Shanghai 上海市

, China 
 
July 1999 to June 
2000 

Time-series 
study 
 
Also studied 
economic 
impact of air 
pollution (e.g. 
medical costs, 
cost of 
transport, loss of 
productivity, 
and expenditure 
on food 
 
Stepwise log 
linear regression 
was used 

TSP/PM10, 
SO2, NOx 

Temperature 1. With a 10% increase in NOx, 
SO2, and TSP levels, the daily 
outpatient visits for respiratory 
symptoms increased by 2.84%, 
1.04%, and 0.58%, respectively. 
2. The annual economic losses 
due to each pollutant were: 

NOx: RMB 420 million 
SO2: RMB 150 million 
TSP: RMB 86 million 

 

1. Baseline data 
of air pollution 
and that of 
population 
presented 
2. Statistical 
model presented
3. PM10 was 
monitored 
during the study 
period, but it is 
unclear whether 
PM10 or TSP 
was used in the 
regression 
4. Confounders: 
No adjustment 
of seasonal 
patterns in the 
model 
4. Results clear 
5. Discussion 
appropriate 

3 

5. / CDRS 004 
(田文華 et al., 
2002) 
 
城市空氣污

染造成兒童

Children aged 
<14 
 
Shanghai 上海, 
China 
 

Time-series 
study 
 
Multiple 
stepwise log 
linear regression 

TSP, SO2, 
NOx 

Temperature 1. With a 10% increase in NOx, 
SO2, and TSP levels, daily 
paediatric outpatient visits for 
respiratory symptoms increased 
by 1.74%, 2.31%, and 2.54%, 
respectively. 

(Same as for 
CDRS 003, but 
with a focus on 
children) 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

健康經濟損

失的研究 
 
中國衛生經
濟 , Chinese 
Health 
Economics, 
236, 16-17. 

July 1999 to June 
2000 

was used 
 
Similar study to 
CDRS 003, but 
confined to 
health impact on 
children and 
economic loss 

2. With a 10% increase in air 
pollutant concentrations, 
economic losses were estimated 
to be: 

NOx: RMB 80 million 
SO2: RMB 100 million 
TSP: RMB 100 million 

 

6. / CDRS 005 
(陳曉燕 et al., 
2007) 
 
沙塵暴對呼

吸系統疾病

的影響 
 
環境與健康
雜志 , Journal 
of 
Environment 
and Health, 
24, 63-66. 

n=9759 (Data 
from OPD visits 
in 6 hospitals) 
 
Wuwei 武威, 
Gansu 甘肅, 
China 
 
March to May 
2005 

Time series 
study on dust 
storm episodes, 
and pollutant 
concentrations 
during those 
episodes 
 
Pearson’s 
correlation was 
used 

Dust, TSP, 
SO2, NO2, 
PM10 

Not reported 1. PM10 was high during sand 
dust storms at lag day 0 and lag 
day 1. 
2. There was significant 
association between PM10 and 
daily outpatient visits for 
respiratory disease (P=0.001, 
r=0.388). 
3. During the dust storm, children 
(aged <10) and the elderly (aged 
>60) contributed to 40.18% and 
13.58% of total outpatient visits, 
respectively. 

1. Baseline data 
of hospital 
admissions and 
air pollution 
presented 
2. Statistical 
method 
inappropriate 
3. Confounders 
not adjusted for 
4. Results clear 
5. Discussion 
appropriate 

3 

7. / CDRS 006 
(鄧曉為 et al., 
2002) 
 
太原市空氣

污染與兒童

門診量相關

ER and OPD 
records in one 
children’s 
hospital 
 
Taiyuan 太原, 
Shanxi 山西, 
China 

Time-series 
study 
 
Multiple logistic 
regression and 
canonical 
correlation were 
used 

CO, TSP, 
SO2, NOx 

Temperature, 
humidity 

1. The association between air 
pollution and children’s OPD 
visits was mostly attributable to 
the relation between SO2 
concentration and medical ER 
visits and, to a lesser extent, 
medical OPD visits.  
2. The daily mean concentrations 

1. Baseline data 
of OPD visits 
and that of air 
pollution 
presented 
2. Statistical 
method 
inappropriate 

3 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

性研究 
 
環境與健康
雜志 , Journal 
of 
Environment 
and Health, 
19, 44-46. 

 
1995 to 1997 

of TSP and SO2 were above 
Grade 2 of the national guideline. 

3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
brief 

 
 
B) Long-term 
 
Author, Title 

& Source 
Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

8. / CDRL 
001 
(楊勇 et al., 
1995) 
(Also 
reviewed 
under 
respiratory 
diseases – 
long term) 
 
硫酸鹽化速

率與居民呼

吸道疾病的

關系 
 

Chengdu 成都, 
Sichuan 四川, 
China 
 
1991 to 1993 

Cross-sectional 
study, 
comparing 
respiratory 
diseases and 
symptoms in 
subjects from 
polluted and 
reference 
districts 
 
ANOVA, U-test, 
and correlation 
were used 

SO4
2- Age, sex, 

occupation, 
smoking, fuel 
use, housing, 
socioeconomic 
status, 
education 
level 

1. In both the polluted and 
reference districts, there was an 
annual increase in the ratio of 
‘OPD attendance for respiratory 
illnesses’ to ‘all medical OPD 
visits’. The ratio was higher in 
the polluted district. 
2. From a survey, the prevalence 
of chronic respiratory disease in 
the polluted district was found to 
be significantly higher than in the 
reference district (P<0.001). 
3. There is an annual increase in 
the sulphation rate, which was 
more obvious in the polluted 
district than in the control. 

1. Baseline data 
of air pollution 
presented, but 
that of subjects 
not presented 
2. Statistical 
method not 
presented; use 
of correlation 
not appropriate 
for percentages 
3. Confounders 
not adjusted for 
4. Results too 
simple, a ratio 
was used 
instead of a 

2 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

四川環境, 
Sichuan 
Environment, 
14, 41-43. 

direct index of 
risk 
5. Discussion 
fair 

9. / CHGL 
001 
(周燕荣 et 
al., 1997) 
 
重慶地區大

氣污染與住

院病人動態

的相關性分

析 
 
現代預防醫
學 , Modern 
Preventive 
Medicine, 24, 
43-45. 

Chongqing 重慶, 
China, 1991 to 
1992 

Ecological 
monthly time 
trend study, 
comparing 
hospital 
admissions 
among districts 
with high, 
medium, and 
low (reference) 
levels of 
pollution 
 
ANOVA, 
multiple 
stepwise 
regression, and 
correlation were 
used 

TSP, SO2, 
NOx 

Age, sex, 
occupation, 
temperature, 
number of 
sunny days, 
number of 
foggy days 

1. There were significantly 
higher hospital admissions for 
respiratory diseases, COPD, and 
tumours in the high pollution 
district than in the other two 
districts. 
2. There was significant 
association between COPD 
hospital admissions and air 
pollutant concentration, 
especially among those aged 
≥50. 

1. Baseline data 
of hospital 
admissions 
presented, but 
that of air 
pollution not 
presented 
2. Statistical 
method 
presented 
3. Confounders 
adjusted for 
4. Results not 
clearly 
presented; 
decimals not 
shown for p-
values and 
pollutant 
concentrations 
5. Discussion 
fair 

3 

 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
Number of papers: 9 (Short-term effects: 7, long-term effects: 2) 
Number of studies: 9 



Study design: 
Time series: 6 
Cross-sectional: 2 
Ecological time-trend: 1 
 
 
周燕荣, 曾庆 & 徐放 (1997) 重慶地區大氣污染與住院病人動態的相關性分析. 現代預防醫學 , Modern Preventive Medicine, 24, 43-45. 

(CHGL 001) 
孫惠樂, 劉燕 & 梁曉梅 (2003) 空氣污染對日門診量的影響. 環境與健康雜志, Journal of Environmental Health, 20, 289-291. (CDRS 002) 
常桂秋, 王靈菇 & 潘小川 (2003) 北京市大氣污染物與兒科門急診就診人次關系的研究. 中國校醫, Chinese Journal of School Doctor, 17, 

295-297. (CERS 002) 
彭希哲, 田文華 & 梁鴻 (2002) 上海市空氣污染造成人群健康經濟損失的研究. 復旦學報(社會科學版), Fudan Journal(Social Sciences 

Edition), 2002, 105-111. (CDRS 003) 
李晉芬, 王長輝 & 孫惠樂 (2003) 太原市空氣污染與兒童醫院日門診量的相關性研究. 環境與職業醫學 , Journal of Labour Medicine, 20, 

264-267. (CERS 001) 
楊勇, 傅文昭, 馮亞平 & 宋義寬 (1995) 硫酸鹽化速率與居民呼吸道疾病的關系. 四川環境 , Sichuan Environment, 14, 41-43. (CDRL 001) 
田文華, 彭希哲 & 梁鴻 (2002) 城市空氣污染造成兒童健康經濟損失的研究. 中國衛生經濟 , Chinese Health Economics, 236, 16-17. (CDRS 

004) 
鄧曉為, 張燕萍 & 段青 (2002) 太原市空氣污染與兒童門診量相關性研究. 環境與健康雜志 , Journal of Environment and Health, 19, 44-46. 

(CDRS 006) 
陳曉燕, 牛靜萍, 丁國武, 王燕俠, 孟紫強 & 耿紅 (2007) 沙塵暴對呼吸系統疾病的影響. 環境與健康雜志, Journal of Environment and 

Health, 24, 63-66. (CDRS 005) 
 



Appendix 8: Outdoor Air Pollution and Lung Cancer (Chinese) – 1983 to 2007 
 

Long-term 
 
Author, Title 

& Source 
Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / CCA 007 
(李朋飛 et al., 
1992) 
 
撫順市大氣污

染與肺癌關系

的研究 
 
環境與健康雜
志, Journal of 
Environment 
and Health, 184.

n=361 
 
Fushun 撫順, 
Liaoning 遼寧, 
China 
 
Year not 
specified 

Ecological study 
on the 
correlation 
between air 
pollutant 
concentrations 
and lung cancer 
incidence rate 
 
Negative 
binominal 
distribution and 
Poisson 
distribution were 
used to test the 
spatial 
distribution of 
lung cancer 

B[a]P, 
PM10, SO2 

Not reported There were significant 
associations between lung 
cancer and: 
(i) SO2 (r=0.8583, P<0.01) 
(ii) B[a]P (r=0.685, 
P<0.05). 

1. Baseline data of 
air pollution 
presented 
2. Statistical 
method 
(correlation 
coefficient) 
incorrect 
3. Confounders not 
adjusted for; no 
data on smoking 
4. Results and 
Discussion too 
brief 

1 

2. / CCA 008 
(徐肇翊 et al., 
1992) 
 
沈陽肺癌的病

因 
 
中國慢性病預

n=2594 
(patients=1249, 
reference=1345), 
aged 30 to 69 
 
Shenyang 沈陽, 
Liaoning 遼寧, 
China 
 

Case-control 
study 
 
Multiple logistic 
regression was 
used 

Indoor: 
PM10, B[a]P 
 
Outdoor: 
TSP, B[a]P, 
Pb, As, Cd, 
Cr, and 
other metals 
 

Age, 
education 
level 

1. ORs of lung cancer for 
cigarette smoking were 
significant, at 2.7 for males 
and 2.6 for females. 
2. The ORs of lung cancer 
for different types of 
indoor air pollution: 
(i) Sleeping on a kang – 
OR=2.1 and 2.3 for males 

1. Baseline data of 
air pollution were 
measured but not 
presented 
2. A composite 
index was used for 
indoor air 
pollution 
3. Data of cases 

3 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

防與控制, 
Chinese Journal 
of Prevention 
and Control of 
Chronic Non-
communicable 
Diseases, 1, 33-
36. 

1985 to 1987 Other Risk 
Factors: 
1. Kang 
sleeping 
platform 
heated by 
coal fire 
2. Cooking 
with coal as 
fuel 
3. Indoor 
radon 
4. Smoking 
5. Other 
sources of 
indoor 
pollution 

and females respectively; 
and 
(ii) Cooking with coal as 
fuel: OR=2.1 and 1.8 for 
males and females 
respectively. 
3. The OR for lung cancer 
was higher in people 
exposed to a smoky 
outdoor environment 
(males, OR=2.3; females, 
OR=2.5; P<0.05). 
4. For those living within 
200 m of a factory with 
large chimneys, the OR of 
lung cancer increased with 
the duration of residence 
(>20 yrs, OR=1.6 to 3.2). 
5. Occupational exposure 
to metal refinery: OR=3. 

and controls 
(including age, 
sex, and smoking 
habits) were 
presented 
4. Statistical model 
not presented 
5. Confounders 
adjusted for 
6. Results clear 
7. Discussion 
appropriate 

3. / CCA 016 
(沈永洲 et al., 
2002) 
 
海寧市區大氣

污染與肺癌發

病率關系的研

究 
 
中國腫瘤, 
Bulletin of 

n=446 
 
Haining 海寧, 
Zhejiang 浙江, 
China 
 
1977 to 1998 

Ecological study 
comparing 
Standardized 
Incidence Ratio 
(SIR) between 
an urban 
(polluted) 
district and the 
city as a whole 
 
Poisson 

TSP, SO2, 
NOx 

Not reported 1. SIR in the urban district 
was 1.59, which is 
significantly higher than 
one (P<0.01), using whole 
city as a reference. 
2. There was insignificant 
association between the 
annual lung cancer 
incidence and the mean 
annual concentrations of 
TSP, SO2, and NOx.  

1. Baseline data of 
air pollution and 
that of subjects not 
presented 
2. Confounders not 
adjusted for 
3. Results too brief 
4. Discussion 
limited by crude 
analysis 

1 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

Chinese Cancer, 
11, 511-512. 

regression and 
U-test were used 

4. / CCA 017 
(莊一廷 and 周
天樞, 1996) 
 
大氣污染與肺

癌關系的回歸

分析 
 
海峽預防醫學
雜志, Strait 
Journal of 
Preventive 
Medicine, 2, 11-
13. 

n=30 
 
Fuzhou 福州, 
Fujian 福建, 
China 
 
1984 to 1993 

Ecological study 
comparing lung 
cancer mortality 
among 3 
districts, and 
their changes 
with time 
 
Stepwise 
multiple 
regression was 
used 

TSP, SO2, 
NOx, PM10 

Not reported 1. There was significant 
positive association 
between lung cancer and 
TSP, and also PM10 
(P<0.001). 
2. There was insignificant 
association between lung 
cancer and SO2, and also 
NOx (P>0.1). 

1. Baseline data of 
air pollution 
presented, but that 
of subjects not 
presented 
2. Confounders 
adjusted for but 
not reported 
3. Statistical 
method 
(correlation) 
inappropriate; 
regression model 
(standardized 
mortality rate and 
air pollution) 
presented, but 
latency period of 
lung cancer not 
considered 
4. Results not 
meaningful 
5. Discussion 
appropriate 

1 

5. / CGL 018 
(田裘學 and 周
伶芝, 1994) 
 
(Also reviewed 

Lanzhou 蘭州, 
Gansu 甘肅, 
China 
 
1982 to 1987 

Cross-sectional 
study 
 
Canonical 
correlation, 

SO2, NOx, 
CO, TSP, 
HCHO 

Not specified 1. Ambient air pollution is 
related to health; the 
relation is not specific for 
individual pollutants 
(r=0.56–0.91) 

1. Baseline data of 
air pollution 
presented, but that 
of subjects not 
presented 

2 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

under lung 
cancer) 
 
蘭州市大氣污

染對居民健康

影響的研究 
 
中國環境科學, 
China 
Environmental 
Science, 14, 
200-205. 

multiple 
regression, and 
correlation were 
used 

2. Air pollution is related 
to immune function 
(r=0.56–0.78). 
3. The ORs for lung cancer 
were 2.0767 and 2.05637 
in people who cooked with 
coal and in people who 
smoked, respectively. 

2. Statistical model 
presented 
3. Paper did not 
state how indoor 
air samples were 
collected or 
measured; it also 
did not explain the 
method of health 
investigation 
among subjects 
3. Confounders 
adjusted for 
4. Results: Health 
index, respiratory 
index, and immune 
index were not 
clearly defined; 
many exposures 
and outcomes were 
included 
5. Discussion too 
general and not 
specific enough 

 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
Number of papers: 5 (Long-term effects: 5) 
Number of studies: 5 
Study design: 
Ecological: 3 



Cross-sectional: 1 
Case-control: 1 
 
 
田裘學 & 周伶芝 (1994) 蘭州市大氣污染對居民健康影響的研究. 中國環境科學 , China Environmental Science, 14, 200-205. (CCA 004) 
李朋飛, 彭復康, 唐淑珍, 王春遠 & 曹靜馥 (1992) 撫順市大氣污染與肺癌關系的研究. 環境與健康雜志 , Journal of Environment and Health, 

184. (CCA 007) 
沈永洲, 徐雪良, 沈高飛, 陳建國, 阮引玲, 王琴 & 丁杏芬 (2002) 海寧市區大氣污染與肺癌發病率關系的研究. 中國腫瘤 , Bulletin of Chinese 

Cancer, 11, 511-512. (CCA 016) 
徐肇翊, 李光, 趙東哲, 殷勤, 袁雪芬, Blot, W. J., Fraumeni, J. F., Stone, B. J., & 關百鵬 (1992) 沈陽肺癌的病因. 中國慢性病預防與控制, 

Chinese Journal of Prevention and Control of Chronic Non-communicable Diseases, 1, 33-36. (CCA 008) 
莊一廷 & 周天樞 (1996) 大氣污染與肺癌關系的回歸分析. 海峽預防醫學雜志, Strait Journal of Preventive Medicine, 2, 11-13. (CCA 017) 



Appendix 9: Air Pollution and Health Outcomes – 1983 to 2007 (English) 
 
1) Air Pollution and Asthma 
 

A) Short-term 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design 
& Methodology

Exposures Confounders Main Findings Remarks CoI 

1. / AS 205 
(Lee et al., 
2006) 
 
Association 
between air 
pollution and 
asthma 
admission 
among 
children in 
Hong Kong 
 
Clinical & 
Experimental 
Allergy, 36, 
1138-1146. 

n=879384, aged 
≤18 
 
Hong Kong, 
China 
 
1997 to 2002 

Time-series 
study 
 
Generalized 
Additive Model 
(GAM) with 
smoothing 
spline 
 
Semi-parametric 
Poisson 
regression and 
Pearson’s 
correlation were 
used 

PM10, 
PM2.5, NO2, 
SO2, O3 

Temperature, 
relative 
humidity, 
daily hospital 
admissions 
for influenza, 
total daily 
hospital 
admission, 
indicator 
variables for 
day of the 
week and 
holidays 

1. With each interquartile range 
(33.4 µg/m3) increase in 
[PM10], there was an increase 
of 3.67% (95% confidence 
intervals: 1.52% to 5.86 %) in 
asthma admissions at lag day 4. 
2. With each interquartile range 
(20.6 µg/m3) increase in 
[PM2.5], there was an increase 
of 3.24% (95% CI: 0.93% to 
5.60 %) in asthma admissions 
at lag day 4. 
3. With each interquartile range 
(27.1 µg/m3) increase in [NO2], 
there was an increase of 5.64% 
(95% CI: 3.21% to 8.14 %) in 
asthma admissions at lag day 3. 
4. With each interquartile range 
(23.0 µg/m3) increase in [O3], 
there was an increase of 3.76% 
(95% CI: 0.47% to 6.26 %) in 
asthma admissions at lag day 2. 

1. Baseline data 
of air pollution 
and hospital 
admissions 
presented 
2. Statistical 
model 
presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

4 

2. / AS 217 
(Ko et al., 

n=69716 
 

Time-series 
study 

PM10, 
PM2.5, SO2, 

Time trend, 
day of the 

1. With a 10 µg/m3 increase in 
[NO2], [O3], [PM10], and 

1. Baseline data 
of air pollution 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design 
& Methodology

Exposures Confounders Main Findings Remarks CoI 

2007a) 
 
Effects of air 
pollution on 
asthma 
hospitalization 
rates in 
different age 
groups in 
Hong Kong 
 
Thorax, 
thx.2007.0279
1.x. 

Hong Kong, 
China 
 
January 2000 to 
December 2005 

 
GAM with 
smoothing 
splines 
 
Poisson 
regression was 
used 

NO2, O3 week, 
humidity, 
temperature, 
holidays 

[PM2.5], the relative risks (RRs) 
for emergency hospital 
admissions were 1.028, 1.034, 
1.019, and 1.021 respectively, 
at cumulative lag days ranging 
from lag 0–4 to 0–5. 
2. The younger age group 
(aged 0–14) tended to have a 
higher RR for each 10 µg/m3 
increase in pollutant 
concentrations than those aged 
15–65. 
3. Following exposure to 
pollutants, the elderly (aged 
≥65) had a shorter ‘best’ lag 
time for asthma exacerbation 
than those aged <65. 

and that of 
hospital 
admissions 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
comprehensive 

3. / HGS 002 
(Wong et al., 
1999c) 
(Also 
reviewed 
under hospital 
admissions, 
COPD and 
CVD – short 
term) 
 
Air pollution 
and hospital 
admissions for 

Emergency 
hospital 
admissions in all 
12 major 
hospitals 
 
Hong Kong, 
China 
 
1994 and 1995 

Time-series 
study 
 
Generalized 
Linear Model 
(GLM) 
 
Poisson 
regression was 
used 

NO2, SO2, 
O3, and 
PM10 

Temperature, 
humidity, 
time trends, 
season, and 
other cyclical 
factors 

1. Significant associations were 
found between hospital 
admissions for all respiratory 
diseases, all cardiovascular 
diseases, chronic obstructive 
pulmonary diseases, and heart 
failure, and [NO2], [SO2], [O3], 
and [PM10]. 
2. Admissions for asthma, 
pneumonia, and influenza were 
significantly associated with 
[NO2], [O3], and [PM10]. 
3. The RRs of admission for 
respiratory disease for the four 

1. Baseline data 
of air pollution 
and hospital 
admissions 
presented 
2. Statistical 
model 
presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design 
& Methodology

Exposures Confounders Main Findings Remarks CoI 

respiratory 
and 
cardiovascular 
diseases in 
Hong Kong 
 
Occupational 
and 
Environmental 
Medicine, 
1999, 56:679-
83. 

pollutants ranged from 1.013 
(for [SO2]) to 1.022 (for [O3]), 
and for admissions for 
cardiovascular disease, from 
1.006 (for [PM10]) to 1.016 (for 
[SO2]). 
4. Those aged ≥65 years were 
at higher risk. 
5. Significant positive 
interactions were detected 
between [NO2], [O3], and 
[PM10], and between [O3] and 
the winter months. 

 
 

B) Long-term 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

4. / AL 212 
(Mi et al., 
2006) 
 
Current 
asthma and 
respiratory 
symptoms 
among pupils 
in Shanghai, 
China: 
Influence of 

n=1414, 
schoolchildren 
aged 13 to 14, 
from 10 schools 
in 2 districts 
 
Shanghai, China 
 
November to 
December 2000 

Cross-sectional 
study 
 
Multiple logistic 
regression and 
T-test were used 

Outdoor O3, 
indoor O3, 
outdoor NO2, 
indoor NO2, 
indoor CO2, 
formaldehyde, 
indoor 
relative air 
humidity 

Age, gender, 
smoking, 
observed 
water leakage, 
indoor moulds 

1. With a 100 ppm increase in 
indoor [CO2], the adjusted 
odds ratios (ORs) for current 
asthma, asthma medication, 
asthma attacks, and daytime 
breathlessness were 1.18 
(95%CI: 1.06 to 1.32), 1.15 
(1.02 to 1.31), 1.18 (1.04 to 
1.35), and 0.95 (0.91 to 0.99), 
respectively. 
2. With a 10 µg/m3 increase 
in indoor [NO2], the adjusted 

1. Baseline data 
of air pollution 
and that of 
children 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

building 
ventilation, 
nitrogen 
dioxide, 
ozone, and 
formaldehyde 
in classrooms 
 
Indoor Air, 16, 
454-464. 

ORs for current asthma, 
asthma medication, and 
asthma attacks were 1.51 
(1.17 to 1.96), 1.45 (1.08 to 
1.94), and 1.50 (1.11 to 2.02), 
respectively. 
3. With a 0.1 unit increase in 
the ratio of indoor / outdoor 
[NO2], the adjusted ORs for 
asthma attacks and current 
wheeze were 1.27 (1.03 to 
1.57) and 1.23 (1.01 to 1.52), 
respectively. 
4. With a 10 µg/m3 increase 
in outdoor [NO2] and outdoor 
[O3], the adjusted ORs for 
current asthma and daytime 
breathlessness were 1.44 
(1.06 to 1.95) and 0.55 (0.38 
to 0.79), respectively. 

fair 

5. / AL 213 
(Tseng et al., 
1992) 
 
Particulate air 
pollution and 
hospitalization 
for asthma 
 
Annals of 
Allergy, 68, 

n=33952 
(asthmatics aged 
<15=18948) 
 
Hong Kong, 
China 
 
1983 to 1989 

Time-series 
study of 
quarterly 
hospitalization 
rates 
 
Stepwise 
regression 

TSP, RSP, 
NO2, SO2, 
NOx, O3 

Seasonal and 
annual trends 
of asthma 
hospitalization

1. There was a strong 
correlation between quarterly 
mean TSP and the asthma 
hospitalization discharge rate 
for the 1 to 4 year old 
children (r=0.62, P<0.001). 
2. There was a negative 
correlation between SO2 and 
the asthma hospitalization 
discharge rate for the 5 to 14 
year old children (r=-0.38, 

1. Baseline data 
of air pollution 
and that of 
hospital 
admissions 
presented 
2. Statistical 
model 
presented 
3. Confounders 
adjusted for 

3 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

425-432. P<0.05). 4. Results clear 
5. Discussion 
did not 
adequately 
address the 
negative 
association 
between [SO2] 
and hospital 
discharge 

6. / AL 214 
(Tam et al., 
1994) 
 
Bronchial 
responsiveness 
in children 
exposed to 
atmospheric 
pollution in 
Hong Kong 
 
Chest, 10, 
1056-1060. 

n=5540, 
(pollution=3513, 
reference=2027), 
children 
 
In histamine 
challenge test, 
n=423, 
(polluted=201, 
reference=222) 
 
Kwai Tsing 
District (polluted) 
and Southern 
District 
(reference), Hong 
Kong, China 
 
1989 to 1990 

Cross-sectional 
study comparing 
the prevalence of 
respiratory 
symptoms in 
children from 
polluted and 
reference 
districts 
 
Logistic 
regression, T-
test, and chi-
square test were 
used 

SO2, NO2, 
RSP, TSP 

Gender, age, 
school, 
session 
attended (am / 
pm), father’s 
education 
level, type of 
living quarter, 
exposure to 
passive 
smoking 

1. The prevalence of 
respiratory symptoms was 
higher in Kwai Tsing District 
(polluted district) than in 
Southern District (reference 
district), but not significantly 
so. 
2. There was no difference in 
the standard lung function 
tests (FEV1 and FVC). 
3. There was a higher 
prevalence of bronchial 
hyperreactivity (BHR) in 
children from Kwai Tsing 
District (P=0.052). 
4. The district difference was 
accounted for by a higher 
prevalence of BHR in boys 
(P=0.010), but not in girls 
(P=0.100). 
 

1. Baseline data 
of air pollution 
and that of 
subjects 
presented 
2. Statistical 
model not 
presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
adequate 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

7. / AL 215 
(Wong et al., 
1998) 
 
Comparison 
between two 
districts of the 
effects of an 
air pollution 
intervention 
on bronchial 
responsiveness 
in primary 
school 
children in 
Hong Kong 
 
Journal of 
Epidemiology 
and 
Community 
Health 52, 
571-578. 

n=390, children 
aged 9 to 12 (in 
1990) 
 
Kwai Tsing, 
District (polluted) 
and Southern 
District 
(reference), Hong 
Kong, China 
 
1990 to 1992 

Intervention 
study comparing 
bronchial 
responsiveness in 
children, before 
and after the 
implementation 
of a new policy 
restricting 
sulphur in diesel 
fuels 
 
Logistic 
regression was 
used 

New policy: 
restriction of 
sulphur in 
diesel fuels 
(July 1990) 

Age, sex 1. One year after the new 
policy, the slopes of both 
BHR and bronchial reactivity 
(BR) declined, from 29% to 
16% (P=0.026) and from 48 
to 39 (P=0.075) respectively 
in the pollution district; and 
from 21% to 10% (P=0.001) 
and 42 to 36 (P>0.100) in the 
reference district. 
2. Comparing measurements 
made in 1991 (one year after 
intervention) with those in 
1992 (two years after 
intervention), only the 
polluted district showed a 
significant decline in the 
slopes of BHR and BR, from 
28% to 12% (P=0.016) and 
46 to 35 (P=0.014) 
respectively, with a greater 
decline in both responses 
(P=0.018 and 0.073) than in 
the reference district. 

1. Baseline data 
of air pollution 
presented, but 
that of children 
not presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
adequate 

5 

8. / RL 009 
(Yu et al., 
2001) 
(Also 
reviewed 
under 
respiratory 

n=1294, 
schoolchildren 
aged 8 to 12 
years who took 
ventilatory 
function tests 
with a spirometer 

Cross sectional 
study comparing 
respiratory 
disease 
prevalence in 
children from 
districts with 

Air pollution 
(includes SO2, 
NO2, and 
RSP) 

Height, BMI, 
age, sex, 
parents’ jobs, 
physical 
activity, active 
smoking, 
passive 

1. After adjustment for 
relevant covariates, children 
living in the more polluted 
district had increased odds 
ratios for frequent cough 
(1.74, 95% CI: 1.28–2.38), 
frequent sputum (1.87, 1.26–

1. Baseline data 
of air pollution 
and of 
children’s 
health presented
2. Statistical 
model 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

symptoms and 
lung function 
– long term) 
 
Adverse 
effects of low-
level air 
pollution on 
the respiratory 
health of 
schoolchildren 
in Hong Kong 
 
Journal of 
Occupational 
and 
Environmental 
Medicine, 
2001, 43:310-
6. 

 
(n=1660, 
schoolchildren 
whose parents 
completed 
questionnaires on 
their respiratory 
symptoms) 
 
Kwun Tong and 
Sha Tin districts, 
Hong Kong, 
China 
 
1995 

high and low 
levels of 
pollution 
 
Stepwise linear 
and logistic 
regressions were 
used 

smoking, 
BMI, 
FEV1/FVC, 
diseases, 
symptoms 

2.78), chronic sputum (1.84, 
1.06–3.19), and doctor-
diagnosed asthma (1.98, 
1.24–3.18). 
2. Children of both sexes in 
the more polluted district had 
significantly poorer lung 
function, and the differences 
among girls were more 
marked. 

described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
comprehensive 

 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
CoI-5: 1 paper; CoI-4: 6 papers, CoI-3: 1 paper 
 
Number of papers: 8 (Short-term effects: 3; long-term effects: 5) (Hong Kong: 7, Mainland China: 1) 
Number of studies: 6 
Study design: 
Time-series study: 4 
Cross-sectional: 3 
Interventional: 1 



2) Air Pollution and ER / Hospital Admissions & Outpatient Department Visits 
 

A) Hospital Admissions 
 

i) Short-term 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / HGS 002 
(Wong et al., 
1999c) 
(Also 
reviewed 
under asthma, 
COPD, and 
CVD – short 
term) 
 
Air pollution 
and hospital 
admissions for 
respiratory 
and 
cardiovascular 
diseases in 
Hong Kong 
 
Occupational 
and 
Environmental 
Medicine, 
1999, 56: 679-
83. 

Emergency 
hospital 
admissions in all 
12 major 
hospitals 
 
Hong Kong, 
China 
 
1994 and 1995 

Time-series study 
 
Generalized 
Linear Model 
(GLM) 
 
Poisson 
regression was 
used 

NO2, SO2, 
O3, and 
PM10 

Temperature, 
humidity, 
time trends, 
season, and 
other cyclical 
factors 

1. Significant associations 
were found between hospital 
admissions for all respiratory 
diseases, all cardiovascular 
diseases, chronic obstructive 
pulmonary diseases, and heart 
failure, and [NO2], [SO2], 
[O3], and [PM10]. 
2. Admissions for asthma, 
pneumonia, and influenza 
were significantly associated 
with [NO2], [O3], and [PM10]. 
3. The RRs of admission for 
respiratory disease for the 
four pollutants ranged from 
1.013 (for [SO2]) to 1.022 (for 
[O3]), and for admissions for 
cardiovascular disease, from 
1.006 (for [PM10]) to 1.016 
(for [SO2]). 
4. Those aged ≥65 years were 
at higher risk. 
5. Significant positive 
interactions were detected 
between [NO2], [O3], and 

1. Baseline 
data of air 
pollution and 
hospital 
admissions 
presented 
2. Statistical 
model 
presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

[PM10], and between [O3] and 
the winter months. 

2. / HGS 005 
(Wong et al., 
2002a) 
 
A tale of two 
cities: Effects 
of air 
pollution on 
hospital 
admissions in 
Hong Kong 
and London 
compared 
 
Environmental 
Health 
Perspectives, 
2002, 110:67-
77. 

Hospital 
admissions 
 
Hong Kong, 
China and 
London, UK 
 
1992–1994 
(London); 1995–
1997 (Hong 
Kong) 

Time series study 
 
Poisson regression 
with a 
nonparametric 
smoothing 
function was used 

PM10, NO2, 
SO2, O3 

Temperature, 
humidity, and 
influenza 
admissions 

1. For respiratory admissions 
(≥65 years of age), significant 
positive associations were 
observed with PM10, NO2, 
SO2, and O3 in both cities. 
These associations tended to 
be stronger at shorter lags in 
Hong Kong, and at longer 
lags in London. Associations 
were stronger in the cool 
season in Hong Kong, and in 
the warm season in London; 
during these periods, levels of 
humidity are at their lowest in 
each city. 
2. For cardiac admissions (all 
ages) in both cities, 
significant positive 
associations were observed 
for PM10, NO2, and SO2, with 
similar lag patterns. 
Associations tended to be 
stronger in the cool season. 
The associations with NO2 
and SO2 were the most robust 
in two-pollutant models. 
3. Patterns of association 
between pollutants and 
ischaemic heart disease (IHD) 

1. Baseline 
data of air 
pollution and 
hospital 
admissions 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

were similar in the two cities. 
The associations between O3 
and cardiac admissions were 
negative and significant in 
London, but positive and non-
significant in Hong Kong. 

3. / HVS 023 
(Wong et al., 
1999b) 
 
Does ozone 
have any 
effect on daily 
hospital 
admissions for 
circulatory 
diseases? 
 
Journal of 
Epidemiology 
and 
Community 
Health, 53, 
580-581. 

n=87538, daily 
hospital 
admissions for 
circulatory 
diseases in those 
aged ≥65 
 
Hong Kong, 
China 
 
January 1995 to 
June 1997 

Time-series study 
 
GLM model 
adjusted for sine 
and cosine 
functions 
 
Poisson regression 
was used 
 
January 1995 to 
June 1997 

O3 Temperature, 
humidity, day 
of the week, 
holidays, day 
after a 
holiday, 
influenza, 
time trend, 
seasonality, 
NO2 

1. There was significant 
increase in the RRs for IHD, 
arrhythmia, heart failure, and 
cerebrovascular admissions 
with each increase in [O3]. 
2. RRs markedly increased 
during the cool season; there 
was significant interaction 
between O3 levels and the 
cool season. 
3. For year-round admissions, 
the relation with O3 was 
significant for all circulatory 
(RR=1.03, 95% CI: 1.00 to 
1.07) and heart failure 
(RR=1.14, 1.05 to 1.23) 
admissions, but not 
significant for IHD (RR=1.01, 
0.93 to 1.07), arrhythmia 
(RR=1.07, 099 to 1.16), and 
cerebrovascular admissions 
(RR=0.99, 0.94 to 1.05). 

1. Baseline 
data of hospital 
admissions 
presented, but 
that of air 
pollution not 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
brief 

3 

4. / HAS 011 
(Wong et al., 
2001b) 

n=1217, 
asthmatic 
children 

Time-series study 
 
GLM model, 

PM10, NO2, 
SO2 

Temperature, 
humidity 

An increase of 10 µg/m3 in 
concentrations of NO2, SO2, 
and PM10 significantly 

1. Baseline 
data of hospital 
admissions and 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

 
Temporal 
relationship 
between air 
pollution and 
hospital 
admissions for 
asthmatic 
children in 
Hong Kong 
 
Clinical & 
Experimental 
Allergy, 31, 
565-569. 

 
Hong Kong, 
China 
 
1993 to 1994 

adjusted for 
trigonometric 
functions, APHEA 
1 
 
Poisson regression 
was used 

increased hospital admissions 
for asthma (RRs=1.08, 1.06 
and 1.03, respectively). 

air pollution 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

5. / HRS 209 
(Xu et al., 
1995a) 
 
Association of 
air pollution 
with hospital 
outpatient 
visits in 
Beijing 
 
Archives of 
Environmental 
Health, 50, 
214-220. 

Outpatient visits 
in a hospital 
 
Beijing, China 
 
1990 

Time-series study 
 
Generalized 
additive model 
(GAM) 
 
Linear regression 
was used 

TSP and 
SO2 

Temperature, 
humidity, 
season, day of 
the week 

Comparing concentrations of 
TSP and SO2 on the most 
polluted and least polluted 
days, there were significant 
increases in non-surgery OPD 
visits of 17% and 20%, 
respectively. 

1. Baseline 
data of hospital 
admissions and 
air pollution 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
of high quality 

5 

 



B) Emergency Room Admissions 
 

i) Short-term 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

6. / EGS 001 
(Xu et al., 
1995b) 
 
Air pollution 
and 
unscheduled 
hospital 
outpatient and 
emergency 
room visits 
 
Environmental 
Health 
Perspectives, 
1995, 
103:286-9. 

Patients on 
outpatient and ER 
visits to the No. 3 
Affiliated 
Hospital of 
Beijing Medical 
University 
 
Beijing, China 
 
1990 

Time series study
 
Generalized 
additive model 
(GAM) 
 
Linear regression 
was used 

SO2, TSP Temperature, 
humidity, day 
of the week 

1. [SO2] was marginally 
significantly associated with 
total outpatient visits (β=41.5, 
SE=24.2) and significantly 
associated with internal 
medicine (β=14.6, SE=6.7), 
paediatric (β=12.7, SE=3.7), and 
ER visits (β=6.8, SE=2.7). 
2. [TSP] was a significant 
predictor for total outpatient 
(β=21.1, SE=7.7) and paediatric 
visits (β=3.4, SE=1.3) and a 
marginally significant predictor 
for internal medicine visits 
(β=4.2, SE=2.2). 
3. In a season-specific analysis, 
[SO2] was a significant predictor 
for total hospital outpatient visits 
in summer, although the mean 
daily [SO2] was only 17µg/m3 
(maximum=51 µg/m3). 
4. In winter, [SO2] was 
significantly associated with 
internal medicine, paediatric, 
and ER visits, and [TSP] was 
associated with total outpatient 
visits. 

1. Baseline data 
of air pollution 
and hospital 
visits? presented 
2. Statistical 
model described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

4 



C) Outpatient Department Visits 
 

i) Short-term 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

7. / DRS 003 
(Wong et al., 
2002c) 
 
Air pollution 
and general 
practice 
consultations 
for respiratory 
illnesses 
 
Journal of 
Epidemiology 
& Community 
Health, 2002, 
56:949-50 

Daily numbers of 
GP consultations 
from 7 clinics in 
various districts 
around the city 
 
Hong Kong, 
China 
 
2000 

Time series study 
 
Generalized 
additive model 
(GAM) with 
smoothing spline 
 
Poisson 
regression was 
used 

PM10, NO2, 
SO2, O3 

Effect of 
seasonality, 
days of the 
week, and 
climatic 
variables 

1. The mean daily 
concentrations (in µg/m3) for 
PM10, NO2, O3, and SO2 were 
47.2, 58.2, 28.3, and 15.9 
respectively. 
2. For each 10 µg/m3 increase 
in [PM10], the combined RRs 
of consultations for all 
respiratory illnesses and URTI 
were 1.033 (95% CI: 1.025 to 
1.041) and 1.030 (1.016 to 
1.045), respectively.  
3. The RRs for O3, NO2, and 
SO2, at 1.017, 1.013, and 
0.992 respectively, were 
statistically insignificant. 

1. Baseline 
data of air 
pollution and 
subjects 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results brief 
5. Discussion 
brief 

3 

8. / DRS 202 
(Wong et al., 
2006) 
 
The 
association 
between air 
pollution and 
general 
practitioner 
visits for 

Daily numbers of 
first visits for 
URTI in 13 
clinics 
 
Hong Kong, 
China 
 
2000 to 2002 

Time series study 
 
GAM with 
smoothing spline 
 
Poisson 
regression was 
used 

PM10, NO2, 
SO2, O3 

Effect of 
seasonality, 
days of the 
week, holiday 
indicators, 
temperature, 
humidity, and 
climatic 
variables 

1. Significant associations 
were observed between first 
visits for URTI and an 
increase in the concentrations 
of PM10, NO2, SO2, and O3. 
2. The excess risk (ER) was 
highest for NO2 (3.0%), 
followed by O3 (2.5%), PM2.5 
(2.1%), and PM10 (2.0%).  
3. Similar associations with 
these air pollutants were 

1. Baseline 
data of air 
pollution and 
that of subjects 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Result 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

respiratory 
diseases in 
Hong Kong 
 
Thorax, 
thx.2005.0517
30v1. 

found for non-URTI 
respiratory disease. 

appropriate 
5. Discussion 
comprehensive 

 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
CoI-5: 3 papers; CoI-4: 3 papers, CoI-3: 2 papers 
 
Number of papers: 8 (Short-term effects: 8) (Hong Kong: 6, Mainland China: 2) 
Number of studies: 7 
Study design: 
Time-series study: 8 

 
 



3) Air Pollution and Chronic Obstructive Pulmonary Disease (COPD) 
 

A) Short-term 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / ECoS 201 
(Ko et al., 
2007b) 
 
The temporal 
relationship 
between air 
pollutants and 
hospital 
admissions for 
chronic 
obstructive 
pulmonary 
disease in Hong 
Kong 
 
Thorax, 
thx.2006.07616
6. 

n=119225 
 
Hong Kong, 
China 
 
January 2000 to 
December 2004  

Time-series study 
 
Poisson 
regression with 
smoothing splines 
was used 

PM10, 
PM2.5, SO2, 
NO2, O3 

Time trend, 
season, other 
cyclical 
factors, 
temperature, 
relative 
humidity 

1. With a 10 µg/m3 
increase in SO2, NO2, O3, 
PM10, and PM2.5 
concentrations, the RRs for 
emergency hospital 
admissions were 1.007, 
1.026, 1.034, 1.024, and 
1.031 respectively, at lag 
days ranging from lag day 
0 to cumulative lag days 0–
5. 
2. In a multi-pollutant 
model, PM2.5, SO2, and O3 
were significantly 
associated with increased 
admissions for COPD. 
3. SO2, NO2, and O3 had a 
stronger effect on COPD 
admissions in the cold 
season (December to 
March) than during the 
warm season. 

1. Baseline data 
of air pollution 
and hospital 
admissions 
presented 
2. Statistical 
model described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
comprehensive 

5 

2. / HGS 002 
(Wong et al., 
1999c) 
(Also reviewed 
under asthma, 

Emergency 
hospital 
admissions in all 
12 major 
hospitals 

Time-series study 
 
Generalized 
Linear Model 
(GLM) 

NO2, SO2, 
O3, and 
PM10 

Temperature, 
humidity, 
time trends, 
season, and 
other cyclical 

1. Significant associations 
were found between 
hospital admissions for all 
respiratory diseases, all 
cardiovascular diseases, 

1. Baseline data 
of air pollution 
and hospital 
admissions 
presented 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

hospital 
admissions, and 
CVD – short 
term) 
 
Air pollution 
and hospital 
admissions for 
respiratory and 
cardiovascular 
diseases in 
Hong Kong 
 
Occupational 
and 
Environmental 
Medicine, 1999, 
56:679-83. 

 
Hong Kong, 
China 
 
1994 and 1995 

 
Poisson 
regression was 
used 

factors chronic obstructive 
pulmonary diseases, and 
heart failure, and [NO2], 
[SO2], [O3], and [PM10]. 
2. Admissions for asthma, 
pneumonia, and influenza 
were significantly 
associated with [NO2], 
[O3], and [PM10]. 
3. The RRs of admission 
for respiratory disease for 
the four pollutants ranged 
from 1.013 (for [SO2]) to 
1.022 (for [O3]), and for 
admissions for 
cardiovascular disease, 
from 1.006 (for [PM10]) to 
1.016 (for [SO2]). 
4. Those aged ≥65 years 
were at higher risk. 
5. Significant positive 
interactions were detected 
between [NO2], [O3], and 
[PM10], and between [O3] 
and the winter months. 

2. Statistical 
model presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

 
 



B) Long-term 
 
Author, Title 

& Source 
Subjects, Region 
& Study Period 

Study Design 
& Methodology

Exposures Confounders Main Findings Remarks CoI 

3. / CoL 204 
(Tao et al., 
1992) 
 
Priority 
among air 
pollution 
factors for 
preventing 
chronic 
obstructive 
pulmonary 
disease in 
Shanghai 
 
The Science 
of the Total 
Environment, 
127, 57-67. 

n=12307 
 
Shanghai, China 
 
1987 

Ecological study 
using spatial 
analysis of 
COPD 
mortalities 
 
Cross-sectional 
study of COPD 
prevalence, 
SIgA, and lung 
function 
 
Logistic and 
stepwise 
regression were 
used 

SO2, 
inhalable 
particulates 
(IP), 
burning 
with coal 

Sex, age 1. The ORs for COPD were 
1.329 for the use of coal 
(P<0.01), and 1.176 for 
exposure to SO2 (P<0.05). 
2. The ORs for coughing 
were 0.158 for exposure to 
SO2 (P<0.01), 0.216 for the 
use of coal (P<0.01), and 
0.145 for exposure to PM10 
(P<0.01). 

1. Baseline data of 
air pollution and of 
population 
presented 
2. Statistical model 
presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion brief 
(no reference to 
SIgA) 

4 

 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
CoI-5: 1 paper; CoI-4: 2 papers 
 
Number of papers: 3 (Short-term effects: 2, long-term effects: 1) (Hong Kong: 2, Mainland China: 1) 
Number of studies: 2 
Study design: 
Time-series study: 2 
Ecological: 1 



4) Air Pollution and Respiratory Diseases and Symptoms 
 

A) Long-term 
 

Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / GL 201 
(Qian et al., 
2004) 
 
Using air 
pollution based 
community 
clusters to 
explore air 
pollution health 
effects in 
children 
 
Environment 
International, 
30, 611-620. 

n=7058, children 
aged 5 to 16 
 
Lanzhou 蘭州, 
Chongqing 重慶, 
Wuhan 武漢, 
Guangzhou 廣州, 
China 
(Part of the four 
cities study) 
 
1993 to 1996 

Cross-sectional 
study comparing 
the prevalence of 
respiratory 
diseases and 
symptoms in 
children from 
four cities 
 
Logistic 
regression was 
used 

TSP-PM10, 
PM10-2.5, PM2.5, 
SO2, NOx 

Age, gender, 
having own 
bedroom, 
mother’s 
educational 
level, father’s 
smoking 
status, housing 
type, type of 
cooking oil, 
smoke from 
heating with 
coal, smoke 
from cooking 
with coal 

1. There were 
monotonic and positive 
relationships of 
exposure to the pollutant 
mixture, mainly PM, 
with prevalence rates of 
cough with phlegm and 
wheeze. 
2. The ORs for cough, 
phlegm, bronchitis, and 
asthma in the higher 
exposure districts were 
all higher (and mostly, 
significantly) than in the 
lowest exposure district. 

1. Baseline 
data of air 
pollution and 
that of children 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
comprehensive 

5 

2. / GL 206 
(Zhang et al., 
2002) 
 
Children's 
respiratory 
morbidity 
prevalence in 
relation to air 
pollution in four 
Chinese cities 

n=7621, children 
aged 5 to 16 
 
Lanzhou 蘭州, 
Chongqing 重慶, 
Wuhan 武漢, 
Guangzhou 廣州, 
China 
(Part of the four 
cities study) 
 

Cross-sectional 
study comparing 
the prevalence of 
respiratory 
diseases and 
symptoms in 
children from 
four cities 
 
Logistic and 
linear regressions 

TSP-PM10, 
PM10-2.5, PM2.5, 
SO2, NOx 

Being younger 
in the study 
group, being 
male, having 
been breast-
fed, sharing 
beds / 
bedrooms, 
rooms being 
smoky during 
cooking, eye 

There were positive 
statistical associations 
between TSP and PM10-

2.5 and: bronchitis, 
persistent cough, and 
persistent phlegm 
(P<0.05). 

1. Baseline 
data of air 
pollution and 
that of children 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 

5 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

 
Environmental 
Health 
Perspectives, 
110, 961-967. 

1993 to 1996 were used irritation 
during 
cooking, 
parental 
smoking, 
history of 
parental 
asthma 

5. Discussion 
appropriate 

3. / GL 207 
(Xu and Wang, 
1993) 
 
Association of 
indoor and 
outdoor 
particulate level 
with chronic 
respiratory 
illness 
 
American 
Review of 
Respiratory 
Disease, 148, 
1516-1522. 

n=1576, adults 
who have never 
smoked, aged 40 
to 69 
 
Beijing, China 
 
1986 

Cross-sectional 
study 
 
Multiple logistic 
regression was 
used 

Outdoor TSP, 
indoor total 
inhalable 
particles 

Gender, age, 
education, 
annual 
income, indoor 
crowding, 
occupational 
exposure to 
dust, gases or 
fumes, passive 
smoking, 
indoor coal 
combustion 
sources, 
outdoor 
particulate 
exposure 
levels 

1. The ORs in high 
outdoor exposure areas 
were 2.0 for cough 
(95% CI: 1.1 to 3.5, 
P<0.05), 1.8 for bouts of 
cough and phlegm (1.0 
to 3.1, P<0.05), 2.1 for 
wheeze (1.2 to 3.9, 
P<0.05), and 2.5 for 
wheeze with shortness 
of breath (SOB) (1.4 to 
4.5, P<0.01) 
2. This finding became 
insignificant when 
indoor air pollution was 
not adjusted for. 
3. Total PM exposure 
(indoor + outdoor) was 
significantly associated 
with the increased 
prevalence of all six 
respiratory symptoms 
that were studied. 

1. Baseline 
data of air 
pollution and 
that of subjects 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
comprehensive 

5 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

4. / RL 009 
(Yu et al., 2001) 
(Also reviewed 
under asthma 
and lung 
function – long 
term) 
 
Adverse effects 
of low-level air 
pollution on the 
respiratory 
health of 
schoolchildren in 
Hong Kong 
 
Journal of 
Occupational 
and 
Environmental 
Medicine, 2001, 
43:310-6. 

n=1294, 
schoolchildren 
aged 8 to 12 
years who took 
ventilatory 
function tests 
with a spirometer 
 
(n=1660, 
schoolchildren 
whose parents 
completed 
questionnaires on 
their respiratory 
symptoms) 
 
Kwun Tong and 
Sha Tin districts, 
Hong Kong, 
China 
 
1995 

Cross sectional 
study comparing 
respiratory disease 
prevalence in 
children from 
districts with high 
and low levels of 
pollution 
 
Stepwise linear 
and logistic 
regressions were 
used 

Air pollution 
(includes SO2, 
NO2, and RSP) 

Height, BMI, 
age, sex, 
parents’ jobs, 
physical 
activity, active 
smoking, 
passive 
smoking, BMI, 
FEV1/FVC, 
diseases, 
symptoms 

1. After adjustment for 
relevant covariates, 
children living in the 
more polluted district 
had increased odds 
ratios for frequent cough 
(1.74, 95% CI: 1.28–
2.38), frequent sputum 
(1.87, 1.26–2.78), 
chronic sputum (1.84, 
1.06–3.19), and doctor-
diagnosed asthma (1.98, 
1.24–3.18). 
2. Children of both 
sexes in the more 
polluted district had 
significantly poorer lung 
function, and the 
differences among girls 
were more marked. 

1. Baseline 
data of air 
pollution and 
of children’s 
health 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
comprehensive 

5 

5. / RL 010 
(Yu et al., 2004) 
 
Impact of air 
pollution on 
cardiopulmonary 
fitness in 
schoolchildren 
 

n=821, 
schoolchildren 
aged 8 to 12 
years 
 
Kwun Tong and 
Sha Tin districts, 
Hong Kong, 
China 

Cross sectional 
study comparing 
cardiopulmonary 
fitness in children 
from districts with 
high and low 
levels of pollution
 

SO2, NO2, 
PM10 

Height, BMI, 
age, sex, 
parents’ jobs, 
physical 
activity, active 
smoking, 
passive 
smoking, 
FEV1/FVC, 

1. Children in the high 
pollution district had a 
significantly lower 
VO2max than those in the 
low pollution district 
(27.9 mL.kg-1.min-1 vs. 
29.8 mL.kg-1.min-1) 
2. Habitual physical 
exercise was associated 

1. Baseline 
data of air 
pollution and 
of children 
presented 
2. Statistical 
model 
presented 
3. Confounders 

5 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

Journal of 
Occupational 
and 
Environmental 
Medicine, 2004, 
46:946-52. 

 
Year not 
specified 

diseases, 
symptoms 

with a higher VO2max in 
the low pollution 
district, but not in high 
pollution district. 
3. Air pollution 
adversely affected the 
VO2max in children, and 
physical exercise in a 
polluted environment 
might not have a 
beneficial effect on 
cardiopulmonary fitness.

adjusted for 
4. Results clear 
5. Discussion 
comprehensive 

6. / GL 209 
(Ong et al., 
1991) 
 
Studies on the 
respiratory 
health of primary 
school children 
in urban 
communities of 
Hong Kong 
 
The Science of 
the Total 
Environment, 
106, 121-135. 

n=3846 
(cases=2009, 
controls=1837), 
schoolchildren 
 
Kwai Tsing 
District (polluted) 
and Southern 
District 
(reference), Hong 
Kong, China 
 
1989 

Cross-sectional 
study comparing 
the prevalence of 
respiratory 
diseases and 
symptoms in 
children from 
polluted and 
reference 
districts) 
 
(Baseline study 
of GL 210) 
 
Logistic 
regression, T-
test, chi-square 
test, and 
Pearson’s 

SO2, TSP, RSP, 
NO2 

Gender, age, 
socioeconomic 
factors, child 
smoking, 
exposure to 
parental 
smoking 

The prevalence ratios of 
sore throat, evening 
cough, and cough for 
more than 3 months, 
morning phlegm, and 
wheezing were found to 
be significantly higher 
in the polluted district. 

1. Baseline 
data of air 
pollution and 
that of children 
presented 
2. Statistical 
model not 
presented 
3. Confounders 
adjusted for 
4. Results 
comprehensive 
5. Discussion 
appropriate 

5 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

correlation were 
used 

7. / GL 210 
(Peters et al., 
1996) 
 
Effects of an 
ambient air 
pollution 
intervention and 
environmental 
tobacco smoke 
on children’s 
respiratory 
health in Hong 
Kong 
 
International 
Journal of 
Epidemiology, 
25, 821-828. 

n=3521, children 
with an average 
age of 9.51 years 
 
Kwai Tsing 
District (polluted) 
and Southern 
District 
(reference), Hong 
Kong, China 
 
1989 to 1991 

Intervention 
study comparing 
the prevalence of 
respiratory 
symptoms in 
children, before 
and after the 
implementation 
of a new SO2 
reduction policy 
 
(Follow-up study 
to GL 209) 
 
(Logistic 
regression, T-
test, and chi-
square test were 
used 

SO2, NO2, NO, 
TSP, RSP, 
implementation 
of a new SO2 
reduction 
policy (July 
1990) 

District of 
residence, 
school 
attended, year 
of study, 
gender, age, 
passive 
smoking, 
housing type, 
father’s 
educational 
level 

1. There was a higher 
prevalence rate of cough 
and sore throat 
(OR=1.22, 95% CI: 1.04 
to 1.43) and wheezing 
(OR=1.35, 1.10 to 1.66) 
in those living in the 
polluted district 
(P<0.01). 
2. After the intervention, 
SO2 concentration levels 
fell by up to 80%, and 
sulphate concentrations 
in respirable particulates 
by 38%, in the polluted 
district only. 
3. Between 1989 and 
1991, there was a 
greater decline of 
reported symptoms of 
cough or sore throat, 
phlegm, and wheezing 
among children from the 
pollution district, 
compared with the 
reference district. 

1. Baseline 
data of air 
pollution and 
that of children 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results 
adequate 
5. Discussion 
comprehensive 

5 

8. / GL 213 
(Wong et al., 
1999a) 

n=3405, non-
smoking women 
 

Intervention 
study comparing 
respiratory health 

Implementation 
of a new SO2 
reduction 

Housing type, 
age, use of 
incense, use of 

Environmental tobacco 
smoke (ETS) and 
outdoor air pollution 

1. Baseline 
data of women 
presented, but 

5 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

Effects of 
ambient air 
pollution and 
environmental 
tobacco smoke 
on respiratory 
health of non-
smoking women 
in Hong Kong 
 
International 
Journal of 
Epidemiology, 
28, 859-864. 

Kwai Tsing 
District (polluted) 
and Southern 
District 
(reference), Hong 
Kong, China  
 
1989 to 1991 

in women before 
and after the 
implementation 
of a new SO2 
reduction policy 
 
Logistic 
regression, T-
test, and chi-
square test were 
used 

policy (July 
1990), 
environmental 
tobacco smoke 
(ETS) 

mosquito 
coils, type of 
domestic fuel 

had independent adverse 
effects on the 
respiratory health of 
non-smoking women. 
The improvement in air 
quality after the 
implementation of the 
policy had produced 
some health benefits, 
albeit insignificant ones. 

that of air 
pollution not 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
adequate 

9. / RL 001 
(Zhang et al., 
1999) 
 
Effects of air 
pollution on 
respiratory 
health of adults 
in three Chinese 
cities 
 
Archives of 
Environmental 
Health, 1999, 
54:373-81. 

n=4108, 
schoolchildren 
and their parents 
 
Guangzhou 廣州, 
Wuhan 武漢, and 
Lanzhou 蘭州, 
China 
(Pilot study for 
the four cities 
study) 
 
Winter 1988 

Cross sectional 
study 
 
Logistic 
regression was 
used 

TSP, SO2, NOx Smoking, 
passive 
smoking, use 
of coal for 
cooking / 
heating at 
home, age, 
education 
level, 
occupation, 
use of any 
indoor 
ventilation 
devices 
(chimney, 
exhaust hood, 
exhaust fan) 

Active tobacco smoking 
was observed to have a 
strong adverse effect on 
the fathers’ respiratory 
health. The children 
appeared to be more 
strongly affected by 
exposure to passive 
smoking at home than 
their mothers did. 

1. Baseline 
data of air 
pollution and 
of subjects 
presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
adequate 

5 



 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
CoI-5: 9 papers 
 
Number of papers: 9 (Long-term effects: 9) (Hong Kong: 5, Mainland China: 4) 
Number of studies: 8 
Study design: 
Interventional: 2 
Cross-sectional: 7 

 
 



5) Air Pollution and Lung Function 
 

A) Long-term 
 
Author, Title 

& Source 
Subjects, Region 
& Study Period 

Study Design 
& Methodology

Exposures Confounders Main Findings Remarks CoI 

1. / FL 009 
(Xu and 
Wang, 1998) 
 
Synergistic 
effects of air 
pollution and 
personal 
smoking on 
adult 
pulmonary 
function 
 
Archives of 
Environmental 
Health, 1998, 
53:44-53. 

n=3287, adults 
aged 40–69 years, 
living in 
residential, 
industrial, and 
suburban areas 
 
Beijing, China 
 
August – 
September 1986 

Cross sectional 
study comparing 
lung function in 
adults from 
polluted and 
reference 
districts 
 
Multiple linear 
regression was 
used 

Synergistic 
effects of air 
pollution and 
personal 
smoking 

Age, sex, 
height, 
education, 
indoor use of 
coal stoves, 
crowding 
within a house, 
occupational 
exposures, and 
passive 
smoking 

1. Compared with 
individuals in the suburban 
area, adults who have 
never smoked and who 
resided in the industrial 
area had a 26 ml (standard 
error=39) reduction in 
FEV1 and a 150 ml 
(standard error=42) 
reduction in FVC; 
however, smokers in the 
same area suffered an 
additional 53 ml (standard 
error=38) reduction in 
FEV1 and 65 ml (standard 
error=41) reduction in 
FVC. 
2. Similarly, adults who 
have never smoked, and 
who lived in the residential 
area, had a 72 ml (standard 
error=35) reduction in 
FEV1 and a 274 ml 
(standard error=38) 
reduction in FVC; smokers 
in the same area suffered 
an additional 75 ml 

1. Baseline data 
of subjects and 
that of air 
pollution 
presented 
2. Statistical 
model presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
adequate 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design 
& Methodology

Exposures Confounders Main Findings Remarks CoI 

(standard error=39) 
reduction in FEV1 and 107 
ml (standard error=42) 
reduction in FVC. 
3. Long-term exposure to 
high levels of particulates 
and sulphur dioxide in 
Beijing was associated 
with significantly reduced 
pulmonary function in both 
smokers and people who 
have never smoked. 
4. However, the 
associations were 
significantly greater among 
smokers than among those 
who never smoked, 
indicating a synergistic 
effect of air pollution and 
personal smoking on adult 
pulmonary function. 

2. / FL 214 
(Kasamatsu et 
al., 2006) 
 
Effects of 
winter air 
pollution on 
pulmonary 
function of 
school 

n=322 (2001), 
n=244 (2002), 
schoolchildren 
Shenyang 沈阳, 
Liaoning 辽宁, 
China 
 
October 2001 to 
June 2002 

Cohort study on 
the lung 
functions of 
schoolchildren 
at different 
levels of 
particulates 
 
Generalized 
estimating 

TSP, PM7, 
PM2.1 

Height, age 1. When comparing the 
children’s FEV1 in a month 
with high PM 
concentrations (April 
2002) to that in a month 
with low PM 
concentrations (October 
2001), the adjusted FEV1 
was lower in boys (0.2331 
L, 95%CI: 0.167 to 0.2991 

1. Baseline data 
of air pollution 
and that of 
children 
presented 
2. Statistical 
model not 
presented 
3. Confounders 
adjusted for 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design 
& Methodology

Exposures Confounders Main Findings Remarks CoI 

children in 
Shenyang, 
China 
 
International 
Journal of 
Hygiene and 
Environmental 
Health, 209, 
435-444 

equation used 
for smoothing 
data 

L) and girls (0.2221 L, 
95%CI: 0.165 to 0.2801 
L). 
2. With an increase in 
concentration of TSP by 
66.0 µg/m3, PM7 by 63.0 
µg/m3, and PM2.1 by 42.1 
µg/m3, there was a delayed 
decrease in the boys’ FEV1 
by 0.0591 L (95%CI: 0.020 
to 0.1061 L), 0.0951 L 
(0.057 to 0.1391 L), and 
0.1101 L (0.072 to 0.1471 
L), respectively. In girls, 
the same increases in TSP, 
PM7, and PM2.1 led to 
FEV1 decreases by 0.0661 
(0.026 to 0.1061), 0.1011 
(0.063 to 0.1391) and 
0.1141 (0.080 to 0.1521), 
respectively. 
3. The effects of airborne 
particulates on lung 
function appear to be 
delayed. 

4. Results clear 
5. Discussion 
adequate 

3. / FL 215 
(Xu et al., 
1991) 
 
Effects of air 
pollution on 

n=1440 (lung 
function test), 
adults aged 46 to 
69 
 
Beijing, China 

Cross-sectional 
study 
 
Multiple linear 
regression was 
used 

TSP, SO2, 
heating with 
coal 

Height, sex, 
age 

1. A unit increase in ln 
[SO2] is associated with a 
decrease of 35.6 ml in 
FEV1 and 142.2 ml in 
FVC. 
2. A unit increase in ln 

1. Baseline data 
of air pollution 
and that of 
subjects 
presented 
2. Statistical 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design 
& Methodology

Exposures Confounders Main Findings Remarks CoI 

adult 
pulmonary 
function 
 
Archives of 
Environmental 
Health, 46, 
198-206. 

 
1986 

[TSP] is associated with a 
decrease of 131.4 ml in 
FEV1 and 478.7 ml in 
FVC. 
3. Heating with coal was 
associated with a decrease 
of 91 (±36) ml in FEV1, 
and of  84 (±41) ml in 
FVC. 

model presented 
3. Confounders 
adjusted for 
4. Results on air 
pollution 
concentration not 
clear, crude 
values of lung 
function tests not 
presented 
5. Discussion 
comprehensive 

4. / RL 009 
(Yu et al., 
2001) 
(Also 
reviewed 
under asthma 
and respiratory 
symptoms – 
long term) 
 
Adverse 
effects of low-
level air 
pollution on 
the respiratory 
health of 
schoolchildren 
in Hong Kong 
 

n=1294, 
schoolchildren 
aged 8 to 12 years 
who took 
ventilatory 
function tests 
with a spirometer 
 
(n=1660, 
schoolchildren 
whose parents 
completed 
questionnaires on 
their respiratory 
symptoms) 
 
Kwun Tong and 
Sha Tin districts, 
Hong Kong, 

Cross sectional 
study comparing 
respiratory 
disease 
prevalence in 
children from 
districts with 
high and low 
levels of 
pollution 
 
Stepwise linear 
and logistic 
regressions were 
used 

Air pollution 
(includes 
SO2, NO2, 
and RSP) 

Height, BMI, 
age, sex, 
parents’ jobs, 
physical 
activity, active 
smoking, 
passive 
smoking, BMI, 
FEV1/FVC, 
diseases, 
symptoms 

1. After adjustment for 
relevant covariates, 
children living in the more 
polluted district had 
increased odds ratios for 
frequent cough (1.74, 95% 
CI: 1.28–2.38), frequent 
sputum (1.87, 1.26–2.78), 
chronic sputum (1.84, 
1.06–3.19), and doctor-
diagnosed asthma (1.98, 
1.24–3.18). 
2. Children of both sexes in 
the more polluted district 
had significantly poorer 
lung function, and the 
differences among girls 
were more marked. 

1. Baseline data 
of air pollution 
and of children’s 
health presented 
2. Statistical 
model described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
comprehensive 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design 
& Methodology

Exposures Confounders Main Findings Remarks CoI 

Journal of 
Occupational 
and 
Environmental 
Medicine, 
2001, 43:310-
6. 

China 
 
1995 

5. / FL 223 
(Wang et al., 
1999) 
 
Particulate 
matter, sulfur 
dioxide, and 
pulmonary 
function in 
never-smoking 
adults in 
Chongqing, 
China 
 
International 
Journal of 
Occupational 
and 
Environmental 
Health, 5, 14-
19. 

n=1075, adults 
aged 35 to 60 
who have never 
smoked 
 
Chongqing, China
 
1995 

Cross-sectional 
study estimating 
the differences 
in FEV1, FVC, 
and FEV1/FVC 
in two areas (a 
suburban area 
and a more 
polluted area) 
 
Generalized 
additive model 
(GAM) 
 
Linear 
regression was 
used 

PM2.5, SO2 Sex, age, 
height, 
education, 
passive 
smoking, 
occupational 
exposure to 
dust, gas, 
fumes 

The values of FEV1, FVC, 
and FEV1/FVC were 
significantly lower in the 
more polluted area than in 
the suburban area 
(∆FEV1=199 ml for males, 
and 87 ml for females). 

1. Baseline data 
of air pollution 
and that of 
subjects 
presented 
2. Statistical 
model presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
comprehensive 

5 

 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 



CoI-5: 4 papers; CoI-4: 1 paper 
 
Number of papers: 5 (Long-term effects: 5) (Hong Kong: 1, China: 4) 
Number of studies: 4 
Study design: 
Cohort study: 1 
Cross-sectional: 4 



6) Air Pollution and Mortality 
 

A) Short-term 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / MS 201 
(Kan et al., 
2005) 
 
Relationship 
between 
ambient air 
pollution and 
daily mortality 
of SARS in 
Beijing 
 
Biomedical and 
Environmental 
Science, 18, 1-
4. 

SARS mortality 
n=37 
 
Beijing, China 
 
25 April to 31 
May 2003 

Time-series 
study 
 
Generalized 
additive model 
(GAM) with 
smoothing 
splines 
 
Poisson 
regression was 
used 

PM10, 
SO2, NO2 

Temperature, 
dew point, 
relative 
humidity, 
weather, day 
of the week 

1. An increase of 10 µg/m3 in 
the concentrations of PM10, 
SO2, and NO2 over a 5-day 
average was associated with 
RRs of 1.06 (1.00–1.12), 0.74 
(0.48–1.13), and 1.22 (1.01–
1.48) of daily SARS 
mortality, respectively. 

1. Baseline data 
of air pollution 
and that of 
subjects 
presented 
2. Statistical 
model described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
brief 

4 

2. / MS 210 
(Kan et al., 
2007) 
 
Differentiating 
the effects of 
fine and coarse 
particles on 
daily mortality 
in Shanghai, 
China 

n=79530, data 
taken from the 
Shanghai 
Municipal Centre 
of Disease 
Control and 
Prevention 
 
Shanghai, China 
 
March 2004 to 

Time-series 
study 
 
GAM with 
smoothing 
splines 
 
Log linear 
Poisson 
regression was 
used 

PM10, 
PM2.5, 
PM10-2.5 

Temperature, 
relative 
humidity 

1. With a 10 µg/m3 increase in 
levels of PM10 and PM2.5, the 
RRs for all cause mortality 
were 1.0016 (95%CI: 1.0002 
to 1.0030) and 1.0036 (1.0011 
to 1.0061), respectively. 
2. With a 10 µg/m3 increase in 
levels of PM10 and PM2.5, the 
RRs for cardiovascular 
mortality were 1.0031 
(95%CI: 1.0010 to 1.0053) 

1. Baseline data 
of air pollution 
and subjects 
presented 
2. Statistical 
model presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
adequate 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

 
Environment 
International, 
33, 376-384. 

December 2005 and 1.0041 (1.0001 to 
1.0082), respectively. 
3. With a 10 µg/m3increase in 
PM2.5 levels, the RR for 
respiratory mortality was 
1.0095. 
4. No significant association 
was found for PM10-2.5 with 
mortality. 

3. / MS 212 
(Zhang et al., 
2006) 
 
Ozone and 
daily mortality 
in Shanghai, 
China 
 
Environmental 
Health 
Perspectives, 
114, 1215-
1220. 

n=173911, death 
data from the 
Shanghai 
Municipal Centre 
of Disease 
Control and 
Prevention 
 
Shanghai, China 
 
January 2001 to 
December 2004 

Time-series 
study 
 
GAM with 
penalized splines 
 
Log linear and 
Poisson 
regressions were 
used 

PM10, 
SO2, NO2, 
O3 

Temperature, 
dew point, 
relative 
humidity, day 
of the week 

1. With a 10 µg/m3 increase in 
O3 levels, averaged over 2 
days, the RRs were 1.0045 
(95%CI: 1.0016 to 1.0073), 
1.0053 (1.0010 to 1.0096), 
and 1.0035 (1.0040 to 1.0109) 
for non-accidental, 
cardiovascular, and 
respiratory mortalities, 
respectively. 
2. O3 pollution had stronger 
health effects in Shanghai 
during the cold season than 
during the warm season. 

1. Baseline data 
of air pollution 
and that of 
subjects 
presented 
2. Statistical 
model presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

5 

4. / MS 023 
(Kan and Chen, 
2003b) 
 
A case-
crossover 
analysis of air 
pollution and 

Mortality data 
(on death from all 
non-accidental 
causes, CVD, and 
COPD) from the 
Shanghai Centre 
of Disease 
Control and 

Case-crossover 
study 
 
Conditional 
logistic 
regression was 
used 

PM10, SO2 
and NO2 

Temperature, 
humidity, dew 
point 

1. Each 10 µg/m3 increase 
over a 48-hour moving 
average of PM10, SO2, and 
NO2 levels corresponds to 
RRs for non-accident 
mortality of 1.003 (95%CI: 
1.001–1.005), 1.016 (1.011–
1.021), and 1.020 (1.012–

1. Baseline data 
of air pollution 
and that of 
mortality 
presented 
2. Statistical 
model presented 
3. Confounders 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

daily mortality 
in Shanghai 
 
Journal of 
Occupational 
Health, 2003, 
45:119-24. 

Prevention 
 
Shanghai, China 
 
June 2000 to 
December 2001 

1.027), respectively. 
2. The association between air 
pollution and mortalities for 
chronic obstructive 
pulmonary diseases (COPD) 
and cardiovascular diseases 
(CVD) was found to be closer 
than that for all causes. 
3. CVD: significant 
OR=1.004, 1.017, and 1.024 
for PM10, SO2, and NO2 
respectively. 
4. COPD: significant 
OR=1.033 and 1.024 for SO2 
and NO2 respectively. 

adjusted for 
4. Results clear 
5. Discussion 
appropriate 

5. / MS 051 
(Xu et al., 
2000) 
 
Air pollution 
and daily 
mortality in 
Shenyang, 
China 
 
Archives of 
Environmental 
Health, 2000, 
55:115-20. 

Mortality data 
(excluding deaths 
from accidents 
and deaths 
outside 
Shenyang) from 
the Liaoning 
Anti-Epidemic 
Station 
 
Shenyang 沈阳, 
Liaoning 辽宁, 
China 
 
1992 

Time-series 
study 
 
Poisson 
regression was 
used 

TSP and 
SO2 

Temperature, 
humidity, day 
of the week, 
and a time 
variable 

1. Excess risk for total 
mortality=0.17%/10µg/m3 for 
TSP; 0.24%/10µg/m3 for SO2 
(all significant). 
2. Excess risk for CVD 
deaths=0.21%/10µg/m3 for 
TSP (significant); not 
significant for SO2. 
3. Excess risk for COPD 
deaths=0.14%/10µg/m3 for 
SO2 (significant); not 
significant for TSP. 
4. When SO2 and TSP were 
included in model, TSP was 
significantly associated with 
total mortality and CVD; SO2 

1. Baseline data 
of air pollution 
and that of 
mortality 
presented 
2. Statistical 
model presented 
3. Confounders 
adjusted 
4. Results clear 
5. Discussion 
appropriate 

4 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

was significantly associated 
with COPD and other non-
cancer, non-COPD, and non-
CVD deaths. 
5. The correlation between 
SO2 and TSP was high 
(r=0.66). 
6. A monotonic dose-response 
relation was found for SO2 
and TSP with total mortality. 

6. / MS 013 
(Wong et al., 
2002b) 
 
Associations 
between daily 
mortalities 
from 
respiratory and 
cardiovascular 
diseases and air 
pollution in 
Hong Kong, 
China 
 
Occupational 
and 
Environmental 
Medicine, 
2002, 59:30-5. 

Mortality data 
(all deaths, 
including those 
from diseases of 
the respiratory 
system and the 
cardiovascular 
system) from the 
Census and 
Statistics 
Department of 
Hong Kong 
 
Hong Kong, 
China 
 
1995 to 1998 

Retrospective 
ecological study 
 
GAM with 
smoothing 
splines 
 
Poisson 
regression was 
used 

NO2, SO2, 
O3, and 
PM10 

Time trends, 
seasonal 
variations, 
temperature, 
and humidity 

1. Significant associations 
were found between 
mortalities for all respiratory 
diseases and ischaemic heart 
diseases (IHD), and the 
concentrations of all 
pollutants when analyzed 
singly. 
2. For a 10 µg/m3 increase in 
the concentration of a 
pollutant, the RRs for all 
respiratory mortalities ranged 
from 1.008 for PM10, to 1.015 
for SO2. The RRs were higher 
for chronic obstructive 
pulmonary diseases (COPD) 
with all pollutants except 
SO2, ranging from 1.017 for 
PM10, to 1.034 for O3. The 
RRs for IHD ranged from 
1.009 for O3, to 1.028 for 

1. Baseline data 
of air pollution 
and that of 
mortality 
presented 
2. Statistical 
model presented 
3. Confounders 
adjusted for 
4. Results 
comprehensive 
5. Discussion 
appropriate 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

SO2. 
3. In a multi-pollutant model, 
O3 and SO2 were significantly 
associated with all respiratory 
mortalities, whereas NO2 was 
associated with mortality 
from IHD. 
4. No interactions were 
detected between any of the 
pollutants or with the winter 
season. 
5. A dose-response effect was 
evident for all air pollutants. 
6. Harvesting was not found 
in the short term. 

7. / MS 067 
(Wong et al., 
2001a) 
 
Effect of air 
pollution on 
daily mortality 
in Hong Kong 
 
Environmental 
Health 
Perspectives, 
2001, 109:335-
40. 

Mortality data 
(for deaths from 
all non-accidental 
causes, 
respiratory 
disease, and 
cardiovascular 
disease) from the 
Census and 
Statistics 
Department of 
Hong Kong 
 
Hong Kong, 
China 
 

Time-series study
 
GAM with 
smoothing 
splines 
 
Poisson 
regression was 
used 

NO2, SO2, 
PM10, and 
O3 

Trends on 
days, 
seasonality, 
temperature, 
humidity, 
dummy 
variables for 
days of the 
week, 
holidays, 
influenza 
epidemics 

1. During the cool season, for 
a linear extrapolation of 10th-
90th percentiles in the 
concentrations of all oxidant 
pollutants, NO2, SO2, and O3, 
were found to be significant 
on all the mortality outcomes 
(non-accidental deaths, and 
deaths from CVD and 
respiratory diseases). The 
RRs all ranged from 1.04–
1.10 (except for SO2 on 
respiratory mortality). 
2. Consistent positive 
exposure-response 
relationships were observed 

1. Baseline data 
of air pollution 
and that of 
mortality 
presented 
2. Statistical 
model presented 
3. Confounders 
adjusted for 
4. Results fair 
5. Discussion 
appropriate 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1995–1997 during the cool season, but 
not during the warm season. 
The effects of PM10 were 
marginally significant 
(RR=1.06; p=0.054) for 
respiratory mortality, but not 
for the other outcomes. 

8. / MS 022 
(Kan and Chen, 
2003a) 
 
Air pollution 
and daily 
mortality in 
Shanghai: a 
time-series 
study 
 
Archives of 
Environmental 
Health, 2003, 
58:360-7. 

Mortality data 
(for deaths from 
all non-accidental 
causes, 
cardiovascular 
diseases, and 
chronic 
obstructive 
pulmonary 
disease) from the 
Shanghai 
Municipal Center 
of Disease 
Control and 
Prevention 
 
Shanghai, China 
 
June 2000 to 
December 2001 

Time-series study
 
GAM with 
smoothing 
splines 
 
Poisson 
regression was 
used 

PM10, 
SO2, and 
NO2 

Trends on 
days, 
temperature, 
humidity, 
dummy 
variables for 
days of the 
week 

1. In the single pollutant 
models, an increase of 10 
µg/m3 in levels of PM10, SO2, 
and NO2 corresponded to a 
respective significant increase 
in the RR of mortality from 
all causes to 1.003 (95% CI: 
1.001, 1.005), 1.014 (1.008, 
1.020), and 1.015 (1.008, 
1.022). 
2. In the multiple pollutant 
models, the association 
between SO2 and daily 
mortality remained 
significant; for PM10, the RR 
was not significant; and for 
NO2, the RR decreased to 
1.013 (significant) when 
adjusted for SO2 
3. Gaseous pollutants may be 
more important than 
particulate matter as an 
indicator of health in 
Shanghai 

1. Baseline data 
of air pollution 
and that of 
mortality 
presented 
2. Statistical 
model described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
fair, but did not 
explain the 
association 
between 
mortality and air 
pollution 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

9. / MS 227 
(Wong et al., 
2007a) 
 
Short-term 
effects of 
particulate air 
pollution on 
male smokers 
and never-
smokers. 
 
Epidemiology, 
18, 593-598. 

n=10833, male 
(smokers=6901, 
never 
smokers=4182) 
 
Hong Kong, 
China 
 
1998 

Time-series 
study 
 
Poisson 
regression with 
smoothing 
splines was used 
 
Case-crossover 
analysis and 
case-only logistic 
regression as 
sensitivity 
analysis 

PM10 Day of the 
week, holiday, 
influenza 
epidemics, 
temperature, 
relative 
humidity 

1. In smokers, the excess risk 
(ER) of deaths (all causes and 
cardio-respiratory) was 
significantly associated with 
PM10 (ER~1.8%–3.2%). 
2. For all causes of death, the 
ER for smokers vs. non-
smokers was 1.9% in men 
aged ≥30, and 2.3% in men 
aged ≥65; all were significant.

1. Baseline data 
of air pollution 
and that of 
mortality 
presented 
2. Statistical 
model presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

5 

10. / MS 004 
(Venners et al., 
2003) 
 
Particulate 
matter, sulfur 
dioxide, and 
daily mortality 
in Chongqing, 
China. 
 
Environmental 
Health 
Perspectives, 
2003; 111:562-
7. 

Mortality data 
(excluding deaths 
from accidents 
and deaths 
outside 
Chongqing) from 
the Chongqing 
Anti-Epidemic 
Station 
 
Shi Zhong 
District, 
Chongqing, 
China 
 
1995 

Time-series study
 
Poisson 
regression and 
stepwise 
regression with 
smoothing 
splines were used

SO2 and 
PM2.5 

Time trends, 
season, 
temperature, 
humidity, and 
days of the 
week 

1. The RRs of mortality 
associated with a 100 µg/m3 
increase in the mean daily 
SO2 level were highest on lag 
day 2 (1.04, 95% CI: 1.00–
1.09) and lag day 3 (1.04, 
0.99–1.08). 
2. The RR of respiratory 
mortality on the second day 
after a 100 µg/m3 increase in 
mean daily SO2 level was 
1.11 (1.02–1.22); that for 
cardiovascular mortality was 
1.10 (1.02–1.20). 
3. The RR of cardiovascular 
mortality on the third day 
after a 100 µg/m3 increase in 

1. Baseline data 
of air pollution 
and that of 
mortality 
presented 
2. Statistical 
model described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

mean daily SO2 level was 
1.20 (1.11–1.30). 
4. The estimated effects of 
mean daily SO2 on 
cardiovascular and respiratory 
mortality risk remained after 
controlling for PM2.5. 

11. / MS 025 
(Kan et al., 
2003) 
 
Acute stroke 
mortality and 
air pollution: 
new evidence 
from Shanghai, 
China 
 
Journal of 
Occupational 
Health, 2003, 
45:321-3. 

n=2426 
 
Zhabei, Shanghai, 
China 
 
June 2000 to 
December 2001 

Time-series study
 
GAM with 
smoothing 
splines 

PM10, SO2 
and NO2 

Temperature, 
humidity, time, 
weather, day 
of the week 

RRs of stroke mortality: 
PM10: 1.008 (95% CI: 1.000–
1.016) 
NO2: 1.029 (1.001–1.057) 

1. Baseline data 
of air pollution 
and that of 
mortality 
presented 
2. Statistical 
model described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
brief 

4 

12. / MS 217 
(Wong et al., 
2007b) 
 
Does regular 
exercise protect 
against air 
pollution-
associated 

n=24,053, adults 
aged 30+ 
 
Hong Kong, 
China 
 
1998 

Time-series 
study 
 
Poisson 
regression with 
smoothing 
splines was used 
 
Case-only 

NO2, O3, 
PM10 

Socioeconomic 
smoking, and 
health status; 
different 
exercise levels 

With a 10 µg/m3increase in 
NO2, O3, and PM10, the ERs 
of mortality among those who 
regularly exercised (10 years 
prior to death) were 
significantly higher by 4.31% 
(95%CI: 2.57%–6.03%), 
1.75% (0.25%–3.23%), and 
3.06% (1.74%–4.37%) 

1. Baseline data 
of air pollution 
and that of 
mortality 
presented 
2. Statistical 
model described 
3. Confounders 
adjusted for 

5 



Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

mortality? 
 
Preventive 
Medicine, 44, 
386-392. 

logistic 
regression as 
sensitivity 
analysis 

respectively, when compared 
with the group that never 
exercised. 

4. Results clear 
5. Discussion 
appropriate 

13. / MS 228 
(Xu and Gao, 
1994) 
 
Air pollution 
and daily 
mortality in 
residential 
areas of 
Beijing, China 
 
Archives of 
Environmental 
Health, 49, 
216-222. 

Mortality data 
(excluding deaths 
from accidents 
and deaths 
outside Beijing) 
from public 
health stations in 
Dongcheng and 
Xicheng districts, 
Beijing 
 
Beijing, China 
 
1989 

Time-series 
study 
 
Poisson 
regression was 
used 

TSP, SO2 Temperature, 
humidity, day 
of the week 

1. With a doubling of SO2 
levels, there were 
significantly increases in the 
mortalities from COPD (29%, 
95% CI: 4%–53%), 
pulmonary heart disease 
(19%, 6%–31%), and CVD 
(11%, 4%–18%). 
2. With a doubling of TSP 
levels, there was a significant 
increase in mortality from 
COPD (38%, 4%–72%). 

1. Baseline data 
of air pollution 
and that of 
mortality 
presented 
2. Statistical 
model described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

5 

 
 

B) Long-term 
 

Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

14. / ML 002 
(Zhang et al., 
2000) 
 
Ambient sulfate 

The eight districts 
of Beijing, China 
 
1980–1992 

Ecological study 
 
Pearson 
correlation was 
used 

SO4
2-, SO2, 

TSP, NOx, 
CO, B[a]P 
in PM 

Age 1. Statistically significant 
correlations were observed 
between SO4

2- 
concentrations and total 
mortality, and also 

1. Baseline 
data of air 
pollution and 
that of 
mortality 

4 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

concentration and 
chronic disease 
mortality in 
Beijing 
 
Science of the 
Total 
Environment, 
2000, 262:63-71. 

mortalities due to 
cardiovascular disease, 
malignant tumours, and 
lung cancer (r>0.50 in all 
cases). 
2. The correlations were not 
only found between the 
current SO4

2- concentration 
and these mortalities, but 
also for SO4

2- levels 
measured up to 12 years 
prior to death, which may 
suggest long-term effects of 
air pollution. 

presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

15. / ML 221 
(Hedley et al., 
2002) 
 
Cardiorespiratory 
and all-cause 
mortality after 
restrictions on 
sulphur content 
of fuel in Hong 
Kong: an 
intervention 
study 
 
Lancet, 2002, 
360:1646-52. 

Hong Kong, 
China 
 
July 1985 – June 
1995 

Intervention 
study where a 
policy was 
introduced to 
restrict the 
sulphur content 
of fuel 
 
Poisson 
regression was 
used 

SO2, SO4, 
RSP, NO2, 
O3, PM10 

Time trends, 
seasonality, 
temperature, 
relative 
humidity 

1. In the first 12 months 
after the introduction of the 
sulphur content restriction, a 
substantial reduction in 
seasonal deaths was noted. 
This was followed by a peak 
in the cool season death rate 
between 13 and 24 months, 
before returning to the 
expected pattern during 
years 3–5. 
2. Compared with 
predictions, the intervention 
led to a significant decline 
in the average annual trend 
in deaths from all causes 
(2.1%; p=0.001), respiratory 

1. Baseline 
data of air 
pollution and 
that of 
mortality 
presented 
2. Statistical 
model 
presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

5 



Author, Title & 
Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

diseases (3.9%; p=0.0014) 
and cardiovascular diseases 
(2.0%; p=0.0214), but not 
from other causes. 
3. The average gain in life 
expectancy per year of 
exposure to the lower 
pollutant concentration was 
20 days (females) to 41 days 
(males). 
4. Pollution resulting from 
sulphur-rich fuels has an 
effect on death rates, 
especially respiratory and 
cardiovascular deaths. 

16. / ML 229 
(Xiao and Xu, 
1985) 
 
Air pollution and 
lung cancer in 
Liaoning 
Province, 
People’s 
Republic of 
China 
 
National Cancer 
Institute 
Monograph, 69, 
53-58. 

n=2896 (lung 
cancer deaths) 
 
Liaoning, China 
 
1976 to 1978 

Ecological study; 
time trend 
analysis of age-
adjusted cancer 
mortality rate 
 
Linear regression 
and correlation 
were tested 

TSP, SO2, 
BP, falling 
dust 

Age, smoking 1. There was significant 
correlation between TSP 
and the lung cancer 
mortality rates in Shenyang 
from 1976 to 1978 (r=0.79; 
P<0.05). 
2. There was significant 
correlation between falling 
dust and lung cancer 
mortality rates in Shenyang 
from 1976 to 1978 (r=0.81; 
P<0.01). 

1. Baseline 
data of air 
pollution and 
that of 
mortality 
presented 
2. Statistical 
model 
presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 

4 



 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
CoI-5: 11 papers; CoI-4: 5 papers 
 
Number of papers: 16 (Short-term effects: 13, long-term effects: 3) (Hong Kong: 6, China: 10) 
Number of studies: 16 
Study design: 
Time-series study: 11 
Ecological: 3 
Case-crossover: 1 
Interventional: 1 

 
 



7) Air Pollution and Cardiovascular Diseases 
 

A) Short-term 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / HGS 002 
(Wong et al., 
1999c) 
(Also 
reviewed 
under asthma, 
hospital 
admissions, 
and COPD – 
short term) 
 
Air pollution 
and hospital 
admissions for 
respiratory 
and 
cardiovascular 
diseases in 
Hong Kong 
 
Occupational 
and 
Environmental 
Medicine, 
1999, 56:679-
83. 

Emergency 
hospital 
admissions in all 
12 major 
hospitals 
 
Hong Kong, 
China 
 
1994 and 1995 

Time-series 
study 
 
Generalized 
Linear Model 
(GLM) 
 
Poisson 
regression was 
used 

NO2, SO2, 
O3, and 
PM10 

Temperature, 
humidity, 
time trends, 
season, and 
other cyclical 
factors 

1. Significant associations were 
found between hospital 
admissions for all respiratory 
diseases, all cardiovascular 
diseases, chronic obstructive 
pulmonary diseases, and heart 
failure, and [NO2], [SO2], [O3], 
and [PM10]. 
2. Admissions for asthma, 
pneumonia, and influenza were 
significantly associated with 
[NO2], [O3], and [PM10]. 
3. The RRs of admission for 
respiratory disease for the four 
pollutants ranged from 1.013 
(for [SO2]) to 1.022 (for [O3]), 
and for admissions for 
cardiovascular disease, from 
1.006 (for [PM10]) to 1.016 (for 
[SO2]). 
4. Those aged ≥65 years were at 
higher risk. 
5. Significant positive 
interactions were detected 
between [NO2], [O3], and 
[PM10], and between [O3] and 
the winter months. 

1. Baseline 
data of air 
pollution and 
hospital 
admissions 
presented 
2. Statistical 
model 
presented 
3. Confounders 
adjusted for 
4. Results clear 
5. Discussion 
appropriate 
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* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
CoI-4: 1 paper 
 
Number of papers: 1 (Short-term effects: 1) (Hong Kong: 1) 
Number of studies: 1 
Study design: 
Time-series study: 1 

 
 



8) Air Pollution and Lung Cancer 
 

Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

1. / CA 025 
(Xu et al., 
1989) 
 
Smoking, air 
pollution, and 
the high rates 
of lung cancer 
in Shenyang, 
China 
 
Journal of the 
National 
Cancer 
Institute, 
1989, 
81:1800-6. 

n=1249 patients 
with lung cancer, 
and n=1345 
population-based 
controls 
 
Shenyang 沈阳, 
Liaoning 辽宁, 
China 
 
1985–1987 

Case-control 
study on the 
effects of 
smoking and air 
pollution on lung 
cancer rates in an 
industrial city in 
northeastern 
China 
 
Logistic 
regression was 
used 

Cigarette 
smoking, 
air 
pollutants 
(indoor, 
outdoor) 

Age, 
education 
level, 
smoking, 
indoor 
pollution, 
history of 
tuberculosis / 
chronic 
bronchitis, the 
percentage of 
the subject’s 
life spent in 
urban areas, 
consumption 
of vitamin A, 
diet, working 
experience 

1. Tobacco smoking was 
reported by 86% of the male 
patients and 55% of the female 
patients; for the controls, the 
corresponding figures were 
70% of males and 35% of 
females. 
2. The air pollution index was 
associated with the RR of lung 
cancer (dose-response relation); 
API≥2 had significantly higher 
RRs for male and female lung 
cancer (all cell types). 
3. The RRs for lung cancer in a 
self-reported ‘slightly smoky’ 
outdoor environment were  
1.5 (95% CI: 1.2–2.0) for 
males, and  
1.4 (1.1–2.0) for females. In a 
self-reported ‘smoky’ outdoor 
environment, the RRs for lung 
cancer were 2.3 (1.7–2.9 for 
males, and 2.5 (1.8–3.5) for 
females. 
4. Cigarette smoking was the 
major cause of lung cancer, 
accounting for 55% of lung 
cancer in males and 37% in 
females. 

1. Baseline data 
of subjects 
presented, but 
that of ambient 
air pollution 
not presented 
2. Statistical 
model 
described 
3. Confounders 
adjusted for 
4. Results 
comprehensive 
5. Discussion 
appropriate 
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Author, Title 
& Source 

Subjects, Region 
& Study Period 

Study Design & 
Methodology 

Exposures Confounders Main Findings Remarks CoI 

5. Men working in the non-
ferrous smelting industry had 3 
times the risk of lung cancer. 

 
 
* CoI = Comprehensiveness Index, ranging from 1 (worst) to 5 (best) 
 
CoI-5: 1 paper 
 
Number of papers: 1 (Long-term effects: 1) (China: 1) 
Number of studies: 1 
Study design: 
Case-control study: 1 
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