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Abstract

Background and Aim: Epidemiological studies conducted mostly in low- and middle-income 

countries have found a positive association between household combustion of wood and lung 

cancer. However, most studies have been retrospective, and few have been conducted in the United 

States where indoor wood-burning usage patterns differ. We examined the association of exposure 

to indoor wood smoke from fireplaces and stoves with incident lung cancer in a U.S.-wide cohort 

of women.

Methods: We included 50,226 women without prior lung cancer participating in the U.S.-based 

prospective Sister Study. At enrollment (2003-2009), women reported frequency of use of wood-

burning stoves and/or fireplaces in their longest-lived adult residence. Cox regression was used 

to estimate adjusted hazard ratios (HRadj) and 95% confidence intervals (CI) for the association 

between indoor wood-burning fireplace/stove use and incident lung cancer. Lung cancer was 

self-reported and confirmed with medical records.
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Results: During an average 11.3 years of follow-up, 347 medically confirmed lung cancer cases 

accrued. Overall, 62.3% of the study population reported the presence of an indoor wood-burning 

fireplace/stove at their longest-lived adult residence and 20.6% reported annual usage of ≥30 

days/year. Compared to those without a wood-burning fireplace/stove, women who used their 

wood-burning fireplace/stove ≥30 days/year had an elevated rate of lung cancer (HRadj = 1.68; 

95% CI = 1.27, 2.20). In never smokers, positive associations were seen for use 1-29 days/year 

(HRadj = 1.64; 95% CI = 0.87, 3.10) and ≥;30 days/year (HRadj = 1.99; 95% CI = 1.02, 3.89). 

Associations were also elevated across all income groups, in Northeastern, Western or Midwestern 

U.S. regions, and among those who lived in urban or rural/small town settings.

Conclusions: Our prospective analysis of a cohort of U.S. women found that increasing 

frequency of wood-burning indoor fireplace/stove usage was associated with incident lung cancer, 

even among never smokers.
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Introduction

Wood smoke is a complex mixture consisting of particulate matter, gases, and hundreds 

of different chemicals, some of which have been classified as hazardous air pollutants and 

carcinogens (e.g., benzene) (Pope et al. 2011, NTP 2014, IARC 2016). The World Health 

Organization (2018) estimates that 3.8 million people globally will die from an illness 

resulting from household air pollution by burning of solid fuels and kerosene; of these 

deaths, 8% are estimated to be from lung cancer. Lung cancer is the second most diagnosed 

cancer and the leading cause of cancer-related death among U.S. women (U.S. Cancer 

Statistics Working Group 2022).

In the United States, wood smoke is emitted primarily from wood stoves, fireplaces, and 

boilers. Almost two million U. S. households use wood as their primary heating fuel (U.S. 

Energy Information Administration 2022); some restaurants use wood for cooking. Studies 

in the United States have found higher levels of fine particulate matter (PM2.5) in homes 

with wood stoves compared to those without a stove; the highest levels were those using 

older stoves (Fleisch et al. 2010). Wood smoke is also a major contributor to outdoor air 

pollution, contributing nearly 80% of wintertime PM in some geographical areas (Ward et al. 

2012).

The International Agency for Research on Cancer (IARC 2010) has characterized indoor 

emissions from household combustion of biomass fuel (primary wood) as probably 

carcinogenic to humans (Group 2A) based on more than a dozen case-control studies 

of indoor wood burning and lung cancer, and studies in experimental animals. A pooled 

analysis from studies in higher income countries in North America and Europe, where 

wood burning is primarily used for heating rather than both cooking and heating, suggest 

that wood users have a 20% higher risk of lung cancer compared to nonsolid-fuel 

users (Lissowska et al. 2005, Hosgood et al. 2010). Longterm exposure to indoor wood 

combustion was associated with a 2.5-fold excess risk among nonsmokers in Brazil 

Mehta et al. Page 2

Environ Int. Author manuscript; available in PMC 2024 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and seven European countries. However, these studies relied on retrospective exposure 

assessments for wood smoke exposure and may be subject to recall bias. Using the 

same prospective study population as presented here, the Sister Study cohort, White and 

Sandler (2017) found that exposure to wood-burning stoves/fireplaces was associated with 

an increased incidence of breast cancer.

Wood smoke exposure may differ by sociodemographic and geographic characteristics, 

with poorer and rural populations being disproportionately exposed (Noonan et al. 2015, 

Rogalsky et al. 2014). Therefore, this study aims to address whether exposure to indoor 

wood smoke from fireplaces and stoves is associated with incident lung cancer in a large 

prospective cohort of U.S. women with consideration of how the association varies by 

sociodemographic and geographic characteristics.

Methods

Study population and exclusion criteria

The Sister Study is an ongoing prospective cohort of over 50,000 women living in 

the United States, including Puerto Rico, who have had a sister diagnosed with breast 

cancer. Participants were enrolled from 2003-2009 (Sandler et al. 2017). Sociodemographic, 

behavioral, and physical characteristics were collected via questionnaires given at baseline. 

Sister Study participants provided written informed consent and the study is overseen by 

the National Institutes of Health Institutional Review Board. Sister Study follow-up data 

collection is on-going (Sandler et al. 2017). This present analysis includes incident lung 

cancer diagnosed and reported through September 30, 2019 (Sister Study Data Release 9.1).

Sister Study participants were excluded from the current study if they withdrew from the 

study (N=3), had missing data on presence of a fireplace or stove at the longest-lived adult 

residence (N=119), had pre-baseline lung cancer (N=63), had missing or insufficient data 

on lung cancer status or timing (uncertain lung cancer diagnosis or unknown timing of lung 

cancer diagnosis, N=19), or had missing or zero person-years of follow-up (N=281). After 

exclusion criteria, 50,399 (99.0%) women remained in the study sample.

Indoor wood burning stove and/or fireplace exposure

Indoor wood smoke exposure was collected at enrollment. For the longest-lived adult 

residence, participants were asked whether there was a fireplace or wood-burning stove 

(yes/no), whether wood was used as a fuel source for fireplaces or stoves in the longest-lived 

adult residence (yes/no), and annual usage of wood-burning stove or fireplace (0-365 days). 

Annual use of wood-burning stove or fireplace was categorized as either not having a 

stove or fireplace or using it zero days/year, 1-29 days/year of use, or 30-365 days/year of 

use. Participants were also asked the same questions regarding the presence and usage of 

wood-burning stoves and fireplaces at their baseline residence, if that was different from the 

long-lived residence.

Also, participants were asked to list the main source of heat (electricity, gas, fuel oil, wood, 

other fuel sources), main energy source for stove top cooking (electricity, gas, other fuel 
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sources), and other fuel sources used in fireplaces and/or stoves (no fireplace, natural gas/

propane, artificial logs, and other fuel sources).

Incident lung cancer

Post-baseline incident lung and bronchus cancer (ICD-10:C34) was identified through 

September 30, 2019. Lung cancers identified as in situ (D02.2; N=2) or borderline (N=1) 

were categorized as non-events and censored at the time of their diagnosis. Incident lung 

cancer was self- (or next of kin) reported and confirmed using medical records or the 

National Death Index (NDI) and death certificates (DC). Due to the low positive predictive 

value of self-reported lung cancer among Sister Study participants (76.9%), we further 

excluded self- or next-of-kin reported lung cancer without any medical or death record 

confirmation (N=170), though we note that this level of reporting accuracy was similar to 

other prospective cohort studies (Bergmann et al. 1998, Colditz et al. 1986). Supplemental 

Table 1 provides participant characteristics of excluded and included lung cancer cases. 

After exclusion, 50,226 (98.7%) women remained in the final study population.

For lung cancer cases with histopathology data (N=199), we grouped tumor subtypes into 

adenocarcinomas (ICD-O-3: 8046, 8140-8255, 8480-8481, 8550-8551), other non-small cell 

lung cancer (large cell carcinoma: ICD-O-3: 8012-8031, 8310; squamous cell carcinoma: 

ICD-O-3: 8050-8076), small cell carcinomas (ICD-O-3: 8040-8045), and other or unknown 

histologies (ICD-O-3: 8000-8010, 8560, 8720-8980).

Statistical analysis

Hazard ratios (HRs) and 95% confidence intervals (95% CI) were estimated using Cox 

proportional hazards regression models to assess the association between indoor wood 

smoke from fireplaces and stoves and incident lung cancer. Follow-up began at enrollment, 

age at entry into cohort was used at the beginning of follow-up, and age was used as the time 

scale. We assessed Cox proportional hazards assumptions using diagnostic tests including 

plot analyses and time interaction models. To calculate p-for-trend across tertiles of annual 

wood burning usage, a median value for each tertile was used as a linear term in models.

To identify potential confounders, we used a directed acyclic graph (DAG) (Supplemental 

Figure 1) and existing literature. Covariates include: highest educational attainment (high 

school graduate or below, some college or an Associates’ degree, Bachelor’s degree 

or above), marital status (never married, married or living as married, or previously 

married including divorced, widowed, or separated), race/ethnicity (non-Hispanic White, 

Non-Hispanic Black, Hispanic or other race/ethnicity), total household income (≤$49,999, 

$50,000-$99,999, ≥$100,000), smoking status (never smoker, ever smoker (i.e., past or 

current smoker)), total smoking intensity (packs/year), years exposed to environmental 

tobacco smoke (ETS) (years), and urban status at longest-lived residence (urban, suburban, 

rural or small town). To account for high missingness for total household income (N=1,950), 

values were imputed using the fully conditional specification multiple imputation method. 

Participants with missing data for other covariates (<3%) were excluded from complete case 

analyses.
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To further explore the data, we stratified by smoking status, duration of longest-lived 

residence (< 15 years, ≥ 15 years), race/ethnicity, urban status at longest-lived residence, 

family history of lung cancer, Census region excluding Puerto Rico for longest-lived 

residence (Northeast, Midwest, South, West) and household income at baseline. Interaction 

terms for each wood smoke exposure and potential modifying factor were included in 

models to test for heterogeneity with a p-value <0.05. All our analysis was performed 

using data from the entire final study population, producing stratified effect estimates using 

separate terms for strata specific effects. We also evaluated whether the association varied 

by histological subtype (adenocarcinoma, other non-small cell lung cancer; excluding small 

cell, other, unknown, and noncoded histologies due to a limited number of cases).

Though few participants reported coal as a primary or concurrent fuel source, we conducted 

a sensitivity analysis excluding all participants who reported coal as a fuel for their 

fireplace or stove (N=325) or as their main heating fuel (N=32). We included a sensitivity 

analysis limiting to participants whose current residence was also their longest-lived adult 

residence. We also examined additional fuel sources reported at the participant’s longest-

lived residence, including main source of heat at residence, energy sources for stove top 

cooking, and alternative fuel sources used in fireplaces and/or stoves.

STATA v.14.2 was used for all statistical analyses, DAGitty (http://www.daggity.net) was 

used to create the DAG, and R v.4.2.1 was used to create the main figures.

Results

The study population’s baseline characteristics by lung cancer status are summarized in 

Table 1. Overall, the mean follow-up time for all participants was 11.3 years (range: 0.10 – 

15.9 years), and 347 women were diagnosed with lung cancer. Compared to those without a 

wood-burning fireplace or stove, women with a wood-burning fireplace or stove were more 

likely to be Non-Hispanic white, had higher educational attainment, had higher household 

income, more often married or living as married, more likely to have lived in the Western 

U.S., less often lived in an urban setting at their longest-lived residence, had higher mean 

pack-years, and had lower mean exposure to ETS.

Overall, 62.3% of the study population reported the presence of an indoor wood-burning 

stove and/or fireplace at their longest-lived residence, and only 20.6% reported annual usage 

of at least 30 days/year.

In fully adjusted models (Table 2, Model 2), we found positive associations for incident lung 

cancer and both presence of a wood-burning fireplace or stove (HRadj = 1.42; 95% CI = 

1.11, 1.81) and wood used as a fuel source in wood-burning fireplaces or stoves (HRadj = 

1.43; 95% CI = 1.14, 1.79). Compared to those without a wood-burning fireplace or stove 

or zero days/year usage, the highest incidence of lung cancer was seen in women reporting 

wood-burning fireplace/stove usage of at least 30 days/year (HRadj = 1.68; 95% CI = 1.27, 

2.20; p-for-trend < 0.001).

We did not see evidence of effect modification by smoking status; elevated estimates were 

seen for both ever- and never-smoking women (Table 3). Compared to those without a 
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wood-burning fireplace or stove, the incidence of lung cancer among never smokers was 

higher among women using wood-burning fireplaces/stoves 1-29 days/year (HRadj = 1.64; 

95% CI = 0.87, 3.10) and at least 30 days/year (HRadj = 1.99; 95% CI = 1.02, 3.89), with a 

suggestive linear exposure-response trend (p-for-trend=0.08). A 54% increased incidence of 

lung cancer was observed among smokers using wood-burning fireplaces/stoves at least 30 

days/year (HRadj = 1.54; 95% CI = 1.15, 2.07; p-for-trend = 0.003).

Length of time living at the longest adult residence did not substantially modify the 

associations between wood burning and lung cancer incidence (Figure 1.A). The increased 

estimate associated with a wood-burning fireplaces and/or stoves at least 30 days/year was 

more pronounced, albeit less precise, for those living in an urban area (HRadj = 2.64; 95% 

CI = 1.43, 4.87; p-for trend = 0.003) (Figure 1.B). Statistically significant associations were 

observed for those in rural/small settings (HRadj = 1.74; 95% CI = 1.17, 2.57; p-for trend 

= 0.003) and no increased incidence was found for those in suburban settings, although 

tests for interaction were not statistically significant (p-for-heterogeneity = 0.26). We also 

stratified by U.S. Census region (Figure 1.C); the highest incidence of lung cancer in the 

highest use frequency category was seen for participants in the Midwestern (HRadj = 2.58; 

95% CI = 1.52, 4.38), Northeastern (HRadj = 2.30; 95% CI = 1.25, 4.26), and Western 

(HRadj = 1.37; 95% CI = 0.81, 2.33) U.S. Census regions.

In race-stratified analyses, lung cancer incidence was elevated among non-Hispanic White 

participants using wood-burning fireplaces and/or stoves at least 30 days/year (HRadj=1.71; 

95% CI = 1.29, 2.26; p-for-trend < 0.001), but sample sizes were too small to evaluate 

associations in other groups. Associations did not vary by household income (Supplemental 

Table 2) or by family history of lung cancer (Supplemental Table 3).

Wood burning was positively associated with lung adenocarcinoma rates, but not the rates of 

other non-small cell lung cancers (Supplemental Table 4).

We did not see a change in the results when we restricted to only those whose longest-lived 

residence was also their residence at baseline, or when coal users were excluded from final 

models (not shown). Rate of lung cancer was similarly elevated for non-wood fuel sources 

used in fireplaces/stoves, including natural gas/propane (HRadj = 1.29; 95% CI = 0.91, 1.82) 

and artificial logs (HRadj = 1.33; 95% CI = 0.97, 1.83) (Supplemental Table 5.1). As shown 

in Supplemental Table 5.2, compared to using electricity as the main heating source, use of 

other fuel sources was associated with higher rates (HRadj=1.32; 95% CI=0.83, 2.09); as was 

use of wood as the main fuel source (HRadj=1.40; 95% CI=0.73, 2.66), but based on only 

on a small number of exposed cases (N=11). Lastly, we did not find an association between 

lung cancer and types of energy sources for stovetop cooking (Supplemental Table 5.3).

Discussion

In this large cohort of U.S. women, we observed higher rates of lung cancer with higher 

frequency of use of indoor wood-burning fireplaces and/or stoves in participants’ longest-

lived residence, including among non-smoking women. To our knowledge, this is the first 

prospective analysis of indoor stoves and fireplaces in relation to lung cancer risk. This 
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study contributes to the existing evidence base suggesting that indoor air pollution from 

stoves/fireplaces may contribute to lung cancer risk and suggests that this holds true even in 

populations where wood-burning is predominately not used for cooking or heating inside the 

home.

Our prospective study results largely align with previous case-control studies of indoor 

wood burning and lung cancer in women (Sobue 1990, Ko et al. 1997, Le et al. 2001, 

Garcia-Sancho et al. 2012, Hernandez-Garduno et al. 2004, Hosgood et al. 2010, Tang et 

al. 2010, Vermeulen et al. 2019, Phukan et al. 2014). Our findings are also consistent with 

IARC’s classification of biomass burning (primarily wood) as a probable lung carcinogen 

(IARC 2010). Smoke from wood burning contains known and suspected lung carcinogens, 

including benzene, 1,3-butadiene, polycyclic aromatic hydrocarbons, and other hazardous 

air pollutants. The mechanistic pathways by which wood smoke exposure causes cancer are 

not fully elucidated; however, wood smoke has been found to be genotoxic, inducing DNA 

damage and mutations (Mumford et al. 1993, Ozturk et al. 2002, Musthapa et al. 2004). 

Wood smoke can cause immunosuppression and chronic inflammation via inflammatory 

cytokines (IARC 2010), and induces oxidative stress (IARC 2010), which may lead to 

tumorigenesis.

Similarly, both natural gas/propane and artificial logs used as a fuel source in fireplaces or 

stoves were also associated with an increased incidence of lung cancer. Lung carcinogens 

have been identified in household gas emissions (Lebel et al. 2022, Dutton et al. 2001) 

and manufactured synthetic logs (Gullet et al. 2003). When examining just fuel sources of 

stovetop cooking, we did not find an increased incidence in lung cancer for women using 

natural gas, compared to electricity.

The pronounced associations of lung cancer in relation to wood-burning exposure metrics 

when restricting to never-smoking women in this study provides further evidence of wood 

smoke as an independent risk factor of lung cancer. In a pooled analysis of four case-control 

studies of nonsmoking women from Europe and North America (Hosgood et al. 2010), 

the association of wood use and lung cancer was slightly elevated but not significant 

(OR = 1.15; 95% CI = 0.81, 1.64). Particularly among low- and middle-income countries, 

nonsmoking women may be at increased exposure to wood burning due to greater cooking 

and traditional household roles (Delgado et al. 2005, Torres-Duque et al. 2008).

Overall, our results are consistent with studies of women from other Western countries; 

the risk estimate of the pooled analyses for all women from Europe and North America 

(Hosgood et al. 2010) found a similar higher rates of lung cancer using wood as their 

predominant indoor fuel source (OR=1.19, 95% CI = 0.94, 1.51). Globally, indoor wood 

use patterns significantly differ by country, region, and sociodemographic characteristics. 

Compared to low- and middle-income countries, the U.S. is much less reliant on wood as a 

primary fuel source for cooking (Bonjour et al. 2013) and heating (1.7% of U.S. population, 

U.S. Census Bureau 2020); however, use varies by region and socioeconomic status, with 

those in rural poverty at greatest exposure to residential wood smoke (Rogalsky et al. 2014).
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Of histopathology data reported, adenocarcinomas represented the largest proportion of lung 

cancer subtypes and associations were seen between wood burning and adenocarcinoma in 

our study. Other studies have also found elevated risk for adenocarcinoma associated with 

wood use (Baez-Saldana et al. 2021, Figueroa et al. 2012, Hernandez-Garduno et al. 2004).

We found elevated associations for wood-burning among women living in urban and rural/

small town settings, but not for suburban settings. Women in rural and small-town settings 

may more heavily rely on wood burning as a fuel type and have been estimated to have 

greater exposure to wood smoke in the U.S. (Noonan et al. 2015, Rogalsky et al. 2014). 

Estimates were highest for urban settings, although these results were more imprecise. 

Including urbanicity as a confounder in our main analyses to adjust for traffic-related air 

pollution still resulted in elevated effect estimates. Further, adjustment for urbanicity as 

a proxy for outdoor air pollution may not account for sources of non-traffic related air 

pollution, including outdoor wood burning. Evidence suggests ambient outdoor air pollution 

in total is a known risk factor for lung cancer (Loomis et al. 2013).

In this population, wood-burning was positively associated with lung cancer incidence in all 

income groups. Though we were limited by spatial granularity and smaller sample sizes, the 

positive association was consistently present among participants living in the Midwestern, 

Northeastern, and Western U.S. Further exploration into these broad geographic regions 

may yield spatial variations, particularly among rural populations as previously estimated 

(Noonan et al. 2015).

Our study population primarily used electricity and gas as their main fuel sources for 

cooking and heating in their longest-lived residence. As such, indoor wood burning for 

many is likely a secondary or tertiary fuel source. Still, an estimated 10.8 million U.S. 

households used wood as a fuel source in 2020 (U.S. Energy Information Agency 2022), 

and nondaily use can still contribute a consequential amount of wood smoke exposure. To 

capture women using wood-burning appliances at least seasonally, we categorized “at least 

one month per year” of wood-burning appliance usage as our highest use frequency category 

which is consistent with this not being a predominate source of heating in this population. 

Seasonal indoor wood-burning has been found to be a significant contributor to outdoor 

air pollution, particularly during colder months (Croft et al. 2017, Tsiodra et al. 2021). 

Ward and Lange (2010) identified higher PM concentrations in winter months associated 

with a higher proportion of wood-burning residences. We were also unable to compare the 

efficiency of wood-burning appliances, a major factor in the contribution to higher indoor 

air pollution in the United States. Recognizing efficiency of wood-burning appliances is 

a public health issue, U.S. EPA promulgated updated performance requirements in 2015 

for new residential wood heaters to lower harmful emissions (U.S. EPA 2015), which may 

ultimately provide substantial reductions in cancer and noncancer hazard from indoor wood 

burning practices in the United States (Marin et al. 2022).

With a prospective study design, we reduced the potential of recall bias compared to 

previous retrospective case-control studies. The large Sister Study sample and US-wide 

enrollment allowed for examination of sex- and geographic-specific lung cancer rates. Given 

the large sample size of the cohort, we were able to assess effect modification by smoking 
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status and household income. The availability of in-depth baseline survey questions on 

presence, use, frequency, and fuel types allowed for a greater examination of wood smoke 

exposure. Lastly, we were able to eliminate confounding concerns by coal co-exposure.

Demographically, our study participants are more affluent, older, and less diverse than the 

U.S. population of women, which may limit our generalizability. Use of wood-burning 

fireplaces and stoves may be an imprecise proxy for actual indoor wood smoke exposure. 

Since wood burning usage variables were self-reported, there is potential for nondifferential 

misclassification of wood smoke exposure, which would like attenuate affect estimates. To 

categorize wood smoke exposure, we relied on longest-lived residence, and were not able 

to assess lifetime exposure. Further interrogation by more granular geographic regions is 

needed given regional variability in climate and heating practices. Lastly, other co-exposures 

were unaccounted for, such as radon, poor housing quality, and other sources of wood smoke 

(e.g., outdoor wood burning, wildfires).

In conclusion, in this large prospective study of U.S. women, we provide evidence consistent 

with prior case-control studies that even infrequent exposure to indoor wood smoke is 

associated with a higher incidence of lung cancer, including among never smokers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

• First prospective study of wood burning and lung cancer incidence among 

U.S. women

• Higher wood stove/fireplace usage associated with 70% higher incidence of 

lung cancer

• Associations were also elevated when analysis was restricted to never 

smokers

• Suggest even occasional indoor wood burning can contribute to lung cancer
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Figure 1. 
Adjusted HRs (95% CI) of wood-burning fireplace and/or stove usage and incident lung 

cancer, stratified by residential factors at longest-lived residence, including (A) years lived 

at residence (<15 years, 15+ years), (B) urban status (urban, suburban, rural/small town), 

and (C) U.S. Census region (Northeast, Midwest, South, West). All models adjusted for 

race/ethnicity, education, smoking status, pack years, total years exposed to environmental 

tobacco smoke, marital status, income status. Models A and C were additionally adjusted 

for urban status. Test for trend values across tertiles of annual wood burning usage are 

Mehta et al. Page 14

Environ Int. Author manuscript; available in PMC 2024 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



reported as p-for-trend values in top left of each plot. P-for-heterogeneity for A: 0.87; 

p-for-heterogeneity for B: 0.26; p-for-heterogeneity for C: 0.34. All plotted values are on a 

log scale.
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Table 1.

Participant characteristics of Sister Study participants by presence of wood-burning stove/fireplace at longest-

lived residence (N=50,226)

No stove/fireplace (N=18,949) Has stove/fireplace (N=31,277)

Participant characteristic N Mean (range) N Mean (range)

Age at baseline, years (mean, range) 18,949 55.0 (35.0 – 76.5) 31,277 56.0 (35.1 - 76.5)

Follow-up time, years (mean, range) 18,949 11.1 (0.1 – 15.7) 31,277 11.5 (0.1 - 15.9)

Total pack-years (mean, range) 18,818 7.2 (0.0 - 130.0) 31,135 5.8 (0.0 - 120.3)

Total years exposed to ETS (mean, range) 18,382 23.5 (0.0 - 75.0) 30,588 21.1 (0.0 - 75.0)

N % N %

Race/ethnicity

     Non-Hispanic white 14,258 75.3 27,828 89.0

     Non-Hispanic black 2,397 12.7 1,980 6.3

     Hispanic/other 2,288 12.1 1,465 4.7

Highest educational attainment

     High school degree or less 3,878 20.0 3,878 12.4

     Some college/Associates’ degree 7,103 37.5 9,812 31.4

     Bachelor’s degree or above 8,061 42.6 17,583 56.2

Household income

     Less than $50,000 7,151 37.7 5,682 18.2

     $50,000 - $99,999 7,929 41.8 12,612 40.3

     At least $100,000 3,869 20.4 12,983 41.5

Marital status

     Never married 1,677 8.9 1,042 3.3

     Married/living as married 12,400 65.5 25,185 80.5

     Previously married 4,869 25.7 5,044 16.1

Longest-lived Census region

     Northeast 3,770 20.2 5,508 17.7

     Midwest 5,730 30.7 8,363 26.9

     South 5,572 29.9 9,464 30.3

     West 2,718 14.6 7,824 25.1

     Puerto Rico 870 4.7 6 0.02

Urban status at longest-lived residence

     Urban 5,388 28.6 4,922 15.8

     Suburban 5,995 31.8 13,751 44.1

     Rural or small town 7,474 39.6 12,515 40.1

Smoking status

     Never 10,335 54.6 17,955 57.4

     Ever (former or current) 8,611 45.4 13,319 42.6

ETS = environmental tobacco smoke
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Missing: total pack years (N=273), total years exposed to ETS (N=1,256), race/ethnicity (N=10), highest educational attainment (N=7), marital 
status (N=9), longest-lived Census region (N=371), urban status at longest-lived residence (N=181), smoking status (N=6)
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