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Commentary 

Population attributable fraction of gas cooking and childhood asthma: 
What was missed? 
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The population attributable fraction (PAF) is a measure of public 
health impact that is commonly defined as the proportion of cases of an 
adverse health outcome in the population that can be attributed to an 
adverse exposure and, therefore, could have been eliminated had the 
adverse exposure been removed from the population [12,21]. In order 
for a PAF estimate to be valid, multiple assumptions need to be met, 
primarily including (1) the adverse exposure is a cause of the adverse 
health outcome, (2) upon removal of the adverse exposure, the risk of 
the adverse health outcome among those formerly exposed is immedi
ately reverted to the risk among those never exposed, and (3) the 
removal of the adverse exposure does not affect other risk factors of the 
adverse health outcome [1,12,15,22]. Since its first introduction in the 
1950s, multiple formulas for the PAF have been developed for different 
scenarios (e.g., polytomous vs. binary exposure, with vs. without con
founding) and a variety of terms have been used, sometimes improperly, 
to refer to it [1,21,22]. 

Miscalculations and misinterpretations of PAFs in the epidemiology 
literature have long been recognized, but they continue to appear in new 
publications, often times misleading the general public and even public 
health professionals. For example, nearly 20 years ago, a controversy 
over PAF estimates for obesity as a cause of mortality triggered much 
discussion among scientists, extensive coverage in the news media, and 
confusion in the general public [16,20]. More recently, in early 2023, 
Gruenwald et al. [7] published PAF estimates for indoor gas stove use for 
cooking and current childhood asthma in the US and nine specific states, 
which also garnered a considerable amount of attention. Relying on 
summary results from three North American studies (meta-odds ratio 
[OR] = 1.36, 95% confidence interval [CI]: 0.76–2.43) and seven Eu
ropean studies (meta-OR = 1.34, 95% CI: 1.13–1.60) reported in a meta- 

analysis by Lin et al. [18] of epidemiology studies published between 
1977 and 2013, Gruenwald et al. [7] reported that “12.7% (95% CI =
6.3-19.3%) of current childhood asthma in the US is attributable to gas 
stove use.” However, in Gruenwald et al. [7], a series of common mis
takes were made in calculating and interpreting this PAF, some, but not 
all, of which have been pointed out previously [2,13,17]. Below, we 
discuss these common mistakes and their impacts. 

Disregarding the lack of an established causal relationship 

As noted above, one of the key assumptions underlying a valid PAF 
estimation is that there exists an established causal relationship between 
the exposure and health outcome of interest. In the case of gas cooking 
exposure and childhood asthma, a causal relationship is not supported 
by the epidemiology literature [2,13,17]. The requirement of an estab
lished causal relationship was not addressed in Gruenwald et al. [7]. In 
fact, one of the authors acknowledged after the publication that their 
analysis “does not assume or estimate a causal relationship” [4], con
tradicting the fundamentals of PAF estimation. A PAF has no real public 
health implication if the fundamental assumption of causation is not 
met. 

Overlooking biases in the underlying risk estimate 

A PAF estimate in the epidemiology literature is most commonly 
derived from two measurements – the risk estimate (here and 
throughout, referring to measure of association such as risk ratio [RR]) 
for the exposure-outcome relationship of interest and the prevalence of 
the exposure [1]. Virtually all epidemiology risk estimates are subject to 
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biases, and any biases in risk estimates are carried over to the subse
quent PAF estimates. For example, the effects of exposure and outcome 
misclassifications on PAF estimates have long been recognized [8,9]. 
The biases in risk estimates and their impacts on the subsequently 
estimated PAFs should be at least acknowledged and ideally assessed in 
terms of direction and magnitude using quantitative bias analysis [14]. 
This can inform the extent to which a PAF calculated from observational 
data (e.g., an RR) should be interpreted as causal vs. non-causal. In the 
case of gas cooking exposure and childhood asthma, the meta-OR that 
the PAF was calculated from was subject to not only publication bias but 
also biases that were common among the contributing individual 
studies, primarily due to exposure measurement error, reverse causa
tion, confounding, and selection bias [17]. While Gruenwald et al. [7] 
calculated 95% CIs of their PAF estimates to account for random vari
ation, they did not address the potential biases in their PAF estimates 
that were carried over from the meta-risk estimates extracted from Lin 
et al. [18]. 

Neglecting the transportability of the underlying risk estimate 

PAFs are often calculated from a risk estimate (e.g., RR) that is 
generated from a study population and a prevalence of exposure that is 
estimated from a target population (i.e., a population for which the PAF 
estimate is intended) that differs from the study population. The 
importance of the transportability of the risk estimate from the study 
population to the target population has been pointed out repeatedly. 
That is, primarily, the exposure definition and distribution underlying 
the risk estimate should be the same or sufficiently similar as those 
underlying the estimated prevalence of exposure, as well as the intended 
PAF estimate; the health outcome definition underlying the risk estimate 
should be the same or sufficiently similar as that underlying the inten
ded PAF estimate; and the population characteristics should be suffi
ciently similar between the study population and the target population 
[1,3,6,23]. In the case of gas cooking exposure and childhood asthma, 
Gruenwald et al. [7] extracted North American- and European-specific 
meta-risk estimates from Lin et al. [18] and further combined them 
“given the similarities in housing characteristics and gas-stove usage 
patterns across these geographies.” However, as shown in Li et al. [17], 
the exposure definition (e.g., primarily use gas for cooking vs. ever use 
gas for cooking vs. presence of gas stove) and distribution (e.g., preva
lence being 5.1% vs. 86.5%), health outcome definition (e.g., doctor- 
diagnosed asthma vs. study-diagnosed asthma vs. had asthma symp
toms in the last 12 months), and population characteristics (e.g., aged 
0–7 years with family history vs. aged 9–16 years in the general popu
lation) all varied substantially across the individual North American and 
European studies, obscuring the transportability of the combined meta- 
risk estimate to the target US population. In addition, no detail was 
provided in terms of how Gruenwald et al. [7] defined gas cooking 
exposure in estimating its prevalence in the US and specific states, 
further obscuring the transportability of the meta-risk estimate to the 
target US population. 

Using confounding-adjusted risk estimates in unadjusted PAF 
formulas 

Among the various formulas that have been developed to date to 
calculate PAFs, the first introduced and probably also the most widely 
used is Levin's 1953 formula, which is an unadjusted PAF formula that 
combines an unadjusted risk estimate with the prevalence of exposure in 
the target population [1,12,22]. When a confounding-adjusted risk es
timate is used to calculate a PAF, Miettinen's 1974 formula, an adjusted 
PAF formula, should be used instead; though, this formula also requires 
an estimate of the prevalence of exposure among cases, which is not 
always readily available [1,5,10–12,19]. Using a confounding-adjusted 
risk estimate instead of an unadjusted one in Levin's 1953 formula 
produces a biased PAF estimate [1,3,24]. This has long been identified 

as a common error in PAF estimation in the epidemiology literature, and 
recent studies are paving the way for assessing the direction and 
magnitude of the associated bias [3,5,22,24]. In the case of gas cooking 
exposure and childhood asthma, Gruenwald et al. [7] used Levin's 1953 
formula and applied to it meta-risk estimates that were generated from 
confounding-adjusted risk estimates from individual studies. The po
tential bias in their calculated PAFs as a result of this mistake was not 
discussed or quantified. 

Overinterpreting the public health implications of PAFs 

It has long been recognized that even a correctly-calculated PAF has 
limited, hypothetical meaning, due especially to the underlying as
sumptions often not being met (e.g., a causal relationship has not been 
established) and the fact that it is not linked to any well-defined, realistic 
intervention [15,16,22]. Still, PAFs are often overinterpreted in the 
literature by epidemiologists as having real-world public health impli
cations [16]. In the case of gas cooking exposure and childhood asthma, 
Gruenwald et al. [7] acknowledged two key assumptions underlying PAF 
estimation, including “(1) exposure to gas cooking among children is 
orthogonal to other risk factors such as exposure to tobacco smoke and 
(2) that we can conceive of a broad-based public health intervention to 
reduce the disease risk in children exposed to gas cooking to that of the 
unexposed, while holding all other risk factors equal.” However, they 
did not discuss whether or the extent to which each assumption was met 
and its implications on the validity of their estimated PAFs. Gruenwald 
et al. [7] also put forward two interventions and asserted in their con
clusions that their analysis “demonstrates that known mitigation stra
tegies will lessen childhood asthma burden from gas stoves,” when in 
fact their PAF estimates were not linked to any “mitigation strategies” or 
to any data on causal impacts of interventions [2]. 

Gas stoves are commonly used for cooking purposes, and their po
tential health and climate impacts have become an area of particular 
interest in recent policy making. However, the PAFs reported by 
Gruenwald et al. [7] have largely been taken at face value by the news 
media, policy makers, general public, and even some public health 
professionals, without fully recognizing the common mistakes in their 
calculation and interpretation or the associated impact on their validity 
and public health implications. Due to the mistakes discussed above, the 
PAFs reported by Gruenwald et al. [7], like those reported in a large 
proportion of other analyses in the epidemiology literature, are likely to 
be biased; these biases have not been quantified. As a result, the reported 
conclusions do not have any known real-world public health implica
tions. We caution against taking miscalculated or misinterpreted PAFs at 
face value when informing public health interventions, as this could lead 
to wasted precious public health resources with no or little public health 
benefit in return. 

CRediT authorship contribution statement 

Wenchao Li: Writing – review & editing, Writing – original draft, 
Project administration, Conceptualization. Julie E. Goodman: Writing 
– review & editing, Supervision, Funding acquisition, Conceptualiza
tion. Christopher Long: Writing – review & editing. 

Declaration of competing interest 

All authors are employed by Gradient, a private environmental 
consulting firm. The commentary was solely conceived by the authors. 
The American Gas Association (AGA) provided funding for this com
mentary, but was not involved in either its conception or drafting. This 
work was conducted during the authors' normal course of employment. 
The authors had sole responsibility for the writing and content of this 
paper, which represents the professional opinions of the authors and not 
necessarily those of AGA. Gradient has worked with several other or
ganizations in the past that have an interest in gas stoves and NO2 

W. Li et al.                                                                                                                                                                                                                                       



Global Epidemiology 7 (2024) 100141

3

science. None were involved with the conception or drafting of this 
commentary. 

Acknowledgments 

We thank Ms. Sarah R. Gulick and Mr. Eric D. Fischbach for their 
editorial and administrative assistance, respectively. 

References 

[1] Counil E. Contribution of causal factors to disease burden: how to interpret 
attributable fractions. Breathe (Sheff) 2021;17(4):210086. https://doi.org/ 
10.1183/20734735.0086-2021. 

[2] Cox Jr LA. The gas stove-childhood asthma kerfuffle: A teaching opportunity. Glob 
Epidemiol 2023;5:100104. https://doi.org/10.1016/j.gloepi.2023.100104. 

[3] Darrow LA, Steenland NK. Confounding and bias in the attributable fraction. 
Epidemiology 2011;22(1):53–8. https://doi.org/10.1097/EDE.0b013e3181fce49b. 

[4] Deppisch B. What to know about the study behind the push to ban gas stoves. In: 
Washington Examiner; 2023. January 13. Accessed at, https://www.washingtone 
xaminer.com/policy/energy-environment/what-to-know-gas-stove-study. 

[5] Ferguson J, Alvarez A, Mulligan M, Judge C, O’Donnell M. Bias assessment and 
correction for Levin’s population attributable fraction in the presence of 
confounding. medRxiv 2023. https://doi.org/10.1101/2023.02.02.23284941. 

[6] Flegal KM, Panagiotou OA, Graubard BI. Estimating population attributable 
fractions to quantify the health burden of obesity. Ann Epidemiol 2015;25(3): 
201–7. https://doi.org/10.1016/j.annepidem.2014.11.010. 

[7] Gruenwald T, Seals BA, Knibbs LD, Hosgood HDIII. Population attributable fraction 
of gas stoves and childhood asthma in the United States. Int J Environ Res Public 
Health 2023;20:75. https://doi.org/10.3390/ijerph20010075. 

[8] Hsieh CC. The effect of non-differential outcome misclassification on estimates of 
the attributable and prevented fraction. Stat Med 1991;10(3):361–73. https://doi. 
org/10.1002/sim.4780100308. 

[9] Hsieh CC, Walter SD. The effect of non-differential exposure misclassification on 
estimates of the attributable and prevented fraction. Stat Med 1988;7(10): 
1073–85. https://doi.org/10.1002/sim.4780071008. 

[10] Khosravi A, Mansournia MA. Recommendation on unbiased estimation of 
population attributable fraction calculated in ‘prevalence and risk factors of active 
pulmonary tuberculosis among elderly people in China: a population based cross- 
sectional study’ (Letter). Infect Dis Poverty 2019;8(1):75. https://doi.org/ 
10.1186/s40249-019-0587-8. 

[11] Khosravi A, Nielsen RO, Mansournia MA. Methods matter: Population attributable 
fraction (PAF) in sport and exercise medicine. Br J Sports Med 2020;54(17): 
1049–54. https://doi.org/10.1136/bjsports-2020-101977. 

[12] Khosravi A, Nazemipour M, Shinozaki T, Mansournia MA. Population attributable 
fraction in textbooks: Time to revise. Glob Epidemiol 2021;3:100062. https://doi. 
org/10.1016/j.gloepi.2021.100062. 

[13] Kindzierski WB, Young SS, Dunn JD. Reliability of meta-analysis research claims 
for gas stove cooking− childhood respiratory health associations. Int J Stat Probab 
2023;12(3):40–57. https://doi.org/10.5539/ijsp.v12n3p. 

[14] Lash TL, Fox MP, MacLehose RF, Maldonado G, McCandless LC, Greenland S. Good 
practices for quantitative bias analysis. Int J Epidemiol 2014;43(6):1969–85. 
https://doi.org/10.1093/ije/dyu149. 

[15] Levine B. What does the population attributable fraction mean? Prev Chronic Dis 
2007;4(1). A14. 

[16] Levine BJ. The other causality question: Estimating attributable fractions for 
obesity as a cause of mortality. Int J Obes 2008;32(Suppl. 3):S4–7. https://doi.org/ 
10.1038/ijo.2008.81. 

[17] Li W, Long C, Fan T, Anneser E, Chien J, Goodman JE. Gas cooking and respiratory 
outcomes in children: A systematic review. Global Epidemiol 2023;5:100107. 
https://doi.org/10.1016/j.gloepi.2023.100107. 

[18] Lin W, Brunekreef B, Gehring U. Meta-analysis of the effects of indoor nitrogen 
dioxide and gas cooking on asthma and wheeze in children. Int J Epidemiol 2013; 
42(6):1724–37. https://doi.org/10.1093/ije/dyt150. 

[19] Mansournia MA, Altman DG. Population attributable fraction. BMJ 2018;360: 
k757. https://doi.org/10.1136/bmj.k757. 

[20] McHugh MD. Fit or fat? A review of the debate on deaths attributable to obesity. 
Public Health Nurs 2006;23(3):264–70. https://doi.org/10.1111/j.1525- 
1446.2006.230309.x. 

[21] Poole C. A history of the population attributable fraction and related measures. 
Ann Epidemiol 2015;25(3):147–54. https://doi.org/10.1016/j. 
annepidem.2014.11.015. 

[22] Rockhill B, Newman B, Weinberg C. Use and misuse of population attributable 
fractions. Am J Public Health 1998;88(1):15–9. https://doi.org/10.2105/ 
ajph.88.1.15. 

[23] Tanuseputro P, Manuel DG, Schultz SE, Johansen H, Mustard CA. Improving 
population attributable fraction methods: Examining smoking-attributable 
mortality for 87 geographic regions in Canada. Am J Epidemiol 2005;161(8): 
787–98. https://doi.org/10.1093/aje/kwi093. 

[24] Williamson DF. The population attributable fraction and confounding: Buyer 
beware. Int. J. Clin. Pract. 2010;64(8):1019–23. https://doi.org/10.1111/j.1742- 
1241.2010.02443.x. 

W. Li et al.                                                                                                                                                                                                                                       

https://doi.org/10.1183/20734735.0086-2021
https://doi.org/10.1183/20734735.0086-2021
https://doi.org/10.1016/j.gloepi.2023.100104
https://doi.org/10.1097/EDE.0b013e3181fce49b
https://www.washingtonexaminer.com/policy/energy-environment/what-to-know-gas-stove-study
https://www.washingtonexaminer.com/policy/energy-environment/what-to-know-gas-stove-study
https://doi.org/10.1101/2023.02.02.23284941
https://doi.org/10.1016/j.annepidem.2014.11.010
https://doi.org/10.3390/ijerph20010075
https://doi.org/10.1002/sim.4780100308
https://doi.org/10.1002/sim.4780100308
https://doi.org/10.1002/sim.4780071008
https://doi.org/10.1186/s40249-019-0587-8
https://doi.org/10.1186/s40249-019-0587-8
https://doi.org/10.1136/bjsports-2020-101977
https://doi.org/10.1016/j.gloepi.2021.100062
https://doi.org/10.1016/j.gloepi.2021.100062
https://doi.org/10.5539/ijsp.v12n3p
https://doi.org/10.1093/ije/dyu149
http://refhub.elsevier.com/S2590-1133(24)00007-5/rf0075
http://refhub.elsevier.com/S2590-1133(24)00007-5/rf0075
https://doi.org/10.1038/ijo.2008.81
https://doi.org/10.1038/ijo.2008.81
https://doi.org/10.1016/j.gloepi.2023.100107
https://doi.org/10.1093/ije/dyt150
https://doi.org/10.1136/bmj.k757
https://doi.org/10.1111/j.1525-1446.2006.230309.x
https://doi.org/10.1111/j.1525-1446.2006.230309.x
https://doi.org/10.1016/j.annepidem.2014.11.015
https://doi.org/10.1016/j.annepidem.2014.11.015
https://doi.org/10.2105/ajph.88.1.15
https://doi.org/10.2105/ajph.88.1.15
https://doi.org/10.1093/aje/kwi093
https://doi.org/10.1111/j.1742-1241.2010.02443.x
https://doi.org/10.1111/j.1742-1241.2010.02443.x

	Population attributable fraction of gas cooking and childhood asthma: What was missed?
	Disregarding the lack of an established causal relationship
	Overlooking biases in the underlying risk estimate
	Neglecting the transportability of the underlying risk estimate
	Using confounding-adjusted risk estimates in unadjusted PAF formulas
	Overinterpreting the public health implications of PAFs
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	References


