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A B S T R A C T   

Ambient air pollution causes a range of adverse health effects, whereas effects of indoor sources of air pollution 
are not well described in high-income countries. We compared hazards of ambient air pollution and indoor 
sources with respect to important biomarkers of cardiorespiratory effects in terms of lung function and systemic 
inflammation in a middle-aged Danish cohort. 

Our cohort comprised 5199 men and women aged 49–63 years at the recruitment during April 2009 to March 
2011, with information on exposure to second-hand smoke (SHS) and use of candles, wood stove, kerosene 
heater and gas cooker as well as relevant covariates. Ambient air pollution exposure was assessed as 2-year mean 
nitrogen dioxide (NO2) at the address (mean ± SD: 17.1 ± 9.9 μg/m3) and 4-day average levels of particulate 
matter with diameter <2.5 μm (PM2.5; mean ± SD: 12.5 ± 6.0 μg/m3) in urban background. Lung function was 
assessed as % predicted forced expiratory volume in the first second (FEV1) and inflammatory markers 
comprised interleukin-6 (IL-6), IL-10, IL-18, interferon gamma (IFN-γ), tumor necrosis factor alpha (TNF-α), and 
high sensitivity C-reactive protein (hs-CRP). We used random-effect regression models controlling for potential 
confounders as well as models with further adjustment for self-reported health or for all other exposures. 

In models adjusted for confounders FEV1 was inversely associated with exposure to NO2, (− 0,83% per 10 μg/ 
m3; 95% CI: − 1.26; − 0.41%), SHS (− 0.56% per 1 of 5 categories increment; 95% CI: − 0.89; − 0.23%), and gas 
cooker without hood (− 0.89%; 95% CI: − 1.62; − 0.17%), whereas use of wood stove and candles showed pos-
itive associations, although these attenuated by mutual adjustment for all exposures or self-reported health. IL-6 
showed positive associations with NO2 (6.30% increase in log-transformed values per 10 μg/m3; 95% CI: 3.54; 
9.05%), PM2.5 (7.82% per 10 μg/m3; 95% CI: 3.35; 12.4%), SHS (4.38% per increase of 1 of 5 categories; 95% CI: 
2.22; 6.54%) and use of kerosene (13.8%; 95% CI: 2.51; 25.1%), whereas the associations with use of wood stove 
and candles were inverse. PM2.5 and NO2 showed positive associations with IFN-γ and TNF-α, while PM2.5 further 
associated with IL-10 and IL-18. Hs-CRP was inversely associated with use of candles. 

These results suggest that the levels of exposure to ambient air pollution and SHS are more harmful than are 
the levels of exposure to indoor combustion sources from candles and wood stoves in a high-income setting.  

Abbreviations: PM2.5, Particulate matter with diameter < 2.5µm; PM10, Particulate matter with diameter <10 µm; SHS, Second hand smoke; IL-6, Interleukin-6; IL- 
10, Interleukin-10; IL-18, Interleukin-18; TNF-α, Tumor nekrosis factor alpha; INF-γ, Interferon gamma; FEV1, Forced expiratory volumen in the first second; hs-CRP, 
High-sensitivity C-reactive protein; PM, Particulate matter; NO2, Nitrogen dioxide; BMI, Body mass index. 
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1. Introduction 

Ambient air pollution in terms of particulate matter (PM) and gases is 
known to cause a wide range of health effects, including cardiopulmo-
nary disease with global loss of life most recently estimated to more than 
10 million annually due to the combustion of fossil fuel (Vohra et al., 
2021). Household air pollution due to the combustion of polluting fuels 
for cooking and heating is globally attributed to 1.8 million premature 
deaths and 61 million disability-adjusted life years (DALYs) mainly in 
low- and middle-income countries, according to a recent extensive re-
view (Lee et al., 2020). . However, except for the well-documented ef-
fects of second hand smoke (SHS) exposure on risk of airway disease, 
especially with prenatal and childhood exposure and the risk of car-
diovascular disease (Khoramdad et al., 2020; Rushton 2021), little is 
known on risks of indoor combustion emissions in high-income coun-
tries (Vardoulakis et al., 2020). In high-income countries, particularly in 
Northern areas, candles, wood stoves, gas cookers, and kerosene heaters 
are important indoor combustion sources (Siponen et al., 2019; Sor-
ensen et al., 2005; Groot et al., 2021), which should be better addressed 
with respect to health impact. 

Potential mechanisms of short and long-term cardiopulmonary 
health impact of ambient air pollution have been thoroughly investi-
gated by biomarkers of inflammation and measures of lung function in 
population-based studies (Wu et al., 2019). Thus, both short and 
long-term exposure to ambient PM in terms of PM2.5 (diameter<2.5 μm) 
and/or PM10 (diameter<10 μm) and long-term exposure to 
traffic-related air pollution estimated as NO2 were associated with 
decreased forced expiratory volume in the first second (FEV1) in healthy 
adults in large meta-analysis-based settings (Adam et al., 2015; Edginton 
et al., 2019). Whereas exposure to SHS rather consistently has been 
associated with reduced FEV1, studies of associations with other expo-
sure to indoor combustion-based pollutants from gas cookers, candles, 
and wood stoves are few and with conflicting results (Carey et al., 1999; 
Flexeder et al., 2019; Hersoug et al., 2010a; Karottki et al., 2014; Soppa 
et al., 2014). 

A number of markers of inflammation have been studied in relation 
to both long- and short-term exposure to air pollution in population and 
panel-based settings. An increase in PM10, PM2.5 or traffic-related NO2 
assessed by ambient air monitoring or modelled at the address in large 
populations have been associated with increased levels of proin-
flammatory cytokines, especially interleukin-6 (IL-6) and tumor necrosis 
factor alpha (TNF-α), as well as acute phase reactants C-reactive protein 
(hs-CRP) and fibrinogen, with both short-term and long-term ap-
proaches (Hajat et al., 2015; Panasevich et al., 2009; Tang et al., 2020; 
Tsai et al., 2019). Only a high level of exposure in the kitchen with the 
use of biomass stoves in Peru has been linked to inflammatory markers 
with elevated TNF-α and decreased interleukin-10 (IL-10) but no asso-
ciation with hs-CRP or IL-6 (Fandino-Del-Rio et al., 2021). For SHS 
exposure, there is robust evidence for elevated levels of hs-CRP, whereas 
IL-6 shows weaker associations (Jones et al., 2016). 

In order to address and compare hazards related to indoor combus-
tion sources with ambient air pollution in a high-income setting, where 
multiple health impacts have been related to the relatively modest 
outdoor levels (Andersen et al., 2011; Bronnum-Hansen et al., 2018; 
Raaschou-Nielsen et al., 2012), we linked these exposures with lung 
function and inflammatory markers in a middle-aged Danish cohort of 
5199 participants. 

2. Material and methodes 

2.1. Study population 

From 2009 to 2011 a total of 17,937 persons from three established 
cohorts: the Metropolit 1953 Danish Male Birth Cohort (MP), the Copen-
hagen Perinatal Cohort (CPC), and the Danish Longitudinal Study on Work, 
Unemployment, and Health (DALWUH), were invited to participate in the 

Copenhagen Aging and Midlife Biobank (CAMB) data collection (Avlund 
et al., 2014). The study was approved by the Ethical Review Committee of 
the Capital Region of Copenhagen (H-A-2008-126). The MP cohort 
included 11,532 boys born in 1953 in the Copenhagen Metropolitan area, 
including the counties of Copenhagen, Frederiksberg, Gentofte, and Ros-
kilde (Osler et al., 2006). The CPC cohort included all children born at the 
National University Hospital in Copenhagen between 1959 and 1961 (9125 
children) (Mortensen 1997). The DALWUH cohort consisted of a random 
sample of 10% of the Danish men and women born in either 1949 or 1959, 
resulting in 7588 individuals included in the cohort (Christensen et al., 
2004). For the CAMB data collection, members of the cohorts living in the 
eastern parts of Denmark were invited to participate (7750 from the MP 
cohort, 5282 from the CPC cohort, and 4906 from the DALWUH cohort). 
The recruitment to the study included both a self-administrated question-
naire and an invitation to clinical tests and blood samples. The question-
naire consisted of 96 questions on health, major life event, indoor 
environment, and working and family life. Between April 20, 2009 and 
March 2, 2011 7191 of the invited, answered the postal questionnaire, and 
5576 participated in clinical tests shortly after (Lund et al., 2016). The final 
study population of 5199 (29.0%) was defined by the availability of a 
validated address for the assessment of exposure to traffic-related air 
pollution. Attrition analyses showed that responders to the questionnaire 
and participants attending the physical examination were more likely to be 
employed and had significantly higher education compared to 
non-responders/non-participants (based on data from the Danish registers). 
Use of the health care system (i.e., visits to the general practitioner during 
2009) showed no statistically significant difference among the responder-
s/participants and non-responders/non-participants, suggesting that par-
ticipants and non-participants did not differ with regard to general health 
(Lund et al., 2016). 

2.2. Exposure assessment 

Exposure to traffic-related ambient air pollution in two years leading 
up to the clinical test was assessed in terms of a two-year average of NO2 
at the address for each participant by the Danish Air-GIS air pollution 
modeling system (see https://www.au.dk/AirGIS). The Air-GIS system 
has been validated in several studies, and the NO2 modelling has been 
linked to a wide range of health outcomes and impact (Bronnum-Hansen 
et al., 2018; Ketzel et al., 2011; Raaschou-Nielsen et al., 2012). 
Furthermore, daily PM2.5 levels and mean temperature were obtained 
from the urban background monitoring station in Copenhagen at H.C. 
Ørsted Institute, part of the Danish Air Quality Monitoring Programme 
(Ellermann 2020). Averages of PM2.5 and mean temperature were 
derived for the four days leading up to all clinical sampling days. In 
earlier time-series studies, 4-day means of ambient levels of PM and 
temperature from urban background monitoring have proven the most 
predictive of health outcomes in the Copenhagen area (Andersen et al., 
2008; Wichmann et al., 2013). 

Indoor exposure variables were derived from the questionnaires. 
Exposure to SHS was assigned a value of 1–5 according to answers to the 
question, “How often are you exposed to passive smoking in your 
home?”, with response options: never, less than once a week, 1–2 times a 
week, 3–4 times a week, or more than 4 times a week. Exposure to fumes 
from a gas cooker was assigned a value of 1 for no gas cooker, 2 for the 
presence of a gas cooker and a fume hood, and 3 for the presence of a gas 
cooker without a fume hood. Exposure to kerosene burning fumes was 
assigned a value of 1 for none and 2 for the use of kerosene for heating 
the home. Use of wood stove was assigned a value of 1 with a negative 
answer to the question, “Does your home have a wood-burning stove or 
fireplace?”. With a positive answer, the variable was assigned a value of 
2–5 according to answer to the question of frequency of use during 
winter: less than once a week, 1–2 times a week, 3–4 times a week, or 
more than 4 times a week during winter. The use of wood stove was 
collapsed into three levels: none or use less than once a week, 1–4 times 
a week, or more than 4 times a week for categorical analyses. The use of 
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candles was assigned a value of 1–5 according to answers to the 
following question: “In winter, how often do you have candles lit in the 
evenings?” with response options never, less than once a week, 1–2 
times a week, 3–4 times a week, or more than 4 times a week. The use of 
candles was collapsed into three levels: never or use less than once a 
week, 1–4 times a week, or more than 4 times a week for categorical 
analyses. 

2.3. Clinical test measurements 

Clinical tests included measurement of body weight and height for 
determination of body mass index. Spirometry was performed as the best 
of two maneuvers by a Pneumotrac Spirometer with Spirotrac IV Soft-
ware (Vitalograph, Ireland for determination of FEV1 (Miller et al., 
2005). FEV1 in percent of predicted from gender, age, and height was 
used as the outcome variable. The circulating levels of the following 
inflammatory markers were further included as outcome variables: 
hs-CRP, IL-6, IL-10, IL-18, interferon gamma (IFN-γ), and TNF-α. Hs-CRP 
was analysed in plasma samples by Roche/Hitachi MODULAR, whereas 
cytokines were analysed in EDTA plasma by electro-chemiluminescence 
multiplex system on a Sector 2400 Imager with commercial kits from 
Meso Scale Discovery (Gaithersburg, USA) according to the manufac-
tures instructions as describe elsewhere (Foverskov et a. 2019). Cyto-
kines were log-transformed for normality of right-skewed distributed 
measurement values. 

2.4. Covariates 

Data on smoking status, alcohol consumption, education, and 
employment were obtained from the questionnaire. Smoking status was 
assigned a value of 1–4 for never, past, occasional, and current smokers. 
Alcohol consumption in terms of intake of alcohol units of 12 g per week 
was assigned a value of 1–4 as never (0 unit/week), low risk (<14/21 
units/week for women/men), elevated risk (more than 14/21 to 35 
units/week for women/men), and high risk (more than 35 units/week) 
use according to the Danish Health Authority’s recommendation at the 
time of data collection (2009–2011). A continuous variable with infor-
mation on ‘duration of education’ was derived from two categorical 
variables: school education recoded to 8–12 years and vocational 
training recoded to 0–5 years with a combined scale of 8–17. For a 
detailed description, see (Mortensen et al., 2014). Employment was 
assigned a value of 1–3 corresponding to full-time, part-time and no 
employment. Self-reported health was defined as poor, fair, good, very 
good or excellent and assigned a value of 1–5 accordingly. 

2.5. Statistical analysis 

Spearman correlation coefficients between the exposure variables 
and covariates were calculated. The associations between outcome and 
exposure variables were assessed by random-effects models with gender 
and subcohort as random intercepts. The exposure variables were 
entered as continuous variables in crude models and models adjusted for 
mean ambient temperature as 4-day average ahead of sampling (to ac-
count for seasonal effects), age, smoking status, exposure to SHS (except 
when considering that as exposure), alcohol consumption, BMI, dura-
tion of education and employment. Associations were expressed as % 
change derived from the regression coefficient with 95% confidence 
intervals for an increase of 1 (SHS, gas cooker with or without hood, 
kerosene heater, wood stove use, and candle use) or 10 μg/m3 for NO2 
and PM2.5 exposure levels. Further, joint models with adjustment for 
self-reported health or mutual adjustment for all exposure variables 
were also build for explanatory sensitivity analyses. For categorical 
analysis for graphical illustration SHS, wood stove use, and candle use 
were collapsed into three categories, whereas NO2 and PM2.5 exposure 
levels were categorized as less than 10 μg/m3, from 10 to less than 20 
μg/m3 and above or equal to 20 μg/m3. Probability values less than 0.05 

were considered statistically significant. STATA version 14.2 StataCorp 
LP was used for all analyses. 

3. Results 

3.1. Characteristics of the study population and exposure variables 

Population characteristics and summarized exposure and outcome 
variables are presented in Table 1. The population was aged between 49 
and 63 years and the majority were male (58%) due to one of the three 
included cohorts being male. Self-reported health was generally good 
with less than 13% reporting fair or poor health. Among the participants 
880 (17%) had FEV1% predicted below 80% indicating the usual cut of 
for normal function, whereas 259 (5%) had hs-CRP levels above normal 
(<10 mg/L). High risk alcohol consumption, presence of gas cooker 
without a fume hood, and use of wood stove in the home were more 
frequent in men than in women, whereas the use of candles and full-time 
employment were more frequent among women. The other exposure 
variables and covariates were more evenly distributed between men and 
women. The level of inflammatory markers was generally higher among 
men than among women. Overall, use of candles was widespread with 
41.4% burning candles more than 4 times per week. Wood stoves were 
present in 39.8% of the partipants homes with 20.9% reporting use more 
than 4 times per week, whereas gas cookers (16.3%) kerosene heaters 
(6.7%) were relatively rare. 

Spearman correlation coefficients (rs) between exposure variables 
and covariates are shown in Table 2. Of note was that the 2-year level of 
exposure to NO2 at the address was moderately correlated with the 
presence of a gas cooker without a hood (rs 0.26) and inversely corre-
lated (rs − 0.24) with wood stove use. Of more note was the inverse 
correlation (rs − 0.21) between exposure to SHS and duration of edu-
cation. The use of candles was weakly correlated (rs 0.10) with alcohol 
consumption and inversely with poor self-reported health (rs − 0.090). 
The correlations between age and 4-day means of ambient temperature 
(rs 0.11) and PM2.5 (rs 0.13) levels are a bit intriguing. Nevertheless, all 
correlations between exposure variables were relatively weak and un-
likely to affect regression models including them together. 

3.2. Associations of lung function and inflammatory markers with 
exposure variables 

Two-year NO2 exposure at the address was significantly associated 
with decreased FEV1 (− 0,83% per 10 μg/m3; 95% CI: − 1.26; − 0.41%) 
and increased levels of IL-6 (6.30% increase in log-transformed values 
per 10 μg/m3; 95% CI: 3.54; 9.05%), TNF-α (0.95% increase in log- 
transformed values per 10 μg/m3; 95% CI: 0.17; 1.74%), and IFN-γ 
(5.00% increase in log-transformed values per 10 μg/m3; 95% CI: 1.35; 
8.64%) in the main covariate-adjusted models, but not with other in-
flammatory markers in crude and covariate-adjusted models (Table 3, 
Fig. 1, Supplementary Material, Fig. S1). Further adjustment for self- 
reported health or other exposures had very little effect on these asso-
ciations (Table 3). In analyses based on NO2 exposure categories, an 
exposure-response pattern for these associations was only visible for IL-6 
(Supplementary Material, Fig. S2). 

Four-day average PM2.5 exposure in the area was significantly 
associated with increased levels of IL-6 (7.82% increase in log- 
transformed values per 10 μg/m3; 95% CI: 3.35; 12.4%), TNF-α 
(2.54% increase in log-transformed values per 10 μg/m3; 95% CI: 1.23; 
3.85%), IFNγ (9.22% increase in log-transformed values per 10 μg/m3; 
95% CI: 3.30; 15.2%), IL-18 (0.51% increase in log-transformed values 
per 10 μg/m3; 95% CI: 0.15; 0.88%), and IL-10 (13.5% increase in log- 
transformed values per 10 μg/m3; 95% CI: 1.98; 24.2%), but not hs-CRP 
(Table 3, Fig. 1, Supplementary Material, Fig. S1). Further adjustment 
for self-reported health or other exposures had very little effect on these 
associations (Table 3). For FEV1 an inverse association was only sig-
nificant for participants exposed to 4-day average PM2.5 ≥ 20 μg/m3 in a 
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categorized analysis, where exposure-response relationships appeared 
for most of the inflammatory markers (Supplementary Material, Fig. S2). 
As the study participants lived with different distances to the PM2.5 
monitor, we also included models for associations with 4-day average 
PM2.5 restricted to participants living within 25 km of this (n = 3036), 
finding very similar results for the inflammatory markers (Table 3). 

SHS exposure was significantly associated with decreased FEV1 and 
increased levels of IL-6, TNF-α, IL-18, IL-10 and hs-CRP, but not IFN-γ in 
a crude model. With covariate adjustment in the model, these associa-
tions attenuated considerably, although those for FEV1 (0.56% decrease 
per increase of 1 of 5 categories; 95% CI: − 0.87; − 0.23%), IL-6 (4.38% 
increase in log-transformed values per increase of 1 of 5 categories; 95% 
CI: 2.22; 6.54%), and IL-18 (0.19% increase in log-transformed values 
per increase of 1 of 5 categories; 95% CI: 0.02; 0.36%) remained sig-
nificant (Table 3; Supplementary Material, Fig. 1), and the former two 
showed exposure-response relationships in categorized analyses (Sup-
plementary Material, Fig. S2). 

For exposure to gas cooker fumes, there was significantly lower FEV1 
(0.89% decrease; 95% CI: − 1.62; − 0.17%), and higher IL-6 (5.30% in-
crease in log-transformed values; 95% CI: 0.55; 10.0%), among those 
without a fume hood as compared to participants with electrical stoves 
(Supplementary Material, Fig. S2). However, in linear models including 
partipants with both gas stove and fume hood adjusting for co-variates 
the associations were not significant and with further mutual adjust-
ment for other exposure variables, they almost disappeared (Table 3). In 
crude and adjusted models, the presence of a kerosene heater in the 
home was associated with increased levels of IL-6 (13.8% increase in 
log-transformed values; 95% CI: 2.51; 25.1%), whereas none of the as-
sociations with other outcome variables were significant (Table 3, 
Supplementary Material, Fig. S1). 

Use of wood stove was significantly associated with increased FEV1 
as well as decreased levels of IL-6, and hs-CRP, but not with IL-18, IL-10 
or IFN-γ in a crude model (Table 3, Supplementary Material, Fig. S1). 

Table 1 
Characteristics of the 5199 participants in the Copenhagen Aging and Midlife 
Cohort.   

Categories or units 
(n) 

Total n 
(%) 

Men n 
(%) 

Women n 
(%) 

Age (years) ≥ 49 - 56 2978 
(57.3) 

1745 
(47.7) 

1233 
(80.0) 

≥57 - 63 2220 
(42.7) 

1912 
(52.3) 

308 (20.0) 

Smoking status Never 1848 
(35.6) 

1276 
(34.9) 

572 (37.1) 

Previously 2136 
(41,1) 

1520 
(41.6) 

616 (40.0) 

Occasionally 135 
(2.6) 

93 (2.6) 42 (2.7) 

Current 1073 
(20.7) 

763 
(20.9) 

310 (20.1) 

Alcohol consumption 
women/men 

None 580 
(11.3) 

308 
(8.5) 

272 (17.9) 

<14/21 units/ 
week 

2626 
(51.1) 

1953 
(53.9) 

673 (44.4) 

≥14/21, <35 
units/week 

1013 
(19,7) 

620 
(17.1) 

393 (25.9) 

≥35 units/week 924 
(18.0) 

746 
(20.6) 

178 (11.7) 

Exposure to second 
hand smoke 

Never 3558 
(68.9) 

2480 
(68.2) 

1078 
(70.3) 

Less than once a 
week 

749 
(14.5) 

540 
(14.9) 

209 (13.6) 

1-2 times a week 121 
(2.3) 

88 (2.4) 33 (2.2) 

3-4 times a week 55 (1.1) 42 (1.2) 13 (0.9) 
More than 4 times 
a week 

687 
(13.3) 

487 
(13.4) 

200 (13.1) 

Exposure to gas 
cooker 
Fumes 

No gas cooker 4353 
(83.7) 

3052 
(83.5) 

1301 
(84.4) 

Gas cooker and 
fume hood 

485 
(9.3) 

317 
(8.7) 

168 (10.9) 

Gas cooker, no 
fume hood 

360 
(6.9) 

288 
(7.9) 

72 (4.7) 

Kerosene heater No 4851 
(93.3) 

1434 
(93.1) 

3417 
(93.4) 

Yes 348 
(6.7) 

108 
(7.0) 

240 (6.6) 

Use of woodstove None 3076 
(60.2) 

2095 
(58.2) 

981 (64.8) 

Less than once a 
week 

403 
(7.9) 

307 
(8.5) 

96 (6.3) 

1-2 times a week 273 
(5.3) 

205 
(5.7) 

68 (4.5) 

3-4 times a week 295 
(5.89) 

212 
(5.9) 

83 (5.5) 

More than 4 times 
a week 

1067 
(20.9) 

780 
(21.7) 

287 (18.9) 

Use of candles Never 217 
(4.2) 

175 
(4.8) 

42 (2.7) 

Less than once a 
week 

833 
(18.4) 

616 
(16.9) 

217 (14.1) 

1-2 times a week 953 
(18.4) 

705 
(19.3) 

248 (16.1) 

3-4 times a week 1033 
(19.9) 

713 
(19.6) 

320 (20.8) 

More than 4 times 
a week 

2147 
(41.4) 

1436 
(39.4) 

711 (46.3) 

Employment Full time 4298 
(82.7) 

1178 
(76.4) 

3120 
(85.3) 

Part time 394 
(7.6) 

165 
(10.7) 

229 (6.3) 

None 507 
(9.8) 

199 
(12.9) 

308 (8.4) 

Self-reported health Poor 138 
(1.9) 

97 (2.0) 41 (1.8) 

Fair 750 
(10.5) 

507 
(10.3) 

243 (10.9) 

Good 2893 
(40.4) 

2004 
(40.6) 

889 (39.9) 

Very good 875 (39.2)  

Table 1 (continued )  

Categories or units 
(n) 

Total n 
(%) 

Men n 
(%) 

Women n 
(%) 

2763 
(38.5) 

1888 
(38.2) 

Excellent 625 
(8.7) 

442 
(9.0) 

183 (8.2) 

Education duration years (n = 5199) 13.6 ±
2.4 

13.6 ±
2.3 

13.7 ± 2.3 

Body mass index kg/m2 (n = 5197) 26.1 ±
4.2 

26.5 ±
3.9 

25.8 ± 4.8 

Two-year NO2 

average at address 
μg/m3 (n = 5199) 17.1 ±

9.9 
17.1 ±
9.8 

17.3 ±
10.3 

4-day mean ambient 
PM2.5 

μg/m3 (n = 5162) 12.5 ±
6.0 

12.5 ±
6.0 

12.4 ± 6.3 

4-day mean ambient 
temperature 

◦C (n = 5199) 8.8 ± 7.4 8.8 ± 7.4 9.1 ± 7.6 

FEV1 % predicted (n =
5181) 

92.9 ±
14.7 

92.9 ±
15.1 

93.1 ±
13.8 

hs-CRP mg/l (n = 5113) 2.37 ±
4.44 

4.35 ±
4.52 

2.37 ±
4.40 

IL-6 pg/ml (n = 5092) 3.55 ±
13.9 

3.67 ±
13.4 

3.28 ±
15.3 

IL-10 pg/ml (n = 4897) 12.0 ±
134.3 

12.3 ±
51.5 

11.3 ±
51.5 

IL-18 pg/ml (n = 5116) 320 ±
426 

329 ±
462 

298 ± 326 

INFγ pg/ml (n = 4628) 1.11 ±
10.5 

1.18 ±
012.2 

0.93 ±
3.99 

TNFα pg/ml (n = 5115) 5.91 ±
13.0 

6.04 ±
11.8 

5.58 ±
15.6 

NO2: nitrogen dioxide; PM2.5: particulate matter with diameter <2.5 μm; FEV1: 
% predicted forced expiratory volume in the first second; hs-CRP: high sensi-
tivity C-reactive protein; IL-6: interleukin-6; IL-10: interleukin-10; IL-18: inter-
leukin 18; IFN-γ: interferon gamma; TNF-α: tumor necrosis factor alpha. Values 
are mean ± SD in the lower part of the table. 
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These associations attenuated after adjustment for covariates but 
remained significant for FEV1 (0.39% increase per increase of 1 of 5 
categories; 95% CI: 0.14; 0.75%) and IL-6 (2.9% decrease in log- 
transformed values per increase of 1 of 5 categories; 95% CI: − 4.57; 
− 1.34%) (Table 3, Fig. 1, Supplementary Material, Fig. S1). Additional 
inclusion of self-reported health or the other exposure variables in the 
model further attenuated the associations between wood stove use, 
FEV1, and hs-CRP (Table 3), whereas only the association with FEV1 
suggested a visible exposure-response relationship in categorized ana-
lyses (Supplementary Material, Fig. S2). 

The use of candles was significantly associated with increased FEV1 
and IFN-γ levels as well as decreased levels of IL-6 and hs-CRP, but not 
associated with IL-18, IL-10, or TNF-α in crude analyses (Table 3, Sup-
plementary Material, Fig. S1). These associations attenuated after 
adjustment for covariates but remained significant for IL-6 (4.22% 
decrease in log-transformed values per increase of 1 of 5 categories; 95% 
CI: − 6.42; − 2.01%) and hs-CRP (8.89% decrease per increase of 1 of 5 
categories; 95% CI: − 16.7; − 1.03%) (Table 3, Fig. 1, Supplementary 
Material, Fig. S1), whereas a positive association with IL-18 was 
enhanced and became significant (0.20% increase per increase of 1 of 5 
categories; 95% CI: 0.03; 0.37%). Additional inclusion of self-reported 
health or the other exposure variables in the model further attenuated 
the associations between candle use, FEV1, and hs-CRP, which lost 
significance (Table 3), whereas none of the associations showed a visible 
exposure-response relationship in categorized analyses (Supplementary 
Material, Fig. S2). 

4. Discussion 

In this comparison of hazards related to outdoor and indoor 
combustion-related sources of air pollution in a relatively large cohort, 
we found decreased lung function and increased inflammatory markers 
related to exposure to ambient air pollution and indoor exposure to SHS, 
and to some extent, kerosene heaters and gas cookers without hood. 
Associations with the use of wood stoves and candles mainly suggested 
increased lung function and decreased inflammation. 

Our results support that both long- and short-term exposure to 
ambient air pollution can affect lung function in terms of FEV1 and in-
flammatory markers in terms of cytokine levels in serum. Indeed, meta- 
analyses have concluded that both short and long-term exposure to 
ambient PM in terms of PM2.5 and/or PM10 is associated with decreased 
FEV1 in healthy adults (Edginton et al., 2019). Similarly, long-term 
exposure to traffic-related air pollution in terms of NO2 has been 
shown to be related to reduced lung function in adults in a large Euro-
pean multicenter study (Adam et al., 2015). Moreover, IL-6 and TNF-α 
but not hs-CRP were associated with PM10 levels modelled at the address 
for up to 6 months prior to blood sampling in a Swiss cohort (Tsai et al., 
2019). Similar associations were found for traffic-related NO2 in a 
Swedish cohort (Panasevich et al., 2009). Moreover, in an American 
cohort IL-6 was associated with long-term ambient levels of PM2.5 at the 
address, whereas PM2.5 levels on the day blood draw were associated 
with hs-CRP and fibrinogen (Hajat et al., 2015). A meta-analysis 
approach found that short-term elevated levels of PM were signifi-
cantly associated with TNF-α and fibrinogen across all studies and also 
with respect to IL-6 in studies from Asia (Tang et al., 2020). For 
long-term exposure, only fibrinogen was assessed without finding a 
significant association with PM. Accordingly, ambient air pollution in 
terms of PM and NO2 seem to show relatively consistent associations 
with decreased lung function and inflammatory markers, especially IL-6 
and TNF-α in population-based studies in line with our findings of most 
robust associations regarding these markers. 

We found that SHS exposure was associated with decreased FEV1 
and increased levels of IL-6, IL-10, IL-18, TNF-α, and hs-CRP. Although 
the association attenuated substantially by control for confounders, they 
remained significant for FEV1, IL-6, and IL-18. This is consistent with 
acute effects of SHS exposure in a randomized cross-over experiment Ta
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Table 3 
Linear associations between lung function and inflammatory markers as related to exposure to ambient air pollutants and indoor sources of combustion product (n =
5199): participants from the Copenhagen Aging and Midlife Biobank Cohort.   

FEV1 Log IL-6 Log IL-10 Log IL-18 Log IFNγ Log TNFα hs-CRP 

NO2 2 years (per 10 μg/m3) 
Crude ¡1.05 (-1.48, 

-0.61) 
7.46 (4.57, 10.4) 3.74 (− 2.90, 

10.4) 
0.09 (− 0.13, 
0.31) 

4.37 (0.74, 8.01) 1.02 (0.24, 1.80) 0.34 (− 9.58, 10.3) 

Adjusted ¡0.83 (-1.26, 
-0.41) 

6.30 (3.54, 9.05) 3.85 (− 2.90, 
10.6) 

− 0.04 (− 0.26, 
0.18) 

5.00 (1.35, 8.64) 0.95 (0.17, 1.74) − 1.55 (− 11.4, 
8.28) 

Further adjusted for 
SRH 

¡0.74 (-1.16, 
-0.32) 

5.95 (3.20, 8.70) 3.64 (− 3.12, 
10.4) 

− 0.05 (− 0.27, 
0.17) 

4.93 (1.29, 8.58) 0.92 (0.13, 1.71) − 2.83 (− 12.7, 
7.00) 

Mutually adjusted ¡0.62 (-1.08, 
-0.16) 

4.92 (1.92, 7.92) 3.81 (− 3.55, 
11.2) 

− 0.11 (− 0.34, 
0.13) 

5.25 (1.31, 9.19) 0.60 (− 0.26, 1.46) − 5.39 (− 16.1, 
5.35) 

PM2.5 4 days mean (per 10 μg/m3) 
Crude − 0.58 (− 1.30, 

0.14) 
7.95 (3.20, 12.7) 12.4 (1.50, 23.3) 0.72 (0.37, 1.08) 9.00 (3.16, 14.8) 2.54 (1.25, 3.83) − 4.35 (− 20.6, 

11.9) 
Adjusted − 0.50 (− 1.20, 

0.21) 
7.82 (3.35, 12.4) 13.2 (1.98, 24.4) 0.51 (0.15, 0.88) 9.22 (3.30, 15.2) 2.54 (1.23, 3.85) − 2.07 (− 18.4, 

14.2) 
Further adjusted for 
SRH 

− 0.44 (− 1.13, 
0.26) 

7.59 (3.03, 12.2) 13.0 (1.79, 24.2) 0.51 (0.15, 0,87) 9.15 (3.22, 15.1) 2.52 (1.21, 3.82) − 2.89 (− 19.2, 
13.4) 

a 25 km limit − 0.07 (− 0.95, 
0.81) 

8.18 (2.50, 13.9) 14.5 (0.86, 28.2) 0.51 (0.06, 0.96) 10.9 (3.38, 18.4) 2.42 (0.84, 4.00) 9.46 (− 11.7, 
30.7)) 

Mutually adjusted − 0.42 (− 1.13, 
0.29) 

6.89 (2.27, 11.5) 13.0 (1.57, 24.3) 0.54 (0.18, 0.91) 8.73 (2.74, 14.7) 2.49 (1.17, 3.82) − 1.90 (− 18.5, 
14.7) 

SHS (per 1 of 5 categories) 
Crude ¡1.63 (-1.94, 

-1.33) 
11.2 (9.19, 13.2) 6.74 (2.09, 11.4) 0.38 (0.23, 0.54) − 0.40 (− 2.93, 

2.12) 
0.93 (0.39, 1.48) 19.8 (12.9, 26.6) 

Adjusted ¡0.56 (-0.89, 
-0.23) 

4.38 (2.22, 6.54) 4.43 (− 0.86, 
9.72) 

0.19 (0.02, 0.36) 0.12 (− 2.74, 
2.97) 

0.37 (− 0.25, 0.99) 4.86 (− 2.84, 12.6) 

Further adjusted for 
SRH 

¡0.46 (-0.79, 
-0.13) 

4.07 (1.92, 6.23) 4.31 (− 1.0, 9.61) 0.18 (0.01, 0.36) 0.09 (− 2.77, 
2.96) 

0.34 (− 0.28, 0.96) 3.73 (− 3.97, 11.4) 

Mutually adjusted ¡0.55 (-0.89, 
-0.22) 

4.04 (1.86, 6.23) 2.41 (− 3.41, 
7.94) 

0.18 (0.01, 0.35) − 0.30 (− 3.18, 
2.58) 

0.29 (− 0.34, 0.91) 5.71 (− 2.15, 13.6) 

Gascooker (per 1 of 3 categories) 
Crude ¡0.81 (-1.50, 

-0.13) 
4.18 (− 0.40, 8.76) − 0.36 (− 10.8, 

10.1) 
0.09 (− 0.26, 
0.43) 

− 3.87 (− 9.58, 
1.84) 

0.81 (− 0.42, 2.03) 10.4 (− 4.85, 25.7) 

Adjusted − 0.57 (− 1.25, 
0.12) 

3.54 (− 0.95, 8.02) − 1.19 (− 12.2, 
9.82) 

0.05 (− 0.30, 
0.40) 

− 2.52 (− 8.44, 
3.44) 

0.70 (− 0.57, 1.98) 9.61 (− 6.31, 25.5) 

Further adjusted for 
SRH 

− 0.41 (− 1.09, 
0.27) 

2.95 (− 1.52, 7.43) − 1.52 (− 12.6, 
9.51) 

0.04 (− 0.32, 
0.32) 

− 2.65 (− 8.58, 
3.28) 

0.65 (− 0.63, 1.93) 7.67 (− 8.23, 23.6) 

Mutually adjusted − 0.33 (− 2.02, 
1.37) 

0.92 (− 3.82, 5.65) 0.80 (− 0.15, 
1.75) 

− 0.36 (− 1.23, 
0.52) 

− 3.91 (− 10.1, 
2.39) 

2.16 (− 100, 5.33) 5.67 (− 34.2, 45.5) 

Kerosene heater (no/yes) 
Crude − 0.40 (− 2.09, 

1.29) 
13.8 (2.51, 25.1) 2.51 (− 23.5, 

28.5) 
− 0.17 (− 1.02, 
0.68) 

2.97 (− 11.1, 
17.1) 

1.72 (− 1.29, 4.74) 4.27 (− 33.7, 42.3) 

Adjusted − 0.32 (− 2.00, 
1.36) 

11.2 (0.27, 22.2) 1.17 (− 26.0, 
28.3) 

− 0.37 (− 1.24, 
0.49) 

5.17 (− 9.38, 
19.7) 

1.71 (− 1.42, 4.83) 4.32 (− 34.9, 43.5) 

Further adjusted for 
SRH 

− 0.45 (− 2.11, 
1.21) 

11.7 (0.80, 22.7) 1.29 (− 25.9, 
28.4) 

− 0.36 (− 1.22, 
0.51) 

5.17 (− 9.39, 
19.7) 

1.74 (− 1.39, 4.87) 5.83 (− 33.3, 44.9) 

Mutually adjusted − 0.14 (− 0.87, 
0.58) 

13.5 (2.44, 24.6) 2.41 (− 0.35, 
5.17) 

0.15 (− 0.22, 
0.52) 

6.37 (− 8.23, 
21.0) 

0.38 (− 0.97, 1.73) 11.8 (− 5.07, 28.8) 

Woodstove use (per 1 of 5 categories) 
Crude 0.56 (0.31, 0.82) ¡3.66 (-5.37, 

-1.95) 
− 1.61 (− 5.51, 
2.31) 

− 0.05 (− 0.18, 
0.08) 

− 1.31 (− 3.44, 
0.81) 

− 0.59 (− 1.04, 
− 0.13) 

− 6.83 (− 12.6, 
1.05) 

Adjusted 0.39 (0.14, 0.75) ¡2.90 (-4.57, 
-1.24) 

− 0.66 (− 4.76, 
3.43) 

0.01 (− 0.13, 
0.14) 

− 1.51 (− 3.71, 
0.69) 

− 0.46 (− 0.93, 
0.02) 

− 4.31 (− 10.3, 
1.66) 

Further adjusted for 
SRH 

0.37 (0.11, 0.62) ¡2.77 (-4.43, 
-1.10) 

− 0.61 (− 4.71, 
3.49) 

0.01 (− 0.12, 
0.14) 

− 1.51 (− 3.71, 
0.69) 

− 0.45 (− 0.92, 
0.03) 

− 3.88 (− 9.84, 
2.09) 
, 

Mutually adjusted 0.27 (0.00, 0.53) ¡2.00 (-3.73, 
-0.27) 

− 5.86 (− 12.7, 
1.03) 

− 0.02 (− 0.16, 
0.11) 

− 1.03 (− 3.31, 
1.24) 

− 0.38 (− 0.97, 
0.11) 

− 3.97 (− 10.2, 
2.23) 

Candle use (per 1 of 5 categories) 
Crude 0.44 (0.11, 0.78) ¡4.54 (-6.79, 

-2.29) 
3.22 (− 1.93, 
8.36) 

0.15 (− 0.02, 
0.32) 

3.03 (0.22, 5.84) − 0.27 (0.34, 
− 11.0) 

¡11.0 (-18.5, 
-3.45) 

Adjusted 0.31 (− 0.03, 0.64) ¡4.22 (-6.42, 
-2.01) 

2.65 (− 2.77, 
8.07) 

0.20 (0.03, 0.37) 2.46 (− 0.46, 
5.38) 

− 0.05 (− 0.68, 
0.58) 

¡8.89 (-16.7, 
-1.03) 

Further adjusted for 
SRH 

0.19 (− 0.14, 0.53) ¡3.84 (-6.04, 
-1.64) 

2.82 (− 2.62, 
8.26) 

0.21 (0.04, 0.38) 2.49 (− 0.44, 
5.42) 

− 0.02 (− 0.65, 
0.61) 

− 7.54 (− 15.4, 
0.32) 

Mutually adjusted 0.22 (− 0.12, 0.57) ¡3.78 (-6.03, 
-1.54) 

1.07 (− 1.96, 
4.09) 

0.21 (0.04, 0.39) 2.41 (− 0.54, 
5.36) 

0.00 (− 0.64, 0.64) − 7.72 (− 15.8, 
0.31) 

Values are % change (95% CI) derived from the coefficients of mixed regression models and expressed per 10 μg/m3 increase for 2-years average of NO2 at the address 
and ambient 4 days mean of ambient PM2.5 or per 1 category increase for other variables. For cytokines the %change relates to log transformed values. Statistically 
significant (p < 0.05) changes are indicated by bold. 
Crude models include gender and subcohort as random factors, the main adjusted model include further age, duration of education, employment status, alcohol 
consumption, BMI, smoking status and exposure to second hand smoke (SHS) except the SHS models. Further models included additional adjustment for self-reported 
health (SRH) or mutual adjustment for all exposure variables together. 
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showing transient reduced FEV1 and increased levels of cytokines 
including IL-6, TNF-α, and IFN-γ (Flouris et al., 2009). Similarly, there is 
robust evidence for reduced FEV1 in cross-sectional and some cohort 
follow-up studies of populations exposed to SHS (Carey et al., 1999; 
Flexeder et al., 2019; Hersoug et al., 2010a). For inflammatory markers 
in such settings, there appears to be solid data for elevated levels of 
hs-CRP and fibrinogen mainly, whereas IL-6 show weaker associations 
(Jones et al., 2016). 

Although we could not measure exposure to candlelight emissions, 
the levels would not be expected to be trivial from use more than 4 times 
per week. Thus, a Danish study measured personal exposure to PM2.5 
and black smoke for 48 h in each of the four seasons over a year (Sor-
ensen et al., 2005). A regression analysis indicated that 1% time spent 
near candles was associated with 8% increase in personal PM2.5 expo-
sure with average levels of 17.5 and 11.9 μg/m3 in the cold and warm 
part of the year, respectively. This indicates that 1 h of candle use would 
cause an increase of 33% in personal PM2.5 exposure equivalent to 5.8 
and 4.0 μg/m3 from candle emission in the cold and warm part of the 
year, respectively. Nevertheless, we found higher FEV1 and lower levels 
of several cytokines related to candle use, although the associations 
attenuated after confounder adjustment. In contrast, short-term 
controlled exposure to candle emissions in human volunteers was 
associated with decreased lung function (Soppa et al., 2014). Similarly, 
reduced lung function was associated with high levels of ultrafine par-
ticles from burning candles in a cross-sectional study of 78 healthy 
middle-aged Danes (Karottki et al., 2014). However, lung function, 
self-reported respiratory symptoms, and exhaled nitric oxide as an in-
dicator of lower airway inflammation were not associated with the use 
of candles in a much larger cross-sectional study with 3471 Danish 
participants (Hersoug et al. 2010a, 2010b). It is possible that emission of 
NO2 and PM from burning candles can elicit symptoms in some people 
with sensitive airways who then might refrain from this, although so far, 
no literature appears to this have addressed it. Moreover, the use of 
candles might be an attribute of good health, as suggested by the 

correlation with good or excellent self-reported health. Similarly, 
adjusting for self-reported health attenuated the associations between 
candle use and IL-6 and hs-CRP, rendering the latter insignificant. This is 
also consistent with the lack of exposure-response pattern for the out-
comes (Supplementary Material, Fig. S2). 

The use of wood stoves in the home was associated with around 20% 
increased indoor or personal exposure levels of PM2.5 and BC in both 
Finland and Northern New England with baseline levels of 5–7 μg/m3 

PM2.5 (Fleisch et al., 2020; Siponen et al., 2019). Thus, wood stove use 
might contribute a few μg/m3 to personal exposure, although we found 
higher FEV1 and lower levels of several cytokines related to such use 
with associations attenuating after confounder adjustment. In partic-
ular, adjustment for NO2 at the address which was inversely correlated 
with wood stove use appeared important. Acute exposure to wood 
smoke at high levels, e.g., 300 μg/m3 in controlled settings, has not 
elicited a reduction in FEV1 or increased levels of inflammatory markers 
(Schwartz et al., 2020). Moreover, lung function and exhaled nitric 
oxide as an indicator of lower airway inflammation were not associated 
with the use of wood stoves among 3471 Danes (Hersoug et al. 2010a, 
2010b). Thus, similar to the considerations for the use of candles, the 
choice of using wood stoves may be related to better health. Further-
more, it is possible that prolonged indoor exposure to high levels of 
wood smoke such as from open cookstoves in Peru or Guatemala is 
required to cause an overt reduction in FEV1 or elevated inflammatory 
markers, including IL-6 or TNF-α (Falfan-Valencia et al., 2020; Fandi-
no-Del-Rio et al., 2021; Pope et al., 2015). 

Gas cookers, in particular unvented ones, are important indoor 
sources of indoor air pollution, especially NO2, which is a strong airway 
irritant (Vardoulakis et al., 2020). Indeed, lung function was better 
among Chinese kitchen workers using electric cookers as opposed to gas 
cookers and a British cohort studied around the age of 35 years found 
that current use of a gas cooker was associated with reduced FEV1 in 
particular among men (Moran et al., 1999; Wong et al., 2011). In 
consistence with the previous studies, we found that the use of a gas 

NO2: nitrogen dioxide; PM2.5: particulate matter with diameter <2.5 μm; FEV1: % predicted forced expiratory volume in the first second; hs-CRP: high sensitivity C- 
reactive protein; IL-6: interleukin-6; IL-10: interleukin-10; IL-18: interleukin 18; IFN-γ: interferon gamma; TNF-α: tumor necrosis factor alpha. 

a Participants restricted to those who lived within 25 km of the monitoring station (n = 3036). 

Fig. 1. Associations between exposure to ambient and indoor air pollution and lung function in terms of forced expiratory volume in the first second (FEV1 as % of 
predicted), interleukin-6 (IL-6) and tumor necrosis factor α (TNFa) in 5199 participants in the Copenhagen Aging and Midlife Cohort (CAMB). Associations are 
expressed as percent change with 95% confidence intervals in random effects regression model adjusting for mean ambient temperature as 4-day average ahead of 
sampling, age, smoking status, exposure to second hand smoke (except when considering that as exposure), alcohol consumption, body mass index, duration of 
education and employment. IL-6 and TNFa were log transformed for the analyses. 
NO2: nitrogen dioxide; PM2.5: particulate matter with diameter <2.5 μm. 
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cooker without a hood was associated with lower FEV1. However, this 
association attenuated when adjusting for NO2 exposure at the address, 
suggesting potential confounding with homes having unvented gas 
cookers more likely to be in areas with traffic-related air pollution. An 
earlier Danish cross-sectional study of 3471 subjects found that use of a 
gas cooker was associated with significantly reduced FEV1 among past 
smokers but not among never or current smokers, although information 
on the use of a fume hood and ambient air pollution at the address was 
not available (Hersoug et al., 2010a). 

The use of kerosene is an important source of indoor PM, in partic-
ular in low- and middle-income countries (Vardoulakis et al., 2020). 
Indeed, a multi-country study focused on this issue found the use of 
kerosene for cooking to be associated with reduced FEV1 and increased 
risk of cardiorespiratory symptoms, all-cause mortality, and major car-
diovascular events (Arku et al., 2020). Consistent with these findings, 
we found the use of a kerosene heater in the home to be associated with 
significantly increased levels of IL-6, whereas other associations with 
FEV1 and inflammatory markers were not significant, which could be 
related to the low statistical power with only 7% of participants 
reporting this. 

Strengths of our study include the rather large cohort addressing 
associations with exposure to both outdoor and indoor pollutants from 
combustion sources to a range of biomarkers of effect, including lung 
function and inflammation central in the mechanisms of cardiopulmo-
nary disease related to such exposures. We found significant associations 
for the expected relationship between exposure to ambient air pollution 
as well as SHS with lung function and inflammatory markers, supporting 
the validity of our approach. Weaknesses include that the information 
regarding exposure to indoor combustion sources was collected at the 
same time as the outcome measurements, and causal inference is thus 
difficult. Moreover, exposure assessment to indoor combustion sources 
was based on questionnaires where actual estimates of air pollution (e. 
g., PM2.5 and NO2) with indoor or personal monitoring would be much 
preferred. Moreover, questions on the use of candles and wood stoves 
only referred to the winter season. However, other studies in Denmark 
have found close correlations of such use in both winter and summer, 
albeit the latter at a lower level (Sorensen et al., 2005; Groot et al., 
2021). For long-term ambient air exposure at the address, we only had 
modelled concentrations of NO2 as a proxy of traffic-derived pollution 
and modelled PM levels as well as exposure levels at work addresses and 
similar would certainly have added valuable information. Nevertheless, 
our modelled NO2 levels have proven associated with a wide range of 
health outcomes and used for health impact assessment of changed 
emissions in Copenhagen (Bronnum-Hansen et al., 2018; Raaschou--
Nielsen et al., 2012). For short-term exposure to PM2.5, we had to rely on 
one monitoring station in the study area. However, PM2.5 levels in this 
part of Denmark are dominated by long-range transport, and there is a 
very limited local variation with similar levels found at the urban 
background and a rural monitoring station around 30 km away. We 
found similar associations between PM2.5 and inflammatory markers 
when restricting the population to those living 25 km from the urban 
station. Although we controlled for a number of potential confounders 
related to the risk of cardiopulmonary disease and the associated effect 
markers, including age, smoking status, exposure to SHS, alcohol con-
sumption, BMI, duration of education, and employment, residual con-
founding could still affect the associations. 

5. Conclusion 

In this comparison of hazards related to outdoor and indoor 
combustion-related sources of air pollution in a relatively large cohort, 
we found decreased lung function and increased inflammatory markers 
related to ambient air pollution and indoor exposure to SHS and to some 
extent, use of kerosene heaters and gas cooker without hood, whereas 
associations with use of the wood stove and candles mainly pointed at 
increased lung function and slightly decreased inflammation, which 

could be related to choices among the more healthy. These results 
suggest that the levels of exposure to ambient air pollution and exposure 
to SHS indoors are more harmful than are the levels of exposure to in-
door combustion sources from candles and wood stoves in a high- 
income setting. 
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