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A cross-sectional study of the association
between ventilation of gas stoves and chronic

respiratory illness in U.S. children enrolled in
NHANESIII

Molly L Kile"", Eric S Coker', Ellen Smit', Daniel Sudakin?, John Molitor' and Anna K Harding'

Abstract

Background: Gas stoves emit pollutants that are respiratory irritants. U.S. children under age 6 who live in homes
where gas stoves are used for cooking or heating have an increased risk of asthma, wheeze and reduced lung
function. Yet few studies have examined whether using ventilation when operating gas stoves is associated with a
decrease in the prevalence of respiratory illnesses in this population.

Methods: The Third National Health and Nutrition Examination Survey was used to identify U.S. children aged 2-16
years with information on respiratory outcomes (asthma, wheeze, and bronchitis) who lived in homes where gas
stoves were used in the previous 12 months and whose parents provided information on ventilation. Logistic
regression models evaluated the association between prevalent respiratory outcomes and ventilation in homes that
used gas stoves for cooking and/or heating. Linear regression models assessed the association between spirometry
measurements and ventilation use in children aged 8-16 years.

Results: The adjusted odds of asthma (Odds Ratio [OR] = 0.64; 95% confidence intervals [Cl]: 043, 0.97), wheeze
(OR=0.60, 95% Cl: 0.42, 0.86), and bronchitis (OR = 0.60, 95% Cl: 0.37, 0.95) were lower among children whose
parents reported using ventilation compared to children whose parents reported not using ventilation when
operating gas stoves. One-second forced expiratory volume (FEV,) and FEV,/FVC ratio was also higher in girls who
lived in households that used gas stoves with ventilation compared to households that used gas stoves without
ventilation.

Conclusions: In homes that used gas stoves, children whose parents reported using ventilation when operating
their stove had higher lung function and lower odds of asthma, wheeze, and bronchitis compared to homes that
never used ventilation or did not have ventilation available after adjusting for other risk factors. Additional research
on the efficacy of ventilation as an intervention for ameliorating respiratory symptoms in children with asthma is
warranted.
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Background

Asthma is the most common chronic childhood disease
and is characterized by recurrent airway obstruction,
bronchial hyper-responsiveness, and airway inflammation
[1]. It is also the leading cause of childhood hospitaliza-
tions and school absenteeism [2]. There is considerable
evidence that air pollution - specifically coarse and fine
particulate matter, ozone, sulfur dioxides, and nitrogen ox-
ides - is associated with increased rates of asthma, asthma
morbidity, respiratory illness and diminished lung func-
tion in children [3-8].

In the indoor environment, gas stoves are a common
source of air pollution, including combustion-related
particulate matter and nitrogen oxides [9-16]. While gas
stoves are primarily used for cooking, approximately 7.7
million U.S. households (9.3%) reported using their gas
stove or oven for heat at least once during the previous
year [17]. There is considerable evidence from epidemio-
logical studies in developed countries that gas stoves used
for cooking and/or heat are associated with an increased
risk of asthma and respiratory symptoms in children
[9,18-33]. Although other studies that have examined the
relationship between gas stoves or nitrogen dioxide levels
in homes do not observe significant associations with
asthma symptoms in childhood [34-36].

Housing characteristics have been shown to influence
indoor air pollution levels. For instance, indoor air con-
centrations of nitrogen dioxide can be higher than ambi-
ent levels if there are unvented combustion appliances
in the home, such as gas stoves [37]. Ventilation has also
been shown to reduce the concentration of other indoor
air pollutants such as formaldehyde and volatile organic
compounds [38]. There are many different types of
household ventilation systems, some of which are auto-
matic, and some of which require point-of-use operation
such as kitchen stove vent hoods. While several studies
have examined the role of ventilation on indoor air pol-
lutants and indoor air pollution on children’s chronic re-
spiratory illnesses, little is known about the role of
behavior related to point-of-use ventilation and how this
behavior might influence children’s respiratory health
[39-41]. Subsequently, we theorized that if gas stoves in
homes and their emissions are related to asthma and its
symptoms in children, then using ventilation when oper-
ating gas stoves should reduce indoor air pollution levels
and benefit children’s respiratory health outcomes. Spe-
cifically, we hypothesized that using ventilation when
operating gas stoves should be associated with a lower
prevalence of chronic respiratory illnesses in children.

Methods

Study population

The Third National Health and Nutrition Examination
Survey (NHANES III) is a nationally representative
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cross-sectional survey of the civilian non-institutionalized
U.S. population conducted by the National Center for
Health Statistics from 1988-1994. Participants were ad-
ministered standardized interviews in their homes and
underwent physical examinations and laboratory testing
in mobile examination centers [42]. NHANES III in-
cludes data on children’s respiratory health, spirometry
data and residential characteristics, which provide a
unique opportunity to assess the relationship between
parental habits when using gas stoves and respiratory
illnesses in U.S. children.

To focus on the association between respiratory ill-
nesses in children and parental use of ventilation in
homes that had gas stoves in their kitchens, the current
analysis was restricted to children aged 2—16 years (n =
12,570) whose parents: i) reported that a gas stove was
used in the past twelve months in their child’s primary
residence (yes); ii) provided information on the presence
of ventilation near the gas stove (yes/no) and their use
of ventilation (never, rarely, sometimes, or always); iii)
provided information on their child’s respiratory health
(doctor-diagnosed asthma [yes/no], doctor-diagnosed
bronchitis [yes/no], and chest wheeze [yes/no]); and iv)
reported their child’s body mass index, parental history
of asthma or hay fever (yes/no), presence of a pet in the
household (yes/no), and history of smoking cigarettes in-
doors (yes/no). Twelve respondents did not answer the
question about ventilation. Fewer participants consented
to the examination portion of the survey where mea-
surements were taken to compute body mass index.
This resulted in data on 7,378, 7,380, and 7,378 chil-
dren who resided in a home that had a gas stove in the
kitchen and who provided information on asthma,
wheeze, and chronic bronchitis respectively. Additionally,
spirometry measurements were measured only in a subset
of children >8 years old (N =2,400). Details on deriving
the sample size are provided in Additional file 1: Figure S1.
Missing data was assumed to be completely at random.

NHANES III was approved by the National Center for
Health Statistics Institutional Review Board. Participants
who were 12 to 17 years old and their parents provided in-
formed consent; participants who were 7 to 11 years old
provided assent and their parents provided consent; and,
parents provided informed consent for those <7 years old.

Behaviors when using gas stoves and ventilation
characterization

Parents were asked, “Is there a gas stove or oven used to
cook in this house (yes/no).” Only parents who answered
“yes” were asked the follow up question about ventila-
tion. Due to this skip pattern design in the NHANES III
questionnaire, the analytical sample was restricted to
children whose parents answered “yes” to the gas stove
question. Children were classified as living in households
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that used gas stoves for heat (yes/no) based on their par-
ent’s response to the question, “Was this gas stove or
oven used to heat the house over the past 12 months
(yes/no)”.

Ventilation was characterized based on parent’s re-
sponse to, “Is there an exhaust fan near this stove that
sends fumes outside the home (yes/no)” and, “How often
is this exhaust fan used (never, rarely, sometimes, or al-
ways).” We classified children as living in a household
that did not use ventilation if parents stated that there
was no exhaust fan or that they never used the exhaust
fan. We classified children as living in a household that
used ventilation if parents reported that they rarely,
sometimes or always used the exhaust fan.

Respiratory health outcomes

For children aged 2—-16 years of age, dichotomous respira-
tory health outcomes were available including parent-
reported: i) doctor-diagnosed asthma, ii) chest wheeze or
whistling in past 12 months, and iii) doctor-diagnosed
chronic bronchitis.

Lung function tests were performed at the mobile exa-
mination centers on children between 8-16 years of age
following spirometry protocols issued by the American
Thoracic Society [43].

Sociodemographic factors and covariates

Selected characteristics were assessed for their relation-
ship to respiratory outcomes and parental behaviors
regarding gas stoves. These included age group, sex,
race-ethnicity, parental education, parental history of
asthma or hay fever, body mass index percentile for age
cut-offs following the U.S. Centers for Disease and Pre-
vention recommended guidelines [44], poverty income
ratio, household income < $20,000, cigarette smoking in-
doors, heating with a gas stove, the presence of pets in
the household (only cats, dogs and birds), type of resi-
dence (rural versus urban) and US census region.

Statistical approach

To account for the complex sampling design, data were
analyzed using appropriate NHANES sample weights
using the “svy” command in Stata version 12.1 (Stata-
Corp, College Station, TX). The weighted proportions of
participants with respiratory health outcomes and 95%
confidence intervals were calculated for children residing
in four different settings in homes: (1) where parents re-
ported using ventilation when operating gas stoves for
cooking or heating; (2) where parents reported not using
ventilation when operating a gas stove for cooking or
heating; (3) where parents reported using ventilation
when operating gas stoves for cooking only; and, (4)
where parents reported not using ventilation when
operating gas stoves for cooking only. Chi-squared tests
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assessed the association between prevalent respiratory
health outcomes and ventilation use. Covariates were
included in the models if they were associated with a
respiratory health outcome at o <0.20. Additionally,
household income below $20,000, which had the least
amount of missing data, was included in each model be-
cause prior research has demonstrated a strong asso-
ciation between income and reported ventilation use.
Multivariate linear regression models assessed the as-
sociation between percent of predicted spirometry mea-
surements (one-second forced expiratory volume [FEV,],
forced vital capacity [FVC], and FEV,/FVC ratio) and
gas stoves in all children aged 8—16 years. These models
were also stratified by sex. Reference population spirom-
etry values were calculated using NHANES III race and
sex specific estimating equations that accounted for age
and height for FEV; and FVC, as derived by Hankinson
et al. [45] and Collen et al. [46]. Percent-predicted values
were calculated by taking the ratio of observed spirometry
measurements over predicted values and multiplying by
100%. Model covariates accounted for environmental and
host factors such as indoor cigarette smoking, the pres-
ence of pets in the home, household income < $20,000,
using a gas stove for heating purposes, and asthma status.

Results

Population characteristics and prevalence rates of re-
spiratory illnesses for children residing in homes that
used a gas stove are presented in Table 1. Overall, the
unadjusted prevalence of wheeze (14.2% vs. 19.3%, p-
value = 0.01, N =7,380) and bronchitis (3.2% vs. 5.0%,
p-value =0.02, N=7,378) were lower among children
residing in households that reported using ventilation
when operating their gas stoves compared to households
that did not use ventilation when operating their gas
stove. The unadjusted prevalence of asthma (8.1% vs.
11.1%, p-value=0.11, N=7,378) was not significantly
different between households by ventilation status. The
unadjusted prevalence of asthma (8.86% vs. 13.54%, p =
0.04) and wheeze (15.7% vs. 23.26%, p = 0.003), but not
bronchitis (3.94% vs. 4.48%, p = 0.62), was lower among
children residing in households that reported not using
a gas stove for heat compared to households that used a
gas stove for heat. In unadjusted models, asthma preva-
lence was also associated with gender, BMI, parental his-
tory of asthma or hay fever, household income < $20,000,
and age group. The unadjusted prevalence of chronic
bronchitis was associated with age, race-ethnicity, paren-
tal history of asthma or hay fever, indoor cigarette
smoke, household income < $20,000, and census region.
The unadjusted prevalence of wheeze was associated
with age, parental history of asthma or hay fever, the
presence of a pet with fur or a bird in the home,
indoor cigarette smoke, race-ethnicity, household
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Table 1 Mean percent prevalence with 95% confidence intervals of asthma, wheeze, and bronchitis among children
aged 2-16 living in homes with gas stoves by different stove use habits’

Ever diagnosed with
asthma (N =7,390)

Wheeze in past 12
months (N=7,392)

Ever diagnosed with
chronic bronchitis (N = 7,390)

Variable No. cases Prevalence P-value’ No. cases Prevalence P-value’ No. cases Prevalence P-value®
(95% CI) (95% CI) (95% CI)

Total cases 572 948 (8.87, 11.30) 1,422 16.58 329 405
(14.88, 18.28) (3.08, 5.03)

Vent used w/gas stove n=7378 n=7380 n=7378

Yes 260 807 (6.11,1059  0.11 643 14.20 0.01 134 317 0.02
(11.79,17.01) (2.20, 4.53)

No 310 11.09 (842, 14.47) 776 19.30 194 5.08
(16.90, 21.95) (3.85, 6.67)

Gas stove used for heating n=7346 N=7348 n=7346

Yes 117 13.54 (946, 19.03) 0.04 278 23.26 0.003 74 448 0.62
(1835, 29.03) (2.73,7.25)

No 447 8.86 (7.16, 10.92) 1,133 15.70 251 394
(14.05, 17.52) (3.03, 5.09)

Vent and Stove Use n=7334 n=7336 n=7334

Vent not used and stove 78 1363 (859, 2097) 0.13 197 25.07 0.003 60 543 0.10

used for cooking and heating (1858, 32.91) (3.51, 8.33)

Vent used and stove used 39 1340 (741, 23.03) 81 20.14 14 282

for cooking and heating (13.84, 28.38) (1.09, 7.08)

Vent not used and stove 224 10.36 (748, 14.18) 568 18.13 130 487

only used for cooking (15.59, 20.99) (3.52,6.72)

Vent used and stove 221 7.67 (563, 10.35) 562 13.76 120 3.20

only used for cooking (11.32, 16.63) (2.19, 4.65)

'Unweighted sample sizes and weighted proportions (prevalence).
2p-values obtained from x2 test.

income < $20,000, and BMI. Parental education and urban
versus rural residence were not associated with any health
outcomes (data not shown).

Multivariate logistic regression models were used to
evaluate the odds of chronic respiratory illnesses in chil-
dren who lived in homes where gas stoves were venti-
lated and only used for cooking while adjusting for other
confounders (Table 2: Model 1). After adjusting for con-
founders, children who lived in homes where parents re-
ported that they used ventilation were less likely to be
diagnosed with asthma (aOR = 0.64, 95% CI: 0.43, 0.97),

diagnosed with chronic bronchitis (aOR = 0.60, 95% CI:
0.37, 0.95), or report wheeze (aOR =0.60, 95% CI: 0.42,
0.86). When parental habits regarding using a gas stove
for heating were included as an additional covariate
(Table 3: Model 2), only wheeze (aOR=0.62, 95% CI:
0.44-0.89) and chronic bronchitis (aOR =0.61, 95% CI:
0.38-0.98) remained significantly associated with vented
gas stoves after adjusting for other confounders (p =0.01
and p=0.04, respectively). In homes where parents re-
ported using gas stoves only for cooking and not heating,
children were significantly less likely to have a diagnosis of

Table 2 Adjusted Odds ratios and 95% confidence intervals for the association between respiratory illnesses in
children aged 2-16 years who live in households that use gas stove with ventilation compared to households that use

gas stoves without ventilation (Model 1)

Ever diagnosed with asthma®

Wheeze in past 12 months®

Ever diagnosed with bronchitis®

(N =5,745) (N =5,744) (N=7,255)
Ventilation of gas stove No. cases OR (95% Cl) No. cases OR (95% Cl) No. cases OR (95% ClI)
No 269 1 Ref. 561 1 Ref. 188 1 Ref.
Yes 224 0.64 (043, 0.97)* 458 0.60 (042, 0.86)* 128 0.60 (0.37, 0.95)*

*P-value <0.05.

?Adjusted for age group, sex, parental history of asthma or hay fever, and furry or feathery pets in the house, household income < $20,000, and BMI percentiles

for age.

bAdjusted for age group, parental history of asthma or hay fever, furry or feathery pets in the house, indoor tobacco smoke, race-ethnicity, household income <

$20,000, and BMI percentile for age.

“Adjusted for age group, parental history of asthma or hay fever, indoor tobacco smoke, race-ethnicity, household income < $20,000, and census region.



Kile et al. Environmental Health 2014, 13:71
http://www.ehjournal.net/content/13/1/71

Page 5 of 9

Table 3 Adjusted Odds ratios and 95% confidence intervals for the association between respiratory illnesses in
children aged 2-16 years and gas stove use habits (Model 2)

Ever diagnosed with asthma® (N = 5,646)

Wheeze in past 12 months® (N = 5,647)

Ever diagnosed with bronchitis® (N =7,114)

No. cases OR (95% CI) No. cases OR (95% ClI) No. cases OR (95% ClI)
Gas stove used with ventilation
No 263 1 Ref. 555 1 Ref. 184 1 Ref.
Yes 224 0.68 (045, 1.04) 458 0.62 (0.44, 0.89)* 128 061 (0.38, 0.98)*
Gas stove used for heating
Yes 382 1 Ref. 795 1 Ref. 239 1 Ref.
No 7105 0.56 (0.34, 0.94)* 218 0.57 (0.38, 0.85)* 73 1.12 (0.66, 1.92)

*P-value <0.05.

@Adjusted for gas stove used for heating, age group, sex, parental history of asthma or hay fever, and pets in the house, household income < $20,000, and BMI.
PAdjusted for gas stove used for heating, age group, parental history of asthma or hay fever, pets in the house, indoor tobacco smoke, race-ethnicity, household

income < $20,000, and BMI.

“Adjusted for gas stove used for heating, age group, parental history of asthma or hay fever, indoor tobacco smoke, race-ethnicity, household income < $20,000,

and census region.

asthma (aOR =0.56, 95% CI: 0.34-0.94) and wheeze
(aOR =0.57, 95% CI: 0.38-0.85), compared to children
in homes that used a gas stove for cooking and heating
after adjusting for other confounders. The odds of
chronic bronchitis, however, was not significantly differ-
ent for households that used a gas stove only for cook-
ing compared to households that used a gas stove for
cooking and heating (aOR=1.12, 95% CI: 0.66-1.92)
after adjusting for other confounders.

Table 4 examined the potential for joint effects of ven-
tilation practices and using the gas stove for heating on
respiratory illness in children. Compared to children liv-
ing in homes where parents reported not using ventila-
tion and who also used the gas stove for heat, using
ventilation lowered the odds of asthma in children by
14%; not using the stove for heat lowered the odds by
38%; and using ventilation and not using the stove for
heat lowered the odds by 59%. Similar results were
found for wheezing. However, no significant association
was observed for the joint effect of ventilation and using
the gas stove heat on the odds of chronic bronchitis.

The relationship between lung function and behavioral
factors related to gas stoves are presented in Table 5.
The FEV; measurements ranged between 468 mL to

5683 mL with a weighted mean and standard deviation
of 2658 mL and 882 mL. The FVC measurements
ranged between 864 to 6846 mL with a weighted mean
and standard deviation of 3069 mL and 1036 mL. For
the FEV/FVC ratio, we observed a range between 31.6%
and 100% with a weighted mean and standard error of
86.9% and 0.2%. Among children aged 8-16 years who
provided spirometry measurements, unadjusted mean
FEV, and FVC were higher in children who lived in
homes where parents used an exhaust vent compared to
children who lived in homes where there was no exhaust
vent or parents reported not using the exhaust vent
when operating their gas stoves (Table 5). Table 6 com-
pares the percent of predicted (or normalized) differ-
ences in spirometry measurements among children aged
8-16 years in households that operated gas stoves with
ventilation compared to households that operated gas
stoves without ventilation. In fully adjusted models, the
overall percent-predicted FEV; (p =0.08), FVC ( p =0.20)
and FEV/FVC (p = 0.11) were modestly higher in children
living in homes with vented gas stoves compared to
homes without ventilation of gas stoves, although these
did not reach statistical significance (Table 6). Although
after stratifying by sex, we observed that the percent-

Table 4 Adjusted Odds ratios and 95% confidence intervals for respiratory illnesses in children aged 2-16 years and
the joint association between ventilation (yes/no) and gas stove use habits (cooking only/cooking and heating)

Asthma® (N = 5,646)

Wheeze® (N = 5,647) Bronchitis® (N =7,114)

No. cases  aOR (95% ClI) No. cases  aOR (95% ClI) No. cases  aOR (95% ClI)
Vent not used and stove used for cooking & heating 69 1 Ref. 156 1 Ref. 59 1 Ref.
Vent used and stove used for cooking & heating 36 0.86 (0.34, 2.17) 62 062 (031, 1.20) 14 049 (0.21,1.12)
Vent not used and stove used only for cooking 194 0.62 (032, 1.23) 399 0.57 (035,092 125 1.05 (061, 1.81)
Vent used and stove used only for cooking 188 041 (0.23, 0.74)* 39 035 (021, 060)* 114 0.65 (0.36, 1.19)

*P-value <0.05.

@Adjusted for age group, sex, parental history of asthma or hay fever, household income < $20,000, pets in the house, and BMI.
PAdjusted for age group, parental history of asthma or hay fever, pets in the house, indoor tobacco smoke, race-ethnicity, household income < $20,000, and BMI.
“Adjusted for age group, parental history of asthma or hay fever, indoor tobacco smoke, race-ethnicity, household income < $20,000, and census region.
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Table 5 Univariate association between behaviors related to gas stove use and spirometry measurements for FEV,

(mL), FVC (mL) and FEV,/FVC Ratio in children aged 8-16 years

Mean FEV, (95% ClI)

Mean FVC (95% CI)

FEV,/FVC (95% Cl)

N
All 2472
Vented Gas Stove
Yes 1,147
No 1,325
Gas Stove Used for Heating
Yes 441
No 2,017

2658 (2586, 2730)

2742 (2645, 2841)*
2562 (2457, 2668)

2569 (2385, 2755)
2670 (2595, 2744)

3069 (2977, 3161)

3147" (3027, 3267)
2981 (2850, 3113)

2963 (2751, 3175)
3084 (2989, 3179)

86.9% (86.5, 87.3)

87.4% (86.8, 88.0)
86.4% (85.8, 87.1)

86.9% (85.9, 87.9)
86.9% (86.5, 87.3)

*p-value <0.05.
70.05 < p-value <0.1.

predicted FEV; was almost 3% higher in girls (p =0.02)
that lived in homes where parents reported using ventila-
tion compared to homes where ventilation was not used.
There was no significant association between venting of
gas stoves with FVC in girls (p=0.13). The percent-
predicted FEV;/FVC ratio was 1.6% (95%CL 0.16, 3.0,
p-value = 0.03) higher among girls living in homes that
reported vent usage compared to girls in homes that re-
ported not using ventilation with gas stoves (Table 6). No
associations between spirometry measurements and venti-
lation were observed in boys. In addition, no association
between spirometry and heating with a gas stove were ob-
served overall or in the sex-stratified analysis.

Discussion

The results show that among children who live in house-
holds with a gas stove kitchen appliance, the prevalence
of respiratory illness was lowest in children when venti-
lation was used when operating the gas stove and when
the gas stove was not used for heat. Our finding support
previous analysis of NHANES III by Lanphear et al. [28],
which found that using a gas stove for heating increased
the likelihood of asthma in children. Our analysis sug-
gests that ventilation is likely an effect modifier of this
association. Furthermore, we observed better lung func-
tion in children living in households where ventilation

was used when operating the gas stove than in households
that did not have ventilation or where no ventilation was
used. This association with lung function was only signifi-
cant in girls and it is unclear whether this stems from a
greater sensitivity to gas stove emissions or differential be-
haviors that would result in more frequent exposure to gas
stoves. Children’s lung function, however, was not associ-
ated with parental report of using the gas stove for heat.
While indoor air pollution measurements are not
available in NHANESII], there is considerable evidence
that gas stoves emit pollutants that adversely impact re-
spiratory health and lend biological plausibility to our
findings. Gas cooking and heating are a major source of
nitrogen dioxide in the indoor environment [34-36]. In
animal models, dose-dependent effects of nitrogen diox-
ide include activation of nuclear factors (NF-kB) within
airway epithelial cells, resulting in neutrophilic inflam-
mation and increased release of inflammatory cytokines
[47]. Other mechanistic studies have consistently de-
scribed that nitrogen dioxide has adjuvant properties
in the development of allergic asthma by promoting eo-
sinophilia, and the production of antigen-specific IgE and
IgG antibodies [48]. In epidemiological studies, short- and
long-term exposure to nitrogen dioxide has been inversely
associated with FEV1 in pediatric populations [49,50]. A
recent prospective epidemiological study found a higher

Table 6 Differences in percent of predicted spirometry (observed/predicted*100%) indicators among children aged
8-16 years in households that operated gas stoves with ventilation compared to households that operated gas stoves
without ventilation that is stratified by gender (females N = 1,192; males N=1,186)

FEV, (Crude) FEV, (Adjusted)®

FVC (Crude)

FVC (Adjusted)®  FEV,/FVC (Crude)  FEV,/FVC (Adjusted)?

Difference® Difference® Difference® Difference® Difference® Difference®
(95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% CI) (95% ClI)
N 2,378 2,335 2,3378 2,335 2,378 2,335
All 1113 2.75(0.29, 5.21)* 2.33 (=0.29, 4.95) 2.08 (—0.66, 4.82) 1.75 (=0.95, 4.44) 1.14 (=03, 2.31) 097 (-0.24, 2.17)
Female 570 286 (0.71, 5.01)* 293 (0.57, 5.30)* 1.6 (=04, 3.6) 1.76 (-0.51, 4.02) 145 (0.05, 2.85)% 1.58 (0.16, 3.00)*
Male 543 262 (-1.36,661) 174 (=1.74,524) 224 (-247,696) 159 (-2.14,532) 087 (-0.56, 2.30) 043 (-0.94, 1.81)

?Adjusted for environmental tobacco smoke, using a gas stove for heating, furry or feathery pets in the home, asthma status and household income < $20,000.

PNHANESIII reference spirometry measurements derived from Hankinson et al. [45].

*P-value <0.05.
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risk of asthma morbidity among asthmatic children ex-
posed to nitrogen dioxide levels below the US EPA outdoor
air standard [51]. Polycyclic aromatic hydrocarbons (PAHs),
another pollutant emitted from gas stoves, is also known to
augment the allergic response by enhancing the release of
inflammatory mediators in the immune system [52,53].
Polycyclic aromatic hydrocarbons are commonly found in
association with fine particulate matter (PM,5), which has
been inversely associated with FEV; in preschool children
[54]. A recent case—control study in children found strong
associations between environmental exposure to PAHs and
multiple asthma-related biomarkers including IgE and in-
flammatory cytokines [55].

Using an exhaust fan can improve indoor air quality
and reduce pollutants generated from gas stoves
[9-16,56-58]. Thus, it is plausible that children who
live in households that use exhaust fans when operat-
ing their gas stoves have better lung function and lower
odds of respiratory illnesses. The assessment of the
presence or absence of an exhaust fan in homes with
gas stoves may be an important environmental factor
to consider when taking an exposure history. Physi-
cians, nurses, or health educators could encourage par-
ents to use exhaust fans when operating gas stoves as
an additional intervention for improving their chil-
dren’s respiratory health. Further, physicians, nurses
and health educators could discourage the use of a gas
stove as a household heating source.

It is important to note that this study has several lim-
itations. While the study is generalizable to all U.S.
non institutionalized children ages 2—16 years of age, it
is cross-sectional and so we cannot comment on the
temporal relationship between households with gas
stoves, parental use of ventilation, and respiratory
illnesses. NHANES III does not measure indoor air
pollution levels which also limits our ability to quan-
titatively evaluate the relationship between gas stove
emissions, ventilation practices, and respiratory out-
comes. This analysis did not control for ambient air
pollution concentrations because this data is not col-
lected in NHANES and while it is possible to link
NHANES data to ambient air pollution this would re-
quire access to restricted data that was outside the
scope of this study. Nor did this survey collect infor-
mation on the specific type of ventilation system or its
effectiveness. Collecting information on the types of
ventilation and its effectiveness by quantitatively meas-
uring indoor air pollution in a nationally representative
survey, like NHANES, would be very useful for future
studies examining the relationship between gas stoves
and respiratory health. Additionally, both the ex-
posures and the outcomes in this study relied upon
parental recall which may be a source of bias. It is
therefore possible that respondents under-reported
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smoking behaviors which could explain why indoor
smoke exposure was not a risk factor for asthma even
though exposure to environmental smoke exposure
was a risk factor for bronchitis in this sample. How-
ever, the consistency of our results between parental-
reported respiratory illnesses in children and quantita-
tive lung function measurements provide additional
confidence in the association between ventilation prac-
tices and children’s respiratory health. There were also
missing observations, particularly for BMI because
fewer people consent to the physiological measure-
ment portion of the survey. However, when we analyze
the data without BMI using the larger sample size, the
statistical significance of the observed associations did
not change in any meaningful way for asthma or
wheeze (data not shown). Missing data could lead to
selection bias but the consistency in the results (with
or without BMI) makes this seem unlikely. Finally, the
survey only queried respondents about ventilation if
they indicated that they had a gas stove making it
impossible to evaluate the effect of ventilation on re-
spiratory outcomes in homes that electric stoves.
Moreover, we opted to categorize ventilation usage
using an extreme dichotomy (no exhaust fan or never
use exhaust fan versus rarely, sometimes and always
using exhaust fan) rather than four gradations of venti-
lation use (never, rarely, sometimes and always)
because the division between rarely and sometimes is
somewhat ambiguous and only 15 people with asthma
and 17 people with bronchitis reported “rarely” using
their exhaust fan.

Conclusion

This study observed that using a ventilating exhaust
fan when operating a gas stove for cooking or heating
was associated with a lower prevalence of asthma and
other chronic respiratory symptoms in U.S. children
after adjusting for other risk factors. Ensuring that ven-
tilation is installed near gas stoves and that it is used
when operating gas stoves is important, as is, only
using gas stoves for cooking and not as an auxiliary
heat source. The built environment and how people
interact with their built environment, such as gas
stoves, can change over time and it is important that
national surveys continue to ask questions about gas
stoves, ventilation, and behaviors related to their use in
surveys that also collect information about children’s
respiratory health. Additionally, while the type of
stoves and heating used in households are often con-
sidered by health care providers who are evaluating in-
door air quality risk factors in pediatric patients,
additional questions relating to the presence of an ex-
haust fan may provide an opportunity for preventive
intervention and improved outcomes.
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Cooking fuels and prevalence of asthma: a global analysis of
phase three of the International Study of Asthma and
Allergies in Childhood (ISAAC)
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Summary

Background Indoor air pollution from a range of household cooking fuels has been implicated in the development
and exacerbation of respiratory diseases. In both rich and poor countries, the effects of cooking fuels on asthma and
allergies in childhood are unclear. We investigated the association between asthma and the use of a range of cooking
fuels around the world.

Methods For phase three of the International Study of Asthma and Allergies in Childhood (ISAAC), written
questionnaires were self-completed at school by secondary school students aged 13-14 years, 244734 (78%) of whom
were then shown a video questionnaire on wheezing symptoms. Parents of children aged 6-7 years completed the
written questionnaire at home. We investigated the association between types of cooking fuels and symptoms of
asthma using logistic regression. Adjustments were made for sex, region of the world, language, gross national
income, maternal education, parental smoking, and six other subject-specific covariates. The ISAAC study is now
closed, but researchers can continue to use the instruments for further research.

Findings Data were collected between 1999 and 2004. 512707 primary and secondary school children from 108
centres in 47 countries were included in the analysis. The use of an open fire for cooking was associated with an
increased risk of symptoms of asthma and reported asthma in both children aged 6-7 years (odds ratio [OR] for
wheeze in the past year, 1-78, 95% CI 1-51-2-10) and those aged 13-14 years (OR 1-20, 95% CI 1-06-1-37). In the
final multivariate analyses, ORs for wheeze in the past year and the use of solely an open fire for cooking were
2-17 (95% CI 1-64-2-87) for children aged 6-7 years and 1-35 (1-11-1-64) for children aged 13-14 years. Odds
ratios for wheeze in the past year and the use of open fire in combination with other fuels for cooking were 1-51
(1-25-1-81 for children aged 6-7 years and 1-35 (1-15-1-58) for those aged 13-14 years. In both age groups, we
detected no evidence of an association between the use of gas as a cooking fuel and either asthma symptoms or
asthma diagnosis.

Interpretation The use of open fires for cooking is associated with an increased risk of symptoms of asthma and of
asthma diagnosis in children. Because a large percentage of the world population uses open fires for cooking, this
method of cooking might be an important modifiable risk factor if the association is proven to be causal.

Funding BUPA Foundation, the Auckland Medical Research Foundation, the Health Research Council of New
Zealand, the Asthma and Respiratory Foundation of New Zealand, the Child Health Research Foundation, the
Hawke’s Bay Medical Research Foundation, the Waikato Medical Research Foundation, Glaxo Wellcome New Zealand,
the NZ Lottery Board, Astra Zeneca New Zealand, Hong Kong Research Grant Council, Glaxo Wellcome International
Medical Affairs.

Introduction

Despite much research, little is known about the cause of
asthma. The international study of asthma and allergies
in childhood (ISAAC) has documented a wide variation
in asthma prevalence across the world and has also
detected evidence of a continuing increase, especially in
low-income and middle-income countries." The possible
role of air pollution in the development of respiratory
diseases is a major focus of research. Several studies
have investigated the association between indoor air
pollution and asthma and chronic obstructive pulmonary
disorder (COPD).** In high-income countries, the use of
gas appliances for cooking has been implicated as a

cause of respiratory symptoms, particularly in women.’
The use of gas as cooking fuel has also been implicated
as one of the factors that might explain the higher asthma
prevalence in Chinese children in Hong Kong compared
with children in other Chinese cities.® However, results
from the European community respiratory health survey
of more than 10000 respondents did not show any
relation between the use of gas for cooking and
obstructive respiratory symptoms.’

Exposures to domestic fire burning of coal and biomass
such as wood, animal dung, and crop residues for
cooking or heating are widespread, especially in rural
areas of poor countries. According to WHO, at least half
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the world’s population live in households in which solid
fuels or biomass are the primary fuel for cooking,
heating, or both.** In resource-poor countries, cooking
with biomass is typically done on unvented stoves
without any form of ventilation system.” In India,
biomass burning has been shown to be associated with
increased respiratory symptoms in children.” A
nationwide study in India showed that exposure to the
combustion of biomass and solid fuels was associated
with an increased risk of asthma in women.” A study of
508 adults in the USA also showed a positive association
between asthma and exposure to cooking indoors with
wood and coal.” WHO estimated that indoor air pollution
from the burning of biomass causes almost 2 million
deaths annually.® Because the burning of biomass fuel or
the use of gas for cooking are potentially modifiable
factors, the study of their relation with asthma and
wheezing illnesses in children is important.

Many studies of the association between cooking fuel
and asthma have been of low statistical power.
Furthermore, estimation of the individual exposure
presents a major challenge because the proximity to the
sources of exposure, the duration of exposure, and
accurate assessment of ventilation are not easily
quantifiable in large studies. The existing evidence about
the association between household air pollution from
biomass burning and asthma is conflicting, with more
consistent positive associations in children than in
adults.**® We investigated the relation between asthma
and the use of a range of cooking fuels in study centres
around the world. Using standardised methods, phase
one of ISAAC documented large variations in asthma
prevalence across the world. Phase two included objective
measurements including skin-prick test and bronchial
challenge test, providing further support of the
importance of environmental factors in the development
of asthma. The results reported here are based on a
detailed environmental questionnaire administered to
children in 47 countries to test different cause hypotheses
of asthma as part of the phase three ISAAC study.

Methods

Study design

ISAAC phase three is an expansion using the same
study design of the first phase of ISAAC, findings from
which showed a wide variation in the prevalence of
childhood asthma and related atopic disorders across
the world."*® The details of the study protocol are
available elsewhere.”” Briefly, written questionnaires
were self-completed at school by secondary school
students aged 13-14 years who were then, in most
centres, shown a video questionnaire on wheezing
symptoms. 244734 (78%) adolescents completed a video
questionnaire on wheezing symptoms. Parents of
children aged 6-7 years completed the written
questionnaire at home. School children in these two
targeted age groups were randomly selected by
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individual centres from within a defined geographical
area. Studies were done with local ethics approval and
the method of consent was determined by local ethics
committees.”” The ISAAC International Data Centre in
Auckland, New Zealand, assessed the submitted data
for adherence to the standardised ISAAC protocol. In
this Article, we focus on “current wheeze” (in response
to the question “Have you (has your child) had wheezing
or whistling in the chest in the past 12 months?”),
“asthma ever” (“Have you (has your child) ever had
asthma?”), symptoms of “rhinoconjunctivitis” (“In the
past 12 months, have you (has your child) had a problem
with sneezing, or a runny, or blocked nose when you
(he/she) did not have a cold or the flu?” and “In the past
12 months, has this nose problem been accompanied
by itchy-watery eyes?”), and symptoms of “eczema”
(“Have you (has your child) had this itchy rash at any
time in the past 12 months?” and “Has this itchy rash at
any time affected any of the following places: the folds
of the elbows, behind the knees, in front of the ankles,
under the buttocks, or around the neck, ears or eyes?”).
These questions related to eczema were preceded by

For the core and environmental

the question “Have you (has your child) ever had an questionnaires see https/isaac.
itchy rash coming and going for at least 6 months?”; if aucklandac.nz/

Data for 165 centres in 65 countries (421544 children)
submitted to the ISAAC international data centre

>

21 centres in 16 countries (32732 children) excluded:
Centres with <60% response rate or <1000 participants

Y
144 centres in 61 countries (388 812 children)

>

include the EQ)

69 centres in 38 countries (168 404 children) excluded (centres that did not

Y
75 centres in 32 countries (220408 children)

Centres with <70% data for cooking fuel

5 centres in 3 countries (22 010 children) excluded:
Centres that did not include the question on cooking fuel in the EQ

Participants with missing data for cooking fuel or sex

Y

70 centres in 29 countries (198398 children) in the adjusted
analysis of the effect of exposure to cooking fuel

| Centres with <70% data for any covariates

26 centres in 7 countries (100 672 children) excluded:

Participants with missing data for any covariates

A4
44 centres in 21 countries (97726 children) in the adjusted
and multivariate analyses of the effect of exposure to cooking
fuel among participants with full data for all variables

Figure 1: Trial profile for children aged 6-7 years
EQ=environmental questionnaire.
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Data for 242 centres in 98 cou
submitted to the ISAAC intern

ntries (814 836 adolescents)
ational data centre

A

9 centres in 6 countries (16 152 adolescents) excluded:

Centres with <70% response rate or <1000 participants

y

233 centres in 97 countries (798 684 adolescents)

A

111 centres in 59 countries (437 086 adolescents) excluded (centres that did

—> not include the EQ)

y

122 centres in 54 countries (361598 adolescents)

A

14 centres in 7 countries (47289 adolescents) excluded:

Centres that did not include the question on cooking oil in the EQ
Centres with <70% data for cooking fuel

Participants with missing data for cooking fuel or sex

y

108 centres in 47 countries (314309 adolescents) in the
adjusted analysis of the effect of exposure to cooking fuel

A

43 centres in 16 countries (160 022 adolescents) excluded:
Centres with <70% data for any covariates
Participants with missing data for any covariates

b

y

fuel among participants with f

65 centres in 31 countries (154 287 adolescents) in the adjusted
and multivariate analyses of the effect of exposure to cooking

ull data for all variables

Figure 2: Trial profile for children aged 13-14 years
EQ=environmental questionnaire.
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the answer to this question was negative, the following
questions about eczema were not asked. We analysed
“symptoms of severe asthma”, defined as children with
current wheeze who, according to the written
questionnaire, in the past 12 months had four or more
attacks of wheeze, or one or more nights of sleep
disturbance from wheeze per week, or wheeze that was
severe enough to limit the child’s speech to only one or
two words at a time between breaths. Previous ISAAC
analyses showed that a combination of these charac-
teristics of more severe wheezing episodes was more
closely associated with asthma mortality and hospital
admissions than current wheeze alone.” Additionally,
children aged 13-14 years were asked to respond to a
video questionnaire showing various symptoms of
wheeze in children of similar age, and a positive
response to the question relating to a scene showing a
young person wheezing at rest (“Has your breathing
ever been like this in the past 12 months?”) was defined
as “current wheeze-video”.”

In ISAAC phase three, an optional environmental
questionnaire (dependent on the resources available at
each centre) was administered in addition to the core
symptom questionnaire to assess several specific cause

hypotheses.” One of the questions in the environmental
questionnaire that we analysed in the present study was
“What fuel is usually used for cooking in your house?”
The four answers to choose from were “electricity”,
“gas”, “open fires”, and “other” (if respondents chose
other, they had to specify which fuel they used).
Respondents could choose more than one category. For
this analysis, we used “electricity” as the reference
group, and compared it with the other categories,
including “gas”, “open fires only”, “open fire in
combination with other fuel”, “multiple non-fire fuel”,
and “other fuel only”. The group of “other fuel” is small
but heterogeneous, including the use of microwave,
solar power, kerosene, liquid petroleum gas, and
methane.

Statistical analysis

We calculated odds ratios (ORs) using generalised
linear mixed models for a binomial distribution and
logit link and with the centres modelled as a random
effect. In the initial analyses of associations between
outcomes and use of different types of cooking fuel, all
children from centres with submission of cooking fuel
data were included with adjustment for sex, region of
the world, language, and gross national income.
Regions of the world were Africa, Asia-Pacific, Eastern
Mediterranean, Latin America, North America,
northern and eastern Europe, Oceania, the Indian sub-
continent, and western Europe. The written question-
naire was translated from English, according to the
standardised ISAAC phase three protocol, into local
languages: including Arabic, Chinese, English, Hindji,
Indonesian, Portuguese, and Spanish.* Centres were
allocated to four categories of socioeconomic status
based on their country’s gross national income per
person: low, lower-middle, upper-middle, and high, as
categorised by World Bank gross national income
data.” To define affluent and non-affluent status, we
combined the lower three categories as the non-affluent
countries and the top category as the affluent countries.
In the final models, we did multivariate analyses,
adjusting for other covariates in the environmental
questionnaire, including maternal education, maternal
and paternal smoking, television watching, exercise,
siblings (older and younger), consumption of fast food,
frequency of truck traffic, and paracetamol use. We
included these factors because they were known to be
associated with respiratory symptoms or have been
shown by our previous studies to be associated with
wheeze and asthma.”” We tested the effect modification
by sex and by affluence by comparing the log-
transformed ORs for boys and girls, and for affluent
and non-affluent study centres. The log-odds-ratio for
interaction was derived as the difference between the
stratum-specific log-odds-ratios, and its variance was
estimated as the sum of the variances of each of the
stratum-specific log-odds-ratios. For the children aged
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13-14 years, data for 242 centres in 98 countries with
814836 participants were submitted to the ISAAC
International Data Centre for data analyses. For
children aged 6-7 years, data for 165 centres in
65 countries with 421544 participants were submitted.
Adherence to the ISAAC protocol was assessed, and
centres with serious deviations from protocol (<70%
response rate for the adolescents and <60% for the
children, and centres with <1000 participants for both
age groups) were excluded from the worldwide data
analyses.”” For inclusion in the final analysis, centres
needed 70% or more of participants with data for the
use of cooking fuels and all covariates. SAS version 9.1
was used for all analyses.

Role of the funding source

The study sponsors had no role in the study design, data
collection, analysis, data interpretation, writing of the
report, or the decision to submit the paper for publication.
The authors had the responsibility to write and submit
the paper for publication, with the involvement of the
ISAAC Phase Three Study Group. The corresponding
author had full access to all the data and the final
responsibility to submit for publication.

Results

Data were collected between 1999 and 2004. In the
initial statistical models, there were 198398 children
aged 6-7 years from 70 centres in 29 countries (figure 1)
and 314309 children aged 13-14 years from 108 centres
in 47 countries (figure 2). Tables 1 and 2 show the dis-
tribution of the use of different types of fuel for cooking
by region for the two age groups (see appendix for the
prevalence rates of the various health outcomes in
relation to the use of different types of cooking fuel in
the two age groups). In the final multivariate analysis,
only those children with complete covariate data were
included (figures 1 and 2). As shown in tables 1 and 2,
the highest percentages for the use of any open fire or
open fire only were from Africa, the Indian subcontinent,
and the Asia-Pacific region. For the initial and final
multivariate analyses in both age groups, we detected
statistically significant and consistent associations
between the use of an open fire for cooking and current
symptoms of wheeze and asthma (tables 3 and 4). In the
multivariate analyses for children aged 13-14 years, the
“use of open fire only” for cooking was associated with
current wheeze as assessed by both the written and
video questionnaires (table 4). In children aged
6-7 years, “use of open fire only” for cooking was
associated with current wheeze, severe asthma
symptoms, and ever reported asthma (table 3).
Furthermore, in children aged 13-14 years, the use of
open fire only for cooking was associated with ever
reported eczema and current symptoms of eczema, and
the use of open fire in combination with other fuels for
cooking was also associated with ever reported eczema

www.thelancet.com/respiratory Vol1 July 2013

and current symptoms of eczema (table 4). In those
aged 6-7 years, the association between the symptom of
wheeze or severe asthma with the use of open fires only
seemed stronger compared with use of open fire in
combination with other fuel (table 3).

Tables 5 and 6 show the association between current
wheeze and the use of different types of cooking fuel
stratified by sex and country affluence. We did not detect
any significant interaction between sex and the use of
different fuels in their associations with current wheeze.
When stratified by country affluence, the associations
with current wheeze were statistically significant for the
two age groups for any open fires and open fire only in
non-affluent countries only, but tests for interaction
between country affluence and use of different fuels in
their associations with current wheeze were not
significant (appendix).

In both age groups, symptoms of wheeze and ever
reported asthma were not associated with the use of gas
as a cooking fuel (table 7). Furthermore, none of the
associations of these outcomes with gas cooking was
statistically significant when stratified according to sex or
country affluence in either age group (tables 5 and 6).

N Multiple Other Any Openfire Gasonly Electricity
non-fire fuelonly openfire only (%) (%) only (%)
fuels (%) (%) (%)

Africa 2308 0% 42% 21% 0% 23% 14%
Asia-Pacific 27022 11% 1% 1% 2% 78% 7%
Eastern Mediterranean 14977 3% <0-5% 1% <0-5% 94% 1%
Indian subcontinent 42521 4% 9% 3% 4% 79% 1%
Latin America 46586 3% <0-5% 1% 1% 91% 5%
North America 3948 1% 0% <0-5% 0% 67% 32%
Northern and eastern 15139 5% <0-5% 1% 3% 65% 26%
Europe
Oceania 10810 7% <0-5% <0-5% 1% 9% 82%
Western Europe 35087 4% 1% <0-5% 1% 61% 33%
All centres 198398 5% 3% 1% 2% 74% 15%
Table 1: Global use of different types of fuels for cooking (children aged 6-7 years)

N Multiple Other Any Fireonly Gasonly Electricity
non-fire  fuel open fire (%) (%) only (%)
fuels (%) only (%) (%)

Africa 27563 6% 3% 11% 18% 43% 18%
Asia-Pacific 49820 8% 4% 3% 3% 71% 12%
Eastern Mediterranean 15523 4% 1% 2% <0-5% 91% 3%
Indian subcontinent 41703 3% 8% 6% 3% 78% 1%
Latin America 79606 5% <0-5% 3% 2% 81% 9%
North America 5290 1% 1% 1% 0% 54% 43%
Northern and eastern 26922 7% <0-5% 2% 3% 53% 35%
Europe

Oceania 19282 10% 1% 6% 12% 19% 53%
Western Europe 48600 6% 1% <0-5% 1% 57% 35%
All centres 314309 6% 2% 4% 4% 66% 18%

Table 2: Global use of different types of fuels for cooking (children aged 13-14 years)
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Adjusted model

Multivariate analysis

Any use of open
fire

Use of open fire
only

Any use of open fire

Use of open fire
only

Current wheeze

Current symptoms
of severe asthma

Asthma ever

Current symptoms
of
rhinoconjunctivitis

Hay fever ever

Current symptoms
of eczema

Eczema ever

1.78 (1:51-2:10)
1.83 (1-42-2:35)

137 (110-1:71)

124 (0-97-1-59)
116 (0-90-1-49)
0-93(0-73-1-21)

0-80 (0-64-1-00)

179 (1.52-2:10)
1-80 (1-40-2:32)

126 (1:06-1-49)
1.06 (0-86-1:30)
1.09 (0-91-1-31)
114 (0-96-1:35)

0-97 (0-82-1-15)

1.51 (1-25-1-81)
133 (1:02-1.73)

132 (1-08-1-61)
1.02 (0-80-1:30)
1.06 (0-84-1-33)

110 (0-91-1:33)

0-90 (0-74-1-09)

2-17 (1-64-2-87)
179 (118-2-70)

145 (1.03-2-03)
112 (0-74-1-69)
120 (0-79-1-82)
1.08 (0-75-1-55)

0-64(0-45-0-93)

Data are odds ratio (95% Cl). The reference category for these estimates is electricity only used for cooking.

Table 3: Association between any use of open fire and open fire only for cooking and current symptoms
of asthma, rhinoconjunctivitis, and eczema (children aged 6-7 years)

Adjusted model Multivariate analysis
Any use of open Use of open fire Any use of open fire  Use of open fire
fire only only

Current wheeze

Current wheeze
(video)

Current symptoms of
severe asthma

Asthma ever

Current symptoms of
rhinoconjunctivitis

Hay fever ever

Current symptoms of
eczema

Eczema ever

120 (1-06-1-37)
142 (1-18-1.71)

131 (1-12-1:52)

124 (110-1-40)
109 (0-96-1-24)

110 (0-96-1-26)
1.35 (1-17-1.56)

123 (1-07-1-42)

119 (1-05-135)
137 (114-1-64)

129 (1.10-1:50)

1.23 (1-09-139)
1.07 (0-95-1-21)

1.09 (0-95-1-25)
129 (1.13-1-49)

122 (1-06-1-40)

1:35 (1-15-1:58)
174 (1-41-213)

119 (0-98-1-46)

148 (1-28-1.72)
1.08 (0-91-1-28)

1-15 (0-95-1-40)
137 (1-13-1-66)

135 (112-1-62)

1:35 (1-11-1-64)
1.87 (1-46-2-40)

1-20 (0-93-1:55)

170 (1-43-2:03)
1.02 (0-83-1-26)

1.08 (0-85-1-38)
133 (1-07-1-66)

142 (1.14-1.76)

Data are odds ratio (95% Cl). The reference category for these estimates is electricity only used for cooking.

Table 4: Association between any use of open fire and open fire only for cooking and current symptoms
of asthma, rhinoconjunctivitis, and eczema (children aged 13-14 years)
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Discussion

The findings from this large multicentre survey show
that the use of open fires for cooking is associated with
symptoms of asthma and ever reported asthma in school
children of two age groups: 6-7 years and 13-14 years.
The associations were consistent between sexes.
Furthermore, the associations were similar using three
different validated methods to assess the symptoms of
current wheeze or ever reported asthma (self-completed
written questionnaire and video questionnaires for
children aged 13-14 vyears and parent-completed
questionnaires for children aged 6-7 years).?” When
stratified according to country affluence, we found that
current wheeze was associated with open-fire cooking in
non-affluent countries only.

The potentially detrimental effects of indoor air
pollution on the development of respiratory diseases have
attracted much attention from the research community.

Household air pollution from burning of solid fuels has
been shown to be a leading risk factor for global disease
burden.” The association between acute lower respiratory
tract infections and exposure to household burning of
biomass has been investigated in several studies and the
association has been consistent (panel).”* However,
restricted data are available for the relation between
burning of biomass and asthma. In epidemiological
studies, accurate assessment of exposure can be difficult
because the intensity of exposure depends on a range of
factors such as proximity to the source of pollution, the
duration of exposure, and the ventilation system available
in the household. The concentrations of pollution from
cooking by open fire with indoor burning of biomass are
commonly in the order of hundreds and might be up to
several thousand pm/m3 of particulates smaller than
10 pm in diameter (PM,,).*** Furthermore, households
using biomass fuel in low-income and middle-income
countries do not usually have effective ventilation systems
to reduce the indoor levels of pollutants. In high-income
countries, the effects of gas stoves and other combustion
appliances on respiratory symptoms and lung function
have been studied extensively. The use of domestic gas
appliances has been associated with respiratory symptoms
and a diminished respiratory function in children.**
However, the evidence was conflicting as to whether the
use of gas cooking is associated with asthma.

About half the world population is exposed to
household air pollution from the burning of coal or
biomass in open fires, the use of these forms of energy
sources have received much attention. The use of
biomass fuel has been estimated to be more important
than smoking of tobacco as a risk factor for COPD
globally* In a meta-analysis done by Kurmi and
colleagues, strong associations between the use of solid
fuel and COPD (OR 2-80 [95% CI 1.18-4-00]) and
chronic bronchitis (2-35 [1-92-2-80)] were seen.” Ex-
posure to wood smoke was associated with the greatest
risk of development of COPD and chronic bronchitis. In
high-income countries, most research studies have
focused on the possible effects of the use of gas as
cooking fuel. Available data are inconsistent, with some
studies showing a positive association between gas
cooking and asthma and others showing no association.
A multicentre study of children from three Chinese cities
showed that exposure to gas cooking was one of the risk
factors explaining the higher prevalence of childhood
asthma in Hong Kong when compared with children
from mainland China.® However, the PIAMA birth
cohort study did not find any association between gas
cooking and any of the respiratory outcomes assessed,
including asthma.* Furthermore, the results from the
European Community Respiratory Health Survey of
more than 10000 adults from 11 countries did not show
any association between the use of gas for cooking and
obstructive respiratory symptoms.” Some of these
inconsistencies can be explained by errors in exposure
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Countries Centres(n) Children Multiplenon-  Otherfuelonly Anyuseofopen Openfireonly  Gasonly

(n) (n) fire fuels fire
Girls 21 44 48743  131(112-154) 0-86(0-43-172) 1.56 (119-2:05) 1.93(1-23-3:02) 0-92 (0-82-1-03)
Boys 21 44 48983  1.09(0-94-1-27) 1-10(0-64-1.90) 1.45(1-13-1-87) 2:35(1-64-3:37) 0-99(0-89-1.09)
Affluent countries 6 19 42047 122 (1:07-140) 0-84(0-45-1:57) 1.27(0-90-1.79) 1.55(0-78-311) 1.01 (0-92-1-10)
Non-affluent countries 15 25 55679 110 (0-90-134) 112 (0-61-2:04) 149 (118-1-88) 2:11(1.53-2:90) 0-88 (0-76-1-01)

Data are odds ratio (95% Cl), unless otherwise stated. The reference category for these estimates is electricity only used for cooking.

Table 5: Association between cooking fuels and current wheeze by sex or country affluence (children aged 6-7 years)

Countries Centres (n) Children Multiplenon-  Otherfuelonly  Anyuseofopen Openfireonly  Gasonly

(n) (n) fire fuels fire
Girls 31 65 78550 1.25(1-06-1-48) 072 (0-49-1:06) 1:31(1-05-1-64) 1-36(1-04-1.78) 0-98 (0-89-1.09)
Boys 31 65 75737 1.06(0-89-127) 0-98(0-70-138) 1-39(1-11-1.74) 1-36(103-1.78) 1.00 (0-90-1-12)
Affluent countries 5 17 43344 1.08(0-90-131) 1.04(0-70-1.56) 0-98 (0-61-1-56) 075 (0-32-1-75) 1-00 (0-90-1-11)
Non-affluent countries 26 48 110943 118 (1:01-139) 074 (0-53-1-04) 1-38(1-16-1-65) 139 (1-13-1.71)  0-98 (0-88-1-09)

Data are odds ratio (95% Cl), unless otherwise stated. The reference category for these estimates is electricity only used for cooking.

Table 6: Association between cooking fuels and current wheeze by sex and country affluence (children aged 13-14 years)

assessment or differences in the toxicity of the pollutant

mixtures. The type and efficiency of the ventilation Adjusted model g’ﬂt;;’;riate
systems could also have affected the relation between gas
6-7 years 13-14 years 6-7 years 13-14 years

cooking and respiratory symptoms.

In poor countries, the use of open fire associated with Current wheeze 098 (0:92-1.04)  0-99 (0-94-1-:04)  0-96 (0-89-1-03)  0-99 (0-92-1.07)
use of biomass burning for cooking is far more common Currentsymptomsof ~ 1.01(0:92-110) ~ 0-97(0-91-1:03) ~ 0.97(0-87-1:09)  0-97 (0-89-1:07)
than the use of gas or electricity. Indoor air pollution severe asthma
from biomass burning has been associated with a variety Asthma ever 0-95(0-89-1:01)  0-98(0:93-1.02)  0-94(0-88-1:02)  0-99 (0-93-1:05)
of respiratory illnesses such as respiratory tract infection, Currentsymptomsof ~ 1.04 (0-97-1.01)  0-96 (0-91-1-01)  1.00 (0-92-1-09)  0-99 (0-92-1.06)

asthma, and bronchitis.” In a study from Kentucky, USA,

rhinoconjunctivitis

. Hay f 1.02(0-95-1.09)  0-96 (0-91-1:01)  1.00(0-92-1.09)  0-99 (0-92-1.0
adults reported to have used coal or wood indoors for Cay everever ] (st Boaily 6) ¢ 98 DR o)
cooking for more than 6 months had an increased risk of e:;;:; symptomsof - 0-97(0:91-1:03)  1.00(094-1:06)  0:94(0-87-1:02)  1:00(052-1.09)

asthma (OR 2-3 [1-1-5-0])." A study of 1058 children
aged 4-6 years from Guatemala showed that exposure to
open fires for cooking was associated with symptom of
wheeze (OR 3-4 [1-3-8-5])."® A study of 755 children
from rural villages in India reported that the use of
biomass burning was associated with doctor-diagnosed
asthma (OR 4-27 [3-00—4-90]).* In addition to many
studies showing the association of indoor air pollution
and respiratory symptoms, findings from several studies
have suggested an association between traffic-related air
pollution and symptoms of eczema.”* Our results also
showed that there was a consistent association between
use of open fire for cooking and reported eczema
diagnosis and symptoms of eczema in the older age
group, but there was a weak protective effect of the use of
open fire only on eczema diagnosis in the younger age
group (table 3, multivariate analysis). Two studies have
shown a positive association between eczema and the
levels of indoor air pollutants such as PM,, nitrogen
dioxide and carbon monoxide.”* The normal skin barrier
is impaired in patients with eczema. This defect of skin
barrier function might enhance the penetration of
environmental pollutants or allergens into the skin,
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Eczema ever 0-91(0-86-0-96)  0-99 (0-93-1-04)

for cooking.

0-93 (0-88-0-99)

1.01 (0-93-1-09)

Data are odds ratio (95% Cl), unless otherwise stated. The reference category for these estimates is electricity only used

rhinoconjunctivitis, and eczema, by age group

Table 7: Association between use of gas only for cooking and current symptoms of asthma,

resulting in inflammatory responses and persistent
symptoms of eczema. Chronic exposure to pollutants
could also disrupt the normal skin barrier resulting in
increased sensitivity to chemicals or allergens. Further
studies are needed to clarify these associations between
environmental pollution and eczema, and to expose the
possible underlying mechanisms.

The large sample size, the use of standardised methods
of assessment, and validated instruments are the strengths
of this study. Findings from four validation studies have
substantiated the assocation between current wheeze and
asthma-related  bronchial  hyper-responsiveness  or
confirmation of asthma by physician assessment.** Our
results are consistent with those of other studies in finding
that the use of an open fire for cooking was associated with
wheeze symptom and reported asthma in both age groups.
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Panel: Research in context

Systematic review

We searched PubMed for reports published before March 18,
2013, with the following combinations of the search terms
“cooking fuel” and “asthma”, and “biomass fuels” and
“asthma”. We identified 40 and 29 reports, respectively.
Most of these reports were review articles or studies of the
possible effects of gas cooking in rich countries. There were
only seven studies investigating the effects of biomass
burning and asthma. Among them, only two studies
investigated the association in children and both studies
were from poor countries. The results of these studies were
inconsistent as to whether exposure to biomass burning was
associated with asthma or not.

Interpretation

We report a positive association between cooking with open
fires and the symptoms and diagnosis of asthma in childhood
in both affluent and non-affluent countries. No association was
seen with the use of gas. Because cooking with open fires with
biomass or coal is very common, especially in non-affluent
countries, more detailed studies are urgently needed to
establish whether the relation is causal and to assess
intervention strategies.

Although not statistically significantly different, the
younger age-group seemed to have higher ORs for current
wheeze for the exclusive use of open fires as compared with
the use of an open fire in combination with other fuels.
When stratified according to country affluence, associations
tended to be seen only in non-affluent countries. Many
factors might affect the health effects of air pollution
generated from open fire cooking. These would include the
frequency of use of open fire cooking, the type of housing,
and the availability and efficiency of kitchen ventilation
systems. Most households using open fires for cooking in
less affluent countries are usually not equipped with an
efficient ventilation system.” By comparison with the
situation in less affluent countries, kitchen ventilation is
likely to be better in homes in affluent countries and this
factor could partly explain the discrepancy in the effect of
the use of open fire for cooking between affluent and non-
affluent countries. A randomised controlled study of
552 women from rural Mexico showed that the use of an
improved biomass stove with lower levels of pollution was
associated with a reduction of respiratory symptoms and of
lung function decline.® A major limitation of our study is
that we do not have information related to the frequency of
open fire cooking and information about kitchen ventilation
that would allow us to test these hypotheses. Our environ-
mental questionnaire did not enquire about information
related to exposure during pregnancy such that we could
not test if exposure factors during pregnancy were
associated with various health outcomes in question. The
absence of information about the use of asthma drugs is
another limitation. Our results would have been

strengthened if we could show the association of asthma
drug use and exposure to open fire cooking. Furthermore,
family history of allergies is a potential confounder but
adjustment for parental allergies in our regression models
did not change our results.

There are several factors that could affect the validity of
our results. In particular, selection bias and recall bias
could have led to a spurious positive association between
the exposure of open fire cooking and asthma symptoms.
We think this is unlikely to explain the present findings
because there is coherence between the initial analyses
using all available children and the final analyses in
selected children adjusted for important covariates, and
the results are consistent across the two age groups using
three different methods to identify asthma. By contrast
with parents of the younger children, children aged
13-14 years are unlikely to be aware of the potential
relation between the exposure and asthma symptoms
making recall bias less likely. With regards to possible
misclassification of exposure, this problem would bias
our results towards the null hypothesis. The negative
findings from children exposed to open fire cooking in
affluent countries might be explained by the lack of
statistical power owing to the small sample size.
Determination of whether current asthma symptoms
were related to the acute exposure or long term exposure
could be of interest, but our risk factor questionnaire did
not obtain information about the types of cooking fuel
used in early life or when the mother was pregnant with
the child. The use of multiple non-fire fuels was
associated with wheeze in girls in both age groups, and
in the younger children in affluent countries (tables 5
and 6). This category of fuel refers to the use of different
combinations including gas, electricity, microwave, and
even solar energy. Because many of these fuels are
thought to be clean sources of energy, the reason for this
association is not clear. However, families who can afford
the use of multiple types of fuels might have a higher
socioeconomic status and if these were more likely to
report symptoms or a diagnosis of asthma, a possibility
of residual confounding by socioeconomic status could
exists that would not be accounted for by the inclusion
maternal education in our statistical model.

If the association between open fire cooking and
asthma is causal, this factor might be a major modifiable
risk factor of asthma in children worldwide. However,
more detailed investigations are needed to confirm and
quantify this association, understand the underlying
mechanisms, and assess intervention strategies. Our
results provide further evidence that public policies and
measures to reduce indoor air pollution from burning of
biomass will translate into significant health benefits
especially in developing countries.
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ARTICLE INFO ABSTRACT

Keywords: Objective: Few longitudinal studies exist on childhood exposure to indoor and outdoor air pollution and re-

Asthma spiratory illness in China. We studied associations between indoor and outdoor environment and prevalence,

Rhinitis onset and remission of wheeze and rhinitis among children across China.

Dampness Methods: Children (3-6 y) were recruited from randomized day care centres in six cities. The main data analysis

PM2.5 . . was restricted to children not moving since birth (N = 17,679). Data on wheeze, rhinitis and the home en-

Traffic-related air pollution (TRAP) . . . . ) : :

Renovation vironment were assessed by a parental questionnaire. Prevalence in the first two years of life (baseline) and the
last year (follow-up) was used to calculate onset and remission. Outdoor PM3 5, PM;o, and NO,, at the day care
centre were modelled from monitoring station data. Associations were calculated by multilevel logistic regres-
sion.

Results: Prenatal NO, was associated with decreased remission of wheeze and increased prevalence and in-
creased onset of rhinitis. Prenatal PM, 5 was associated with increased prevalence of wheeze. Postnatal NO, and
postnatal PM;, were associated with increased prevalence and lower remission of wheeze and rhinitis. Mould,
window pane condensation, renovation and cockroaches at home were associated with increased prevalence and
increased onset of wheeze and rhinitis. Gas cooking was associated with increased onset of rhinitis. Children of
mothers with industrial work had more wheeze.

Conclusions: Outdoor PM, 5, PM;, and NO, can increase childhood wheeze and rhinitis. Dampness and mould
can increase onset and decrease remission. Crowdedness, cockroaches at home and emissions from new building
materials and gas cooking can be risk factors for wheeze and rhinitis.

1. Introduction immune system can occur in the prenatal period (Hehua et al., 2017)

and in the first years of life (van der Velden et al., 2001). Thus, it is
There has been a global increase of asthma and rhinitis, especially in important to study early life effects of environmental exposure in the

middle income countries (Asher et al., 2006). In China there has been a prenatal as well as in the postnatal period (Gehring et al., 2015; Yang
pronounced increase of asthma (Zhang et al., 2013 and allergic rhinitis et al., 2016).
(Zhang and Zhang, 2014) over the past decades. The priming of the Birth cohort studies have demonstrated association between NO,,
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PM, 5 and elemental carbon and the development of asthma (Gehring
et al.,, 2015; Yang et al., 2016; Hsu et al., 2015; Clark et al., 2010).
Moreover, panel studies from China have demonstrated associations
between outdoor PM;o, PMy s, NO,, SO, and elemental carbon and
airway inflammation (Shi et al., 2016; Zhao et al., 2016; Lin et al.,
2011). However, we found no previous study on incidence and remis-
sion of asthma or rhinitis among pre-school children in relation to
outdoor air pollution in China.

Longitudinal studies have demonstrated associations between in-
door exposure at home and childhood asthma or wheeze, including
environmental tobacco smoke (ETS) (Burke et al., 2012, gas cooking
(Lin et al., 2013), indoor dampness and mould (Quansah et al., 2012)
and indoor chemical exposure (Patelarou et al, 2015). Chemical
emissions from renovation have been suggested to be a risk factor for
childhood allergic disease (Mendell, 2007) but few prospective studies
exist on this topic.

The Chinese Children Health Home study (CCHH-study) is a large
multi-centre study on environmental risk factors for respiratory health
among pre-school children in China (Zhang et al., 2013). The CCHH-
study is based on a parentally administered questionnaire with ques-
tions on the health of the child and the home environment. Data col-
lection was performed in one wave (a cross-sectional questionnaire
survey) but the questionnaire included questions covering different
temporal aspects of environmental exposure and symptoms.

The main aim was to study associations between early life outdoor
air pollution (PM,5, PM;4, and NO,) and environmental factors the
home environment and prevalence (in the first two years of life), onset
and remission of wheeze and rhinitis within the CCHH-study.
Investigated home environment factors included number of persons at
home, environmental tobacco smoke (ETS), home renovation, type of
cooking fuel, dampness and mould, presence of cockroaches, cleaning
frequency and use of air conditioning units. In addition, we evaluated
associations for two indicators of socioeconomic status (SES) of the
family, namely size of the home and mother's occupation during
pregnancy and two city level variables (outdoor temperature and GDP
per capita).

2. Material and methods
2.1. Study population

The study population consisted of pre-school children recruited
from randomly selected day care centres in six major cities in China
(Urumqi, Taiyuan, Nanjing, Shanghai, Chongging and Changsha).
Urumgqi and Taiyuan were defined as northern cities since they are
located north of the Yangtze River and the others were defined as
southern cities. A questionnaire was distributed to the parents or other
guardians from December 2010 to January 2012 (in different heating
seasons in different cities). All children in the randomly selected day
care centres (N = 48,372) were invited to join the study and 38,475
participated (79.5% participation rate). This paper was restricted to
children 3-6 years old with information on age and sex of the child.
Most of the questionnaires (91.2%) were answered by the parents, the
rest (8.8%) were mainly answered by grandparents. Initially, we ex-
cluded all children living in rural areas (N = 1307) since they had to
commute to reach the day care centres which were in urban or sub-
urban areas. In the main analysis, we restricted the analysis to children
who had lived in the same home since birth to get a better assessment of
exposure to indoor and outdoor air pollution. A total of 17,679 children
were included in the main analysis, and 3723 (21%) were from
northern China. Additional data analysis was made including all chil-
dren (movers and non-movers) living in urban or suburban areas
(N = 29,428).
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2.2. Study design and dependent variables

The study is based on a cross-sectional data collection where onset
and remission of wheeze and rhinitis symptoms were estimated retro-
spectively. One yes/no question asked if the child ever had wheeze in
the first two years of life. Another yes/no question asked about wheeze
in the last 12 months. A third yes/no question asked if the child had
rhinitis symptoms when not having a cold in the first two years of life. A
fourth yes/no question asked about rhinitis symptoms when not having
a cold in the last 12 months. These questions were from the large in-
ternational ISAAC study (The International Study of Asthma and
Allergies in Childhood) (Asher et al., 2006). The prevalence of wheeze
and rhinitis in the first two years of life was defined as baseline pre-
valence. The prevalence of current wheeze and rhinitis (in the last
12 months) was defined as follow-up prevalence. Onset of wheeze was
defined as not having wheeze at baseline (first 2years of life) but
having current wheeze (in the last 12 months) when the questionnaire
was answered. Onset of rhinitis was defined in the same way as not
having rhinitis at baseline but having current wheeze. Remission of
wheeze was defined as having wheeze at baseline (first 2 years of life)
but not having current wheeze (in the last 12 months) when the ques-
tionnaire was answered. Remission of rhinitis was defined in the same
way as having rhinitis at baseline but not current rhinitis. A total of six
dependent variables were analysed (baseline prevalence, onset and
remission of wheeze and rhinitis).

2.3. Ethics

The study and the consent procedure were approved by the Medical
Research Ethics Committee of School of Public Health, Fudan
University, Shanghai. The participants and parents gave informed
consent.

2.4. Assessment of demographic data and socioeconomic status (SES)

Data on gender, age, birth season, birth weight, breast feeding and
parental asthma or rhinitis, were collected from the questionnaire.
These six covariates were considered as potential confounders and were
included all models. Moreover, two SES variables were included, size of
the home (m?) and mothers' occupation during pregnancy, number of
persons living in the home, and life-time mean GDP per capita on city
level. There was no question on father's occupation or family income.
Size of the home has been demonstrated to be a good socioeconomic
indicator related to family income in USA as well as in China (Juhn
et al., 2011; Norbick et al., 2018). Moreover, we calculated lifetime
GDP per capita on city level as an indicator of the economic develop-
ment level of the city. Annual data on income per capita from 2005 to
2012 was obtained from China Statistical Yearbook for each city. Due to
the rapid economic development in China, GDP per capita is increasing
year by year. For each child, a life-time mean GDP/capita value was
calculated based on average values of GDP per capita (city level data)
from year of birth of the child until the year when the questionnaire
was answered.

2.5. Assessment of data on the home environment

Data on the home environment was obtained from the parental
questionnaire. There were three yes/no questions on renovation of the
home environment (a) during pregnancy, (b) when the child was
0-1 year old and (c) after first year of life. Three other yes/no questions
asked about buying new furniture to the home (a) during pregnancy,
(b) when the child was 0-1 year old and (c) after first year of life. These
six questions were combined to one variable called renovation (Yes if at
least one answer was eyes, or else no). There were two questions asking
about visible mould: (a) at birth and (b) after birth. Two other questions
asked about damp stains (a) at birth and (b) after birth. These four
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questions were combined to one variable called visible mould/damp
stains (Yes if at least one answer was eyes, or else no). Moreover, there
were two questions asking about window pane condensation in winter:
(a) at birth and (b) after birth. These two questions were combined to
one variable called window pane condensation (Yes if at least one an-
swer was yes, or else no). One question asked about type of cooking
fuels in the current home and was classified as only electricity, gas
cooking but not biomass and any type of biomass (wood or coal).
Moreover, there were four other questions asking about the situation in
the current home: Number of persons living in the current home, en-
vironmental tobacco smoke (yes/no), daily cleaning (yes/no), presence
of cockroaches (yes/no) and use of air conditioning units (yes/no). All
home environment variables were included in all models. One addi-
tional question asked if the child had had moved to another home since
birth. This variable was used to select children who had lived in the
same home since birth (in the main analysis). Another question asked if
the current home was located in (a) an urban area, (b) a suburban area
and (c) a rural area. In this article we restricted all statistical analysis to
children living in urban or suburban areas to get a better assessment of
the outdoor air pollution exposure.

2.6. Assessment of personal exposure to outdoor air pollution and
temperature

We calculated personal exposure to outdoor air pollution and tem-
perature for each child during different pre-natal and post-natal periods
based on birth month and location of the day care centre. We knew the
location of their day care centre but not the children's home address or
postal code of the home address. Since children in China live relatively
close to their day care center, the day care centre air pollution level
could be a reasonable approximation of their outdoor exposure. We
used an inverse distance weighted (IDW) method (Bell, 2006) to esti-
mate the monthly mean concentrations of air pollutants (PMs s, PM;,,
NO,, SO,) at each day care centre by interpolation from modelled data
for the closest four monitoring stations. The IDW approach to air pol-
lution data modelling have been us by different research groups (Bell,
2006; Brauer et al., 2008; Marshall et al., 2008; Nishimura et al., 2013,
Deng et al., 2016a, b). In the present study, the concentration of air
pollutant in different kindergarten was calculated by the following
formula using quadratic function:

Ck = (Csi/dy? + Cs2/dy% + Css/ds? + Csa/ds?)
[(1/di2 + 1/d% + 1/d3% + 1/d42

where, G is the concentration of air pollutant (PM;0/SO2/NO,) in the
kindergarten; Cs; to Cgy are the concentration of air pollutant in the
first to the fourth nearest monitoring station of air pollution from the
kindergarten; d1 to d4 are the distances from the kindergarten to the
first to the fourth nearest monitoring station of air pollution.

We retrospectively modelled air pollution and temperature for the
study period (2003—2013) using available measured data from all
monitoring stations for the period 2014-2016 as well as official annual
mean (city level) air pollution data for all years (2003-2013).
Measurements at the monitoring stations followed the standard
methods set by the Environmental Protection Agency of China: PM, 5
and PM;, by a tapered element oscillating microbalance, and NO, by
the chemiluminescent method. The annual concentrations of PM;, and
NO, during 2003-2009 were obtained from the website of the National
Bureau of Statistics of the People's Republic of China.

Modelled data on day care center level were calculated by regres-
sion equations based on annual mean city level air pollution data and
daily mean air pollution data from 61 air pollution monitoring stations
and 81 climate monitoring stations in the six cities. Each city had 7 to
17 air pollution monitoring stations and 8 to 33 climate monitoring
stations (including temperature). The largest numbers of stations were
for Shanghai and Chongging, the largest cities. Data on SO, on day care
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center level were calculated but not used in this study due to strong
correlation between PM;, and SO, (r = 0.92) and between ambient
temperature and SO, (r = —0.87), we did not include SO, in the hy-
pothesis testing in this article.

The modelled data of air pollutants on day care center level were
calculated as follows: First, we downloaded the annual concentrations
PM;, SO,, and NO, during 2003-2013 and calculated their annual
concentrations by daily data in 2015 among six cities. We then calcu-
lated the ratios of the annual mean concentrations of PM;q, SO,, and
NO, in each year during 2003-2013 to the annual averaged data in
2015 at all the monitoring stations (supplemental materials, Table S1-a,
Table S1-b, and Table S1-c). Secondly, the daily concentrations of the
two pollutants in 2015 were multiplied by the ratio at each station for
each year during 2003-2013, and thus we obtained the modelled daily
data of PM;o, SO,, and NO,. This method ensured that the annual
averaged values of modelled data were the same as the measured data.
Thirdly, we calculated the ratio of daily concertation of each air pol-
lutant at each monitoring station to the average daily concentration
among all the monitoring stations in 2015 to obtain the concentration
ratio of each station to the averaged value for all monitoring stations in
the city. Fourthly, we multiplied the ratio for each station calculated in
the third step by the daily concentration during 2003-2013 calculated
in the second step, and thus we finally obtained the modelled daily
concentration of the pollutant at each station during 2003-2013.
Furthermore, we constructed a linear regression model for the daily
measured data of PM, 5 based on the measured PM;, data at different
monitoring stations during 2014-2015. Finally, we used the regression
functions to calculate the daily data of PM, 5 based on the daily con-
centration of PM; during 2003-2013 calculated above.

The modelled data of daily mean temperature on day care center
level were calculated as follows: First, we downloaded the daily max-
imum and minimum temperature during 2011-2016 from the China
Meteorological Agency (CMA) during different stations in each city and
also the relative data during 2003-2016 (total city) from National
Meteorological Information Center (NMIC). Secondly, we constructed a
linear regression model between the data from NMIC and CMA in each
station during 2011-2016 (R? > 0.9). Thirdly, we used the function
from the regression model to calculate the daily maximum and
minimum temperature at different stations in each city based on the
data from the CMA during 2003-2013. Finally, we obtained the daily
mean temperature by averaging the data of daily maximum and
minimum temperatures at different stations in each city during
2003-2013 (the study period).

Finally, individual exposure at the co-ordinates of the current day
care centre was assessed based on the monthly mean values as follows:
(1) prenatal exposure during the full gestation length was calculated as
the average of the monthly mean concentrations of the air pollutants
and temperature during the full gestational months; and (2) postnatal
exposure was calculated as the average of the monthly mean con-
centrations during the period from the first month of life until the past
year.

Modelled data for air pollution and outdoor temperature were va-
lidated by comparing modelled data and real data (monthly mean va-
lues) for monitoring stations in one city (Changsha) where monitoring
station data were available for the study period (2003-2013). The
Pearson correlation coefficient (r) between modelled and real data was
0.75 for PM;,, 0.87 for SO,, and 0.84 for NO, and 0.995 for outdoor
temperature. Data on PM, 5 was not available in Changsha during the
study period.

2.7. Statistical analysis

We had questions about symptoms in the first two years of life and
current symptoms (in the past 12 months) when the questionnaire was
answered. Since the prevalence of wheeze or rhinitis during the first
two year of life was defined as the baseline data, follow up time was
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defined as age (when the questionnaire was answered) minus two years.
Mean follow-up time and total follow up time (person years) were
calculated for each city. Onset was calculated excluding those with
wheeze or rhinitis at baseline. Onset per year was calculated by di-
viding number of onset cases with number of person years. Remission
was calculated including only those with wheeze or rhinitis at baseline.
Remission per year was calculated by dividing number of remission
cases with number of person years.

Multilevel logistic regression was used to study associations be-
tween exposure and incidence and remission of wheeze and rhinitis
(two different dependent variables). Two levels were used (city and
child). We included six personal factors (sex, age, birth season, birth
weight, breast feeding, parental asthma or rhinitis), four SES variables
(mothers occupation during pregnancy, house size, number of persons
in the home, city GDP per capita), and nine home environment vari-
ables (ETS, renovation, type of cooking, visible mould/damp stains,
window pane condensation, water damage/leakage, cleaning fre-
quency, presence of cockroaches, air conditioning). Ambient tempera-
ture for the same period as the modelled air pollution (prenatal or
postnatal) was included in all models. First, we analysed associations
for prenatal and postnatal air pollution (PM, s, PM;¢, and NO,). Then
we analysed associations for covariates, SEI variables and indoor fac-
tors, adjusting for NO5 and ambient temperature. Moreover, we per-
formed sensitivity analysis stratifying for sex. Odd ratios (ORs) with
95% confidence interval (95% CI) were calculated. Associations for air
pollutants were expressed per interquartile range (IQR). A two-tailed p-
value < 0.05 was considered as significant. All statistical analysis was
performed by STATA11.0 (STATA Corp., Texas, and USA).

3. Results

There were no significant differences in the prevalence, onset or
remission of wheeze or rhinitis symptoms when comparing answerers
from parents with answers from other guardians (Table S2). Descriptive
data on personal factors, the home environment and indicators of so-
cioeconomic status (SES) are given in Table 1 and data on outdoor air
pollution is given in Table 2. There were no co-linearity problems for
the exposure variables included in the models (maximum r = 0.74).
There was a significant association between the two SES variables
(home size and mothers occupation during pregnancy (p < 0.001 by
Chi? test) but the differences in prevalence were small when comparing
mother living in smaller and larger homes (Table S3). To increase the
relevance of our assessment of home environment factors, our main
data analysis was based on a restricted dataset of children living in the
same home since birth. Thus, it is relevant to see to what extent the
home environment and indicators of SES differed between children
moving and not moving to another home since birth. Non-movers
tended to have slightly more persons living in the home, slightly more
ETS at home, less renovation of the home and slightly more use of
biomass for cooking. Moreover, non-movers had slightly more water
damage, slightly more cockroaches and slightly more use of air con-
ditioning units. Besides the difference regarding home renovation
(38.8% vs 54.6%), the differences in home environment factors were
small. None of the SES indicators differed between movers and non-
movers (Table S4).

Baseline prevalence (0-2y), onset and remission data of wheeze and
rhinitis symptoms is given in Table 3. The mean follow-up time was
2.38years (range 2.06-2.67 years). For wheeze, there was totally
15.8% onset (6.5%/year) and 48.5% remission (20.2% per year). For
rhinitis, there was totally 38.9% onset (15.7%/year) and 29.1% re-
mission (12.7%/year). Onset as well as remission per year of wheeze
was highest in the two northern cities Urumqi and Taiyuan. Onset per
year of rhinitis was highest in Nanjing and remission per year was
highest in Urumgqi and Taiyuan (Table 3).

Associations between outdoor air pollution and baseline prevalence,
onset and remission of wheeze and rhinitis and are given in Table 4.
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Table 1
Demographic information among Chinese children aged 3-6y living in the
same home since birth (n = 17,679).

Number (n) Percentage (%)

Total 17,679 100
Personal factors
Sex
Boys 9071 51
Girls 8608 49
Follow up time (from age-2) (years)
1 3396 19
2 6552 37
3 5279 30
4 2452 14
Birth season
Spring (March-May) 4311 24
Summer (June-August) 4549 26
Autumn (September-November) 4593 26
Winter (December-February) 4226 24
Birth weight (kg)
<25 417 2
=2.5 16,902 96
Breast-feeding 15,341 87
Parental atopy 2153 12
Home environment factors
Number of persons living in current home (n)
<3 2857 16
3-4 8933 51
>4 4800 27
Environmental tobacco smoke (ETS) at home 10,197 58
Home renovation 6841 39
Cooking fuel in current home
Only electricity 2088 12
Natural gas but no biomass 13,216 75
Any biomass cooking (coal/wood) 1305 7
Visible mould/damp stains at home 5317 30
Window pane condensation in winter 10,417 59
Water damage 2724 15
Cleaning every day 9586 54
Cockroaches noted 9405 53
Air conditioning use 2264 13
Indicators of socioeconomical status (SES)
Size of the home (m?)
<100 12,225 69
> 100 5210 29
Maternal occupation during pregnancy
Not occupationally active* 6923 39
Farmer 173 1
Industrial worker 578 3
White-collar worker” 9929 56
City level data Mean sSD
Lifetime gross domestic product (GDP) per capita (RMB) (on 77,870 36,752

city level)

Sum of the number is not 17,679 due to missing data.

* House wife or unemployed.

¥ White-collar worker was defined as office staff, teacher, medical staff,
student, shop assistant and other occupations.

Data on outdoor air pollution was calculated for the location of the
current day care centre using the four closest air pollution monitoring
stations by the IDW method. The mean distance from the day care
centre to the closest monitoring station was 5.87 km and the mean
distance to the 4th monitoring station (most far away) was 12.52 km.
The overall mean distance to the monitoring stations was 9.38 km. The
mean distance to the monitoring stations were longer in Shanghai as
compared to the other cities (Table S5). PM,s was associated with
prevalence of rhinitis (OR 1.12 per IQR; 95% CI 1.03-1.22). Prenatal
exposure to NO, was associated with prevalence (OR 1.21 per IQR; 95%
CI 1.19-1.32) and increased onset of rhinitis (OR 1.18 per IQR; 95% CI
1.00-1.40) and lower remission of wheeze (OR = 0.63 per IQR; 95% CI
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Table 2
Prenatal and postnatal exposure to outdoor air pollution and outdoor tem-
perature among children aged 3-6 (n = 17,679).

Mean 25th Percentile 50th Percentile 75th Percentile IQR
During entire pregnancy
PMaos 69 63 67 76 13
PM;o 107 91 104 121 30
SO, 68 55 60 77 22
NO, 50 44 53 58 14
T 16.4 15.1 17.3 19.7 4.6
Postnatal period
PMs s 62 58 60 67 9
PM;, 96 82 93 105 23
SO, 53 41 47 61 20
NO, 48 43 52 53 10
T 16.2 17.0 18.0 18.2 1.2

PM,5, PMa 5 10, PMiq (ug/m®) = particulate matter <2.5, between 2.5 and 10,
and =10pm in aerodynamic, SO, (ug/m®) = sulphur dioxide, NO, (ug/
m® = nitrogen dioxide, T (°C) = temperature.

0.49-0.81). Postnatal PM, 5 was associated with prevalence of wheeze
(OR 1.15 per IQR; 95% CI 1.00-1.31). Postnatal PM;, was associated
with lower remission of wheeze (OR = 0.50 per IQR; 95% CI
0.30-0.84) and rhinitis (OR = 0.59 per IQR; 95% CI 0.41-0.84). Post-
natal NO, was associated with prevalence of wheeze (OR 1.12 per IQR;
95% CI 1.03-1.22) and rhinitis (OR 1.18 per IQR; 95% CI 1.08-1.28) as
well as lower remission of wheeze (OR = 0.70 per IQR; 95% CI
0.57-0.86) and rhinitis (OR 0.83 per IQR, 95% CI 0.71-0.97). Since the
correlation between prenatal and post-natal NO, (on day care center
level) was strong (r = 0.87) it was not possible to include prenatal and
postnatal exposure in the same model. The accuracy of the pre-natal
exposure assessment can be less if the mother moved to another area
from pregnancy to the birth of the child. However, questionnaire data
demonstrated that only 7% of the mothers had moved from pregnancy
to birth.

Health associations for personal factors, indoor factors, indicators of
socioeconomic status (SES) and city level GDP per capita are given in
Table 5. Boys had higher prevalence of wheeze and rhinitis and higher
incidence of rhinitis. Children with longer follow-up time (older chil-
dren) had lower prevalence of wheeze, higher remission of wheeze and
rhinitis and higher incidence of rhinitis. Children born in summer or
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autumn had higher incidence and lower remission of wheeze. Parental
atopy was associated with higher prevalence and higher incidence and
lower remission of wheeze and rhinitis.

Among the indoor environment factors, size of the family (> 4
persons in the home) was associated with higher incidence of wheeze.
Recent renovation at home was associated with higher prevalence of
wheeze and higher incidence of wheeze and rhinitis. Cooking with
electricity only was associated with lower incidence of rhinitis, as
compared to gas cooking (used as reference category). Visible indoor
mould/damp stains in the child's bedroom was associated with higher
prevalence and higher incidence of asthma and rhinitis and lower re-
mission of wheeze. Window pane condensation in wintertime was as-
sociated with higher prevalence of wheeze and higher incidence and
lower remission of wheeze and rhinitis. Presence of cockroaches was
associated with higher prevalence and higher incidence of wheeze and
rhinitis. Use of air conditioners were associated with higher prevalence
and daily cleaning of the home was associated with lower prevalence of
wheeze (Table 5).

Among the two indicators of socioeconomic status (SES-variables),
living in a large home (> 100 m?) was associated with lower incidence
of rhinitis. Children of mothers with an industrial work during preg-
nancy had higher prevalence of wheeze. Children of mothers who did
not work during pregnancy (housewife or unemployed) had higher
incidence of rhinitis. Among the two city level exposure variables, a
higher ambient temperature was associated with lower remission of
wheeze and higher prevalence, lower incidence and lower remission of
rhinitis. A higher GDP per capita (on city level) was associated with
lower prevalence of wheeze, lower incidence of wheeze and a lower
remission of wheeze and rhinitis (Table 5).

A sensitivity analysis was performed to study gender interaction for
associations between onset and remission of wheeze and rhinitis and
outdoor air pollution. No statistically significant gender interaction was
observed (all p-values for interaction > 0.1).

To improve the relevance of the exposure assessment, we restricted
the statistical analysis to children living in the same home since birth.
This restriction could have created a selection of children with different
home environment or a different socioeconomic status (SES). However,
we found no major difference in the prevalence of home environment
factors (except for renovation), and no significant difference in in-
dicators of SES, when comparing movers and non-movers. Moreover,
when analysing associations between outdoor air pollution (Table S6)

Table 3
Number of cases and percentage of onset and remission of wheeze and rhinitis symptoms (n = 17,679).
Prevalence at baseline (%) (0-2 years) Mean follow up time (yr) Onset Remission
N? NP % No/yr (%) N¢ N¢ % No/yr (%)
Wheeze
Urumgi 17.5 2.62 329 1309 25.1 9.19 202 275 73.5 26.17
Taiyuan 9.8 2.06 262 1845 14.2 7.21 154 199 77.4 39.71
Nanjing 9.2 2.67 209 1545 135 5.02 65 156 41.7 15.63
Shanghai 11.2 2.43 1061 6561 16.2 5.95 312 828 37.7 16.04
Chongqing 12.3 2.35 298 2147 13.9 5.83 132 301 43.9 16.28
Changsha 139 2.18 264 1912 13.8 5.84 137 309 44.3 20.40
Total 11.9 2.38 2423 15,319 158 6.52 1002 2068 48.5 20.17
Rhinitis symptoms
Urumgi 211 2.62 627 1274 49.2 18.00 169 337 50.1 19.45
Taiyuan 18.4 2.06 468 1638 28.6 14.94 225 375 60.0 31.24
Nanjing 22.5 2.67 786 1325 59.3 21.94 63 383 16.4 6.94
Shanghai 25.2 2.43 2026 5489 36.9 12.98 414 1838 22.5 10.76
Chongqing 23.6 2.35 618 1882 32.8 14.11 171 584 29.3 11.82
Changsha 25.1 2.18 637 1676 38.0 16.78 145 567 25.6 13.71
Total 23.5 2.38 5162 13,284 38.9 15.74 1187 4084 29.1 12.71

@ Number of onset cases of wheeze or rhinitis symptoms.

> Number of children without wheeze or rhinitis symptoms at baseline (0-2y age).

¢ Number of remission cases of wheeze or rhinitis symptoms.
4 Number of children with wheeze or rhinitis symptoms at baseline.
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0Odd ratio (95% CI) of baseline prevalence, onset and remission of wheeze and rhinitis symptoms in relation to pre- and post-natal exposure to air pollution

Rhinitis symptoms

Prevalence

Onset

Remission

Table 4
(n =17,679).
Wheeze
Prevalence Onset Remission
Prenatal
PMsys 1.06 (0.95, 1.18) 0.96 (0.86, 1.06) 0.86 (0.67, 1.09)
PMo 0.96 (0.79, 1.17) 0.92 (0.77, 1.09) 0.70 (0.46, 1.05)
NO, 1.09 (0.97, 1.23) 1.04 (0.93,1.17) 0.63 (0.49, 0.81)+
Postnatal
PMas 1.15 (1.00, 1.31)* 0.96 (0.86, 1.07) 0.81 (0.63, 1.04)
PM;o 1.05 (0.84, 1.31) 0.89 (0.71, 1.13) 0.50 (0.30, 0.84)*
NO, 1.12 (1.00, 1.26)" 1.04 (0.95, 1.14) 0.70 (0.57, 0.86)*

1.12 (1.03, 1.22)*
1.14 (0.98, 1.32)
1.21 (1.10, 1.32)**

1.08 (0.98, 1.20)
1.03 (0.87, 1.21)
1.18 (1.08, 1.28)"**

1.04 (0.96, 1.14)
1.06 (0.91, 1.23)
1.18 (1.00, 1.40)*

1.03 (0.90, 1.18)
0.75 (0.48, 1.18)
1.18 (0.86, 1.62)

1.01 (0.85, 1.20)
1.19 (0.89, 1.61)
0.85 (0.68, 1.06)

0.95 (0.77, 1.17)
0.59 (0.41, 0.84)*
0.83 (0.71, 0.98)*

OR (95%CI) was estimated for IQR increase in air pollutants.

Models were adjusted for all the covariates in Table 1, GDP per capita, and air temperature within each time window.

* p < 0.05.
= p < 0.01.
= p < 0,001.

and other co-variates (Table S7), including movers as well as non-
movers, similar associations were obtained as in the restricted analysis
(Tables 4 and 5).

4. Discussion

To our knowledge, this is one of few studies examining the effects of
early life exposure to home environment factors and outdoor air pol-
lution in relation to onset and remission of childhood respiratory
symptoms in China. We found that prenatal NO, was associated with
lower remission of wheeze and increased onset of rhinitis. Postnatal
NO, and postnatal PM;, were associated with decrease remission of
wheeze and rhinitis. Crowdedness, dampness or mould, window pane
condensation in winter, renovation and cockroaches at home were as-
sociated with increased onset of wheeze and rhinitis. Gas cooking was
associated with increased onset of rhinitis. A lower economic devel-
opment level of the city, measured as GDP per capita, was associated
with increased onset of wheeze. Moreover, children living in smaller
homes (< 100m? area) and children of mothers not being occupa-
tionally active during pregnancy had a higher onset of rhinitis.

The study has some strengths. It is a large study including six cities
in China with different climate and different development level. By
calculating onset and remission during the pre-school period we could
get a more valid estimation of health effects of the indoor and outdoor
air pollution, as compared to analysing only the prevalence of wheeze
and rhinitis. Another strength is that we adjust for many potential
confounds in mutually adjusted models. To increase the precision of the
exposure assessment, we restricted the main statistical analysis to
children living in the same home since birth.

The study has a number of limitations. One limitation is that we
assessed onset and remission of wheeze and rhinitis symptoms retro-
spectively. Another limitation is that we did not included clinical as-
sessment or doctor diagnosis of asthma and rhinitis. Since we did not
have access to the home address, outdoor air pollution was calculated
by IDW models for the location of the day care centre. Since children in
Chinese cities usually go to a day care centre near the home, and the
mean distance from the day care centre to the air pollution monitoring
stations used in the IDW models were about 10 km, this would not be a
major limitation of the study.

Outdoor NO, is mainly an indicator of traffic-related air pollution
(TRAP) and the mean personal outdoor exposure in our study was
50 ug/m® (prenatal exposure) and 48 ug/m> (postnatal exposure). This
is well above the WHO limit value of 40 ug/m® for NO, (WHO, 2005).
We found that pre-natal exposure to NO, was associated with onset of
rhinitis. This agrees with a previous publication from Changsha, China
(Deng et al., 2016a). Moreover, NO, exposure was associated with
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lower remission of wheeze (pre-natal) and lower remission of rhinitis
(prenatal and post-natal). A recent meta-analysis of 18 studies con-
cluded that prenatal exposures to NO, can increase the risk of child-
hood wheeze (Hehua et al., 2017). Another meta-analysis of 12 studies
found that childhood exposure to NO, can increase the onset of wheeze
and childhood asthma (Takenoue et al., 2012).

In our study, prenatal PM, s was associated with higher prevalence
of rhinitis and postnatal PM, 5 was associated with higher prevalence of
wheeze. Moreover, postnatal PM;, was associated with lower remission
of wheeze and rhinitis. One recent article from the CCHH study found
associations between kindergarten-level PM, 5 concentrations, obtained
from satellite data, and rhinitis and doctor diagnosed asthma among
pre-school children Chen et al., 2018). Some previous studies exist from
East Asia on associations between exposure to outdoor PM;, and pre-
valence of wheeze (Gao et al., 2014) and rhinitis (Siwarom et al., 2017;
Teng et al., 2017).

Six indoor factors at home were associated with wheeze and rhinitis.
Children in crowded homes, with > 4 persons, had a higher onset of
wheeze. Renovation (including indoor painting or buying new furni-
ture) was associated with prevalence and onset of wheeze and rhinitis.
Our results agree with previous prevalence studies showing associations
between renovation/new furniture and wheeze (Franck et al., 2014;
Fan et al,, 2017) and rhinitis (Deng et al., 2016a; Li et al., 2014).
However, we found no previous study on renovation and onset of
childhood wheeze and rhinitis.

We found that children living in homes with gas cooking, as com-
pared to homes using only electricity for cooking had a higher onset of
rhinitis. This agrees with a previous prevalence study from China
(Wong et al., 2004).

Mould or damp stains in the bedroom of the child was associated
with prevalence and onset of wheeze and rhinitis and lower remission
of wheeze. This agrees with previous review articles concluding that
dampness and indoor mould are risk factors for incidence of asthma
symptom (Quansah et al., 2012) and prevalence of rhinitis (Jaakkola
et al., 2013).

Window pane condensation in winter was the most consistent indoor
risk factor in our study, associated with prevalence of wheeze, onset of
wheeze and rhinitis and lower remission of wheeze and rhinitis. To our
knowledge, our study is the first to demonstrate associations between
window pane condensation and onset or remission of wheeze and rhinitis.
However, previous prevalence studies have found that window pane
condensation at home in wintertime is a risk factor for wheeze (Deng
et al., 2016a; Takaoka and Norb#ck, 2011) and rhinitis (Deng et al.,
2016a; Wang et al., 2014). Window pane condensation in wintertime is
an indicator of high air humidity, low ventilation flow and higher levels
of house dust mite allergens in dust (Emenius et al., 2000).
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Children in homes with cockroaches had higher prevalence and
higher onset of wheeze and rhinitis. Cockroach allergy is common
among allergy patients in China. A nationwide study on allergy clinic
patients across China found that 22% of the children with asthma and
rhinitis had cockroach allergy (Li et al., 2009) and presence of cock-
roaches at home has been associated with prevalence of wheeze (Salo
et al., 2004) and rhinitis (Wang et al., 2014) in population studies in
China.

We found that daily cleaning at home could reduce the prevalence
of wheeze and that use of air conditioners was associated with a higher
prevalence of wheeze. Frequent cleaning can reduce the exposure to
allergens, microbial compounds from mould and bacteria and chemi-
cals from settled dust. Air conditioners can contain microbial com-
pounds from mould and bacteria that can contaminate indoor air
(Hatayama et al., 2018). Thus, frequent cleaning of indoor surfaces at
home and regular cleaning of the air conditioning units is important.

In our study we included two indicators of the socio-economic status
(SES) of the family. Size of the home has been demonstrated to be a
good indicator of SES in USA (Juhn et al., 2011) and a good indicator of
family income China (Norbéck et al., 2018). We found that children of
mothers with industrial work had a higher prevalence of wheeze a 2y
age, but found no association between size of the home and respiratory
health. The association between wheeze in the offspring and maternal
industrial work during pregnancy could be due to chemical exposure
during pregnancy rather than a general effect of low SES.

We found less onset of rhinitis and less remission of wheeze and
rhinitis in a warmer climate, in mutually adjusted models. China is a
large country with different economic development level and different
climate in different parts of the country. Our data suggests that the
turnover of symptoms among pre-school children is higher in a cold
climate (higher incidence and higher remission). Our result is partly in
agreement with a previous study from China demonstrating a higher
aggravation of allergic rhinitis in a cold climate (He et al., 2017).
However, our results do not agree with a global ecological analysis of
data from the IAAC phase III study, suggesting an increased prevalence
of intermittent rhinitis in warmer climate zones (Fuertes et al., 2014).

Prevalence and onset of wheeze was inversely associated with GDP
per capita (on city level) in mutually adjusted models. This indicates
that there could be factors related to the economic development of the
society that reduces the risk of wheeze among pre-school children.
Further studies are needed to identify these beneficial factors, but one
explanation could be better access to health care and medicine or a
better diet.

Our study is an epidemiological questionnaire study which limits
the possibility to draw conclusions on biological mechanisms behind
observed statistical associations. However, it is well know that there are
critical time windows before birth and after birth that can influence the
programming of the immune system (Hehua et al., 2017; van der
Velden et al., 2001). Our study supports the view of an early life pro-
gramming of the immune system. Details on the biological mechanisms
behind these effects need to be clarified in more detailed studies mea-
suring biomarkers and genetic information. Other studies have de-
monstrated the significance of inflammation as a biological mechanism
behind respiratory effects of outdoor and indoor air pollution. In some
cases, e.g. for respiratory symptoms in relation to presence of cock-
roaches at home, allergic sensitisation could be another biological
mechanism.

In conclusion, prevalence, onset and remission of wheeze and rhi-
nitis among pre-school children across China can be influenced by the
outdoor and the indoor environment. The most consistent results for
outdoor air pollution was observed for NO,, an indicator of traffic re-
lated air pollution (TRAP) but we also found health associations for
PM;o and PM, 5. The respiratory effects could be linked to increased
prevalence, increased onset as well as decreased remission. Risk factors
in the indoor environment can include emission of chemicals from new
materials, emissions from gas cooking, dampness (visible mould and
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window condensation), cockroaches and use of air conditioning. Daily
cleaning of the home and regular cleaning of the air conditioning units
could be beneficial for respiratory health. There is a clear need for more
prospective studies on risk factors for childhood asthma and rhinitis in
China. Future work is needed to reduce the outdoor air pollution in
China, especially TRAP. Moreover, there is a need to improve the home
environment, by increasing the ventilation, avoiding dampness and
indoor mould growth, reducing chemical emissions from renovation
materials and new furniture, eradicating cockroaches, encouraging use
of electricity for cooking and by improving the cleaning frequency.
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