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Air pollution and asthma control in the Epidemiological study on the Genetics and Environment of Asthma
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Both pollutants were associated with each of the three main domains of control.

Conclusions

The results suggest that long-term exposure to PM and O is associated with uncontrolled asthma in adults, defined by symptoms, 

Introduction

Asthma control reflects disease activity over a short period of time. Achieving and maintaining the control of asthma is a major goal in asthma management. 1, 2 Acute exposure to air pollution is associated with adverse respiratory effects in asthmatic adults including [ ] increased respiratory symptoms or hospitalizations, or reduced lung function. 3 5 Evidence showing the effects of chronic exposure to air [ -] pollution on asthma incidence in adults is growing. 6 8 However, studies on the effect of chronic exposure to air pollution on asthma [ -] control are scant. In two studies, air pollution exposure was associated with the occurrence of asthma-like symptoms in the last three months and with emergency department visits and/or hospitalizations in the last year. 9, 10 In the first survey of the French

[ ]
Epidemiological study on the Genetics and Environment of Asthma (EGEA), higher exposure to O was associated with more severe 3 asthma in adults 11 .

[ ] Following clinical guidelines, asthma control integrates several dimensions, reflecting both acute and chronic activity of the disease:

daytime and night-time symptoms, the need for rescue treatment, exacerbations in the past year and lung function. 

Methods

Study design

EGEA is an asthma case-control and family study (including spouses and 1 degree relatives of the cases), conducted for the first time from all participants at both surveys. Ethical approval to carry out the study was obtained for both surveys from the relevant committees (Cochin Royal Hospital, Paris, for EGEA1; Necker Enfants Malades Hospital, Paris, for EGEA2).

Asthma control

We defined asthma control in this population as previously published 

Statistical analysis

First, the association between asthma control and air pollutants was expressed by odds ratios (ORs, reported for one interquartile range (IQR) of the pollutant), derived from multinomial logistic regression. For each factor, the simultaneous assessment of the risk for uncontrolled asthma and for partly-controlled asthma was compared to controlled asthma. Concerning the pollutants for which the proportional odds assumption hypothesis was verified in our data (O and PM ), we used the ordinal logistic regression leading to the estimate of a single odds ratio (OR) that gives the risk to go from controlled to partly controlled asthma and from partly controlled to uncontrolled asthma. Generalized linear mixed models were also conducted in order to take into account the family structure and the city dependence of the population. The model integrates that there is a correlation between the subjects living in the same family (i.e. all members of the family sharing genetic background and/or lifestyle determinants) or between the subjects living in the same city (i.e. all participants living in the same city being exposed to the same background concentrations of air pollution). The effect of the family structure or city dependence are random while the other effects of the model are fixed.

All the associations are first reported crude and then followed by the multivariate analysis, for each pollutant separately. Variables taken into account in the multivariate analysis were those known to be associated with asthma control in EGEA 14 (on-line supplement)

[ ] and another European cohort (ECRHS) 12 . In order to address the independent effect of each pollutant on asthma control, a two-pollutant

[ ]
model was performed, including O and PM . Finally, analyses were also conducted on the three domains of asthma control (lung 3-sum 10 function, symptoms, exacerbations), (on-line supplement). The lack of data on activity limitation in our study did not allow including this domain in the asthma control classification. Analyses were performed with Stata 9.

Results

Of the 481 subjects included in the analysis, 44 , 29 and 26 had controlled, partly-controlled and uncontrolled asthma. Asthma % % % % was more often uncontrolled in women (p 0.04) and in older subjects (p 0.003). Subjects with uncontrolled asthma used more inhaled

= =
corticosteroids (ICS) (p 0.001),. (Table 1) The IQR (defined by the difference between the third and the first quartiles) was 13 (25 38) 

=

Table 2 shows the results of the crude and adjusted associations between each of the air pollutants and asthma control. O and PM

3-sum 10

were positively associated with partly-controlled and uncontrolled asthma, with a clear gradient from controlled, partly-controlled and uncontrolled. For these two pollutants, the ORs assessed using the ordinal logistic regression were significant (ORs were In the two-pollutant model, asthma control estimates slightly decreased but remained statistically significant for both air pollutants.

Using the ordinal logistic regression, the crude and adjusted ORs for those two pollutants included simultaneously in a unique model were sex, age, current active and passive smoking exposure, use of ICS in the last 12 months, atopy, season of examination, BMI and age of asthma onset. The results from the sensitivity analysis only including subjects who had been living for at least two years in 2004 at their current address are also shown (thus is subjects who had not moved since 2002). All the estimates were above 1, and most of them were significant. No significant interaction was found but the p-value for interaction was borderline significant for sex and PM (p 0.06), 10 = suggesting that the association could be more significant in men.

The study of the associations between air pollution and each one of the three asthma control domains showed that increased levels of O and PM were associated with a lower FEV1. However, the association reached the significance level only for PM (p 0.002)

3-sum 10 10

=

(table 3). For the exacerbations, the ORs for O and PM were above 1. Higher exposure to both O and PM were positively and 3-sum 10 3-sum 10 significantly associated with higher symptom frequency (p 0.013 and p 0.002).

= =

Discussion

Long-term exposure to O and PM is associated with decreased asthma control in adults. This study is innovative since it shows for 3 10 the first time that long-term exposure to air pollution is associated with uncontrolled asthma.

The associations observed in a large sample of well-characterized adults with current asthma were robust: 1) the associations concern the three domains of asthma control which were studied; 2) the associations were confirmed after adjustment on covariates including sex, age, BMI, smoking and ICS use; 3) the associations remained in a multilevel analysis taking into account the family and the city; 4) the associations were not modified after stratification on several covariates.

Due to the multidimensional approach of the control definition, the results increase the evidence of the combined acute and chronic respiratory effects of air pollution.

A major strength of EGEA is the detailed characterization of subjects with asthma using not only epidemiologically-defined criteria but also extensive clinical characterizations, in a country with homogeneous health care access. Phenotype misclassification is thus unlikely. 17 The detailed EGEA2 questionnaire and examination of the subjects allowed the assessment of asthma control on the basis of

[ ]
the 2006 2009 GINA guidelines. However, EGEA had no information on activity restrictions. The lack of activity data may result in the misclassification of some of the subjects as having controlled asthma , resulting most likely in a loss of power of the effects of air ' '

pollution. In the ECRHSII study, 1032 patients were classified as having current asthma and it was found that activity limitation had an

" "
impact on the asthma control level in 8.7 subjects (unpublished data). Thus, the lack of this dimension in the EGEA data is expected to % impair asthma control classification in a few subjects only. We are aware that the current updated GINA guidelines now include aspects related to future risk, an aspect of importance from a clinical perspective, but difficult to assess clinically and impossible to include in epidemiological studies.

Another strength of our analysis is the robustness and consistency of the findings. For both pollutants (PM and O ), all estimates of 10 3 the stratified analyses by sex, age, smoking, use of ICS, atopy, BMI, season of examination and age of asthma onset were above one and in the same order of magnitude. Furthermore, both pollutants were associated with each of the three domains of asthma control, although the estimates were more stable and significant when using the integrated measure of asthma control. This indicates that results are not driven by one domain.

In the bi-pollutant model, the effect of both pollutants (O and PM ) remains, suggesting that the effect of both pollutants are local conditions, resulting in large and most likely random misclassifications of exposure. This could explain why we do not find any association between NO and asthma control. subjects who had been living for at least two years in the same place as in 2004 were similar, indicating that this issue not to be of major relevance in our study.

Stressful living conditions may confound the observed associations if those correlate both with asthma control and air pollution on the spatial scale used in our analyses. We do not have indicators of stress available, thus, a formal assessment of this concern is not possible.

However, the multilevel analyses took into account city , thus, stressors associated with the city level would have been taken into account.

' '

The estimates were similar with and without control for city.

PM concentrations are quite low in the study. In France, before 2007, PM measurements were underestimated because the volatiles 10 10 particles (such as the ammonium nitrate) were not considered. From 2007 (after the development of our map), the certified air-quality monitoring agencies (AASQA) changed their measurement methods. The difference between the old and the new methods varied from 1.3 to 1.4 fold according to the characteristics of each region. Such scaling of the absolute levels does not affect our estimates of effects.

While there is an extensive literature about the acute effects of exposure to air pollution on different asthma control features, the long term effects of exposure to air pollution on asthma control are unclear. Furthermore, most studies in asthma-air pollution were carried out in children. Hospitalizations or emergency visits for asthma were increased on days with higher air pollution concentrations. 5, 23 Fewer between O and asthma control only in the elderly, and between PM and asthma control only in women. 9 In their second study in 3 10 [ ] adults, O , PM and PM were significantly associated with symptoms but not with emergency department visits or hospitalizations. 9

3 10 2.5 [ ]
Our findings, in which asthma control features were combined with lung function and the use of reliever treatment, are in agreement with these studies.

In our study, the association of PM with asthma control seemed to be stronger in men. The existing literature about the difference of 10 the air pollution effects according to sex is quite inconsistent, even if more studies report greater effects in women. [START_REF] Clougherty | A growing role for gender analysis in air pollution epidemiology[END_REF] As underlined

[ ]
recently, more studies are needed on this aspect to clarify gender differences and assess the role of biological (i.e. men have larger airways allowing larger pollutants such as PM to penetrate deeper), socio-cultural, and exposure assessment factors (i.e. women tend to spend 10 more time at home) which may explain such differences. 26

[ ]
The association between O and PM and asthma control were not modified by smoking, the ICS use, atopy, BMI, age of asthma 3 10 onset and season; although we did observe some non-statistically significant differences in the point estimates for air pollution exposure between some of these groups. Larger studies may assess whether the apparently higher associations with pollution observed in some of these subgroups may be replicated, while we may conjecture about possible reasons for the observed but non-significant differences. In non-smokers exposed to ETS, stronger associations of pollution with asthma control tended to be shown compared to smokers or non-smokers not exposed to ETS. This could be explained by the fact that ETS and air pollution share similar mechanisms of lung damage. 26, 27 In subjects using ICS, there is also a tendency for higher effects of air pollution, possibly reflecting a subgroup with more

[ ]
severe asthma that could be more susceptible to air pollution effects. [START_REF] Sunyer | Effect of nitrogen dioxide and ozone on the risk of dying in patients with severe asthma[END_REF] In contrast to other findings, subjects with higher BMI are not pollution were for cardiovascular outcomes. Estimates were also somewhat stronger among non-atopic subjects, while few studies reported atopic subjects to possibly react stronger to air pollution due to interactions between aeroallergens and pollutants. 30 Estimates were also

[ ]
stronger in subjects with childhood asthma, this would suggest that air pollution affects more asthma control in subject who has been asthmatic for a long time. However, our study design is not tailored to address all these questions. The associations with O seemed to be 3 higher for subjects examined during summer rather than winter. Reporting is most accurately recalled for the conditions during the past few weeks and months, thus, participants during summer provide more accurate data for the spring and summer. Furthermore, the exposure metric is the summer condition (O ), therefore this finding is expected.

3-sum

The use of a composite asthma control classification is novel in air pollution research. Whereas air pollution was measured over one year, asthma control was assessed based on acute or subacute asthma events. In this study, the long-term expression is used as opposed to

" " day-to-day variations in the air pollutants concentrations. The models used to assess air pollution exposure were developed for the year 2004 which is a reasonable estimate of the longer-term average air quality given that the variation of annual means of background air pollutants is rather limited. An interesting question is whether asthma control reflects a summary of the acute effect of air pollution on formally disentangle the chronic from the acute effects of air pollution requires different study designs and estimates of daily levels of air pollution that were not available in our population. Results support an effect of long term exposure to air pollution on asthma control in adulthood in subjects with pre-existing asthma. It remains possible however, that as suggested for occupational asthmogens, environmental insults may also induce directly a more severe form of disease. 33 Increasing evidence suggest that environmental exposures play a role

[ ]
at the various steps of the disease process. However, whether long term exposure to air pollution is at the same time a cause for the development of the underlying chronic asthma pathology is subject to investigations and cannot be addressed with the data used in this analysis.

In summary, our results indicate that both ambient O and PM concentrations jeopardize asthma control in adults. The results are 3 10 robust. The clinically relevant concept of asthma control with its integrated assessment of acute and chronic dimensions of the disease

" "
offers novel ways to quantify and monitor the public health relevance of air pollution among adults with asthma.

What this papers adds

Acute exposure to air pollution is associated with adverse respiratory effects in adults with What is already known on this subject: asthma such as the increase in emergency visits, exacerbations, medication intake, symptoms, etc. However, the effect of long-term exposure to air pollution on asthma control, assessed by combining several domains of control reflecting both acute and chronic respiratory conditions, has never been studied.

Our results suggest a robust association between long-term exposure to O and PM and uncontrolled What does this study add: 

  adjusted on sex, age, BMI, education, smoking and use of inhaled corticosteroids. The association between air pollution and the three domains of asthma control (symptoms, exacerbations and lung function) was assessed. Odds Ratios (ORs) are reported per Inter Quartile Range (IQR). Results Median concentrations ( g.m ) were 32(IQR 25 38) for NO (n 465), 46(41 52) for O and 21(18 21) for PM (n 481). In total, 44 , controlled, partly-controlled and uncontrolled asthma. The ordinal ORs for O and PM with asthma control were were not modified by sex, smoking status, use of inhaled corticosteroids, atopy, season of examination or BMI.

st between 1991 and 1995 on 2047 subjects from 5

 5 French cities. This analysis is based on the cross-sectional data of the follow-up study (EGEA2) conducted between 2003 and 2007 on 1571 adults. 15, 16, 17 (Figure 1, on-line supplement) Written consent was obtained [ ]

3 - 2 3

 32 for NO 11 (41 52) g.m for O , 13 (60 73) g.m for O and 3 (18 21) g.m for PM . Annual and summer O correlated (Pearson coefficient r 0.72). NO was strongly negatively correlated with O (r 0.76) and = -an =moderately correlated with PM (r 0.45). O and PM were not correlated (r 0.08), O and PM were weakly correlated (r 0.26).

2 A

 2 limitation of our exposure assignment relates to the use of a model based on measurements taken in 2004 (yearly average) while asthma control data were collected between 2003 2007. However, spatial contrasts of median-range pollutants relevant in our analyses--are unlikely to vary much from one year to another although the absolute concentrations may differ across years. 22 Results among [ ]

  associations between acute exposure to traffic-related air pollution and lung function in asthmatics. 24[ ]To our knowledge, only two studies aimed to address the long term effect of air pollution on some measures of asthma control. In a population based study, living close to high traffic density roads was associated with poorer asthma control, assessed by more than one respiratory symptom per week or at least emergency department visit or hospitalization in the last year. 10 They found an association [ ]

  air pollution in our data. 29 However, most studies showing greater susceptibility of overweight subjects to air [ ]

  it relates to the chronic development and worsening of the disease. As shown in general populations, a single measure of lung function may be affected independently by the level of pollution on the day of the exam and the long-term exposure. 31, 32 To[ ]

3 10 asthma

 310 , defined according to international clinical guidelines and combining three different domains (lung function, symptoms and exacerbations), in a large number of well-characterized current asthmatics from the Epidemiological study on Genetics and Environment of Asthma.

Figure 1 Figure 2

 12 Figure 1Flow chart of the EGEA population included in this analysis
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Table 1

 1 Description of health covariates and pollutants, for the total population and then defined by the level of control

	ALL	Controlled	Partly controlled	Uncontrolled

Table 2

 2 Association between an interquartile range of each air pollutant and asthma control. Each line represents a separate single-pollutant model. Odds ratios obtained from multinomial logistic regression comparing controlled versus partly-controlled asthma and uncontrolled versus controlled asthma † Odds ratios obtained from ordinal logistic regression ‡ Odds ratio obtained from generalized linear models taking into account family dependence (level 2) and the ordinal model § Odds ratio obtained from generalized linear models taking into account family dependence (level 2) and city (level 3) and the ordinal model NA not applicable, the ordinal model was not conducted for NO and O due to the characteristics of the estimates derived from the multinomial logistic regression that do not suggest a gradual effect[START_REF]Expert panel report 3: guidelines for the diagnosis and management of asthma[END_REF] 3-an from partly-controlled to uncontrolled asthma || Adjusted for sex, age, body mass index, educational level, smoking and use of inhaled corticosteriods in the last year estimates make reference to estimates with a p<0.05 bold

									Ordinal (taking into		Ordinal (taking into
			Partly controlled		Uncontrolled		Ordinal		account family		account family and
									dependence)		city dependence)
		n OR *	95 CI %	OR *	95 CI %	OR †	95 CI %	OR ‡	95 CI %	OR §	95 CI %
	Crude										
	NO 2	465 0.79	(0.59 1.07) -	0.88	(0.64 1.19) -	NA		NA		NA	
	O 3-an	481 1.45	(1.07 -1.97)	1.35	(0.98 1.86) -	NA		NA		NA	
	O 3-sum	481 1.60	(1.08 -2.36)	2.16	(1.41 -3.30)	1.78	(1.31 -2.41)	1.73	(1.29 -2.31)	1.73	(1.29 -2.31)
	PM 10	481 1.18	(0.95 1.46) -	1.50	(1.19 -1.89)	1.34	(1.13 -1.59)	1.35	(1.13 -1.61)	1.26	(1.04 -1.53)
	Adjusted ||										
	NO 2	454 0.84	(0.62 1.15) -	0.99	(0.71 1.40) -	NA		NA		NA	
	O 3-an	470 1.33	(0.96 1.84) -	1.19	(0.83 1.70) -	NA		NA		NA	
	O 3-sum	470 1.53	(1.01 -2.33)	2.14	(1.34 -3.43)	1.69	(1.22 -2.34)	1.69	(1.21 -2.36)	1.69	(1.22 -2.34)
	PM 10	470 1.16	(0.92 1.46) -	1.60	(1.24 -2.08)	1.36	(1.13 -1.64)	1.40	(1.14 -1.71)	1.33	(1.06

-1.67) *
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