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Supplementary text 1. Literature search strategy 
 
MEDLINE (up to 2nd Apr 2020: 18,807 search results) 
 

1. Air Pollution, Indoor/  
2. ((household or indoor*) adj2 air adj2 (pollut* or quality)).tw.  
3. ((indoor or household or domestic or home) adj3 (fire or fires or smok* or woodsmok*)).tw.  
4. (time* adj5 (stove or cook*)).tw.  
5. ((combust* or burn*) adj3 (stove* or wood or kerosene or biomass or coal or charcoal or dung or crop 

waste* or agricultur* residu*)).tw.  
6. (stove* or cookstove* or kitchen ventilat* or combustion or house construction or solar).tw.  
7. (vent* adj5 (home* or living space* or household* or kitchen* or cook* or stove* or window* or 

hood* or grate*)).tw.  
8. ((improv* or replac* or chang* or reduc*) adj5 (fuel* or biogas* or burn* or ethanol* or gas or 

electric* or energy or lamp* or kerosene or fire* or smok* or dung or cook* or chula or chulla or coal 
or paraffin or charcoal or crop waste* or agricultural residue* or combustion)).tw.  

9. or/1-8  
10. exp Myocardial Infarction/  
11. exp Coronary Thrombosis/  
12. Cardiovascular Disease.mp.  
13. acute coronary.mp.  
14. Myocardial infarct$.mp.  
15. heart infarct.mp.  
16. acs.mp.  
17. ami.mp.  
18. (coronary adj3 syndrome$).mp.  
19. cerebrovascular disorders/ or basal ganglia cerebrovascular disease/ or brain ischemia/ or exp brain 

infarction/ or hypoxia-ischemia, brain/ or carotid artery diseases/ or carotid artery thrombosis/ or 
carotid artery, internal, dissection/ or intracranial arterial diseases/ or cerebral arterial diseases/ or 
infarction, anterior cerebral artery/ or infarction, middle cerebral artery/ or infarction, posterior cerebral 
artery/ or exp "intracranial embolism and thrombosis"/ or exp stroke/ or vertebral artery dissection/ 

20. (isch?emi$ adj5 (stroke$ or apoplex$ or cerebral vasc$ or cerebrovasc$ or cva)).tw. 
21. ((brain or cerebr$ or cerebell$ or vertebrobasil$ or hemispher$ or intracran$ or intracerebral or 

infratentorial or supratentorial or middle cerebr$ or mca$ or anterior circulation or basilar artery or 
vertebral artery) adj5 (isch?emi$ or infarct$ or thrombo$ or emboli$ or occlus$ or hypoxi$)).tw.  

22. exp Pulmonary Disease, Chronic Obstructive/  
23. (obstruct$ adj3 (lung$ or respirat$ or pulmonar$) adj3 disease$).mp.  
24. Bronchiti$.mp.  
25. emphysema$.mp.  
26. (chronic adj5 obstruct$).mp.  
27. (pulmonar$ or lung$ or airway$ or airflow$ or bronch$ or respirat$).mp.  
28. 26 and 27  
29. (COPD or COAD).mp.  
30. AECB.mp.  
31. exp asthma/  
32. asthma?.ti,ab,kw.  
33. exp tuberculosis/  
34. (tuberculosis or TB).mp.  
35. exp pneumonia/  
36. exp respiratory tract infection$/  
37. (pneumonia$ or lung inflammation$ or respiratory tract infection$ or respiratory infection$).mp.  
38. (acute respiratory infection* or acute respiratory tract infection* or lower respiratory infection* or 

lower respiratory tract infection*).tw.  
39. (ari or lrti or alri).tw.  
40. bronchitis/ or exp bronchiolitis/  
41. (bronchiolit* or acute bronchit* or wheez*).tw.  
42. Respiratory Syncytial Virus Infections/  
43. respiratory syncytial viruses/ or respiratory syncytial virus, human/  
44. (respiratory syncytial virus* or rsv).tw.  
45. exp Haemophilus influenzae/  
46. Streptococcus pneumoniae/  
47. Staphylococcus aureus/  
48. (streptococc* or staphylococc* or haemophilus influenzae).tw.  
49. ((lung or pulmonary) adj2 (inflamm* or infect*)).tw.  
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50. (low adj3 (birthweight$ or birth weight$)).ti,ab.  
51. (lbw or vlbw or elbw).ti,ab.  
52. Stillbirth/  
53. Fetal death/  
54. Foetal death/  
55. fetal death$.tw.  
56. foetal death$.tw.  
57. perinatal death$.tw.  
58. intrauterine death$.tw.  
59. intrauterine fetal death$.tw.  
60. intrauterine foetal death$.tw.  
61. perinatal fetal death$.tw.  
62. perinatal foetal death$.tw.  
63. fetal mortality.tw.  
64. foetal mortality.tw.  
65. intrauterine fetal mortality.tw.  
66. intrauterine foetal mortality.tw.  
67. perinatal fetal mortality.tw.  
68. perinatal foetal mortality.tw.  
69. pregnancy loss.tw.  
70. exp Mortality/  
71. mortality.tw,ot.  
72. mortaliti$.tw,ot.  
73. exp lung cancer/  
74. (pulmonar$ or lung$ or airway$ or airflow$ or bronch$ or respirat$).mp.  
75. (cancer$ or neoplasm$ or tumour$ or tumour$).mp.  
76. 74 and 75  
77. 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 27 or 28 or 29 

or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 
47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 
or 65 or 66 or 67 or 68 or 69 or 72 or 73 or 76  

78. 9 and 77  
79. limit 78 to humans 

 
 
EMBASE (up to 2nd Apr 2020: 23,519 search results) 

1. Air Pollution, Indoor/  
2. ((household or indoor*) adj2 air adj2 (pollut* or quality)).tw.  
3. ((indoor or household or domestic or home) adj3 (fire or fires or smok* or woodsmok*)).tw.  
4. (time* adj5 (stove or cook*)).tw.  
5. ((combust* or burn*) adj3 (stove* or wood or kerosene or biomass or coal or charcoal or dung or crop 

waste* or agricultur* residu*)).tw.  
6. (stove* or cookstove* or kitchen ventilat* or combustion or house construction or solar).tw.  
7. (vent* adj5 (home* or living space* or household* or kitchen* or cook* or stove* or window* or 

hood* or grate*)).tw.  
8. ((improv* or replac* or chang* or reduc*) adj5 (fuel* or biogas* or burn* or ethanol* or gas or 

electric* or energy or lamp* or kerosene or fire* or smok* or dung or cook* or chula or chulla or coal 
or paraffin or charcoal or crop waste* or agricultural residue* or combustion)).tw.  

9. or/1-8  
10. exp Heart Infarction/  
11. coronary thrombosis.mp. or exp Coronary Artery Thrombosis/  
12. cardiovascular disease.mp.  
13. acute coronary.mp.  
14. Myocardial infarct$.mp.  
15. heart infarct:.mp.  
16. acs.mp.  
17. ami.mp.  
18. (coronary adj3 syndrome$).mp.  
19. brain infarction/ or brain stem infarction/ or cerebellum infarction/ or exp brain ischemia/ or carotid 

artery disease/ or exp carotid artery obstruction/ or cerebral artery disease/ or exp cerebrovascular 
accident/ or exp occlusive cerebrovascular disease/ or stroke patient/  

20. (isch?emi$ adj5 (stroke$ or apoplex$ or cerebral vasc$ or cerebrovasc$ or cva)).tw. 
21. ((brain or cerebr$ or cerebell$ or vertebrobasil$ or hemispher$ or intracran$ or intracerebral or 

infratentorial or supratentorial or middle cerebr$ or mca$ or anterior circulation or basilar artery or 
vertebral artery) adj5 (isch?emi$ or infarct$ or thrombo$ or emboli$ or occlus$ or hypoxi$)).tw.  
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22. Chronic Obstructive Lung Disease/  
23. Emphysema/  
24. exp Lung Emphysema/  
25. Chronic Bronchitis/  
26. (obstruct$ adj3 (lung$ or respirat$ or pulmonar$) adj3 disease$).mp.  
27. Bronchiti$.mp.  
28. emphysema$.mp.  
29. (chronic adj5 obstruct$).mp.  
30. (pulmonar$ or lung$ or airway$ or airflow$ or bronch$ or respirat$).mp.  
31. 29 and 30  
32. (COPD or COAD).mp.  
33. AECB.mp.  
34. exp *asthma/  
35. asthma?.ti,ab,kw.  
36. exp lung tuberculosis/  
37. (tuberculosis or TB).mp.  
38. exp Pneumonia/  
39. (pneumon* or bronchopneumon* or pleuropneumon*).tw.  
40. bronchitis/ or exp bronchiolitis/  
41. (bronchiolit* or acute bronchit* or wheez*).tw.  
42. Respiratory Syncytial Virus Infections/  
43. respiratory syncytial viruses/ or respiratory syncytial virus, human/  
44. (respiratory syncytial virus* or rsv).tw.  
45. exp Haemophilus influenzae/  
46. Streptococcus pneumoniae/  
47. Staphylococcus aureus/  
48. (streptococc* or staphylococc* or haemophilus influenzae).tw.  
49. ((lung or pulmonary) adj2 (inflamm* or infect*)).tw.  
50. (low adj3 (birthweight$ or birth weight$)).ti,ab.  
51. (lbw or vlbw or elbw).ti,ab.  
52. Stillbirth/  
53. Fetal death/  
54. Foetal death/  
55. fetal death$.tw.  
56. foetal death$.tw.  
57. perinatal death$.tw.  
58. intrauterine death$.tw.  
59. intrauterine fetal death$.tw.  
60. intrauterine foetal death$.tw.  
61. perinatal fetal death$.tw.  
62. perinatal foetal death$.tw.  
63. pregnancy loss.tw.  
64. exp mortality/  
65. (mortality or mortaliti*).tw,ot.  
66. exp lung cancer/  
67. (pulmonar$ or lung$ or airway$ or airflow$ or bronch$ or respirat$).mp.  
68. (cancer$ or neoplasm$ or tumour$ or tumour$).mp.  
69. 67 and 68  
70. 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 

or 28 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 
47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 
or 65 or 66 or 69  

71. 9 and 70  
72. limit 71 to human 

 
 
Web of Science (up to 2nd Apr 2020: 13,670 search results) 

1. TS=(air pollution) 
2. TS=(stove* or cookstove* or biomass or fuel* or biogas* or burn* or ethanol* or gas or electric* or 

energy or lamp* or kerosene or fire* or smok* or dung or cook* or chula or chulla or coal or paraffin 
or charcoal or crop waste* or agricultural residue* or combustion or wood or fire* or solar) 

3. 1 OR 2 
4. TS=(indoor or household or domestic or home) 
5. 3 AND 4 
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6. TS=(Myocardial Infarction or Coronary Thrombosis or acute coronary syndrome or ACS or 
cerebrovascular disease or stroke or brain infarction or brain ischaemia or brain ischemia or chronic 
obstructive pulmonary disease or bronchitis or emphysema or COPD or COAD or asthma or 
tuberculosis or TB or pneumonia or respiratory tract infection or ari or lrti or alri or bronchitis or 
bronchiolitis or respiratory syncytial virus* or rsv or haemophilus influenzae or streptococcus 
pneumoniae or staphylococcus aureus or lung cancer* or lung neoplasm* or lung tumor* or lung 
tumour* or low birth weight or still birth or fetal death or foetal death or perinatal death or intrauterine 
death or pregnancy loss or mortality or mortalit*) 

7. 5 AND 6 
 
 
Global Health (up to 2nd Apr 2020: 4,599 search results) 

1. exp indoor air pollution/  
2. ((household or indoor*) adj2 air adj2 (pollut* or quality)).tw.  
3. ((indoor or household or domestic or home) adj3 (fire or fires or smok* or woodsmok*)).tw.  
4. (time* adj5 (stove or cook*)).tw.  
5. ((combust* or burn*) adj3 (stove* or wood or kerosene or biomass or coal or charcoal or dung or crop 

waste* or agricultur* residu*)).tw.  
6. (stove* or cookstove* or kitchen ventilat* or combustion or house construction or solar).tw.  
7. (vent* adj5 (home* or living space* or household* or kitchen* or cook* or stove* or window* or 

hood* or grate*)).tw.  
8. ((improv* or replac* or chang* or reduc*) adj5 (fuel* or biogas* or burn* or ethanol* or gas or 

electric* or energy or lamp* or kerosene or fire* or smok* or dung or cook* or chula or chulla or coal 
or paraffin or charcoal or crop waste* or agricultural residue* or combustion)).tw.  

9. or/1-8  
10. exp Myocardial Infarction/  
11. Cardiovascular Disease.mp.  
12. acute coronary.mp.  
13. Myocardial infarct$.mp.  
14. heart infarct.mp.  
15. acs.mp.  
16. ami.mp.  
17. (coronary adj3 syndrome$).mp.  
18. cerebrovascular disorders/ or basal ganglia cerebrovascular disease/ or brain ischemia/ or exp brain 

infarction/ or hypoxia-ischemia, brain/ or carotid artery diseases/ or carotid artery thrombosis/ or 
carotid artery, internal, dissection/ or intracranial arterial diseases/ or cerebral arterial diseases/ or 
infarction, anterior cerebral artery/ or infarction, middle cerebral artery/ or infarction, posterior cerebral 
artery/ or exp "intracranial embolism and thrombosis"/ or exp stroke/ or vertebral artery dissection/ 

19. (isch?emi$ adj5 (stroke$ or apoplex$ or cerebral vasc$ or cerebrovasc$ or cva)).tw. 
20. ((brain or cerebr$ or cerebell$ or vertebrobasil$ or hemispher$ or intracran$ or intracerebral or 

infratentorial or supratentorial or middle cerebr$ or mca$ or anterior circulation or basilar artery or 
vertebral artery) adj5 (isch?emi$ or infarct$ or thrombo$ or emboli$ or occlus$ or hypoxi$)).tw.  

21. exp Chronic Obstructive Pulmonary Disease/  
22. (obstruct$ adj3 (lung$ or respirat$ or pulmonar$) adj3 disease$).mp.  
23. Bronchiti$.mp.  
24. emphysema$.mp.  
25. (chronic adj5 obstruct$).mp.  
26. (pulmonar$ or lung$ or airway$ or airflow$ or bronch$ or respirat$).mp.  
27. 25 and 26  
28. (COPD or COAD).mp.  
29. AECB.mp.  
30. exp asthma/  
31. asthma?.mp.  
32. exp tuberculosis/  
33. (tuberculosis or TB).mp.  
34. exp pneumonia/  
35. (pneumonia$ or lung inflammation$ or respiratory tract infection$ or respiratory infection$).mp.  
36. (acute respiratory infection* or acute respiratory tract infection* or lower respiratory infection* or 

lower respiratory tract infection*).tw.  
37. (ari or lrti or alri).tw.  
38. bronchitis/ or exp bronchiolitis/  
39. (bronchiolit* or acute bronchit* or wheez*).tw.  
40. (respiratory syncytial virus* or rsv).tw.  
41. exp Haemophilus influenzae/  
42. Streptococcus pneumoniae/  
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43. Staphylococcus aureus/  
44. (streptococc* or staphylococc* or haemophilus influenzae).tw.  
45. ((lung or pulmonary) adj2 (inflamm* or infect*)).tw.  
46. (low adj3 (birthweight$ or birth weight$)).ti,ab.  
47. (lbw or vlbw or elbw).ti,ab.  
48. Stillbirth/  
49. Fetal death/  
50. Foetal death/  
51. fetal death$.tw.  
52. foetal death$.tw.  
53. perinatal death$.tw.  
54. intrauterine death$.tw.  
55. intrauterine fetal death$.tw.  
56. intrauterine foetal death$.tw.  
57. perinatal fetal death$.tw.  
58. perinatal foetal death$.tw.  
59. fetal mortality.tw.  
60. foetal mortality.tw.  
61. intrauterine fetal mortality.tw.  
62. intrauterine foetal mortality.tw.  
63. perinatal fetal mortality.tw.  
64. perinatal foetal mortality.tw.  
65. pregnancy loss.tw.  
66. exp Mortality/  
67. mortality.tw,ot.  
68. mortaliti$.tw,ot.  
69. exp lung cancer/  
70. (pulmonar$ or lung$ or airway$ or airflow$ or bronch$ or respirat$).mp.  
71. (cancer$ or neoplasm$ or tumour$ or tumour$).mp.  
72. 70 and 71  
73. 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 27 or 28 or 29 

or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 
47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 
or 65 or 66 or 67 or 68 or 69 or 72  

74. 9 and 73  
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Supplementary text 2. Risk of bias assessment criteria 
 
Each individual study was assessed for risk of bias in the assessment of endpoints and adjustment for confounders. 

Studies that used International Classification of Disease (ICD) codes, physician diagnosis or that used all clinical 

information to define endpoints were deemed at low risk of bias. Studies that used less robust definitions such as 

those reliant on participant questionnaires alone were considered as high risk of bias. For confounder adjustment, 

studies that have adjusted for age, sex and two other relevant covariates were deemed to be at low risk of bias. 

Studies that have only adjusted for age or sex were considered at moderate risk of bias. Studies that have not 

adjusted for age, sex or smoking were classified as high risk of bias. 
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Supplementary text 3. Method for calculating burden and mortality attributable to 
household air pollution 
 

Step 1 We performed a systematic literature review and meta-analysis to calculate the pooled risk ratio for 

each individual cardiorespiratory, pediatric and maternal outcome associated with household air 

pollution (HAP). Where the risk estimates and confidence intervals were reported within the articles, 

we have not calculated confidence intervals but have instead used those reported within the article. 

However, where risk ratios were not reported but a 2X2 table was reported, the risk ratios and 

confidence intervals were calculated as follows: 

 
 Event No event 
Exposed  A B 
Not exposed C D 

 

Risk ratio (RR) = 
!"
#$ 

 
The meta-analyses were performed using log units. 
 
lnRR=ln(RR) 
 
with the approximate variance (V) and standard error (SE) calculated as follows 
 

V%&'' =
1

A
+
1

B
+
1

C
+
1

D
 

 
and 
 
SE%&'' = +V%&'' 
 

We anticipated heterogeneity between studies when estimating the risk ratio due to different study 

designs, methods of analysis and varying adjustment, and geographical and population differences. 

We therefore used a random effects model to account for both within and between study 

heterogeneity. 

  

Step 2 

 

At a study level, we explored interaction between age and cause-specific risk of household air 

pollution in adults (Supplementary figures 1-5).  

 

We further evaluated sex interaction in studies that provided risk ratios stratified by sex (11 studies 

for cardiovascular disease and 27 studies for respiratory disease). For cardiovascular disease, no 

significant interaction was observed (1.00, 95%CI 0.92-1.09). For respiratory disease, we observed a 

weak interaction (1.16, 95% CI 1.01-1.33).  

 

Given the absence / weak interaction of age/sex and risk of adult cardiorespiratory disease associated 

with indoor air pollution we did not compute age- and sex- stratified cause specific risk ratios. 

  

Step 3 We obtained annual prevalence estimates of polluting fuel use in 183 countries from 2000 to 2017 

from the World Health Organization (WHO). This was derived by WHO through multilevel 

modelling based on national survey data on primary cooking fuel. For each country, we obtained 

WHO derived unpublished prevalence estimates with uncertainty intervals stratified by year. 
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Similarly, we obtained annual cause and year specific burden (DALYs) and mortality estimates from 

the Institute of Health Metrics and Evaluation (IHME) from 2000 to 2017 across these countries.1 

  

Step 4 Assumptions 

• We assume that the pooled risk ratios obtained from a range of case-control/cohort/cross-

sectional studies were applicable across both developed and developing countries. 

• The prevalence data derived from WHO at national levels were not stratified by age but 

applicable to the entire population. As such when calculating the population attributable 

fraction (see below) we applied these prevalence estimates to the entire population. 

• We were limited to those confounders included in the primary studies, and while most 

studies adjusted for patient demographics and some risk factors / mediators including social 

deprivation there is the potential for residual confounding. 

 

Step 5 

 

We used a simulation based approach to estimate the cause specific population attributable fraction 

for household air pollution. 

The cause-specific risk estimates from random effects meta-analysis were represented as log normal 

distributions, from which 10,000 samples were obtained using R. Likewise, we represented the 

prevalence of HAP as a beta distribution and obtained 10,000 samples for each country. We 

subsequently performed the following calculation for each of the 10,000 samples to derive the cause 

specific population attributable fraction: 

,-./0123-4	622738/21809	:71;23-4	(,6:) =
,79>1094;9 ∗ 	(@@ − 1)

1 + ,79>1094;9 ∗ (@@ − 1)
 

 

We report these uncertainty estimates as uncertainty range (UR). The uncertainty ranges can be 

viewed as approximate Bayesian posterior probability limits with very diffuse priors for the 

prevalence estimates and risk-ratios.  

 

Step 6 In a similar manner as Step 5, we represented the cause specific disability-adjusted life years (DALYs) 

and mortality for each country as log normal distributions and obtained 10,000 samples. For each of 

the 10,000 samples, we applied the cause specific population attributable fraction calculated in Step 

5 to the cause specific DALYs and mortality for each country to estimate the burden and mortality 

attributable to HAP using the following formula: 

B6CDE	-7	F-721032G	122738/21809	2-	H6,	=	PAF	×		DALYs	or	mortality 

 

Step 7 Steps 5-6 were repeated for each exposure-outcome pair to calculate the burden of disease and 

mortality for each country. Burden estimates were calculated using outcome-specific risk ratios whilst 

mortality estimates were calculated using cause-specific mortality risk ratios. We classified each 

country into WHO regions and 2018 World Bank income groups. Burden and mortality estimate for 

each WHO region and income group were calculated by summing the country level estimates within 

each group. 
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Illustration for deriving country-specific PAF:  

  

  

 
  

Risk ratio = 1.70 (1.47 ⎯ 1.97)

PAF = 27.5% (17.6% ⎯ 37.9%)

!"#$%&'(") *''+(,$'&,%- .+&/'(") (!*.) = )!+-3&%-)/- ∗ (55 − 1
)1 + !+-3&%-)/- ∗ (55 − 1

Deriving the population attributable fraction of COPD attributable to household air pollution in India in 2017 

Prevalence = 55% (35% ⎯ 74%)
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Histogram for overall COPD DALYs
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PAF = 27.5% (17.6% ⎯ 37.9%)

DALYs due to HAP = 6,784 (4,235 ⎯ 9,662)

COPD DALYs = 24,699 (21,466 ⎯ 27,543)
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Deriving the burden of COPD attributable to household air pollution in India in 2017 

Illustration for deriving country-specific burden:
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 Figure S1: Normal probability plots of the risk ratios for cardiorespiratory and adverse pregnancy outcomes associated with use of 
polluting fuels and technologies 
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Figure S2: Normal probability plots of the risk ratios for mortality associated with use of polluting fuels and technologies 
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Figure S3: Meta-regression for COPD by mean age 
(P value for interaction = 0.910) 
*size of each dot represents the weight of each risk estimate using the inverse-variance method. 
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Figure S4: Meta-regression for Asthma by mean age  
(P value for interaction = 0.537) 
*size of each dot represents the weight of each risk estimate using the inverse-variance method. 
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Figure S5: Meta-regression for Tuberculosis by mean age 
(P value for interaction = 0.289) 
*size of each dot represents the weight of each risk estimate using the inverse-variance method. 
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Figure S6: Meta-regression for lung cancer by mean age 
(P value for interaction = 0.666) 
*size of each dot represents the weight of each risk estimate using the inverse-variance method. 
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Figure S7: Meta-regression for cardiovascular disease by mean age 
(P value for interaction = 0.844) 
*size of each dot represents the weight of each risk estimate using the inverse-variance method. 
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Disease No. of 
estimates

I2 Pooled Risk Ratios
[95% CI]

Asthma 4 56 1.22 (1.02-1.45)

13 47 1.39 (1.13-1.7)

COPD 11 0 1.19 (1-1.42)

43 91 2.48 (1.75-3.5)

Ischemic heart 
disease

5 0.9 1.06 (1.01-1.11)

7 94 1.36 (1.01-1.82)

Lung cancer
12 88.6 1.45 (1.02-2.06)

47 81.5 1.41 (1.23-1.63)

Cerebrovascular 
disease

6 0 1.04 (0.98-1.12)

6 0 1.03 (0.97-1.1)

Asthma

COPD

Ischemic heart disease

Lung cancer

Cerebrovascular disease

0.75 1.0 2.0 3.0 3.5
Risk Ratio

Men
Women

Figure S8: Pooled risk ratios for cardiorespiratory conditions associated with use of polluting fuels and technologies stratified by gender 
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RE Model (df = 118; I2 = 94.8%),  Pooled risk ratio = 1.23 [95% CI 1.11 - 1.36]
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Figure S10: Pooled risk ratio for asthma associated with use of polluting fuels and 
technologies 
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Figure S11: Pooled risk ratio for chronic obstructive pulmonary disease associated with 
use of polluting fuels and technologies 
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RE Model (df = 122; I2 = 98.8%),  Pooled risk ratio = 1.39 [95% CI 1.29 - 1.49]
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Figure S12: Pooled risk ratio for acute respiratory infection in children associated with 
use of polluting fuels and technologies 
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Figure S13: Pooled risk ratio for acute respiratory infection in adults associated with 
use of polluting fuels and technologies 
 
 
  



27 
 

0.25 0.5 0.75 1 2 3 4 5 6

Risk Ratio

Koo et al.1
Koo et al.2
Koo et al.3
Koo et al.4
Wu et al.1
Wu et al.2
Gao et al.1
Gao et al.2
Sobue et al.1
Sobue et al.2
Sobue et al.3
Sobue et al.4
Sobue et al.5
Sobue et al.6
Wu-Williams et al.1
Wu-Williams et al.2
Wu-Williams et al.3
Wu-Williams et al.4
Huang et al
Sun et al.4
Wang et al.3
Lan et al
Liu et al.1
Liu et al.2
Dai et al.1
Dai et al.2
Du et al.1
Du et al.2
Du et al.3
Du et al.4
Luo et al.1
Luo et al.2
Wang et al.1
Wang et al.2
Ko et al.1
Ko et al.2
Mzileni et al.1
Mzileni et al.2
Zhong et al
Gupta et al.1
Gupta et al.2
Gupta et al.3
Gupta et al.4
Lee et al.1
Lee et al.2
Lee et al.3
Lee et al.4
Qin et al
Sasco et al
Sun et al.1
Sun et al.2
Sun et al.3
Hernandez-Garduno et al.1
Hernandez-Garduno et al.2
Hernandez-Garduno et al.3
Behera et al
Lissowska et al
Ramanakumar et al.1
Ramanakumar et al.2
Galeone et al
Sapkota et al
Stein  et al.1
Stein  et al.2
Hosgood et al
Firdaus et al
Tse et al.1
Tse et al.2
Sloan et al
Mu et al.1
Mu et al.2
Mu et al.3
Kim et al
Phukan et al.1
Phukan et al.2
Yang et al
Kim  et al.2
Kim  et al.1
Raspanti et al
Hystad et al
Wong et al.1
Wong et al.2
Wong et al.3

1983
1983
1983
1983
1985
1985
1987
1987
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1992
1992
1992
1993
1993
1993
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1997
1997
1999
1999
1999
2001
2001
2001
2001
2001
2001
2001
2001
2002
2002
2002
2002
2002
2004
2004
2004
2005
2005
2007
2007
2008
2008
2008
2008
2010
2011
2011
2011
2012
2013
2013
2013
2014
2014
2014
2014
2015
2016
2016
2019
2019
2019
2019

not reported
not reported
not reported
not reported
not reported
not reported
not reported
not reported

85/455 vs 59/420
32/103 vs 112/772
104/634 vs 40/241
93/530 vs 51/345
67/394 vs 77/481

not reported
173/295 vs 677/1417
173/341 vs 525/1108
106/197 vs 677/1417
258/460 vs 525/1108

not reported
not reported
not reported

74/96 vs 65/182
14/36 vs 200/393
8/17 vs 81/160

not reported
not reported
not reported
not reported
not reported
not reported
not reported
not reported

88/135 vs 89/135
100/135 vs 107/135

not reported
not reported

260/418 vs 28/53
51/207 vs 9/50

255/567 vs 153/319
58/184 vs 39/102
135/377 vs 39/102

7/39 vs 4/21
19/60 vs 4/21

14/40 vs 48/141
49/121 vs 73/239
22/37 vs 48/141
40/75 vs 73/239

not reported
8/20 vs 110/333

not reported
not reported
not reported

15/79 vs 36/128
15/70 vs 36/128
47/109 vs 36/128

not reported
2379/4909 vs 482/1070

330/773 vs 108/254
253/475 vs 62/221
202/586 vs 14/65

not reported
103/403 vs 230/1309
30/733 vs 60/2030

3557/7360 vs 1548/4280
not reported

85/148 vs 706/1310
30/55 vs 706/1310

not reported
91/146 vs 28/92
70/141 vs 56/180
20/32 vs 56/180
249/458 vs 11/62
25/86 vs 205/604

111/254 vs 119/436
171/285 vs 1388/2953

270/44858 vs 159/26462
not reported

556/1104 vs 30/68
not reported

603/1031 vs 89/493
63/1031 vs 15/493
33/1031 vs 22/493

0.69 [0.57-1.27]
0.85 [0.78-1.11]
0.84 [0.77-1.12]
1.30 [0.84-1.49]
2.30 [1.00-5.50]
1.90 [0.50-6.50]
0.90 [0.70-1.30]
1.00 [0.60-1.80]
1.24 [0.86-1.81]
1.89 [1.16-3.06]
1.01 [0.68-1.52]
1.18 [0.81-1.72]
1.11 [0.77-1.60]
1.77 [1.08-2.91]
1.50 [1.10-2.00]
1.10 [0.80-1.40]
1.20 [0.90-1.70]
1.20 [1.00-1.60]
1.59 [1.01-2.50]
2.26 [1.53-3.33]
1.31 [0.73-1.79]
7.53 [3.31-17.17]
2.08 [0.62-6.67]
1.11 [0.30-4.17]

18.75 [3.94-29.32]
4.46 [1.61-12.33]
1.50 [0.69-3.27]
4.29 [2.33-7.88]
1.56 [0.57-4.25]
2.89 [1.09-8.65]

14.10 [11.80-16.10]
6.00 [4.90-7.10]
0.97 [0.64-1.48]
2.37 [1.44-3.91]
1.30 [0.30-5.80]
2.70 [0.90-8.90]
1.90 [0.90-3.30]
1.40 [0.60-3.20]
1.11 [0.81-1.52]
0.75 [0.43-1.32]
0.72 [0.44-1.19]
0.73 [0.15-3.45]
1.43 [0.33-6.30]
1.10 [0.40-3.10]
1.70 [0.90-3.30]
3.50 [0.90-12.90]
3.30 [1.40-8.00]
1.78 [1.33-2.38]
0.74 [0.17-3.14]
2.13 [1.05-4.32]
2.10 [0.58-8.21]
2.12 [1.27-3.56]
0.60 [0.30-1.20]
0.60 [0.30-1.30]
1.90 [1.10-3.50]
3.59 [1.08-11.97]
1.22 [1.04-1.44]
0.70 [0.50-1.00]
2.50 [1.50-3.60]
2.19 [1.08-4.46]
0.98 [0.74-1.31]
1.60 [1.20-2.20]
1.40 [0.80-2.20]
1.56 [1.44-1.69]
1.15 [1.04-1.28]
1.15 [0.82-1.63]
1.03 [0.60-1.76]
1.00 [0.98-1.01]
4.08 [2.17-7.67]
2.00 [1.24-3.23]
3.20 [1.40-7.32]
6.31 [2.85-13.94]
1.07 [0.58-1.97]
1.50 [1.01-2.22]
1.54 [1.19-2.00]
1.03 [0.83-1.26]
1.20 [0.95-1.52]
1.77 [1.00-3.14]
0.79 [0.53-1.18]

19.64 [9.95-38.77]
10.83 [4.61-25.46]
4.74 [2.03-11.04]

RE Model (df = 81; I2 = 96.6%),  Pooled risk ratio = 1.69 [95% CI 1.44 - 1.98]

Author(s) Year
Number of events 

 in exposed vs unexposed Risk Ratio [95% CI]

Figure S14: Pooled risk ratio for lung cancer associated with use of polluting fuels and 
technologies 
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Figure S15: Pooled risk ratio for tuberculosis associated with use of polluting fuels and 
technologies 
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Figure S16: Pooled risk ratio for cardiovascular disease associated with use of polluting fuels and technologies 
 
 
 
 



30 
 

0.25 0.5 0.75 1 2 3 4 5 6

Risk Ratio

Mavalankar et al.1

Mavalankar et al.2

Siddiqui et al

Tielsch et al

Sreeramareddy  et al

Yucra et al

Abusalah et al

Amegah et al

Epstein et al.1

Epstein et al.2

Epstein et al.3

Jiang et al.1

Jiang et al.2

Mukherjee et al.1

Mukherjee et al.2

Mukherjee et al.3

Wylie et al

Adeyemi et al

Manyeh et al.1

Manyeh et al.2

Khan  et al

Pathirathna et al.1

Pathirathna et al.2

Balakrishnan et al.1

Balakrishnan et al.2

Admasie et al.1

Admasie et al.2

Suryadhi et al

Weber et al

1992

1992

2008

2009

2011

2011

2012

2012

2013

2013

2013

2015

2015

2015

2015

2015

2015

2016

2016

2016

2017

2017

2017

2018

2018

2018

2018

2019

2020

234/676 vs 439/1462

252/694 vs 392/1415

83/366 vs 40/268

3052/12010 vs 120/766

7634/34365 vs 2016/12774

49/77 vs 24/62

55/79 vs 168/367

64/282 vs 15/161

not reported

not reported

not reported

70/340 vs 371/7336

42/115 vs 371/7336

not reported

not reported

not reported

286/1485 vs 48/301

not reported

not reported

not reported

2140/11889 vs 328/1569

10/64 vs 1/3

2/9 vs 1/3

34/171 vs 106/720

17/98 vs 106/720

49/244 vs 17/165

104/633 vs 17/165

not reported

30/279 vs 56/540

1.23 [1.01-1.50]

1.49 [1.22-1.82]

1.86 [1.11-3.14]

1.49 [1.25-1.77]

1.07 [0.94-1.22]

3.73 [1.14-12.10]

2.30 [1.20-4.70]

1.41 [0.62-3.23]

1.51 [1.08-2.12]

1.24 [1.04-1.48]

1.57 [1.03-2.41]

1.09 [0.67-1.78]

2.51 [1.26-5.01]

0.70 [0.20-2.45]

1.90 [1.18-5.21]

5.10 [2.06-7.04]

0.95 [0.58-1.57]

1.07 [0.85-1.34]

0.82 [0.65-1.04]

0.95 [0.74-1.22]

0.96 [0.81-1.13]

0.37 [0.03-4.48]

0.57 [0.03-10.07]

1.44 [0.99-2.21]

1.22 [0.69-2.13]

3.83 [1.95-15.35]

3.47 [0.99-12.24]

1.61 [1.37-1.89]

1.05 [0.57-1.93]

RE Model (df = 28; I2 = 76.2%),  Pooled risk ratio = 1.36 [95% CI 1.19 - 1.55]

Author(s) Year
Number of events 

 in exposed vs unexposed Risk Ratio [95% CI]

Figure S17: Pooled risk ratio for low birthweight associated with use of polluting fuels 
and technologies  
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Figure S18: Pooled risk ratio for under-five mortality associated with use of polluting 
fuels and technologies 
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Figure S19: Pooled risk ratio for cardiovascular mortality associated with use of 
polluting fuels and technologies 
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Figure S20: Pooled risk ratio for respiratory mortality associated with use of polluting 
fuels and technologies 
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Figure S21: Pooled risk ratio for all-cause mortality associated with use of polluting 
fuels and technologies 
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Figure S22: Pooled risk ratio for respiratory disease associated with use of gas for 
cooking or heating  
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Figure S23: Pooled risk ratios for respiratory conditions and symptoms in studies comparing use of improved cook stoves and 
traditional cook stoves 
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Figure S24: Pooled risk ratio for symptoms of wheeze associated with use of polluting 
fuels and technologies 
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Figure S25: Pooled risk ratio for symptoms of cough associated with use of polluting 
fuels and technologies 
 
 



39 
 

0.25 0.5 0.75 1 2 3 4 5 6

Risk Ratio

Viegi et al

Pope et al.1

Pope et al.2

Pope et al.3

Xu et al

Ostro et al

Dutt et al

Fischer et al.1

Fischer et al.2

Fischer et al.3

Fischer et al.4

Fischer et al.5

Guggisberg et al

Uzun  et al

Shrestha et al

Siddiqui et al

Khalequzzaman et al

Desalu et al

Stankovic et al

da Silva et al.1

da Silva et al.2

Dohoo et al

Sukhsohale et al.1

Sukhsohale et al.2

Sukhsohale et al.3

Kurmi et al.1

Kurmi et al.2

Mukherjee et al

Choi et al

Ngahane et al

Rumchev et al

Misra et al.1

Misra et al.2

Juntarawijit et al.1

Juntarawijit et al.2

Sana et al

1991

1993

1993

1993

1993

1994

1996

1998

1998

1998

1998

1998

2003

2003

2005

2005

2007

2010

2011

2012

2012

2012

2013

2013

2013

2014

2014

2014

2015

2015

2017

2018

2018

2019

2019

2019

not reported

5/101 vs 14/182

26/203 vs 36/409

6/36 vs 3/42

not reported

not reported

17/197 vs 3/98

not reported

not reported

not reported

not reported

not reported

not reported

46/90 vs 21/87

41/125 vs 5/43

44/57 vs 30/65

24/65 vs 6/51

19/161 vs 7/108

not reported

14/60 vs 49/466

17/69 vs 44/360

16/31 vs 9/30

5/252 vs 2/192

3/73 vs 2/192

3/243 vs 2/192

48/382 vs 9/380

86/463 vs 30/423

398/681 vs 87/681

50/161 vs 83/386

32/145 vs 8/155

not reported

not reported

not reported

not reported

not reported

209/1015 vs 114/690

1.73 [1.12-2.67]

0.74 [0.25-2.16]

1.88 [0.93-3.81]

3.55 [1.2-10.5]

1.3 [0.6-2.6]

1.7 [1.24-2.31]

2.99 [0.85-10.46]

0.91 [0.73-1.14]

0.84 [0.64-1.1]

1.02 [0.81-1.28]

1 [0.79-1.25]

0.86 [0.62-1.19]

1.1 [0.3-4.5]

3.29 [1.73-6.24]

3.66 [1.34-9.99]

3.9 [1.7-8.8]

6.3 [1.6-29.1]

1.54 [0.26-1.62]

1.4 [1.12-1.75]

2.59 [1.32-5.09]

2.29 [1.21-4.32]

2.49 [0.87-7.12]

1.92 [0.37-10.02]

4.07 [0.67-24.88]

1.19 [0.2-7.18]

7.88 [2.84-21.88]

3.9 [2-7.79]

9.6 [7.32-12.6]

1.3 [0.51-3.34]

5.2 [2.31-11.73]

2.59 [1.08-6.19]

1.06 [0.6-1.87]

1.29 [0.65-2.56]

1.95 [0.52-7.25]

1.27 [0.7-2.3]

1.11 [0.83-1.48]

RE Model (df = 35; I2 = 86.0%),  Pooled risk ratio = 1.88 [95% CI 1.49 - 2.37]

Author(s) Year
Number of events 

 in exposed vs unexposed Risk Ratio [95% CI]

Figure S26: Pooled risk ratio for symptoms of shortness of breath associated with use of 
polluting fuels and technologies 
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Figure S27: Pooled mean difference in birth weight associated with use of polluting fuels and technologies. 
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Figure S28: Pooled risk ratio for asthma and respiratory symptoms per 10 ppb increase in indoor nitrogen dioxide.  
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Figure S29: Pooled risk ratio for asthma and respiratory symptoms per 10 µg/m3 increase in indoor PM2.5 
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Figure S30: Pooled risk ratios for cardiorespiratory and adverse pregnancy outcomes associated with use of polluting fuels and 
technologies across studies assessed to be at low or moderate risk of bias. 
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Figure S31: Pooled risk ratios for mortality associated with use of polluting fuels and technologies across studies assessed to be at low or 
moderate risk of bias. 
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Figure S32: Sensitivity analysis of risk ratios for cardiorespiratory and adverse pregnancy outcomes associated with use of polluting 
fuels and technologies across longitudinal studies. 
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Figure S33: Pooled risk ratios for cardiorespiratory and paediatric conditions in studies comparing use of polluting fuels or technologies 
and clean fuels 
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Figure S34: Trends in burden of disease (disability adjusted life years) attributable to household air pollution stratified by 2018 World 
Bank income groups from 2000-2017. 
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Figure S35: Cartogram of global burden of disease attributable to household air pollution in 2017.  
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Figure S36: Trends in deaths attributable to household air pollution stratified by income 
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Figure S37: Trends in deaths attributable to household air pollution stratified by WHO regions 
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Figure S38: Trends in cardiovascular, respiratory and under five mortality attributable to household air pollution  
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Figure S39: Trends in burden attributable to household air pollution using pooled risk ratios from studies where the comparator was 
clean fuel use stratified by WHO regions 
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Figure S40: Trends in burden attributable to household air pollution using pooled risk ratios from studies that were assessed to be at 
low or moderate risk of bias stratified by WHO regions 
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Table S1: PRISMA Checklist 
 

Section/topic  # Checklist item  Reported on page # 

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.   

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants, and 
interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key findings; systematic 
review registration number.  

2 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  3 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and 
study design (PICOS).  

3 

METHODS   

Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration 
information including registration number.  

1 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication 
status) used as criteria for eligibility, giving rationale.  

Supplementary text 1 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the 
search and date last searched.  

Supplementary text 1 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.  Supplementary text 1 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-
analysis).  

Supplementary text 1 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and 
confirming data from investigators.  

Supplementary text 1 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made.  4 

Risk of bias in individual studies  12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or 
outcome level), and how this information is to be used in any data synthesis.  

Supplementary text 1 
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Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  4 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) for each 
meta-analysis.  

5 

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies).  5 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were pre-
specified.  

5 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally 
with a flow diagram.  6 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the 
citations.  

6, Supplementary 
table S1 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  Supplementary table 
S1 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b) effect 
estimates and confidence intervals, ideally with a forest plot.  Data supplement 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  Figure 1 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  Data supplement 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  
 
 

5-7, Data supplement 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., 
healthcare providers, users, and policy makers).  10 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research, 
reporting bias).  10-11 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  11-13 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review.  
14 
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Table S2: List of countries and World Bank income group stratified by WHO regions 
 
1) African region 

Country ISO3 code Income group 

Benin BEN Low income 

Burkina Faso BFA Low income 

Burundi BDI Low income 

Central African Republic CAF Low income 

Chad TCD Low income 

Comoros COM Low income 

Democratic Republic of the Congo COD Low income 

Eritrea ERI Low income 

Ethiopia ETH Low income 

Gambia GMB Low income 

Guinea GIN Low income 

Guinea-Bissau GNB Low income 

Liberia LBR Low income 

Madagascar MDG Low income 

Malawi MWI Low income 

Mali MLI Low income 

Mozambique MOZ Low income 

Niger NER Low income 

Rwanda RWA Low income 

Senegal SEN Low income 

Sierra Leone SLE Low income 

South Sudan SSD Low income 

Togo TGO Low income 

Uganda UGA Low income 

United Republic of Tanzania TZA Low income 

Zimbabwe ZWE Low income 

Angola AGO Lower middle income 

Cabo Verde CPV Lower middle income 

Cameroon CMR Lower middle income 

Congo COG Lower middle income 

Cote d'Ivoire CIV Lower middle income 

Ghana GHA Lower middle income 

Kenya KEN Lower middle income 

Lesotho LSO Lower middle income 

Mauritania MRT Lower middle income 

Nigeria NGA Lower middle income 

Swaziland SWZ Lower middle income 

Zambia ZMB Lower middle income 

Algeria DZA Upper middle income 

Botswana BWA Upper middle income 
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Equatorial Guinea GNQ Upper middle income 

Gabon GAB Upper middle income 

Mauritius MUS Upper middle income 

Namibia NAM Upper middle income 

South Africa ZAF Upper middle income 

Seychelles SYC High income 

 
 
2) Region of the Americas 

Country ISO3 code Income group 

Haiti HTI Low income 

Bolivia (Plurinational State of) BOL Lower middle income 

El Salvador SLV Lower middle income 

Honduras HND Lower middle income 

Nicaragua NIC Lower middle income 

Belize BLZ Upper middle income 

Brazil BRA Upper middle income 

Colombia COL Upper middle income 

Costa Rica CRI Upper middle income 

Cuba CUB Upper middle income 

Dominica DMA Upper middle income 

Dominican Republic DOM Upper middle income 

Ecuador ECU Upper middle income 

Grenada GRD Upper middle income 

Guatemala GTM Upper middle income 

Guyana GUY Upper middle income 

Jamaica JAM Upper middle income 

Mexico MEX Upper middle income 

Paraguay PRY Upper middle income 

Peru PER Upper middle income 

Saint Lucia LCA Upper middle income 

Saint Vincent and the Grenadines VCT Upper middle income 

Suriname SUR Upper middle income 

Venezuela (Bolivarian Republic of) VEN Upper middle income 

Antigua and Barbuda ATG High income 

Argentina ARG High income 

Barbados BRB High income 

Chile CHL High income 

Panama PAN High income 

Trinidad and Tobago TTO High income 

Uruguay URY High income 

Bahamas BHS High income 

Canada CAN High income 

United States of America USA High income 
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3) South-East Asia Region 

Country ISO3 code Income group 

Democratic People's Republic of Korea PRK Low income 

Nepal NPL Low income 

Bangladesh BGD Lower middle income 

Bhutan BTN Lower middle income 

India IND Lower middle income 

Indonesia IDN Lower middle income 

Myanmar MMR Lower middle income 

Sri Lanka LKA Lower middle income 

Timor-Leste TLS Lower middle income 

Maldives MDV Upper middle income 

Thailand THA Upper middle income 

 
 
4) European Region 

Country ISO3 code Income group 

Tajikistan TJK Low income 

Georgia GEO Lower middle income 

Kyrgyzstan KGZ Lower middle income 

Republic of Moldova MDA Lower middle income 

Ukraine UKR Lower middle income 

Uzbekistan UZB Lower middle income 

Albania ALB Upper middle income 

Armenia ARM Upper middle income 

Azerbaijan AZE Upper middle income 

Belarus BLR Upper middle income 

Bosnia and Herzegovina BIH Upper middle income 

Bulgaria BGR Upper middle income 

Kazakhstan KAZ Upper middle income 

Montenegro MNE Upper middle income 

Romania ROU Upper middle income 

Russian Federation RUS Upper middle income 

Serbia SRB Upper middle income 

The former Yugoslav Republic of 
Macedonia 

MKD Upper middle income 

Turkey TUR Upper middle income 

Turkmenistan TKM Upper middle income 

Croatia HRV High income 

Czechia CZE High income 

Estonia EST High income 

Greece GRC High income 

Latvia LVA High income 

Slovakia SVK High income 
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Slovenia SVN High income 

Andorra AND High income 

Austria AUT High income 

Belgium BEL High income 

Cyprus CYP High income 

Denmark DNK High income 

Finland FIN High income 

France FRA High income 

Germany DEU High income 

Hungary HUN High income 

Iceland ISL High income 

Ireland IRL High income 

Israel ISR High income 

Italy ITA High income 

Lithuania LTU High income 

Luxembourg LUX High income 

Malta MLT High income 

Netherlands NLD High income 

Norway NOR High income 

Poland POL High income 

Portugal PRT High income 

Spain ESP High income 

Sweden SWE High income 

Switzerland CHE High income 

United Kingdom GBR High income 

 
 
5) Eastern Mediterranean Region 

Country ISO3 code Income group 

Afghanistan AFG Low income 

Somalia SOM Low income 

Syrian Arab Republic SYR Low income 

Yemen YEM Low income 

Djibouti DJI Lower middle income 

Egypt EGY Lower middle income 

Morocco MAR Lower middle income 

Pakistan PAK Lower middle income 

Sudan SDN Lower middle income 

Tunisia TUN Lower middle income 

Iran (Islamic Republic of) IRN Upper middle income 

Iraq IRQ Upper middle income 

Jordan JOR Upper middle income 

Oman OMN High income 

Qatar QAT High income 

Saudi Arabia SAU High income 



60 
 

United Arab Emirates ARE High income 

Bahrain BHR High income 

Kuwait KWT High income 

 
 
6) Western Pacific Region 

Country ISO3 code Income group 

Cambodia KHM Lower middle income 

Kiribati KIR Lower middle income 

Lao People's Democratic Republic LAO Lower middle income 

Micronesia (Federated States of) FSM Lower middle income 

Mongolia MNG Lower middle income 

Papua New Guinea PNG Lower middle income 

Philippines PHL Lower middle income 

Solomon Islands SLB Lower middle income 

Vanuatu VUT Lower middle income 

Viet Nam VNM Lower middle income 

China CHN Upper middle income 

Fiji FJI Upper middle income 

Malaysia MYS Upper middle income 

Marshall Islands MHL Upper middle income 

Samoa WSM Upper middle income 

Tonga TON Upper middle income 

Republic of Korea KOR High income 

Australia AUS High income 

Brunei Darussalam BRN High income 

Japan JPN High income 

New Zealand NZL High income 

Singapore SGP High income 
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Table S3: Baseline details of included studies 
 

Abbreviations: LPG= liquid petroleum gas, COPD= chronic obstructive pulmonary disease, NA= not applicable. 
 
* Mean age or range of ages are in years, unless otherwise stated 
 

Author Publication 
year Country Study design Sample size Men, 

% Age* Fuel type in exposed group Fuel type in control group Outcomes assessed Risk of 
bias 

Abusalah et al2 2012 Palestine case-control 446 0 26.8 wood not exposed to wood low birth weight low  

Acharya et al3 2015 Nepal case-control 4802 52.1 under 5 
solid fuel (wood, animal dung, straw, 
shrubs, grass, crop residue, coal, 
lignite and charcoal) 

cleaner fuel 
acute respiratory 
infection 

high  

Adane et al4 2020 Ethiopia cross-sectional 5830 51.7 under 5 biomass fuel biomass fuel 
acute lower respiratory 
infection 

moderate  

Addo-Yobo et al5 2001 Ghana case-control 96 50 13.3 electricity 
charcoal, firewood, liquefied 
petroleum gas, and kerosene  

asthma high  

Adesanya et al6 2016 Nigeria case-control 28596 50.1 under 5 biomass fuel kerosene/charcoal 
acute respiratory 
infection 

high  

Adeyemi et al7 2016 Nigeria case-control 27983 0 27.3 firewood/dung LPG/kerosene low birth weight moderate  

Admasie et al8 2018 Ethiopia case-control 1144 52.97 under 5 unclean fuel clean fuel 
acute respiratory 
infection 

high  

Admasie et al8 2018 Ethiopia 
cross-sectional 
study 

1042 54.4 2.0 biomass/charcoal electricity low birth weight moderate  

Aggarwal et al9 2006 India case-control 73605 52 not reported LPG, kerosene, solid fuel no self cooking asthma high  

Agrawal et al10 2012 India 
retrospective 
cohort study 

156316 36.3 20-49 biomass fuel, solid fuel cleaner fuel asthma high  

Akhtar et al11 2007 Pakistan case-control 74918 50.8 31.3 wood, dung cake, rice straw, kai grass LPG chronic bronchitis high  

Akinyemi et al12 2016 

15 sub-Saharan African 
countries (Burkino Faso, 

Burundi, Comoros, Congo 
(Brazzaville), Congo 

Democratic Republic, Cote 
d'Ivoire, Gabon, Lesotho, 

Madagascar, Mozambique, 
Namibia, Niger, Rwanda, 

Sierra Leone, Zambia) 

case-control 143602 50.4 under 5 
solid fuel (coal, lignite, charcoal, 
wood, straw/shrubs/grass, agricultural 
crop and animal dung) 

non-solid fuel (electricity, 
LPG, natural gas, biogas, 
kerosene) 

infant mortality and child 
mortality 

high  

Akinyemi et al13 2018 Nigeria cross-sectional 59370 50.3 under 5 unclean clean  
Acute respiratory 
infection 

high  
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Alam et al14 2012 Bangladesh 
retrospective 
cohort study 

946 56.2 64.9 solid fuel LPG 

cardiovascular mortality, 
ischaemic heart disease 
mortality, stroke 
mortality, respiratory 
mortality 

high  

Alam et al15 2015 Bangladesh cross-sectional 3759 46 54.0 sold fuel LPG COPD low  

Aldous et al16 1996 USA 
prospective 
cohort study 

936 NA under 1 LPG electricity 
acute respiratory 
infection 

high  

Alemayehu et al17 2014 Ethiopia cross-sectional 715 51.3 2.4 High/medium pollution fuel  Low pollution fuel 
acute respiratory 
infection 

high  

Alemayehu et al18 2019 Ethiopia case-control 288 55.5 under 5 cow dung no cow dung 
Acute respiratory 
infection 

high  

Alexander et al19 2018 Nigeria 
Randomised-
controlled trial 

324 0 28.0 ethanol cook stove firewood or kerosene stove stillbirth and birth weight high  

Alim et al20 2014 Bangladesh cross-sectional 420 0 not reported biomass fuel gas 
any respiratory 
involvement 

high  

Alvis-Guzman et 
al21 2013 Colombia cross-sectional 203 25.4 not reported biomass fuel LPG COPD low  

Amegah et al22 2012 Ghana cross-sectional 592 NA not reported charcoal LPG low birth weight low  

Anteneh et al23 2020 Ethiopia cross-sectional 10006 51 
0-59 

months 
wood, straw, agricultural products, 
kerosene, charcoal, animal dung,  

electricity, gas 
acute respiratory 
infection  

high  

Arinola et al24 2018 Nigeria 
cross-sectional 
study 

68 0 30.2 kerosene liquefied natural gas low birth weight high  

Arlington et al25 2019 India 
prospective 
cohort study 

1586 50.76 0-6 months 
wood, straw, shrubs, grass, 
agricultural crop, animal dung, coal or 
charcoal 

iquid petroleum gas or 
electricity 

acute lower respiratory 
infections 

high  

Aung et al26 2013 Myanmar case-control 358 65.3 6.7 smoke producing fuel no smoke producing fuel 
acute respiratory 
infection 

moderate  

Awasthi et al27 1996 India cohort study 664 56 under 4.5 coal, wood, kerosene, dung LPG 
Respiratory symptom 
complex  

high  

Azad et al28 2014 Bangladesh cross-sectional 145 61.8 7.0 wood no wood 
acute respiratory 
infection 

high  

Azizi et al29 1991 Malaysia cross-sectional 1501 57.3 9.0 wood/kerosene stove electric/gas stove 
Asthma, persistent 
wheeze 

high  

Azizi et al30 1995 Malaysia case-control 359 57.4 3.0 kerosene, wood no kerosene or wood asthma high  

Baker et al31 2006 Czech Republic cohort study 452 55.3 1.5 coal use for heating Distant heat + other Lower Respiratory Illness low  

Balakrishnan et 
al32 2018 India cohort study 1125 0 0.0 solid fuel LPG birth weight low  

Barone-Adesi et 
al33 2012 China 

retrospective 
cohort study 

37272 52.7 56.7 smoky coal (bituminous) smokeless coal (anthracite) lung cancer low  

Barria et al34 2008 Chile cohort study 316 50.6 0.0 wood Not exclusively using wood 
acute lower respiratory 
illness 

high  

Barry et al35 2010 USA cohort study 508 59.4 57.0 wood/coal 
Not using wood/coal for 
cooking/heating 

asthma high  

Bassani et al36 2010 India case-control 482763 52 under 4 solid fuel Non-solid fuels death moderate  
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Bassig et al37 2019 China 
prospective 
cohort study 

16323 0 39.4 smokeless coal users smoky coal users 
mortality from ischaemic 
heart disease or stroke  

moderate  

Bates et al38 2013 Nepal case-control 917 56.7 1.5 kerosene, biomass, gas, wood or coal Electricity, gas or none 
acute lower respiratory 
illness 

high  

Bates et al39 2018 Nepal case-control 824 56 1.5 PM2.5 concentration NA 
acute lower respiratory 
illness 

high  

Bates et al39 2018 Nepal case-control 824 55.9 18-70 
gas/kerosene/biomass. Heating with 
wood/kerosene/coal/electric/gas  

electricity, no heating  
acute lower respiratory 
infection 

high  

Bates et al40 2019 Nepal case-control 1807 53.5 0-36months 
biogas, wood stove, kerosene, heating 
with solid fuels 

lpg,no kerosene, no heating 
active pulmonary 
tuberculosis 

moderate  

Bautista et al41 2009 Dominican Republic cohort study 415 52.3 under 1.5 Charcoal Propane ALRI high  

Behera et al42 2005 India case-control 113 0 49.4 biomass fuel LPG lung cancer moderate  

Behera et al43 2010 India case-control 204 0 35.6 Biomass, kerosene LPG tuberculosis moderate  

Behrens et al44 2005 Germany cross-sectional 6996 51.7 6-7 gas,coal, oil, wood 
no gas, no coal, no oil, no 
wood 

wheezing and atopic 
symptoms  

high  

Belanger et al45 2003 USA 
prospective 
cohort study 

849 48.3 under 1 
wood stove, gas stove, NO2 
concentration 

no exposure to wood stove, 
gas stove 

respiratory symptoms high  

Belanger et al46 2006 USA case-control 728 62.4 under 12 gas stove and NO2 concentration no gas stove 

respiratory symptoms in 
children with asthma 
(wheeze, persistent 
cough, shortness of 
breath, chest tightness) 

high  

Belanger et al47 2013 USA 
prospective 
cohort study 

1342 59 5-10 NO2 concentration NA asthma high  

Bhat et al48 2012 india case-control 202 52.5 under 5 fuel other than LPG LPG 
acute respiratory 
infection 

high  

Bhat et al49 2013 India case-control 214 55.6 under 5 fuel other than LPG LPG 
acute respiratory 
infection 

moderate  

Boadi et al50 2006 Ghana cross-sectional 948 0 32.4 charcoal, firewood, kerosene, LPG LPG, electricity respiratory infection high  

Bothwell et al51 2003 Northern Ireland cross-sectional 2578 NA under 12 glass-fronted solid fuel fire  
no glass-fronted solid fuel  
heating  

asthma and asthma 
symptoms (wheeze, 
cough and inhaler use) 

high  

Boy et al52 2002 Guatemala 
prospective 
cohort study 

1717 0 25.0 wood electricity, LPG birth weight low  

Broor et al53 2001 India case-control 512 70 under 5 cooking fuel other than LPG LPG 
severe acute lower 
respiratory infection 

high  

Bruce et al54 1998 Guatemala cross-sectional 321 0 28.0 plancha open fire respiratory symptoms high  

Buchner et al55 2015 

Countries in Sub-Saharan 
Africa (Benin, Burkino Faso, 
Cameroon, Ethiopia, Ghana, 
Guinea, Kenya, Madagascar, 
Mali, Malawi, Mozambique, 

Namibia, Niger, Senegal, 
Tanzania, Uganda, Zambia, 

Zimbabwe) 

cross-sectional 56437 51 under 5 
kerosene, wood, coal, lowergrade 
biomass (straw, dung, grass, shrubs, 
crop residues) 

clean fuel (electricity, LPG, 
gas, biogas, no food cooked 
in the house) 

acute respiratory 
infection 

high  

Budge et al56 2014 Peru 
prospective 
cohort study 

892 NA under 3 improved, vented stove open indoor fire for cooking 
acute respiratory 
infection 

moderate  
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Budhathoki et al57 2020 Nepal cross-sectional 15372 NA 
0-59 

months 
kerosene, wood, straw, shrubs, grass, 
animal dung, coal,charcoal 

electricity, LPG (liquefied 
petroleum gas), biogas, 
natural gas 

pneumonia high  

Bueso et al58 2010 Honduras, El Salvador cross-sectional 1827 52.215 1.1 
gas, kerosene, coal, firewood, other, 
various 

electicity wheeze  high  

Bulkow et al59 2012 USA case-control 314 52 under 3 woodstove does not use woodstove 
acute respiratory 
infection 

high  

Burr et al60 1999 United Kingdom cross-sectional 25393 NA 12-14 gas, solid fuel electricity only 

respiratory symptoms 
(wheeze, speech limiting 
wheeze, wheeze without 
colds, rhinitis, 
spring/summer rhinitis, 
cough without colds, 
phlegm with colds, 
phlegm without colds, >3 
colds per year, dry night 
cough without colds) 

high  

Buthelezi et al61 2019 South Africa cross-sectional 245 39 not reported coal, wood, gas, paraffin electric energy source  
respiratory disease and 
symptoms  

high  

Butland et al62 1997 United Kingdom case-control 749 NA 7.5-8.5 LPG no LPG 
asthma symptoms 
(wheeze) 

high  

Cardoso et al63 2013 Brazil case-control 321 NA under 5 wood no domestic heating 
acute respiratory 
infection 

high  

Cardoso et al64 2015 Brazil cross-sectional 6081 51.4 under 5 wood, coal, other none / LPG 
acute respiratory 
infection 

high  

Carlsten et al65 2011 Canada case-control 545 56 7.0 gas stove not exposed to gas stove asthma high  

Casas et al66 2012 Germany 
prospective 
cohort study 

5078 51 under 10 gas no gas asthma high  

Cerqueiro et al67 1990 Argentina case-control 1338 57.4 under 5 bottled gas, any fuel, charcoal 
no exposure to bottled gas, 
any fuel, charcoal 

lower respiratory 
infection 

low  

Cetinkaya et al68 2000 Turkey cross-sectional 1023 45.1 not reported biomass fuel no biomass fuel chronic bronchitis high  

Chan et al69 2019 China 
prospective 
cohort study 

277838 9 50.3 coal, wood, charcoal  electricity, gas 
respiratory diseases and 
death from any 
respiratory disease  

low  

Chen et al70 1990 Taiwan case-control 931 79.1 not reported wood and coal charcoal, LPG, electricity lung cancer moderate  

Chen et al71 2018 Taiwan cross-sectional 644 0 63.2 biomass fuel, coal gas/electric stove 
chronic bronchitis and 
COPD 

low  

Chen et al71 2018 China cross-sectional 1940 55 0-18 coal, wood, charcoal 
electricity, kerosene, 
liquefied or natural gas 

acute respiratory 
infection in the past four 
weeks 

high  

Choi et al72 2015 India cross-sectional 1392 NA not reported kerosene LPG bronchitis high  

Clark et al73 2009 Honduras cross-sectional 79 0 41.5 
traditional stove and PM2.5 and CO 
concentration 

improved Justa stoves 
respiratory symptoms 
(cough, phlegm, 
shortness of breath) 

high  

Coggon et al74 1993 UK 
retrospective 
cohort study 

8812 NA not reported gas cooker no gas cooker mortality moderate  

Coker et al75 2015 USA cross-sectional 3240 NA under 5 gas stove no gas stove for heating 
acute respiratory 
infection 

high  
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Collings et al76 1990 Zimbabwe cross-sectional 744 53.9 10 months open fire kerosene, gas, electric stoves 
lower respiratory tract 
infection  

high  

Comstock et al77 1981 USA cross-sectional 1724 73.6 not reported LPG Electricity 

respiratory symptoms 
(chronic cough, chronic 
phlegm, wheeze, 
shortness of breath, chest 
illness) 

high  

Crampin et al78 2004 Malawi case-control 1590 46 not reported wood no wood tuberculosis moderate  

da Silva et al79 2012 Brazil cross-sectional 1402 41.2 27.8 biomass fuel LPG respiratory symptoms high  

Dagoye et al80 2004 Ethiopia cross-sectional 7155 49 3.0 kerosene no kerosene wheeze high  

Dai et al81 1996 China case-control 120 0 30-69 coal  no coal stove in bedroom lung adenocarcinoma moderate  

Daigler et al82 1991 USA case-control 508 55.3 3.4 woodburning stove no woodburning stove symptoms high  

Das et al83 2017 Malawi cross-sectional 655 0 37.3 
firewood or crop residue, traditional 
stove 

charcoal/improved stove 

cardiorespiratory 
symptoms (shortness of 
breath walking uphill, 
shortness of breath at rest, 
difficulty breathing/chest 
tightness, chest 
ains/palpitations, 
persistent phlegm, 
persistent cough) 

high  

de Oca et al84 2017 
Argentina, Colombia, 

Venezuela, and Uruguay 
cross-sectional 1743 49 not reported Coal or wood NA COPD high  

Dekker et al85 1991 Canada cross-sectional 14059 NA 5-8 gas stove, gas and oil heating system no gas stove  asthma high  

Dennis et al86 1996 Columbia case-control 208 0 62.5 woodsmoke, gasoline not exposed to woodsmoke COPD low  

Desalu et al87 2010 Nigeria cross-sectional 269 0 55.0 biomass fuel non-biomass fuel  

respiratory symptoms 
(cough, chest pain, 
shortness of breath and 
wheeze) and chronic 
bonchitis 

high  

Devien et al88 2018 France cross-sectional 3039 47 53.2 gas stove, open fireplace, coal 
no gas stove, open fireplace, 
coal 

respiratory symptoms 
(wheeze and chronic 
cough) 

high  

Dhanaraj et al89 2015 India cross-sectional 59957 50.5 not reported solid fuel smokeless fuel pulmonary tuberculosis low  

Dharmage et al90 1996 Sri Lanka case-control 200 NA under 5 gas, kerosene  
not exposed to gas and 
kerosene oil 

acute lower respiratory 
infection 

moderate  

Diette et al91 2007 USA case-control 600 50 4.4 gas electricity asthma high  

Ding et al92 2009 China case-control 140 69.29 6.8 coal no exposure to coal asthma moderate  

Ding et al93 2012 China case-control 1737 NA not reported straw or wood 
No exposure to straw or 
wood 

asthma high  

Ding et al94 2015 China case-control 584 48.1 63.3 biomass fuel modern fuel COPD moderate  

Dockery et al95 1989 USA cross-sectional 5338 NA 7-11 gas, kerosene, wood no gas, kerosene, wood respiratory symotoms high  
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Dodge et al96 1982 USA cross-sectional 419 NA not reported gas electricity 
asthma, wheeze and 
cough 

high  

Dohoo et al97 2012 Kenya cross-sectional 62 0 45.0 no biogas bio gas breathing problems high  

Dong et al98 2008 China cross-sectional 3945 50.1 4.9 coal  no coal asthma high  

Dong et al99 2008 China cross-sectional 10784 50.4 9.9 coal no exposure to coal 
asthma, respiratory 
symptoms 

high  

Dong et al100 2013 China cross-sectional 30780 0 23-49 coal  no coal asthma high  

Dossing et al101 1994 Saudia Arabia case-control 121 46 56.9 open indoor fire no open indoor fire COPD high  

Dow et al102 1999 UK cross-sectional 4792 NA over 65 gas appliances 
no exposure to gas 
appliances 

respiratory symptoms high  

Du et al103 1996 China 
retrospective 
cohort study 

5546 67.8 64.3 coal no coal lung cancer moderate  

Dutt et al104 1996 India 
prospective 
cohort study 

295 0 35.0 biofuel and kerosene gas bronchitis and cough high  

Dutta et al105 2013 India cross-sectional 480 0 34.0 biomass fuel  LPG COPD moderate  

Ehrlich et al106 2004 South Africa cross-sectional 13826 41 over 15 wood, coal, dung electricity, paraffin, gas chronic bronchitis high  

Eisner et al107 2002 USA 
prospective 
cohort study 

349 28 44.2 gas stove, woodsmoke 
not exposed to gas or 
woodsmoke 

asthma high  

Eisner et al108 2003 USA cross-sectional 445 34 42.3 gas stove not exposed to gas stove asthma high  

Ekici et al109 2005 Turkey case-control 596 0 51.1 biomass fuel  LPG COPD high  

Elf et al110 2017 South Africa cross-sectional 53 NA not reported kerosene, wood electricity tuberculosis high  

Elf et al111 2019 India case-control 192 NA not reported kerosene, wood no kerosene, no wood tuberculosis high  

Emenius et al112 2003 Sweden case-control 540 53 under 2 NO2 concentration and gas stove no gas stove 
respiratory symptoms 
(recurrent wheeze) 

high  

Emuron et al113 2019 
Peru, Chile, Argentina, 

Uruguay, Bangladesh, Uganda 
cross-sectional 12592 51.4 54.6 solid fuel clean fuel pulmonary tuberculosis high  

Epstein et al114 2013 India cross-sectional 36529 0 not reported 

kerosene, coal/coal lignite, and 
biomass fuels (wood, agricultural 
crop waste, straw/shrubs/grass, dung 
cakes, and charcoal) 

LPG, electricity and biogas 
low birth weight, 
neonatal death 

high  

Esplugues et al115 2011 Spain cohort study 352 54 under 1 NO2 NA 
lower respiratory tract 
infection, wheezing, 
persistent cough 

moderate  

Esplugues et al116 2013 Spain 
prospective 
cohort study 

2003 NA under 1 gas cooker no gas cooker 
LRTI, wheezing, 
persistent cough, 
chestiness 

high  

Etiler et al117 2002 Turkey 
prospective 
cohort study 

204 50.1 under 1 biomass fuel central heating 
acute respiratory 
infection 

high  

Ezeh et al118 2014 Nigeria cross-sectional 30726 NA under 5 solid fuel non-solid fuel 
neonatal mortality, post-
neonatal mortality, child 
mortality 

high  

Fagbule et al119 1994 Nigeria case-control 280 NA 5.5 biomass smoke no biomass smoke asthma high  

Faizan et al120 2019 India cross-sectional 54985 51.47 not reported solid fuel clean fuel 
tb, auri, copd, bronchial 
asthma 

high  
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Fakunle et al121 2014 Nigeria case-control 440 55.5 under 5 firewood no firewood 
acute respiratory 
infection 

moderate  

Farrow et al122 1997 United Kingdom cross-sectional 921 NA 
3 to 12 
months 

NO2 concentration NA 
respiratory symptoms 
(cough, breathlessness, 
wheeze) 

high  

Fatmi et al123 2014 Pakistan case-control 146 0 56.3 solid fuel LPG acute coronary syndrome low  

Fatmi et al124 2019 Pakistan cross-sectional 850 0 not reported biomass fuel no biomass fuel 
Hypertension, angina, 
heart attack, definite or 
probable CHD on ECG 

high  

Fedortsiv et al125 2012 Ukraine cross-sectional 4871 49.2 41791.0 coal or wood stove central heating 
asthma and respiratory 
symptoms (wheeze, 
shortness of breath) 

high  

Fei et al126 2007 China case-control 3486 40 over 35 
coal and firewood/straw; electricity or 
coal  

electricity or natural gas, no 
heating 

COPD low  

Firdaus et al127 2011 India 
retrospective 
cohort study 

5949 NA not reported traditional fuel 
no exposure to traditional 
fuel 

acute respiratory 
infection, COPD, asthma, 
lung cancer, 
cardiovascular disease 

high  

Fischer et al128 1998 
UK, Czech Republic, Poland, 

Netherlands 
retrospective 
cohort study 

16023 50.947 8.1 
cooking gas, heating gas, other indoor 
source 

no exposure to cooking gas, 
heating gas 

wheeze, asthma attack, 
cough usually 

high  

Foote et al129 2013 Kenya 
prospective 
cohort study 

168 53 5 months upesi jiko no upesi jiko pneumonia high  

Franklin et al130 2012 Australia case-control 71 42 68.8 unflued gas heaters other heating asthma high  

Galeone et al131 2008 China case-control 654 NA not reported solid fuel 
gas heating, no coal for 
cooking 

Lung cancer low  

Gao et al132 1987 China case-control 1407 0 36 - 69 coal, gas, wood 
no exposure to coal, gas, 
wood 

lung cancer low  

Garcia-Sancho et 
al133 2009 Mexico case-control 126 0 40.9 biomass fuel 

less than 20 years of 
exposure to smoke from 
biomass fuels  

tuberculosis low  

Garrett et al134 1998 Australia case-control 148 NA 10.2 gas stove and NO2 concentration no gas stove 

respiratory symptoms 
(cough, shortness of 
breath, wheeze, chest 
tightness, asthma attacks)  

high  

Gaviola et al135 2016 Peru cross-sectional 2953 49 55.0 biomass fuel 
no regular exposure to 
biomass 

asthma high  

Ghimire et al136 2019 Nepal cross-sectional 23335 0 not reported biomass energy natural gas 
perinatal mortality and 
extended perinatal 
mortality  

high  

Ghosh et al137 2006 India cross-sectional 32470 52.2 not reported biomass fuel cleaner fuel low birth weight high  

Gillespie-Bennett 
et al138 2011 New Zealand cross-sectional 409 59 9.6 

unflued gas heating and NO2 
concentration 

no  NO2 exposure asthma  high  

Gninafon et al139 2011 Benin case-control 600 65.8 34.8 solid fuel non-solid fuel tuberculosis moderate  

Golshan et al140 2002 Iran cross-sectional 561 0 27.6 kerosene, wood, LPG no kerosene, wood, LPG 
asthma and chronic 
bronchitis 

high  

Gonzalez-Garcia et 
al141 2015 Colombia cross-sectional 5539 33.2 over 40 wood smoke no exposure to wood smoke asthma, wheeze high  

Guggisberg et al142 2003 Canada cross-sectional 402 47 25.5 woodsmoke no exposure to woodsmoke 
respiratory symptoms 
(wheeze, chest tightness, 

high  
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cough, phlegm, dyspnoea 
on exertion)  

Gupta et al143 1997 India cross-sectional 707 69.9 not reported wood or cow dung gas, kerosene or coal 
tuberculosis, COPD, 
acute respiratory 
infection 

moderate  

Gupta et al144 2001 India case-control 890 86 not reported coal, wood not exposed to coal or wood lung cancer low  

Gurley et al145 2013 Bangladesh 
prospective 
cohort study 

257 53 1.9 biomass fuel clean fuel 
acute respiratory 
infection 

high  

Hansel et al146 2008 USA 
prospective 
cohort study 

150 58 4.4 NO2 exposure no exposure to NO2 asthma symptoms high  

Hansel et al147 2013 USA 
prospective 
cohort study 

84 58 68.9 indoor particles indoor particles exacerbations high  

Haque et al148 2016 Bangladesh case-control 552 40.95 38.8 fuel of plant origin and cow dung clear fuel tuberculosis high  

Harerimana et al149 2016 Rwanda cross-sectional 8599 50.7 under 5 improved cooking fuel unimproved cooking fuel 
acute lower respiratory 
infection 

high  

Hasan et al150 2017 Bangladesh, Nepal, Pakistan cross-sectional 23940 NA under 5 not ideal cooking fuel ideal cooking fuel 
acute respiratory 
infection 

high  

Hasan et al151 2019 India cross-sectional 10575 0 15-49 biomass fuel no biomass fuel symptoms high  

Hazra et al152 2007 India cross-sectional NA 0 not reported traditional fuel modern fuel asthma and tuberculosis high  

Helsing et al153 1982 USA 
retrospective 
cohort study 

708 80.8 not reported gas  electricity respiratory symptoms high  

Hernandez-
Garduno et al154 2004 Mexico case-control 386 0 44-87 woodsmoke not exposed to woodsmoke lung cancer moderate  

Hersoug et al155 2010 Denmark cross-sectional 3471 44.7 18 to 69 wood no exposure to wood wheeze, cough high  

Hessel et al156 2001 Canada case-control 284 60.6 5-19 gas no gas asthma high  

Hoek et al157 1984 Netherlands case-control 231 NA 6.0 NO2 concentration NA respiratory symptoms  high  

Holscher et al158 2000 Germany cross-sectional 2198 50 5 to 14 gas no exposure to gas 

asthma, bronchitis, 
rhinitis, wheezing, 
shortness of breath, 
cough, cough without 
cold, cough during 
day/night, ‰¥3 febrile 
infections, acute infection 

high  

Honicky et al159 1985 USA case-control 62 60 3.5 wood no wood burning stove wheeze and cough high  

Hosein et al160 1989 USA cross-sectional 1357 53.7 7-70 gas electricity symptoms high  

Hosgood et al161 2008 China 
retrospective 
cohort study 

8418 52.1 56.3 portable stove unvented stove lung cancer death moderate  

Hosgood et al162 2010 

USA, Canada, Singapore, 
China, Hungary, Poland, Czech 

Republic,Slovakia, Romania 
and Russia 

case-control 11641 58.2 not reported solid fuel non-solid fuel lung cancer low  

Howden-Chapman 
et al163 2008 New Zealand 

randomised-
controlled trial 

349 57.3 10.0 
non-polluting, more effective 
replacement heater  

less effective form of 
heating 

respiratory symptoms 
(wheeze, dry cough at 
night) 

high  

Huang et al164 1992 China case-control 270 NA not reported coal no coal lung cancer moderate  
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Hystad et al165 2019 

Bangladesh, Brazil, Chile, 
China, Colombia, India, 

Pakistan, Philippines, South 
Africa, Tanzania, Zimbabwe 

prospective 
cohort study 

91350 41.2 50.2 solid fuel clean fuel 

all-cause mortality, 
cardiovascular mortality, 
respiratory mortality, 
myocardial infarction, 
stroke, heart failure, tb, 
copd, pneumonia, lung 
cancer, asthma 

high  

Indahsari  et al166 2018 Indonesia  cross-sectional 156 NA under 5 charcoal, wood, kerosene no biomass 
acute respiratory 
infection 

high  

Infante-Rivard et 
al167 1993 Canada case-control 914 54.9 3-4 gas, kerosene, fire place, wood stove  

no gas cooking appliance or 
no kerosene space heater, no 
fire place or no wood stove  

asthma moderate  

Ingale et al168 2013 India cross-sectional 750 50 46.0 LPG, agrowaste, wood no LPG, agrowaste, wood 

respiratory symptoms 
(difficulty in respiration, 
frequent coughing, throat 
irritation, chest pain) 

high  

Islam et al169 2013 India cross-sectional 370 68 under 5 wood, kerosene, cow dung gas 
acute respiratory 
infection 

high  

Jafta et al170 2019 South Africa case-control 227 46.3 under 15 dirty clean tuberculosis low  

Jaganath et al171 2015 Peru cross-sectional 2957 49.3 over 35 Biomass fuel no exposure to biomass fuel COPD moderate  

Jamali et al172 2017 Pakistan cohort study 605 0 32.4 improved stoves traditional stoves 
asthma and respiratory 
symptoms 

high  

Janjua et al173 2012 Pakistan cross-sectional 566 50.2 under 5 biomass fuel fossil fuel 
acute respiratory 
infection 

high  

Jarvis et al174 1996 United Kingdom cross-sectional 1159 43.1 22 to 44 gas no exposure to gas respiratory symptoms high  

Jarvis et al175 1998 14 European countries 
prospective 
cohort study 

11590 48 not reported gas cooker no gas cooker wheeze high  

Jedrychowski et 
al176 1990 Poland case-control 560 0 over 65 gas cooker no gas cooker respiratory symptoms high  

Jedrychowski et 
al177 1995 Poland cross-sectional 1441 0 72.1 gas no gas asthma high  

Jiang et al178 2015 China 
prospective 
cohort study 

9895 0 not reported coal, biomass, electromagnet gas low birth weight low  

Jie et al179 2016 China 
prospective 
cohort study 

610 45.6 44.9 coal clean fuel asthma high  

Jindal et al180 2006 India cross-sectional 35295 51.6 over 35 
liquid petroleum gas, kerosene, or 
solid fuel 

no self cooking  COPD high  

Jindal et al181 2012 India cross-sectional 169577 50.188 over 15 
electricity/LPG, coal/wood,  other 
fuels 

not regular exposure to 
cooking fuel 

asthma, chronic 
bronchitis 

high  
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Johnson et al182 2008 Nigeria 
prospective 
cohort study 

323 54.8 15.7 wood smoke no exposure to wood smoke ALRI high  

Johnson et al183 2011 India cross-sectional 900 0 30 to 70 biomass fuel clean fuel COPD high  

Jubulis et al184 2014 India case-control 178 57 3.0 biomass fuel not exposed to biomass fuel tuberculosis low  

Juntarawijit et al185 2019 Thailand cross-sectional 1134 16.3 53.4 wood, charcoal lpg symptoms high  

Kadam et al186 2013 India 
retrospective 
cohort study 

328 0 19-35 wood, kerosene LPG low birth weight high  

Kafando et al187 2018 Burkina Faso cross-sectional 922 NA under 5 wood, charcoal gas 
acute respiratory 
infection 

high  

Kaji et al188 2014 USA case-control 77 61 69.4 PM2.5 concentration na respiratory symptoms high  

Kan et al189 2011 China case-control 606 72.1 55.5 

Solid fuel (coal and biomass) 
included coal/lignite, charcoal, wood, 
straw/ shrubs/grass, animal dung, and 
agricultural crop residue; non-solid 
fuel included electricity, liquefied 
petroleum gas, natural gas, biogas, 
and kerosene 

No solid fuel tuberculosis high  

Kashima et al190 2010 Indonesia cross-sectional 15242 51.6 1.9 
 coal/lignite, charcoal, 
firewood/straw, and dung 

electricity, liquid petroleum 
gas electricity, liquid 
petroleum gas/natural gas, 
biogas, and kerosene 

acute upper respiratory 
infection, acute lower 
respiratory infection, 
neonatal mortality, infant 
mortality, stillbirth  

high  

Kasznia-Kocot et 
al191 2010 Poland cross-sectional 1130 44.8 13 to 15 coal no exposure to coal asthma high  

Khalequzzaman et 
al192 2007 Bangladesh cross-sectional 95 NA under 5 biomass fossil fuel 

nasal discharge, cough, 
shortness of breath, chest 
tightness, wheeze, 
respiratory diseases 
(bronchiolitis, asthma, 
pneumonia) 

high  

Khan et al193 2017 Bangladesh cross-sectional 22789 0 25.6 solid fuel Clean fuel 

Acute respiratory 
infection, low birth 
weight, stillbirth, all-
cause mortality under 5 
years, neonatal mortality 

high  

Khan et al194 2018 Pakistan cross-sectional 11040 50.95 
0-59 

months 

solid fuels and kerosene, where solid 
fuels include wood, animal dung, 
charcoal, coal, and shrubs/ grass/straw 

natural gas, LPG, biogas, 
and electricity 

acute  respiratory 
infection 

high  

Kilabuko et al195 2007 Tanzania case-control 5524 49.7 under 5 Biomass fuel kerosene/charcoal 
acute respiratory 
infection 

high  

Kilpelainen et al196 2001 Finland cross-sectional 10667 39 18-25 Wood stove heating at age 0-6 years 
Other heating system at age 
0-6 years  

asthma and wheeze high  

Kim et al197 2014 China case-control 520 100 18-85 Ever smoky coal use  Never smoky coal use lung cancer high  

Kim et al198 2015 China 
prospective 
cohort study 

71320 0 51.4 coal, coke balls  gas  lung cancer   high  

Kim et al199 2016 China 
prospective 
cohort study 

74941 0 52.0 coal  no coal 
all cause mortality, lung 
cancer mortality, 
cardiovascular mortality 

low  
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Kiraz et al200 2003 Turkey cross-sectional 344 0 41.4 biomass fuel no biomass fuel Chronic bronchitis moderate  

Kleimola et al201 2015 47 countries cross-sectional 1526209 NA under 5 solid fuel clean fuel 
neonatal and child 
mortality 

high  

Kleinerman et al202 2002 China case-control 2651 74 35-70 coal biomass lung cancer low  

Ko et al203 1997 Taiwan case-control 210 0 60.7 coal or anthracite, wood or charcoal no cooking or gas lung cancer moderate  

Kolappan et al204 2009 India case-control 1530 86.67 over 15 biomass non-biomass tuberculosis moderate  

Koo et al205 1983 China case-control 400 0 61.2 kerosene, LPG no kerosene, LPG lung cancer moderate  

Kraai et al206 2013 Venezuela cross-sectional 630 50 6.0 wood gas wheeze high  

Kristensen et al207 2006 South Africa 
prospective 
cohort study 

571 50 not reported paraffin or coal electricity or gas 
acute respiratory 
infection 

moderate  

Kuai et al208 2018 China 
prospective 
cohort study 

271217 41 51.0 solid fuel clean fuel 
cardiovascular mortality 
and all-cause mortality 

low  

Kuhr et al209 1991 Germany cross-sectional 704 NA 7-16 LPG, wood, oil or coal 
central, remote or floor 
heating 

asthma high  

Kumar et al210 2004 India case-control 100 70 
2 months - 

5 years 
fuel other than LPG LPG ALRI low  

Kumar et al211 2008 India cross-sectional 912 59.2 7-15 biomass fuel LPG asthma high  

Kurmi et al212 2014 Nepal cross-sectional 1648 46.2 35.3 biomass non-biomass respiratory symptoms high  

Kurt et al213 2007 Turkey cross-sectional 25843 50.1 9.5 natural gas wood, coal, biomass asthma, wheeze high  

Kurt et al214 2009 Turkey cross-sectional 25843 NA not reported wood, biomass, coal LPG, natural gas asthma, wheeze high  

Kurti et al215 2016 Belize cross-sectional 67 28.4 44.2 household air pollution household air pollution wheeze high  

Kwas et al216 2017 Tunisia cross-sectional 140 0 48.0 biomass no biomass COPD high  

Lakshmi et al217 2012 India case-control 378 0 over 20 biomass, kerosene LPG tuberculosis moderate  

Lakshmi et al218 2013 India cross-sectional 188917 NA 15-49 
wood, kerosene,animal dung,crop 
residues, coke/coal/charcoal 

LPG/ Electricity stillbirth moderate  

Lamichhane et al219 2017 India cross-sectional 16157 NA not reported polluting fuel Cleaner fuel 
acute respiratory 
infection 

high  

Lamichhane et al219 2017 India cross-sectional 16157 52 2.1 polluting fuel cleaner fuel 
Acute respiratory 
infection 

high  

Lan et al220 1993 China case-control 278 0 not reported smoky coal no smoky coal lung cancer moderate  

Lan et al221 2002 China 
retrospective 
cohort study 

21232 52.5 39.0 Improved stoves 
Firepits and stoves without 
chimneys 

Lung cancer low  

Lan et al222 2008 China case-control 996 52.2 53.0 smoky coal smokeless coal or wood lung cancer low  

Laniado-Laborin 
et al223 2011 Mexico cross-sectional 2293 39.8 57.6 biomass fuel not exposed to biomass COPD low  

Lanphear et al224 2001 USA cross-sectional 8257 49 under 6 gas stove no gas stove asthma high  

Lee et al225 2001 Taiwan case-control 527 44.78 61.4 coal/anthracite, wood/charcoal no cooking or gas lung cancer low  

Lee et al226 2012 China cross-sectional 14068 45.9 48.6 solid fuels no exposure to solid fuels 
Hypertension, CHD, 
stroke, diabetes 

high  
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Levesqu et al227 2001 Canada cross-sectional 178 30.9 37.0 wood electricity 
upper and lower 
respiratory illness 

high  

Lewis et al228 2017 India cross-sectional 105 NA not reported improved cookstove traditional cookstove only 
cold and cough in past 
month 

high  

Li  et al229 2019 China cross-sectional 1207 48.7 not reported 
use of a coal stove for cooking or 
warming  

no use of a coal stove for 
cooking or warming  

asthma  high  

Li et al230 2015 China case-control 531 NA 51.9 smoky coal wood or smokeless coal lung cancer moderate  

Li et al231 2019 China 
prospective 
cohort study 

475827 40.6 45.5 solid fuel cleaner fuel, no solid fuel COPD low  

Lin et al232 2013 Netherlands 
prospective 
cohort study 

3590 52 not reported LPG no LPG asthma and wheeze high  

Lin et al233 2012 China cross-sectional 7259 43.2 not reported smoky coal, coke, smokeless coal wood lung cancer high  

Lissowska et al234 2005 Seven European countries case-control 5979 75.4 not reported solid fuel nonsolid fuel lung cancer low  

Liu et al235 1993 China case-control 316 70.9 61.0 LPG, wood coal lung cancer low  

Liu et al236 2007 China cross-sectional 3286 41.7 over 40 coal, biomass LPG COPD high  

Liu et al237 2014 China cross-sectional 23326 50.3 43986.0 coal  no coal 
asthma and asthma 
related symptoms  

high  

Liu et al238 2014 China cross-sectional 13335 50.8 9.5 coal, wood or natural gas  electric cooking  respiratory symptoms high  

Liu et al239 2018 China 
prospective 
cohort study 

5384 NA above 45 solid fuel no solid fuel 
chronic lung disease, 
heart disease and stroke 

high  

Liu et al240 2018 China cross-sectional 13335 50.8 above 45 natural gas electicity 

preterm birth (PTB), low 
birth weight (LBW), term 
low birth weight (T-
LBW), small for 
gestational age (SGA) 

high  

Liu et al239 2018 China 
prospective 
cohort study 

5384 NA 4.8 solid fuel no solid fuel 
chronic lung disease, 
heart disease and stroke 

high  

Loeb et al241 2009 Canada case-control 1584 44.6 76.5 gas stove no gas stove pneumonia high  

Luo et al242 1996 China case-control 408 76.5 over 60 Coal No coal use Lung cancer low  

Mahalanabis et 
al243 2002 India case-control 262 56.5 under 1 Solid fuel No solid fuel pneumonia moderate  

Maier et al244 1997 USA cross-sectional 925 49.9 not reported solid fuel No solid fuel use asthma and wheezing moderate  

Malinauskiene et 
al245 2011 Lithuania case-control 1093 0 35-61 gas stove  electric stove 

first myocardial 
infarction 

moderate  

Manyeh et al246 2016 Ghana cross-sectional 6777 52.2 not reported wood, charcoal, other gas  low birth weight high  

Mavalankar et al247 1991 India case-control 2076 0 not reported cooking smoke 
no exposure to cooking 
smoke 

stillbirth low  

Mavalankar et al248 1992 India case-control 2782 0 not reported cooking smoke 
no exposure to cooking 
smoke 

low birth weight high  

McConnell et al249 2002 USA cohort study 3535 47.4 42614 Gas, wood no gas or wood asthma high  

McCormack et al250 2009 USA cohort study 150 58 4.4 PM2.5 concentration NA asthma symptoms high  

Mejias et al251 2018 Dominican Republic cross-sectional 624 50 3-11 gas electricity asthma high  
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Melia et al252 1977 UK 
prospective 
cohort study 

5758 50.7 6-11 gas electricity respiratory symptoms high  

Melia et al253 1979 United Kingdom cohort study 2408 49.3 44141.0 gas cooking electric cooking  respiratory symptoms high  

Melsom et al254 2001 Nepal case-control 247 63 14.1 
open fire or burning stove without a 
flue, wood and grass 

gas, kerosene stove, fuel 
such as wood and grass 

asthma  high  

Menezes et al255 1994 Brazil cross-sectional 1053 40.8 not reported Indoor pollution No source of smoke chronic bronchitis high  

Milanzi et al256 2017 Malawi cross-sectional 9124 0 not reported High pollution fuel Low pollution fuel 
birth weight and size at 
birth 

high  

Mir et al257 2012 India cross-sectional 1644 53.9 not reported Cooking fuel other than LPG LPG 
acute respiratory 
infection 

high  

Mishra et al258 1999 India cross-sectional 260162 51.4 over 20 biomass fuel (wood or dung) 

cleaner fuel (charcoal, 
coal/coke/lignite, kerosene, 
electricity, petroleum gas, or 
biogas). 

tuberculosis high  

Mishra et al259 2003 India cross-sectional 38595 52.9 over 60 
wood, crop residues, dung cakes or a 
mix of biomass fuels and cleaner fuels 
or coal/coke/lignite/charcoal  group  

kerosene, petroleum gas, 
biogas, or electricity  

asthma high  

Mishra et al260 2003 Zimbabwe cross-sectional 3559 48.7 under 5 high and medium pollution fuel 
LPG/natural gas or 
electricity 

acute respiratory 
infection 

high  

Mishra et al261 2004 Zimbabwe cross-sectional 3559 NA not reported wood, dung, or  straw 
Liquid petroleum gas/natural 
gas or electricity 

birth weight  high  

Mishra et al262 2005 India cross-sectional 19189 NA not reported 

wood, dung, crop residues, mix of 
biomass (the former) and any of 
(electricity, liquid petroleum gas, 
biogas, or kerosene), or 
coal,coke,lignite, charcoal 

electricity, liquid petroleum 
gas, biogas, or kerosene 

stillbirth  high  

Mishra et al263 2005 India cross-sectional 29768 51.8 40-49 Cooking fuel (high/medium pollution) Cooking fuel (low pollution) 
acute respiratory 
infection 

high  

Misra et al264 2018 South Africa cross-sectional 415 0 24.0 wood electricity  
respiratory symptoms and 
illnesses 

high  

Mitter et al265 2016 Iran 
prospective 
cohort study 

50045 42 52.1 LPG, kerosene/diesel, wood, dung 
no LPG, kerosene/diesel, 
wood, dung 

all-cause death, 
cardiovascular death, 
ischaemic heart disease 
mortality , respiratory 
disease death and 
cerebrovascular accident 
mortality 

low  

Mommers et al266 2005 Germany, The Netherlands case-control 1191 NA 7-8 
gas cooking daily, heating with coal, 
wood, gas or oil 

gas cooking not daily, 
central heating or heating 
with electricity 

asthmatic symptoms, 
coughing 

high  

Moran et al267 1999 UK cohort study  1449 NA 34-35 gas electricity  
asthma/wheeze, 
respiratory symptoms  

high  

Morris et al268 1990 USA case-control 116 NA under 2 Wood burning stove No wood burning stove 
lower respiratory tract 
infection (bronchiolitis or 
pneumonia) 

high  

Mortimer et al269 2017 Malawi 
randomised-
controlled trial 

10750 48.4 under 5 
cleaner burning biomass-fuelled 
cookstoves 

traditional cooking methods 
pneumonia, under-five 
mortality 

low  

Mu et al270 2013 China case-control 865 50.4 not reported solid fuel, coal, coke clean fuel lung cancer moderate  

Mukherjee et al271 2014 India cross-sectional 1119 0 30.1 biomass LPG respiratory symptoms high  
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Mukherjee et al272 2015 India cross-sectional 404 0 34.6 
wood, cow dung and agricultural 
residues like hay, paddy husk, dried 
leaf, bamboo, jute stick 

liquefied petroleum gas 
adverse reproductive 
outcomes  

high  

Murray et al273 2012 Bangladesh 
prospective 
cohort study 

6079 50 under 5 dung, wood, and crop residues  
natural gas and other non 
biomass  

acute lower respiratory 
infection 

low  

Musafiri et al274 2018 Rwanda 
prospective 
cohort study 

436 0 32.2 firewood, charcoal and grass/leaves 
liquefied gas petroleum or 
had not been cooking the 
last three years 

Chronic bronchitis  high  

Mustapha et al275 2011 Nigeria cross-sectional 1397 NA 7-14 wood or coal, kerosene gas 
asthma and respiratory 
symptoms 

high  

Mzileni et al276 1999 South Africa case-control 728 64.7 57.2 wood, coal no exposure to wood, coal lung cancer moderate  

Naz et al277 2015 Bangladesh cross-sectional 18308 NA under 5 polluting fuel clean fuel 
neonatal mortality, infant 
mortality and under-five 
mortality 

high  

Naz et al278 2016 India cross-sectional 166382 NA under 5 polluting fuel clean fuel 
neonatal mortality, post-
neonatal mortality, child 
mortality 

high  

Naz et al279 2017 Pakistan cross-sectional 11507 50.9 under 5 
kerosene, coal/lignite, charcoal, 
wood, straw/shrubs/grass and animal 
dung 

electricity, liquid petroleum 
gas (LPG), natural gas and 
biogas 

child mortality  high  

Naz et al280 2018 Nepal cross-sectional 17780 NA under 5 polluting fuels clean fuels 

neonatal mortality, post-
neonatal mortality, child 
mortality, under-five 
mortality 

high  

Neas et al281 1991 USA cross-sectional 1567 NA 7-10 NO2 concentration NA 
asthma and respiratory 
symptoms 

high  

Neas et al282 1994 USA cross-sectional 1237 NA 7-11 PM2.5 NA 
asthma and respiratory 
symptoms 

high  

Ngahane et al283 2015 Cameroon cross-sectional 300 0 51.0 wood 
alternative source of energy 
for cooking 

chronic bronchitis, 
dyspnea on exertion 

high  

Ngocho et al284 2019 Tanzania case-control 463 59 13 months biomass, firewood, charcoal, kerosene gas or electricity 
community acquired 
pneumonia 

low  

Nisha et al285 2018 Bangladesh cross-sectional 27237 0 not reported 
kerosene, coal/lignite, charcoal, 
wood, straw/shrubs/grass, agricultural 
crop, animal dung 

electricity, liquefied 
petroleum gas, natural gas, 
biogas 

stillbirth and early 
neonatal mortality 

high  

Nitschke et al286 2006 Australia cross-sectional 174 54 8.0 NO2 concentration NA asthma symptoms  high  

Noonan et al287 2007 USA cross-sectional 397 49 6 - 15 woodstove, fireplace, propane or oil electricity 
wheezing in the past 4 
weeks 

high  

Noonan et al288 2011 USA 
prospective 
cohort study 

920 50.6 not reported improved woodstove older woodstove respiratory symptoms high  

Noorhassim et al289 1995 Malaysia cross-sectional 1007 51.4 1-12 wood no wood stove asthma high  

Norback et al290 2019 China cross-sectional 39782 52 4.4 biomass (coal, wood), natural gas only electricity 
doctor diagnosed asthma, 
current wheeze 

high  

North et al291 2017 Uganda 
prospective 
cohort study 

734 30 34.0 wood charcoal  chronic cough high  

Obaseki et al292 2017 Nigeria cross-sectional 1147 37 over 40 solid fuel no solid fuel respiratory symptoms  high  

Oluwole et al293 2017 Nigeria cross-sectional 1690 51.7 13.6 biomass fuel no biomass fuel 
asthma and respiratory 
symptoms 

high  
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Orozco-Levi et al294 2006 Spain case-control 120 0 71.0 wood, charcoal smoke 
not exposed to wood, 
charcoal smoke 

COPD moderate  

Ostro et al295 1993 USA cohort study 321 48 36.6 gas stove no gas stove  
any lower respiratory 
tract symptom or illness  

high  

Ostro et al296 1994 USA cross-sectional 256 33.8 44.3 gas, wood or fireplace no gas, wood or fireplace respiratory symptoms high  

Owili et al297 2017 

23 subsaharan african countries 
(Benin, Bukina Faso, Burundi, 

Comoros, Congo, CoÌ‚te 
d€™Ivoire, DRC, Ethiopia, 

Gabon, Gambia, Guinea, 
Kenya, Liberia, Mali, 
Mozambique, Nigeria, 

Namibia, Rwanda, Sierra 
Leone, Togo, Uganda, Zambia, 

and Zimbabwe) 

cross-sectional 783691 NA under 5 
biomass fuel, charcoal, coal, lignite or 
paraffin/kerosene 

clean fuel under-five mortality high  

Oxlade et al298 2012 India cross-sectional 198754 0 not reported biomass fuel no biomass fuel tuberculosis high  

Ozturk et al299 2014 Turkey case-control 771 100 36.8 coal or wood  not coal or wood pulmonary tuberculosis moderate  

Padhi et al300 2008 India cross-sectional 1505 NA 5-10 biomass fuel, LPG no biomass fuel, LPG 
asthma and respiratory 
symptoms 

high  

Pan et al301 2002 China 
retrospective 
cohort study 

467 52.5 36.1 charcoal stove no charcoal stove asthma high  

Pandey et al302 2012 India cross-sectional 34472 0 32.1 
coal, wood, straw, shrubs, grass, 
agricultural crop waste, dung cakes, 
lignite, charcoal 

electricity, liquid petroleum 
gas or Natural gas, biogas or 
Kerosene 

child mortality  high  

Panigrahi et al303 2018 India cross-sectional 1120 0 30.0 solid biomass fuel LPG chronic bronchitis  high  

Pant et al304 2012 Nepal cross-sectional 2142 49 27.0 dung biogas asthma high  

Patel et al305 2013 India cross-sectional 35954 51 
0-36 

months 

wood, agricultural waste, dung, or 
straw, coal/lignite, charcoal, or 
kerosene 

liquid petroleum gas/natural 
gas, electricity 

acute respiratory 
infection 

high  

Patel et al306 2015 
Guatemala, India, Kenya, 

Pakistan, Zambia 
prospective 
cohort study 

65912 0 not reported Polluting fuels clean fuels perinatal mortality low  

Patel et al307 2019 India cross-sectional 932341 52.4 under 5 biomass fuel no biomass fuel 
acute respiratory 
infection 

high  

Pathirathna et al308 2017 Sri Lanka 
prospective 
cohort study 

76 0 29.0 wood no wood low birthweight high  

Patra et al309 2012 India case-control 400 NA under 14 biomass fuel LPG tuberculosis high  

Patra et al310 2016 51 countries cross-sectional 112711 46.3 not reported solid fuel no solid fuel wheeze, asthma high  

Paulin et al311 2017 USA cohort study 30 67 9.8 NO2 concentration NA asthma symptoms  high  

Peabody et al312 2005 China cross-sectional 6923 35.2 29.2 wood, crop residues, cleaner fuels coal COPD, Asthma high  

Perez-Padilla et 
al313 1996 Mexico case-control 502 0 56.3 wood no wood 

Chronic airway 
obstruction and chronic 
bronchitis 

low  

Perez-Padilla et 
al314 2001 Mexico case-control 925 45.7 39.3 wood stove never used wood stoves tuberculosis low  

Pershagen et al315 1995 Sweden case-control 547 56.8 under 4 gas stove no gas stove wheezing moderate  
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Phillips et al316 2018 England, Wales 
geographical 
study 

3535136 NA 35-74 solid fuel no solid fuel 

all cause mortality, 
cardiovascular mortality, 
respiratory mortality 
mortality 

high  

Phoa et al317 2004 Australia cross-sectional 627 46.7 8-11 fume emitting heating non-fume emitting heating asthma high  

Phukan et al318 2014 India case-control 690 0 58.7 coal, wood LPG lung cancer low  

Piekarska et al319 2018 Poland cross-sectional 18617 46.2 6-44 solid fuel, electric heaters other heating sources asthma high  

Pokharel et al320 2001 India case-control 120 67.5 12.4 biomass fuel no exposure to biomass fuel bronchial asthma high  

Pokhrel et al321 2010 Nepal case-control 375 0 35.0 kerosene, biomass, coal gas or electricity tuberculosis low  

Ponsonby et al322 2000 Australia 
prospective 
cohort study 

863 69 7.0 gas no gas asthma high  

Ponsonby et al323 2001 Australia cross-sectional 440 NA 9.1 gas  no gas asthma high  

Pope et al324 1993 China cross-sectional 973 0 20 to 40 coal no exposure to coal 
chest illness, cough, 
phlegm, shortness of 
breath, wheeze 

high  

Praygod et al325 2016 Tanzania case-control 117 53 under 5 wood, charcoal gas or electricity severe pneumonia high  

Prietsch et al326 2006 Brazil cross-sectional 685 NA not reported 
Inadequate heating 
(combustion)/wood burning stove for 
cooking 

NA wheezing high  

Qian et al327 2000 China cross-sectional 2789 35.3 not reported coal no coal respiratory symptoms  high  

Qian et al328 2004 China cross-sectional 7058 NA 38.4 Coal smoke for cooking/heating NA 
wheezing, bronchitis, 
asthma 

high  

Qian et al329 2007 China cross-sectional 2517 100 5-14 Coal smoke for cooking/heating NA 
wheezing, bronchitis, 
asthma 

high  

Qin et al330 2002 China case-control 252 0 57.7 LPG, coal no LPG or coal lung cancer moderate  

Qu et al331 2015 China cross-sectional 13424 46.7 48.5 solid fuel no solid fuel 
stroke, coronary heart 
disease 

high  

Rabbani et al332 2017 India case-control 356 0 34.0 biomass cleaner fuel tuberculosis high  

Rahut et al333 2017 Bhutan cross-sectional 6551 NA not reported 
wood, kerosene, dung, charcoal, 
leaves 

electricity, LPG tuberculosis high  

Ram et al334 2014 Bangladesh case-control 994 50.3 under 5 LPG, petroleum gas or kerosene wood or bamboo pneumonia moderate  

Ramanakumar et 
al335 2007 Canada case-control 2746 60.6 35-75 wood or coal no wood or coal lung cancer moderate  

Ramani et al336 2016 India cohort study 400 44.8 under 5 LPG and wood no wood and LPG 
acute respiratory 
infection 

high  

Rana et al337 2019 Afghanistan cross-sectional 27565 0 51.7 solid fuel no solid fuel 
Acute respiratory 
infection 

high  

Raspanti et al338 2016 Nepal case-control 1212 59.2 over 18 wood, charcoal, agricultural waste electricity and natural gas lung cancer low  

Regalado et al339 2006 Mexico cross-sectional 841 0 38 and over Biomass  Gas COPD low  

Rehfuess et al340 2009 Sub Saharan Africa cross-sectional 32620 NA under 5 cooking with solid fuel  cooking with cleaner fuel 
ALRI mortality in 
children <5 years age 

high  
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Rey-Ares et al341 2016 Argentina, Chile 
retrospective 
cohort study 

1074 NA under 5 Exposure to Household air pollution 
Households not exposed to 
HAP 

Lower respiratory tract 
infection (LRTI) 

moderate  

Rinne et al342 2007 Ecuador cross-sectional 212 54.2 under 16 biomass fuel LPG only  
infant mortality and 
respiratory symptoms 

high  

Riojas-Rodriguez 
et al343 2001 Mexico 

prospective 
cohort study 

56 23.2 not reported Ceta stove open fire respiratory symptoms high  

Robin et al344 1996 Arizona, United States case-control 90 60 
1 - 24 

months of 
age 

wood gas, electricity 
acute respiratory 
infection 

low  

Romieu et al345 2009 Mexico 
randomised-
controlled trial 

552 NA 25.9 improved stove open fire respiratory symptoms high  

Rudnai et al346 2008 Hungary cross-sectional 6670 50.3 9-10 wood, coal no wood, coal 
bronchitic and asthmatic 
symptoms 

high  

Rumchev et al347 2016 Myanmar cross-sectional 80 NA under 6 biomass fuel no biomass fuel respiratory symptoms high  

Rumchev et al348 2017 India cross-sectional 478 NA 
30.13, 

children 
under 15 

biomass   
liquid petroleum gas or 
kerosene  

respiratory symptoms high  

Rylance  et al349 2019 Malawi cross-sectional 804 48.1 7.1 wood, crop waste, charcoal  wood, crop waste, charcoal  

chronic cough, current 
wheeze, symptoms of 
severe asthma, shortness 
of breath  

high  

Salo et al350 2004 China cross-sectional 5231 52.5 13.6 coal no coal respiratory symptoms high  

Sama et al351 2017 USA case-control 171 40 70.0 wood and gas stove no wood or gas stove COPD exacerbation high  

Samet et al352 1993 USA 
prospective 
cohort study 

1205 52.1 not reported gas stove electric stove respiratory symptoms high  

Samuel et al353 2018 Nigeria cross-sectional 10983 NA not reported 
coal, cow dung, firewood and 
charcoal 

electricity, liquid petroleum 
gas, kerosene 

under-five mortality high  

Sana et al354 2019 Burkina Faso cross-sectional 1705 0 36.0 firewood, charcoal liquid petroleum gas 
acute and chronic 
respiratory symptoms 

high  

Sanbata et al355 2014 Ethiopia cross-sectional 422 67.5 under 5 biomass or kerosene; traditional stove 
LPG and electricity; clean 
stove 

acute respiratory 
infection 

high  

Sanya et al356 2014 Uganda case-control 86 39.5 36.0 wood or charcoal no wood or charcoal asthma exacerbation high  

Sapkota et al357 2008 India case-control 1517 85.8 not reported solid fuel, wood, coal, mixed/other modern fuel lung cancer low  

Sasco et al358 2002 Morocco case-control 353 96.6 59.0 coal no coal lung cancer  high  

Savitha et al359 2007 India case-control 208 58.2 under 5 wood, dung, kerosene LPG 
acute lower respiratory 
tract infection 

high  

Schei et al360 2004 Guatemala cross-sectional 1058 48 4-6 open fire  plancha stove  
asthma and asthma 
related symptoms  

high  

Sezer et al361 2006 Turkey case-control 148 0 56.7 wood and biomass 
no exposure to wood or 
biomass 

COPD high  

Shah et al362 1994 India case-control 400 57 
2 months - 

5 years 
smoke producing stove  no smoke producing stove  severe  pneumonia  low  

Sharma et al363 1998 India 
prospective 
cohort study 

642 52.4 under 5 wood kerosene 
Lower respiratory tract 
infection 

high  

Sharma et al364 2013 India cross-sectional 500 51.4 under 1 smoky fuel smokeless fuel 
acute respiratory 
infection 

high  
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Shen et al365 2009 China 
retrospective 
cohort study 

42422 NA not reported stove improvement, smokeless coal 
fire-pit or stove without a 
chimney and no smokeless 
coal 

pneumonia high  

Shetty et al366 2006 India case-control 370 58 15 to 83 biomass fuel gas/electric tuberculosis high  

Shima et al367 2000 Japan 
prospective 
cohort study 

842 51.5 9-10 NO2 concentration NA asthma, wheeze high  

Shirinde et al368 2014 South Africa cross-sectional 3468 47.7 13-14 LPG, paraffin, wood, coal  electricity wheeze high  

Shrestha et al369 2005 Nepal cross-sectional 168 6 36.1 unprocessed solid fuels processed fuels 
acute respiratory 
infection, COPD/Asthma 
and respiratory symptoms 

high  

Siddharthan et al370 2018 
Argentina, Chile, Uruguay, 
Peru, Bangladesh, Uganda 

cross-sectional 12396 51.5 54.9 biomass no exposure to biomass COPD low  

Siddiqui et al371 2005 Pakistan cross-sectional 122 0 28.6 wood natural gas respiratory symptoms  high  

Siddiqui et al372 2008 Pakistan 
retrospective 
cohort study 

634 NA 24.7 wood  natural gas low birth weight high  

Sikolia et al373 2002 Kenya cross-sectional 300 NA under 5 Firewood, kerosene Charcoal 
acute respiratory 
infection 

high  

Singh et al374 2002 India cross-sectional 2275 55.1 7.8 smoke producing fuel no smoke producing fuel cough high  

Sloan et al375 2012 USA case-control 528 43 not reported wood or coal no wood or coal lung cancer moderate  

Smith et al376 2000 Australia cross-sectional 129 55 not reported NO2 concentration NA asthma symptoms  high  

Smith et al377 2011 Guatemala 
Randomised-
controlled trial 

518 NA 
under 18 
months 

locally developed chimney stove open wood fires pneumonia  low  

Smith-Sivertsen et 
al378 2009 Guatemala 

randomised-
controlled trial 

504 0 27.7 improved stove open fire respiratory symptoms high  

Sobue et al379 1990 Japan case-control 875 0 56.7 
wood or straw; for heating kerosene, 
gas, coal, charcoal and wood stoves 
without chimneys 

no wood, straw or coal lung cancer moderate  

Solis-Soto et al380 2013 Bolivia cross-sectional 2340 47.9 11.0 wood or coal gas or electricity asthma symptoms  high  

Sood et al381 2010 USA 
prospective 
cohort study 

1861 19.2 not reported wood no wood 
airflow obstruction and 
chronic bronchitis 

high  

Soto-Moreno et 
al382 2013 Columbia cross-sectional 2085832 51.9 not reported solid fuel no solid fuel 

cardiovascular and 
respiratory limitation 

high  

Speizer et al383 1980 USA 
prospective 
cohort study 

9280 NA 6-10 gas electicity 

bronchitis, serious 
respiratory illness before 
age 2, respiratory illness 
in the last year 

high  

Spengler et al384 2004 Russia cross-sectional 5951 NA 8-12 gas no gas asthma, wheeze, cough high  

Sreeramareddy  et 
al385 2011 India cross-sectional 47139 NA not reported 

wood, straw, animal dung, and crop 
residues, kerosene, coal 

electricity, liquid petroleum 
gas, natural gas and biogas 

low birth weight  high  

Stankovic et al386 2011 Serbia cross-sectional 1082 0 not reported biomass no biomass   
respiratory symptoms and 
disease 

low  

Stankovic et al387 2011 Serbia cross-sectional 367 0 20-40 fossil fuel smoke central heating or electricity 
respiratory symptoms, 
stillbirth 

high  

Stein et al388 2008 South Africa case-control 9690 35 52.0 
wood, charcoal, coal, anthracite, 
paraffin, or gas 

electricity 
lung cancer and 
cardiovascular disease 

low  
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Strachan et al389 1995 UK case-control 961 NA 11 to 16 gas  no gas  wheeze  high  

Sukhsohale et al390 2013 India cross-sectional 760 0 32.5 biomass, kerosene, mixed LPG asthma high  

Sun et al391 1992 China case-control 816 0 30 to 69 bituminous coal, brazier 
no exposure to bituminous 
coal, brazier 

lung cancer moderate  

Sun et al392 2002 China case-control 618 NA not reported coal stove, kang, gas 
no coal stove, no kang, no 
gas 

lung cancer high  

Sunyer et al393 2004 United Kingdom and Spain 
prospective 
cohort study 

1611 NA under 1 gas stove and gas heating no gas stove or heating 
lower respiratory tract 
infection 

high  

Suryadhi et al394 2019 Indonesia cross-sectional 36842 52 4.8 solid fuel clean fuel 

low birth weight, 
neonatal death, infant 
death, acute upper 
respiratory infection and 
acute lower respiratory 
infection 

high  

Svendsen et al395 2018 USA cross-sectional 5210 50.1 not reported wood, fireplace, portable gas heater portable electric heater asthma high  

Tamire et al396 2020 Ethiopia cross-sectional 545 0 30.3 solid fuel cleaner fuel  symptoms high  

Tan et al397 2015 Canada cross-sectional 5176 42.8 57.0 
coal or coke, wood, crop residues or 
dung 

< 10 years coal or coke, 
wood, crop residues or dung  

COPD low  

Tavernier et al398 2006 United Kingdom case-control 200 42.5 4-17 LPG no LPG asthma high  

Taylor et al399 2012 Sierra Leone cross-sectional 1040 0 

Women age 
15 - 45; 
Children 
under 5 

wood charcoal 
acute respiratory 
infections 

high  

Tazinya et al400 2018 Cameroon cross-sectional 512 56.8 under 5 wood smoke no wood smoke 
Acute respiratory 
infection 

high  

Thacher et al401 2013 Nigeria cross-sectional 299 45.2 5-11 biomass fuel no biomass fuel asthma symptoms  high  

Thompson et al402 2011 Guatemala 
randomised-
controlled trial 

266 0 26.4 improved stoves open fire birth weight low  

Tielsch et al403 2009 India 
prospective 
cohort study 

11728 0 not reported wood or dung no wood or dung 

birth weight, low birth 
weight, preterm birth, 
stillbirth, neonatal 
mortality, acute 
respiratory infection 

low  

Tin et al404 2016 New Zealand 
prospective 
cohort study 

6112 0 not reported gas, electricity, wood no gas, electricity or wood 
acute respiratory 
infection 

low  

Trang et al405 2010 USA case-control 1412 53 not reported LPG, wood no LPG, wood asthma high  

Tripathy et al406 2017 India cross-sectional 3571 55.3 not reported unclean fuel clean fuel 
Neonatal, Postneonatal 
and Maternal Deaths 

high  

Tse et al407 2011 China case-control 2277 100 66.0 gas, liquid fuel and solid fuel never cooked or electricity lung cancer high  

Tumwesigire et 
al408 1995 Uganda cross-sectional 152 53.3 2.1 gas or electricity wood or charcoal 

acute respiratory 
infection 

high  

Tuthill et al409 1984 USA cross-sectional 399 NA not reported woodstove no woodstove acute respiratory illness high  

Upadhyay et al410 2015 India 
prospective 
cohort study 

3961 53.5 3.1 solid fuel cleaner fuel 
life threatening 
respiratory illness 

high  

Uzun et al411 2003 Turkey cross-sectional 177 0 41.0 biomass no biomass COPD and asthma high  
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van Gemert et al412 2016 Uganda cross-sectional 588 49.5 45.8 biomass fuel no biomass fuel COPD moderate  

van Miert et al413 2012 Belgium cross-sectional 744 45 15.2 wood no wood asthma, pneumonia high  

van Strien et al414 2004 USA cross-sectional 768 49 under 2 NO2 NA respiratory symptoms high  

Van Vliet et al415 2019 Ghana cross-sectional 1183 0 27.3 CO concentration NA Respiratory symptoms high  

Vasudeva et al416 2010 India cross-sectional 124395 0 15-49 
kerosene, wood, and agricultural 
products 

Liquid petroleum gas; 
electricity and biogas 

asthma high  

Veigi et al417 1991 Italy cross-sectional 3289 46.1 8-64 LPG no LPG respiratory symptoms high  

Venn et al418 2001 Ethiopia cross-sectional 9844 47 18.0 non-biomass fuel biomass fuel respiratory symptoms  high  

Victora et al419 1994 Brazil case-control 1032 54.1 under 2 woodstove, fireplace, open-air fire 
no woodstove, fireplace, 
open-air fire 

pneumonia high  

Viegi et al420 1992 Italy cross-sectional 3185 38.8 not reported bottled gas, wood, kerosene, oil, coal natural gas 
respiratory symptoms 
and physician diagnosed 
respiratory conditions  

high  

Volkmer et al421 1995 Australia cross-sectional 14124 NA 4-5 natural gas, wood no natural gas or wood 
asthma, wheeze, 
bronchitis, dry cough 

high  

von Maffei et al422 2001 USA cross-sectional 2409 NA under 18 gas, kerosene, wood, coal, fireplace 
no gas, kerosene, wood, 
coal, fireplace 

asthma high  

von Mutius et al423 1996 Germany cross-sectional 1958 NA 11 coal or wood no coal or wood asthma high  

Wafula et al424 2000 Kenya case-control 648 NA 

women 
between 15 

and 60 
years and 
children 
under 5 
years 

traditional 3 stone stove improved stove  
acute respiratory 
infection 

high  

Walker et al425 2020 Honduras cross-sectional 150 0 37.0 
Traditional stove, older Justa stove, 
newer Justa stove, PM concentration 

Justa stove, newer Justa 
stove 

Respiratory symptoms high  

Wang et al426 1992 China case-control 308 NA not reported coal no coal lung cancer high  

Wang et al427 1996 China case-control 270 0 not reported coal, kang no coal, kang lung cancer high  

Wang et al428 2013 China cross-sectional 4618 53.7 4.7 gas or electricity coal or wood 
asthma, pneumonia and 
wheeze 

high  

Ware et al429 1984 USA 
prospective 
cohort study 

8384 NA 6-7 gas no gas 
bronchitis, respiratory 
illness before age of 2 

high  

Ware et al430 2014 USA cross-sectional 561 53.6 under 18 woodstove fuel oil 
pneumonia, asthma, 
bronchitis, wheeze, cough  

high  

Wayse et al431 2004 India case-control 150 59.3 2.0 liquid petroleum gas biomass 
severe acute lower 
respiratory infection 

moderate  

Weber et al432 2020 Ghana 
prospective 
cohort study 

1010 0 28.3 polluting fuel Clean fuel 
perinatal mortality, low 
birth weight, stillbirth 

low  

Wichmann et al433 2006 South Africa cross-sectional 4679 50.4 under 5 smoke pollution fuels clean fuels 
acute lower respiratory 
infection  

high  

Wichmann et al434 2006 South Africa cross-sectional 3556 0 not reported polluting fuel clean fuel under-five mortality high  

Wichmann et al435 2009 South Africa cross-sectional 2437 50.4 5.0 combination of dirty and clean fuel clean fuel wheeze high  
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Willers et al436 2006 the Netherlands cohort study 3148 NA 6-7 gas  electricity  respiratory symptoms  high  

Withers et al437 1998 United Kingdom 
prospective 
cohort study 

2289 NA 14-16 gas no gas wheeze high  

Woldeamanuel et 
al438 2019 Ethiopia cross-sectional 779 57.4 over 30 biomass fuel no biomass fuel COPD moderate  

Woldesemayat et 
al439 2014 Ethiopia case-control 1159 58.9 33.6 biomass no biomass tuberculosis high  

Wolff et al440 2012 Madagascar cross-sectional 1236 48.4 10.3 electricity  charcoal or gas asthma   high  

Wong et al441 2004 China cross-sectional 10902 51.3 10.0 gas no gas  current wheeze high  

Wong et al442 2013 47 countries cross-sectional 512707 NA 
6-7 and 13-

14 
open fire not open fire 

asthma and respiratory 
symptoms 

high  

Wong et al443 2019 China case-control 1524 0 54.7 ever smoky coal users 
Wood/dung/Smokeless coal 
users from Smokeless coal 
regions 

lung cancer  moderate  

Wu et al444 1985 USA case-control 440 NA 60.2 coal no coal lung cancer high  

Wu et al445 2010 China cross-sectional 197 NA not reported 
gas stove and CO, NO and NO2 
concentrations 

no gas stove  asthma and bronchitis high  

Wu et al446 2020 China cross-sectional 2673 49 not reported 
Coal, Wood, Natural gas, Electricity, 
Coal Gas, Compressed petroleum gas 

NA pneumonia high  

Wu-Williams et 
al447 1990 China case-control 850 0 not reported 

kang stove, coal stove, coal burners, 
central heating 

no kang stove, coal stove, 
coal burners, central heating 

lung cancer low  

Wylie et al448 2015 India cross-sectional 1744 0 not reported wood LPG 
stillbirth, birth weight and 
low birth weight 

low  

Xu et al449 1989 China case-control 2594 58.5 57.8 
kang stove, coal stove, gas central 
heating, gas fuel for cooking 

no kang stove, coal stove, 
gas central heating, gas fuel 
for cooking 

lung cancer high  

Xu et al450 1993 China cross-sectional 1576 75.1 not reported coal no coal 
asthma, bronchitis, 
respiratory symptoms 

high  

Xu et al451 1996 China cross-sectional 28946 43 not reported coal no coal wheeze and asthma high  

Yang et al452 1997 Taiwan cross-sectional 4164 48.9 10.4 gas no exposure to gas 
asthma, cough, wheeze, 
bronchitis, allergic 
rhinitis 

high  

Yang et al453 2014 China case-control 6246 66.3 not reported biomass no biomass COPD and lung cancer high  

Yu  et al454 2017 Hong Kong 
prospective 
cohort study 

543 51.9 under 1.5 gas electricity wheeze high  

Yu  et al455 2020 China 
prospective 
cohort study 

171677 29.3 30-79 solid fuel clean fuel 
All-cause mortality, 
cardiovascular mortality, 
respiratory mortality 

high  

Yucra et al456 2011 Peru case-control 190 NA 27.1 wood, peat/champa, charcoal or dung 
gas propane, electricity, 
kerosene 

low birth weight moderate  

Yusuf et al457 2020 

Canada, Saudi Arabia, Sweden, 
and United Arab Emirates, 

Argentina, Brazil, Chile, China, 
Colombia, Iran, Malaysia, 

Palestine, Philippines, Poland, 
Turkey, and South Africa, 

Bangladesh, India, Pakistan, 
Tanzania, and Zimbabwe 

prospective 
cohort study 

155722 41.7 50.2 kerosene/solid fuel clean fuel 
cardiovascular disease, 
all-cause death 

low  
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Zacharasiewicz et 
al458 1999 Austria 

retrospective 
cohort study 

28747 51.13 7.2 not electric electric wheeze high  

Zejda et al459 2003 Poland 
prospective 
cohort study 

663 49.3 7-9 coal no coal asthma high  

Zha et al460 2019 China 
cross-sectional 
study 

2770 49.2 53.8 coal/biomass no coal/biomass COPD low  

Zhang et al461 1988 China 
prospective 
cohort study 

957 100 not reported coal no coal stroke mortality low  

Zhang et al462 2002 China cross-sectional 22528 48.7 not reported coal, wood, cornstalk no coal, wood, cornstalk respiratory symptoms high  

Zhao et al463 2009 China case-control 206 0 62.1 coal or wood no coal or wood chronic bronchitis high  

Zheng et al464 2002 China cross-sectional 1209 58.7 6-10 LPG, coal electricity asthma high  

Zheng et al465 2013 China cross-sectional 4014 51.2 5.0 coal or natural gas electricty  pneumonia high  

Zhong et al466 1999 China case-control 1105 0 35 to 69 coal, gas coal  lung cancer low  

Zhong et al467 2007 China cross-sectional 20245 43 over 40 biomass no exposure to biomass COPD low  

Zhou et al468 1994 China cross-sectional 624 NA under 3 gas coal pneumonia high  

Zhou et al469 1995 China cross-sectional 10892 48.3 not reported smoky coal and smokeless coal wood COPD high  

Zhou et al470 2009 China cross-sectional 12471 17.9 over 40 
wood, charcoal, grass and crop 
residues or dung, or coal  

no biomass COPD low  

Zhou et al471 2013 France 
prospective 
cohort study 

1765 52 under 1 wood no wood bronchiolitis high  

Zhou et al472 2014 China 
prospective 
cohort study 

682 45.6 54.4 clean fuel biomass COPD low  
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Table S4: Trends in cause-specific burden of disease attributable to household air pollution from 2000-2017 
(DALYs in thousands [95% CI]) 
  

Year Atherosclerotic cardiovascular 
disease Lung cancer Chronic respiratory disease Communicable respiratory 

disease 
2000 9312 [5394 - 14090] 4361 [2516 - 6441] 20614 [12581 - 30158] 52456 [33818 - 73140] 

2001 9259 [5381 - 13945] 4388 [2576 - 6457] 20127 [12338 - 29429] 50490 [32451 - 70419] 

2002 9308 [5469 - 13969] 4438 [2603 - 6536] 19813 [12254 - 28723] 48562 [31380 - 67779] 

2003 9193 [5345 - 13862] 4429 [2587 - 6507] 19235 [11749 - 27913] 46463 [29818 - 64933] 

2004 9205 [5398 - 13824] 4493 [2663 - 6610] 18783 [11670 - 27307] 44867 [28947 - 62690] 

2005 9175 [5312 - 13877] 4491 [2622 - 6672] 18317 [11259 - 26612] 43158 [27627 - 60481] 

2006 9021 [5262 - 13647] 4452 [2577 - 6600] 17914 [10955 - 26149] 41559 [26657 - 58376] 

2007 9202 [5322 - 13893] 4589 [2675 - 6822] 18183 [11149 - 26357] 40328 [25879 - 56639] 

2008 9195 [5368 - 13926] 4596 [2678 - 6906] 18138 [11179 - 26436] 38724 [24679 - 54668] 

2009 9264 [5307 - 14195] 4683 [2626 - 7126] 18204 [11001 - 26715] 37184 [23545 - 52883] 

2010 9307 [5371 - 14280] 4765 [2664 - 7247] 18248 [11080 - 26732] 35791 [22619 - 50917] 

2011 9439 [5374 - 14589] 4850 [2683 - 7398] 18338 [11034 - 27014] 34801 [21833 - 49709] 

2012 9402 [5219 - 14755] 4915 [2638 - 7666] 18102 [10750 - 26791] 33488 [20815 - 48195] 

2013 9487 [5236 - 14868] 5091 [2693 - 7930] 18170 [10678 - 27045] 32266 [19950 - 46651] 

2014 9480 [5057 - 15149] 5192 [2663 - 8182] 18248 [10537 - 27260] 31072 [19006 - 45322] 

2015 9444 [4955 - 15280] 5329 [2589 - 8577] 18126 [10303 - 27428] 29717 [18037 - 43755] 

2016 9549 [4933 - 15604] 5567 [2767 - 8936] 18260 [10247 - 27684] 28497 [17158 - 42328] 

2017 9539 [4979 - 15570] 5535 [2762 - 8965] 18390 [10430 - 27815] 27420 [16382 - 40988] 
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Table S5: Trends in burden of disease attributable to household air pollution stratified by 2018 World Bank income groups from 2000-
2017 
(DALYs in thousands [95% CI]) 
 

Year Low income Lower middle income Upper middle income High income 

2000 16260 [10820 - 22524] 51536 [33940 - 71133] 18806 [9513 - 29769] 142 [35 - 403] 

2001 16052 [10657 - 22206] 50096 [32847 - 69290] 17977 [9206 - 28363] 139 [36 - 392] 

2002 15745 [10449 - 21819] 48891 [32248 - 67518] 17350 [8975 - 27291] 136 [36 - 379] 

2003 15625 [10400 - 21627] 47001 [30601 - 65041] 16565 [8464 - 26183] 130 [33 - 365] 

2004 15355 [10226 - 21255] 45723 [29936 - 63353] 16145 [8486 - 25462] 124 [30 - 363] 

2005 15112 [10046 - 20912] 44458 [28824 - 61731] 15467 [7928 - 24653] 104 [22 - 345] 

2006 14950 [9942 - 20716] 43531 [28254 - 60562] 14361 [7232 - 23155] 103 [22 - 338] 

2007 14778 [9842 - 20464] 43109 [27923 - 59971] 14316 [7240 - 22934] 101 [19 - 342] 

2008 14552 [9633 - 20204] 42131 [27148 - 58868] 13878 [7106 - 22532] 93 [16 - 332] 

2009 14375 [9502 - 20013] 40963 [26274 - 57551] 13905 [6687 - 23016] 93 [15 - 337] 

2010 14176 [9324 - 19784] 40124 [25692 - 56392] 13720 [6704 - 22662] 90 [14 - 337] 

2011 13999 [9198 - 19546] 39765 [25249 - 56201] 13578 [6466 - 22625] 87 [12 - 339] 

2012 13835 [9037 - 19374] 38731 [24308 - 55067] 13253 [6066 - 22614] 88 [11 - 352] 

2013 13669 [8927 - 19166] 37824 [23642 - 54119] 13432 [5976 - 22849] 90 [11 - 359] 

2014 13506 [8787 - 19029] 37193 [22867 - 53580] 13206 [5600 - 22942] 88 [10 - 363] 

2015 13353 [8635 - 18867] 35943 [22061 - 52243] 13234 [5180 - 23559] 87 [8 - 371] 

2016 13114 [8458 - 18628] 34976 [21106 - 51460] 13694 [5533 - 24086] 89 [8 - 378] 

2017 12966 [8337 - 18438] 34397 [20671 - 50815] 13430 [5537 - 23688] 91 [7 - 397] 
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Table S6: Trends in burden of disease attributable to household air pollution stratified by WHO regions from 2000-2017 
(DALYs in thousands [95% CI]) 
 

Year African region Region of the 
Americas South-East Asia region European region Eastern Mediterranean 

region Western Pacific region 

2000 23506 [15657 - 32475] 1636 [951 - 2612] 36011 [23560 - 49616] 1946 [731 - 3959] 5704 [3628 - 8335] 17942 [9781 - 26834] 

2001 23222 [15438 - 32036] 1588 [906 - 2519] 34875 [22688 - 48182] 1729 [651 - 3654] 5494 [3499 - 8023] 17356 [9565 - 25836] 

2002 22867 [15201 - 31643] 1489 [845 - 2425] 33925 [22208 - 46740] 1627 [622 - 3431] 5332 [3426 - 7751] 16881 [9405 - 25017] 

2003 22552 [14965 - 31247] 1445 [823 - 2352] 32284 [20773 - 44612] 1532 [581 - 3193] 5291 [3420 - 7643] 16216 [8936 - 24169] 

2004 22159 [14733 - 30638] 1358 [764 - 2251] 31278 [20272 - 43319] 1412 [521 - 3016] 5167 [3344 - 7491] 15976 [9045 - 23718] 

2005 21760 [14420 - 30162] 1298 [732 - 2159] 30314 [19383 - 42070] 1329 [465 - 2923] 5043 [3268 - 7247] 15398 [8551 - 23081] 

2006 21635 [14430 - 29938] 1254 [707 - 2094] 29512 [18813 - 41124] 1215 [430 - 2651] 4894 [3181 - 7060] 14435 [7891 - 21904] 

2007 21369 [14290 - 29510] 1198 [656 - 2064] 29368 [18659 - 41000] 1156 [402 - 2546] 4703 [3057 - 6753] 14510 [7960 - 21839] 

2008 20893 [13887 - 28944] 1167 [640 - 2004] 28710 [18131 - 40247] 979 [329 - 2372] 4650 [3016 - 6711] 14254 [7901 - 21657] 

2009 20590 [13668 - 28585] 1153 [624 - 1999] 27820 [17456 - 39255] 918 [295 - 2298] 4439 [2875 - 6472] 14415 [7561 - 22311] 

2010 20211 [13387 - 28094] 1090 [582 - 1926] 27295 [17117 - 38497] 843 [262 - 2132] 4333 [2776 - 6336] 14337 [7609 - 22191] 

2011 19891 [13160 - 27680] 1064 [564 - 1889] 27244 [16896 - 38673] 774 [224 - 2017] 4190 [2683 - 6148] 14266 [7397 - 22302] 

2012 19650 [12919 - 27416] 1012 [525 - 1866] 26392 [16144 - 37673] 738 [197 - 1979] 4082 [2582 - 6073] 14032 [7056 - 22400] 

2013 19332 [12679 - 27007] 991 [512 - 1829] 25787 [15748 - 37086] 707 [185 - 1919] 3949 [2467 - 5919] 14248 [6966 - 22733] 

2014 19091 [12479 - 26787] 967 [492 - 1810] 25292 [15100 - 36679] 662 [168 - 1860] 3900 [2401 - 5894] 14081 [6623 - 22884] 

2015 18884 [12282 - 26661] 956 [483 - 1796] 24293 [14522 - 35449] 645 [155 - 1852] 3752 [2278 - 5755] 14087 [6165 - 23527] 

2016 18677 [12088 - 26539] 938 [466 - 1789] 23519 [13757 - 34748] 584 [117 - 1847] 3598 [2162 - 5566] 14555 [6515 - 24063] 

2017 18348 [11797 - 26152] 946 [466 - 1830] 23282 [13665 - 34413] 558 [103 - 1810] 3532 [2077 - 5529] 14218 [6445 - 23604] 
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Table S7: Country-level estimates of burden of disease and deaths attributable to household air pollution in 2017 
 

Country DALYs 
(in thousands, [95% CI]) 

Age-standardized DALYs (per 
100,000, [95% CI]) 

Deaths 
(in thousands, [95% CI]) 

Age-standardized Deaths (per 
100,000, [95% CI]) 

Afghanistan 561 [373 - 799] 2121 [1413 - 3003] 18.5 [12.3 - 26.3] 45 [27 - 66] 
Albania 10 [2 - 23] 267 [61 - 611] 0.3 [0.1 - 0.7] 6 [1 - 16] 
Algeria 167 [0 - 347] 482 [1 - 998] 5 [0 - 11.9] 12 [0 - 29] 
Andorra 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Angola 282 [165 - 428] 1362 [795 - 2040] 10.9 [7.1 - 15.8] 28 [19 - 40] 
Antigua and Barbuda 0 [0 - 0] 12 [1 - 50] 0 [0 - 0] 0 [0 - 1] 
Argentina 11 [1 - 48] 21 [2 - 93] 0.3 [0 - 1.2] 0 [0 - 2] 
Armenia 2 [0 - 8] 41 [2 - 200] 0 [0 - 0.2] 1 [0 - 4] 
Australia 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Austria 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Azerbaijan 6 [0 - 27] 63 [3 - 312] 0.1 [0 - 0.6] 1 [0 - 6] 
Bahamas 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Bahrain 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Bangladesh 2048 [1423 - 2732] 1590 [1106 - 2126] 54.7 [37.9 - 73.6] 33 [23 - 45] 
Barbados 0 [0 - 0] 8 [1 - 28] 0 [0 - 0] 0 [0 - 1] 
Belarus 13 [0 - 69] 83 [2 - 451] 0.4 [0 - 2.1] 2 [0 - 13] 
Belgium 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Belize 1 [0 - 1] 177 [85 - 315] 0 [0 - 0] 3 [2 - 6] 
Benin 190 [126 - 270] 2087 [1394 - 2891] 8.7 [6.1 - 11.9] 45 [33 - 60] 
Bhutan 3 [1 - 6] 393 [114 - 862] 0.1 [0 - 0.1] 8 [2 - 18] 
Bolivia (Plurinational State of) 28 [14 - 48] 279 [143 - 480] 0.8 [0.4 - 1.4] 6 [3 - 10] 
Bosnia and Herzegovina 28 [15 - 45] 499 [257 - 802] 0.7 [0.3 - 1.2] 12 [6 - 21] 
Botswana 14 [7 - 22] 877 [452 - 1392] 0.3 [0.2 - 0.5] 18 [9 - 29] 
Brazil 137 [30 - 382] 63 [14 - 175] 3.1 [0.7 - 8.7] 1 [0 - 3] 
Brunei Darussalam 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Bulgaria 15 [0 - 80] 118 [2 - 616] 0.4 [0 - 2.3] 3 [0 - 15] 
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Burkina Faso 474 [314 - 669] 2390 [1600 - 3260] 21.1 [15 - 28.7] 48 [36 - 61] 
Burundi 258 [158 - 372] 3177 [1913 - 4568] 9.5 [6.8 - 12.7] 73 [54 - 94] 
Cabo Verde 2 [1 - 4] 454 [198 - 782] 0.1 [0 - 0.1] 10 [4 - 19] 
Cambodia 230 [156 - 313] 1771 [1202 - 2389] 5.7 [4 - 7.7] 39 [28 - 51] 
Cameroon 360 [229 - 522] 1889 [1198 - 2714] 13.9 [9.5 - 19.4] 42 [29 - 58] 
Canada 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Central African Republic 191 [110 - 287] 5152 [3038 - 7584] 6.9 [4.8 - 9.7] 103 [75 - 139] 
Chad 524 [358 - 719] 3285 [2196 - 4457] 20.9 [15.4 - 27.5] 64 [48 - 81] 
Chile 13 [2 - 39] 57 [9 - 179] 0.3 [0 - 1] 1 [0 - 4] 
China 11699 [4974 - 19608] 649 [274 - 1089] 267.9 [103.6 - 477.8] 15 [6 - 27] 
Colombia 28 [5 - 83] 55 [10 - 160] 0.7 [0.1 - 2] 1 [0 - 3] 
Comoros 10 [6 - 14] 1779 [1136 - 2523] 0.3 [0.2 - 0.4] 42 [29 - 57] 
Congo 62 [36 - 92] 1852 [1109 - 2721] 2 [1.3 - 2.9] 44 [29 - 62] 
Costa Rica 2 [0 - 6] 45 [8 - 132] 0 [0 - 0.1] 1 [0 - 3] 
Cote d'Ivoire 392 [244 - 569] 2023 [1267 - 2894] 15.5 [10.3 - 21.5] 44 [29 - 61] 
Croatia 7 [1 - 21] 85 [13 - 261] 0.2 [0 - 0.5] 2 [0 - 6] 
Cuba 47 [0 - 164] 276 [1 - 950] 1.1 [0 - 4.6] 6 [0 - 23] 
Cyprus 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Czechia 5 [0 - 22] 24 [1 - 114] 0.1 [0 - 0.5] 0 [0 - 2] 
Democratic People's Republic of 
Korea 646 [424 - 891] 2268 [1491 - 3130] 14.7 [9.3 - 20.9] 49 [31 - 70] 

Democratic Republic of the Congo 1923 [1206 - 2779] 2977 [1850 - 4324] 73.3 [52 - 99.8] 66 [45 - 91] 
Denmark 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Djibouti 13 [7 - 21] 1592 [909 - 2504] 0.4 [0.2 - 0.6] 37 [23 - 57] 
Dominica 0 [0 - 0] 109 [25 - 280] 0 [0 - 0] 2 [0 - 5] 
Dominican Republic 11 [5 - 23] 120 [49 - 244] 0.4 [0.1 - 0.7] 3 [1 - 5] 
Ecuador 3 [0 - 15] 21 [1 - 99] 0.1 [0 - 0.4] 0 [0 - 2] 
Egypt 18 [2 - 71] 25 [2 - 98] 0.4 [0 - 1.5] 1 [0 - 2] 
El Salvador 8 [3 - 15] 132 [55 - 258] 0.2 [0.1 - 0.4] 3 [1 - 6] 
Equatorial Guinea 9 [4 - 16] 1238 [464 - 2074] 0.4 [0.2 - 0.7] 29 [11 - 48] 
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Eritrea 125 [63 - 197] 2995 [1524 - 4574] 3.6 [2 - 5.3] 65 [38 - 93] 
Estonia 1 [0 - 6] 51 [1 - 270] 0 [0 - 0.2] 1 [0 - 6] 
Ethiopia 1411 [951 - 1886] 1798 [1173 - 2411] 56.7 [43 - 71.4] 40 [31 - 50] 
Fiji 8 [3 - 14] 1083 [351 - 1770] 0.2 [0.1 - 0.4] 25 [7 - 44] 
Finland 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
France 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Gabon 8 [2 - 18] 626 [129 - 1413] 0.3 [0 - 0.6] 13 [3 - 31] 
Gambia 31 [20 - 43] 2181 [1477 - 2977] 1.1 [0.8 - 1.6] 54 [38 - 72] 
Georgia 19 [6 - 38] 342 [118 - 694] 0.5 [0.2 - 1.2] 9 [3 - 19] 
Germany 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Ghana 332 [217 - 465] 1624 [1061 - 2256] 12.4 [8.6 - 16.9] 39 [28 - 52] 
Greece 3 [0 - 14] 16 [1 - 66] 0.1 [0 - 0.3] 0 [0 - 1] 
Grenada 0 [0 - 0] 26 [1 - 123] 0 [0 - 0] 1 [0 - 3] 
Guatemala 122 [85 - 168] 833 [584 - 1123] 3.2 [2.2 - 4.6] 16 [11 - 21] 
Guinea 320 [216 - 441] 3139 [2092 - 4298] 12.3 [8.8 - 16.3] 68 [50 - 89] 
Guinea-Bissau 35 [23 - 49] 2878 [1876 - 3954] 1.5 [1.1 - 2] 70 [51 - 91] 
Guyana 2 [1 - 4] 341 [140 - 643] 0.1 [0 - 0.1] 8 [3 - 16] 
Haiti 191 [128 - 269] 2016 [1380 - 2778] 6.6 [4.5 - 9.2] 45 [29 - 64] 
Honduras 35 [20 - 54] 516 [302 - 784] 1 [0.6 - 1.6] 12 [6 - 19] 
Hungary 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Iceland 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
India 17264 [10041 - 25482] 1552 [901 - 2272] 422.5 [250.7 - 614] 32 [19 - 47] 
Indonesia 1598 [716 - 2768] 741 [335 - 1272] 39.5 [18.1 - 67.4] 17 [8 - 30] 
Iran (Islamic Republic of) 10 [1 - 41] 14 [1 - 57] 0.3 [0 - 1.1] 0 [0 - 1] 
Iraq 5 [0 - 21] 15 [1 - 68] 0.2 [0 - 0.7] 0 [0 - 1] 
Ireland 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Israel 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Italy 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Jamaica 3 [1 - 6] 93 [33 - 204] 0.1 [0 - 0.1] 2 [1 - 4] 
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Japan 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Jordan 0 [0 - 2] 7 [1 - 23] 0 [0 - 0] 0 [0 - 0] 
Kazakhstan 8 [0 - 41] 49 [2 - 243] 0.2 [0 - 1] 1 [0 - 6] 
Kenya 590 [394 - 796] 1725 [1135 - 2337] 18.6 [13.8 - 23.7] 38 [28 - 49] 
Kiribati 2 [1 - 3] 2578 [1564 - 3599] 0.1 [0 - 0.1] 60 [40 - 81] 
Kuwait 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Kyrgyzstan 14 [3 - 37] 291 [54 - 750] 0.4 [0.1 - 1.1] 7 [1 - 19] 
Lao People's Democratic Republic 145 [95 - 203] 2566 [1705 - 3541] 4 [2.7 - 5.6] 51 [34 - 71] 
Latvia 4 [0 - 14] 116 [13 - 382] 0.1 [0 - 0.4] 3 [0 - 10] 
Lesotho 44 [24 - 67] 2891 [1659 - 4357] 1.1 [0.7 - 1.5] 57 [36 - 81] 
Liberia 67 [43 - 95] 1996 [1308 - 2752] 3 [2.1 - 4.1] 47 [34 - 62] 
Lithuania 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Luxembourg 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Madagascar 576 [384 - 807] 2684 [1840 - 3627] 20.8 [14.4 - 29] 56 [40 - 75] 
Malawi 272 [174 - 380] 2077 [1347 - 2860] 11.4 [8.2 - 15.2] 46 [34 - 60] 
Malaysia 60 [1 - 288] 234 [2 - 1106] 1.3 [0 - 6.8] 5 [0 - 29] 
Maldives 0 [0 - 1] 54 [1 - 285] 0 [0 - 0] 1 [0 - 6] 
Mali 372 [248 - 532] 2030 [1362 - 2825] 24.5 [17.3 - 33.3] 41 [28 - 56] 
Malta 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Marshall Islands 0 [0 - 1] 1123 [412 - 2105] 0 [0 - 0] 24 [8 - 47] 
Mauritania 29 [18 - 43] 1001 [631 - 1453] 1 [0.7 - 1.5] 22 [14 - 33] 
Mauritius 0 [0 - 2] 28 [1 - 138] 0 [0 - 0] 1 [0 - 3] 
Mexico 171 [97 - 276] 149 [85 - 237] 4.2 [2.4 - 6.8] 3 [2 - 5] 
Micronesia (Federated States of) 2 [1 - 2] 1918 [1291 - 2657] 0 [0 - 0] 45 [28 - 63] 
Mongolia 34 [18 - 50] 1276 [675 - 1879] 0.9 [0.5 - 1.3] 31 [15 - 48] 
Montenegro 4 [2 - 8] 442 [178 - 801] 0.1 [0 - 0.2] 11 [4 - 22] 
Morocco 9 [1 - 43] 29 [2 - 133] 0.2 [0 - 1.1] 1 [0 - 3] 
Mozambique 513 [305 - 744] 2637 [1568 - 3743] 21.6 [15.7 - 29] 61 [45 - 80] 
Myanmar 912 [584 - 1278] 2056 [1330 - 2869] 23 [15.5 - 31.8] 43 [29 - 59] 
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Namibia 28 [15 - 43] 1606 [841 - 2390] 0.8 [0.4 - 1.2] 33 [18 - 48] 
Nepal 392 [257 - 560] 1691 [1113 - 2395] 9.5 [6.3 - 13.5] 35 [23 - 50] 
Netherlands 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
New Zealand 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Nicaragua 20 [13 - 28] 379 [253 - 526] 0.5 [0.4 - 0.8] 7 [5 - 11] 
Niger 530 [350 - 765] 2501 [1632 - 3535] 24.1 [17.2 - 32.6] 50 [35 - 68] 
Nigeria 5018 [3391 - 7053] 2201 [1458 - 3127] 194.8 [139.3 - 262.7] 37 [26 - 51] 
Norway 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Oman 2 [0 - 9] 67 [1 - 366] 0 [0 - 0.2] 2 [0 - 10] 
Pakistan 2055 [1192 - 3135] 1350 [796 - 2023] 70.2 [42.3 - 106.2] 29 [17 - 45] 
Panama 4 [1 - 7] 94 [37 - 192] 0.1 [0 - 0.2] 2 [1 - 3] 
Papua New Guinea 273 [180 - 384] 4632 [3108 - 6440] 6.2 [4.1 - 8.8] 97 [65 - 134] 
Paraguay 20 [12 - 31] 359 [221 - 538] 0.5 [0.3 - 0.8] 8 [5 - 12] 
Peru 80 [46 - 125] 248 [144 - 389] 2.1 [1.3 - 3.3] 5 [3 - 7] 
Philippines 1223 [737 - 1779] 1510 [924 - 2174] 28.4 [17.8 - 40.6] 35 [22 - 49] 
Poland 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Portugal 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Qatar 0 [0 - 1] 10 [1 - 40] 0 [0 - 0] 0 [0 - 1] 
Republic of Korea 25 [1 - 130] 31 [1 - 163] 0.5 [0 - 2.7] 1 [0 - 3] 
Republic of Moldova 6 [1 - 17] 112 [18 - 345] 0.1 [0 - 0.5] 2 [0 - 8] 
Romania 76 [11 - 214] 245 [35 - 677] 1.9 [0.3 - 5.7] 5 [1 - 15] 
Russian Federation 72 [4 - 343] 33 [2 - 156] 1.8 [0.1 - 8.7] 1 [0 - 4] 
Rwanda 188 [119 - 269] 1944 [1247 - 2715] 6.3 [4.6 - 8.6] 43 [32 - 55] 
Saint Lucia 0 [0 - 0] 20 [1 - 93] 0 [0 - 0] 0 [0 - 2] 
Saint Vincent and the Grenadines 0 [0 - 0] 24 [1 - 113] 0 [0 - 0] 0 [0 - 2] 
Samoa 2 [1 - 2] 1098 [732 - 1534] 0 [0 - 0.1] 27 [16 - 39] 
Saudi Arabia 10 [0 - 53] 49 [1 - 262] 0.2 [0 - 1.1] 1 [0 - 7] 
Senegal 166 [103 - 241] 1511 [942 - 2159] 5.8 [3.8 - 8.2] 34 [23 - 47] 
Serbia 65 [18 - 134] 429 [114 - 896] 1.7 [0.4 - 4] 11 [3 - 25] 
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Seychelles 0 [0 - 0] 54 [2 - 275] 0 [0 - 0] 1 [0 - 6] 
Sierra Leone 195 [129 - 273] 2981 [1978 - 4085] 8.4 [6 - 11.4] 64 [47 - 82] 
Singapore 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Slovakia 2 [0 - 12] 29 [1 - 144] 0.1 [0 - 0.3] 1 [0 - 3] 
Slovenia 1 [0 - 6] 29 [1 - 145] 0 [0 - 0.1] 1 [0 - 3] 
Solomon Islands 11 [8 - 15] 2697 [1927 - 3552] 0.3 [0.2 - 0.4] 65 [45 - 87] 
Somalia 435 [254 - 677] 3291 [1921 - 5056] 16.4 [11.2 - 23.4] 75 [50 - 106] 
South Africa 181 [74 - 351] 378 [156 - 731] 3.9 [1.7 - 7.2] 6 [3 - 12] 
South Sudan 353 [230 - 508] 3504 [2216 - 5085] 12.8 [9 - 17.3] 65 [45 - 90] 
Spain 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Sri Lanka 165 [108 - 230] 706 [464 - 978] 4.5 [2.9 - 6.5] 20 [13 - 28] 
Sudan 271 [167 - 412] 950 [600 - 1407] 12.4 [7.6 - 18.9] 23 [13 - 36] 
Suriname 1 [0 - 2] 135 [41 - 311] 0 [0 - 0] 3 [1 - 6] 
Swaziland 13 [8 - 20] 1597 [940 - 2425] 0.3 [0.2 - 0.4] 30 [19 - 44] 
Sweden 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Switzerland 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Syrian Arab Republic 2 [0 - 9] 16 [1 - 64] 0.1 [0 - 0.2] 0 [0 - 2] 
Tajikistan 38 [10 - 85] 444 [124 - 994] 0.9 [0.3 - 2.1] 8 [2 - 19] 
Thailand 235 [100 - 440] 260 [112 - 486] 5 [2.1 - 9.3] 5 [2 - 9] 
The former Yugoslav Republic of 
Macedonia 14 [7 - 23] 435 [212 - 727] 0.3 [0.1 - 0.6] 10 [4 - 17] 

Timor-Leste 18 [12 - 26] 1782 [1157 - 2532] 0.5 [0.4 - 0.7] 42 [27 - 60] 
Togo 103 [67 - 145] 1989 [1313 - 2746] 4.1 [2.9 - 5.7] 47 [34 - 63] 
Tonga 1 [0 - 1] 822 [449 - 1271] 0 [0 - 0] 17 [9 - 27] 
Trinidad and Tobago 0 [0 - 1] 11 [1 - 46] 0 [0 - 0] 0 [0 - 1] 
Tunisia 1 [0 - 3] 8 [1 - 27] 0 [0 - 0.1] 0 [0 - 1] 
Turkey 51 [14 - 134] 60 [16 - 154] 1 [0.3 - 2.5] 1 [0 - 2] 
Turkmenistan 1 [0 - 3] 18 [2 - 70] 0 [0 - 0.1] 0 [0 - 2] 
Uganda 490 [308 - 695] 1864 [1169 - 2616] 23.7 [17.2 - 31.2] 44 [32 - 57] 
Ukraine 45 [1 - 235] 66 [2 - 338] 1.3 [0 - 7.2] 2 [0 - 9] 
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United Arab Emirates 2 [0 - 8] 32 [2 - 154] 0 [0 - 0.1] 1 [0 - 3] 
United Kingdom 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
United Republic of Tanzania 934 [605 - 1304] 2022 [1331 - 2774] 34.9 [24.9 - 47.2] 43 [32 - 54] 
United States of America 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 0 [0 - 0] 
Uruguay 1 [0 - 5] 23 [1 - 105] 0 [0 - 0.1] 0 [0 - 2] 
Uzbekistan 47 [6 - 149] 186 [25 - 586] 1.1 [0.1 - 3.6] 5 [1 - 16] 
Vanuatu 5 [3 - 8] 2493 [1631 - 3624] 0.1 [0.1 - 0.2] 57 [35 - 86] 
Venezuela (Bolivarian Republic of) 6 [0 - 30] 23 [1 - 107] 0.1 [0 - 0.7] 0 [0 - 2] 
Viet Nam 498 [266 - 802] 552 [296 - 892] 11.1 [6 - 18] 12 [6 - 19] 
Yemen 138 [80 - 223] 706 [412 - 1115] 5.7 [3.3 - 9.1] 17 [9 - 29] 
Zambia 255 [157 - 369] 2012 [1265 - 2861] 9.6 [6.6 - 13.3] 44 [32 - 58] 
Zimbabwe 311 [195 - 441] 2757 [1709 - 3912] 7.8 [5.6 - 10.4] 54 [40 - 72] 
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