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KEY MESSAGES
) What is the key question?

Is asthma a risk factor for the development of obesity in adults?

. What is the bottom line?
Asthmatics, particularly those who were non-atopic, had longer disease duration or were
on oral corticosteroids, were at a higher risk of developing obesity later in life. This

association was not mediated by physical activity.

. Why read on?
Although an association between obesity and asthma has been well established, whether
asthma can relate to increased risk of future obesity has been only studied in children.
Understanding the link between asthma and obesity is key for a proper asthma

management.



ABSTRACT

Introduction: Obesity is a known risk factor for asthma. Although some evidence showed asthma
causing obesity in children, the link between asthma and obesity has not been investigated in
adults.

Methods: We used data from the European Community Respiratory Health Survey (ECRHS), a
cohort study in 11 European countries and Australia in 3 waves between 1990 and 2014, at
intervals of approximately 10 years. We considered two study periods: from ECRHS | (i) to
ECRHS Il (t+7), and from ECRHS Il (f) to ECRHS Il (t+7). We excluded obese (BMI 230kg/m?)
individuals at visit t. The relative risk (RR) of obesity at t+7 associated with asthma at t was
estimated by multivariable modified Poisson regression (lag) with repeated measurements.
Additionally, we examined the association of atopy and asthma medication on the development
of obesity.

Results: We included 7,576 participants in the period ECRHS I-1l (51.5% female, mean (SD) age
of 34 (7) years), and 4,976 in ECRHS lI-lll (51.3% female, 42 (8) years). 9% of participants
became obese in ECRHS I-1l and 15% in ECRHS II-1Il. The risk of developing obesity was higher
among asthmatics than non-asthmatics (RR: 1.22, 95%CI: 1.07 to 1.38), and particularly higher
among non-atopic than atopic (1.47; 1.17 to 1.86 vs 1.04; 0.86 to 1.27), those with longer disease
duration (1.32; 1.10 to 1.59 in >20 years vs 1.12; 0.87 to 1.43 in <20 years), and those on oral
corticosteroids (1.99; 1.26 to 3.15 vs 1.15; 1.03 to 1.28). Physical activity was not a mediator of
this association.

Conclusion: This is the first study showing that adult asthmatics have a higher risk of developing
obesity than non-asthmatics, particularly those non-atopic, of longer disease duration or on oral

corticosteroids.

Keywords: Asthma, ECRHS, Obesity, Oral corticosteroids, Physical activity



INTRODUCTION

Several studies demonstrating the co-existence of obesity and asthma across the world suggest
the presence of common aetiological factors between these conditions.[1-5] Asthma and obesity
share some common socioeconomic, behavioural, and environmental risk factors, all of which
could trigger the expression of genes, leading to the development of either of these diseases.
Previous studies focussed mainly on the mechanisms by which obesity could lead to asthma.
Several obesity-associated biological phenomena have been proposed, such as by altering the
lung compliance (causing airflow limitation), increasing the synthesis of immune-modulators,
affecting the sympathetic nervous system, or by modulating gene function.[1, 2] The inverse
relationship, i.e., whether asthma is a risk factor for later obesity had not received much attention

until recently.

In a longitudinal cohort study of kindergarten and first-grade children, Chen and colleagues (2017)
observed that the non-obese children who were diagnosed with asthma during the recruitment
phase were at increased risk of developing obesity during the 10-years follow up.[6] This was
confirmed in a pooled analysis of 18 European cohorts associating physician diagnosed asthma
at 3-4 years with incident obesity at 8 years, the risk being higher among children with active
asthma symptoms.[7] Another recent study demonstrated a link between high peak flow variability
in childhood and a steeper increase of body mass index (BMI) in adulthood.[8] Despite studies
on children and young adolescents, whether and to what extent asthma increased the risk for
subsequent obesity among adults remained unclear. Asthma in adults may be causally and
aetiologically more complex than childhood asthma (which is predominantly allergic asthma),

therefore, the magnitude of the asthma-obesity risk is likely to be different in adults.

In line with the previously reported observations, we hypothesized that asthma could be a risk
factor for obesity at a later stage of life. Therefore, we aimed to investigate the occurrence of
obesity attributable to asthma in participants of the European Community Respiratory Health

Survey (ECRHS) over two periods of 10 years.



METHODS

Design and participants

ECRHS is a population-based cohort study initiated in 1990-94 (ECRHS-I) with over 18,000
participants aged between 20 and 44 years from 30 centres in 14 countries, which had two follow-
up rounds at approximately 10-year intervals (ECRHS-II in 1999-2003 and ECRHS-III in 2010-
2014). In the recruitment phase, a postal questionnaire was sent containing items about asthma
symptoms and exacerbation history in the last 12 months, current medication, and allergic
conditions such as nasal symptoms and hay fever. From those who responded to the postal
questionnaire, participants were either selected from a random sample or a symptomatic sample
and were invited for more detailed investigation that included an interviewer-administered
questionnaire and lung function testing.[9, 10] The questionnaires and clinical investigations were

repeated in the next follow-ups (ECRHS-II and Ill).

The design and selection of participants of the present study are presented in Figure 1. We
considered two study periods: from ECRHS | (f) to ECRHS Il (t+7), and from ECRHS Il (f) to
ECRHS Il (t+7). At each period we classified the participants as “no asthma” or “current asthma”
(see definitions below). To study only incident obesity, we excluded individuals who were obese
(BMI 230kg/m?) at visit t. To avoid misclassification in the definition of the ‘current asthma’ and
‘no asthma’ groups, we excluded participants with inactive asthma (i.e. self-reported doctor
diagnosed asthma, with no respiratory symptoms within the last 12 months). We finally excluded
subjects with missing asthma or obesity information at either t or t+1, giving a total of 8,716
participants from 26 centres of 11 European countries and Australia. Ethical approval of the study
was obtained from the ethical review boards or committees of the respective centres. All
participants provided signed informed consent. Detailed information about the ethical approval,

informed consent and data management were described elsewhere.[10]

. Figure 1



Definition of asthma-related variables

Asthma-related information was collected at each survey. We defined current asthma as giving a
positive answer to the questions “Have you ever had asthma?” and “Was this confirmed by a
doctor?”, and having reported at least one of the following in the last 12 months: waking up by an
attack of shortness of breath, any asthma attack, or use of asthma medications.[11-13] Asthma
duration at t was derived as the number of years between age at t and reported age at first asthma
onset. Atopy was defined as a serum specific IgE antibody concentration of 20.35 kUa/L to at
least one of four common allergens (house dust mite, cat, timothy grass or Cladosporium
herbarum), as defined previously.[14] We also obtained information on asthma drug treatment
from the questions “Have you used any pills, capsules, tablets or medicines, other than inhaled
medicines, to help your breathing at any time in the last 12 months?”, and defined whether each
patient took inhaled (ICS) oral corticosteroids (OCS) or both during the last 12 months. Only at
ECRHS Il, information was collected on whether OCS were used continuously, for a short-course,
or as rescue medication. The modified Medical Research Council (nMRC) Dyspnoea Scale was

used to define dyspnoea (considered if they had mMRC grade 22).[15]

Obesity
Height and weight of all participants were measured by physical examination during the clinical
visit at each survey. BMI was calculated as weight in kilograms divided by the square of height in

metres. Obesity was defined as BMI=30kg/m2.[16]

Other relevant information

At each study wave, we collected data on socio demographic and other clinical factors using
questionnaires. These included sex, age, education (age at which the participants finished their
formal education) and smoking status (never, former and current) and intensity (pack-years).
Information about physical activity of the participants was obtained at ECRHS-II and Ill from a
self-completed questionnaire in which they were asked about the weekly frequency and duration
of vigorous physical activity.[17-19] Those who exercised at least two times a week for at least 1

hour were considered physically active.



Statistical analyses

Relative risks (RR) and 95% confidence intervals (Cls) for the association of current asthma,
asthma with atopy, asthma duration, and asthma with medication (ICS, OCS or both), with new
obesity onset were estimated using modified Poisson regression for repeated measures with time
of follow-up as offset.[20] Exposure was the asthma status at the survey time t(lag1) and outcome
was obesity at subsequent time t+1. Therefore, participants could contribute with one or two
observations, i.e., from ECRHS-I to ECRHS-II and/or from ECRHS-II to ECRHS-III (Figure 1).
Multivariate models were fitted after testing the following potential confounders: education, sex,
age, smoking status, and physical activity (between ECRHS-II and Il only). Only those variables
associated (i.e., p-value <0.05) both with asthma and obesity were retained. Hence, the final
models were adjusted for age, sex, and smoking status at time t. Subjects nested in centre were

included as random effects to account for the repeated data design.

Models were presented overall and separately by sex. We performed meta-analysis to determine

if there was any heterogeneity between the participating countries and between centres.

Two secondary analyses were performed: (1) to determine if physical activity could be a mediator
in the asthma-obesity association, we tested 3 paths separately: physical activity at ECRHS-II
mediating the relationship between asthma at ECRHS-I and obesity at ECRHS-II (path 1),
physical activity at ECRHS-II mediating the relationship between asthma at ECRHS-1 and obesity
at ECRHS-II (path 2), and physical activity at ECRHS-III mediating the relationship between
asthma at ECRHS-Il and obesity at ECRHS-III (path 3); and (2) to estimate the impact of smoking
cessation on the association between asthma and new obesity onset, we stratified our models by
active smokers (at time t), smokers who quit during the study (between ECRHS-I and Il, and

ECRHS-II and Ill), and never smokers.

Some sensitivity analyses were performed to check the robustness of our results. We repeated
our analyses: (1) excluding those who did not take part in all three ECRHS waves; (2) excluding
participants who reported avoiding physical activity because of respiratory symptoms; (3)

excluding those who reported dyspnoea at time t; (4) defining current asthma as the a self-report



of doctor’s diagnosis and at least one of the following within the last 12 months: waking up by an
attack of shortness of breath, any asthma attack, use of asthma medications, wheeze, shortness
of breath, waking up with chest tightness or attack of cough; and (5) using BMI change between
t and t+1 as the outcome variable in linear mixed regression. All analyses were performed in

STATA (version 12.1, STATA Corp. College Station, Texas, USA).

RESULTS

Distribution of the participants included in this analysis is presented in Table 1. We studied 7,576
participants in the period ECRHS I-Il (51.5% female, mean (SD) age of 34 (7) years at ECRHS
), and 4,976 participants in the period ECRHS II-1ll (51.3% female, 42 (8) years at ECRHS II).
Current smokers decreased during follow-up (30% in ECRHS I-1l vs. 19% in ECRHS II-Ill). The
relative number of participants with current asthma remained the same across the study waves.
Overall, 9% of participants became obese from ECRHS-I to ECRHS-II and this proportion rose to
15% from ECRHS Il to ECRHS-III. We observed that 37% of the study population was physically

active at ECRHS-1I which increased slightly to 42% at ECRHS-III.

e Table1

The association between asthma and obesity is presented in Supplementary Table E1 and
Figure 2. Compared to 8.4% and 14.6% of non-asthmatics who developed obesity at ECRHS-II
and ECRHS-III respectively, 10.7% and 16.9% asthmatics developed obesity at ECRHS-II and
Ill. The absolute risk difference in asthmatics vs no asthmatics was 2.3% (95% CI 0.8 to 3.9%)
and the relative risk (RR) was 1.21 (95%CI: 1.07 to 1.37). After adjusting for potential confounders
(age, sex and smoking status at time {), the association between asthma and the development of
obesity remained significant (1.22; 1.07 to 1.38). The association was stronger among asthmatics
without atopy (1.47; 1.17 to 1.86), asthmatics with longer disease duration (1.32; 1.10 to 1.59),
asthmatics who used oral corticosteroids (1.99; 1.26 to 3.15) and those who used both oral and

inhaled corticosteroids (2.07; 1.19 to 3.59).

10



e Figure 2

We conducted post hoc analyses to understand better the association between oral
corticosteroids intake and incident obesity. The comparison between patients on continuous,
short-course or use as rescue medication of OCS suggested a higher risk of obesity among those
using continuously, but very small sample size precluded any kind of statistical testing

(Supplementary Table E2).

The association of asthma and obesity was similar in males (1.27; 1.06 to 1.51) and females
(1.20; 1.01 to 1.42, Supplementary Table E3). The association of asthma with new onset obesity
was homogeneous across the participating countries (Figure 3) and centres (Supplementary
Figure E1). The overall estimates from the meta-analyses were similar to that reported in the
main analysis and there was no statistical evidence of heterogeneity (12=0, p-values for

heterogeneity were 0.70 and 0.96 for country and centre, respectively).

e Figure 3

No evidence of physical activity as a mediator in the asthma-obesity association was observed
(Supplementary Table E4). When stratified by smoking status, the risk of becoming obese in
asthmatics was higher among current smokers (1.46, 1.12 to 1.90) and among never smokers
(1.27, 1.08 to 1.49), while no association between asthma and obesity was observed among those
who stopped smoking (0.95; 0.65 to 1.37) (Supplementary Table E5). In the sensitivity analyses,
the estimates were comparable to the main analyses (Supplementary Tables E6, E7, E8, E9

and E10).

DISCUSSION

In this prospective cohort study, we found that individuals with active asthma were at higher risk
of developing obesity compared to individuals without asthma, that this association was higher
among non-atopic asthmatics, those with long disease duration or those using oral

corticosteroids, and that the association was not mediated by physical activity levels.

11



Our observation of accelerated weight gain among asthmatics is supported by a previous
prospective study that demonstrated asthma to be associated with increased weight gain at a
later stage in women,[21] although unlike our results, they did not find such association in men.
Two recent longitudinal studies in children, one of them including more than 21,000 children from
16 European cohorts, showed that childhood asthma was a risk factor for obesity at a later age.[6,
7] Another recent report also demonstrated that children with high peak flow variability were on a
steeper increase of BMI up to young adult life that was not associated with asthma.[8] This
evidence suggests that asthma and obesity share several common physiological pathways and

a bi-directional association between asthma and obesity is plausible.

It has been debated whether there is any association between atopy and increased body
weight.[23] While several reports support this association, [24, 25] other studies have shown that
the risk of being overweight is higher among the non-atopic than those with marked allergic
sensitization.[26, 27] Our observation of a greater risk of obesity among non-atopic asthmatics
indicates that allergic sensitization is unlikely to explain the association between asthma and

obesity.

We observed that the risk of developing obesity was more pronounced among asthmatics who
were on oral corticosteroids than those who were not, in agreement with previous reports, in
adults and children with asthma, relating the intake of oral corticosteroids with abnormal weight
gain.[28-31] Unfortunately we could not test the role of corticosteroids dose or duration due to
small sample size of OCS users. The effects of long term use of oral corticosteroids on weight
gain are well established in asthma and general population,[28, 32] and supported by several
mechanisms, including but not limited to increased lipid uptake from the gut and storing in the
peripheral tissues,[31] or increased insulin resistance.[33] However, we also found an increased
and statistically significant risk of obesity among asthmatics who reported not having taken OCS.
One could argue that, if asthma really causes weight gain, this effect would be higher among

those with severe asthma, so the higher risk observed among OCS users is actually the result of

12



confounding by indication and not a result of the treatment itself.[34] This is supported by our

findings of higher obesity risk among asthmatics of longer disease duration..

A potential explanation for asthma causing weight gain is through the reduction of physical activity
levels. Patients with chronic respiratory diseases tend to be less physically active due to recurrent
episodes of breathlessness or persistent wheezing.[35] However, our analyses do not support
this hypothesis, as physical activity was not mediating the asthma-obesity association and this
association remained after excluding those participants who did not perform physical activity due
to breathlessness, in line with the previously mentioned study among asthmatic children who

developed obesity on follow-up independent of physical activity.[6]

Another potential explanation would the via a role of smoking. Smoking cessation has been
observed to augment weight gain at least in the short term.[36, 37] However, we found no
association between asthma and incident obesity among participants quitting smoking. On the
contrary, we observed greater relative risks among current smokers and non-smokers. Smoking
has been observed to reduce the efficacy of steroid treatment in asthma [38-40], so it could be
argued that asthmatics who smoke are at a higher risk of the effects of asthma (such as obesity)
because of worse disease control. Altogether suggests that there may be mechanisms other than
OCS use, reducing physical activity and smoking cessation, linking asthma to obesity, but these

are yet unknown.

Our study outcomes are of significant clinical importance. First, our observation of higher obesity
risk in asthmatics who took oral corticosteroids, advocates the minimal and precise use of oral
corticosteroids in asthma.[44] Albeit current recommendations of oral corticosteroids for asthma
management, several reports also indicate that oral steroids are still prescribed indiscriminately
in asthma, sometimes, even without diagnosing the severity of the disease properly.[45-47] This
could result in an increasing burden of adverse health effects in asthma, obesity being one of the
major consequences. Secondly, the observation of a greater risk of obesity among non-atopic
asthmatics directs our attention towards adult-onset asthma and supports increasing attention to

the reduction of adult risk factors, such as occupational exposures that account for up to 25% of

13



adult-onset asthma.[48] Thirdly, we also observed a higher risk of obesity among asthmatics who
were smokers. Although smoking cessation programmes have now become a part of the clinical
management of respiratory and cardiovascular diseases, evidence shows that not all patients
benefit from them, particularly in primary care.[49, 50] Advice on smoking cessation along with its
plausible consequences (such as temporary weight gain) should also be discussed with the
patients. Finally, although we did not find any evidence of physical activity mediating the asthma-
obesity interaction, it must be noted that lifestyle factors also significantly influence weight gain.
Thus, advice on healthy diet, proper physical activity and lifestyle modification should be

warranted as part of asthma management.

The strengths of our study included its longitudinal design, allowing the exclusion of obese
subjects at baseline, with a large cohort that was followed over a long period of time. Furthermore,
we performed several sensitivity analyses to test the robustness of our results against
assumptions about asthma or obesity miss-classification, residual confounding or model miss-
specification. Lastly, the results were homogeneous across the participating countries which

indicate that study findings can be extrapolated to other populations.

A limitation in this study is the potential bias in defining asthma and obesity status, given the lack
of information on when events happened during the 10 years follow-up period. However, our
results were robust to several sensitivity analyses. Although we were able to consider plausible
known confounders, the effect of other lifestyle factors (such as diet, only available in a subsample
of ECRHS at one single time point), psychosocial attributes, or genetic predisposition could not
be analysed. Finally, we were limited to explore in detail the role of OCS on obesity risk because

of the lack of detailed information on dosage, duration or their use for other diseases than asthma.

CONCLUSION

In summary, we demonstrated that participants with asthma were at a higher risk of developing
obesity later in life and the risk was more pronounced among those asthmatics who were non-
atopic, those with asthma of longer duration and those on oral corticosteroids. These results

support earlier results in children and warrant further clinico-epidemiological and experimental

14



research, in order to determine the mechanisms through which asthma could trigger obesity risk

among adults.

15



AUTHOR CONTRIBUTIONS

S Moitra, A-E Carsin, M Kogevinas, and J Garcia-Aymerich conceived the study design, analysed
the results, interpreted the data, and drafted the manuscript. S Guerra interpreted the data;
drafted the article or revised it; provided intellectual content of critical importance to the work
described. All other authors revised the manuscript and provided critical comments. The joint first

authors and the last author take the responsibility for the data integrity.

FUNDING AND ACKNOWLEDGEMENT
ECRHS |

Co-ordinating Centre (London): P Burney, S Chinn, C Luczynskaf, D Jarvis, E Lai.

Project Management Group: P Burney (Project leader-UK), S Chinn (UK), C Luczynskat (UK), D
Jarvis (UK), P Vermeiret (Antwerp), H Kesteloot (Leuven), J Bousquet (Montpellier), D Nowak
(Hamburg), J Prichardt (Dublin), R de Marcot (Verona), B Rijcken (Groningen), JM Anto

(Barcelona), J Alves (Oporto), G Boman (Uppsala), N Nielsen (Copenhagen), P Paoletti (Pisa).

Financial support: The following grants helped to fund the local studies. Australia: Asthma
Foundation of Victoria, Allen and Hanbury's, Belgium: Belgian Science Policy Office, National
Fund for Scientific Research, Estonia: Estonian Science Foundation, grant no 1088, France:
Ministere de la Santé, Glaxo France, Insitut Pneumologique d'Aquitaine, Contrat de Plan Etat-
Région Languedoc-Rousillon, CNMATS, CNMRT (90MR/10, 91AF/6), Ministre delegué de la
santé, RNSP, France; GSF, Germany: Bundesminister fiir Forschung und Technologie, Italy:
Ministero dell'Universita e della Ricerca Scientifica e Tecnologica, CNR, Regione Veneto grant
RSF n. 381/05.93, Norway: Norwegian Research Council project no. 101422/310, Spain: Fondo
de Investigacion Sanitaria ( #91/0016-060-05/E, 92/0319 and #93/0393), Hospital General de
Albacete, Hospital General Juan Ramén Jiménez, Direccibn Regional de Salud Publica
(Consejeria de Sanidad del Principado de Asturias), CIRIT (1997 SGR 00079) and Servicio
Andaluz de Salud, Sweden: The Swedish Medical Research Council, the Swedish Heart Lung

Foundation, the Swedish Association against Asthma and Allergy, Switzerland: Swiss national

16



Science Foundation grant 4026-28099, UK: National Asthma Campaign, British Lung Foundation,

Department of Health, South Thames Regional Health Authority.

Coordination: The co-ordination of this work was supported by the European Commission and
the authors and participants are grateful to the late C. Baya and M. Hallen for their help during

the study and K. Vuylsteek and the members of the COMAC for their support.

ECRHS Il

Steering Committee: U. Ackermann-Liebrich (University of Basel, Switzerland); N. Kuenzli
(University of Basel, and University of Southern California, Los Angeles, USA); J.M. Ant6 and J.
Sunyer (Institut Municipal d’ Investigaciéo Médica (IMIM-IMAS), Universitat Pompeu Fabra (UPF),
Spain); P. Burney (project leader), S Chinn, D. Jarvis, J. Knox and C. Luczynska (King's College
London, UK); I. Cerveri (University of Pavia, Italy); R. de Marcot (University of Verona, Italy); T.
Gislason (Iceland University Hospital, Iceland); J. Heinrich and M. Wijst (GSF-Institute of
Epidemiology, Germany); C. Janson (Uppsala University, Sweden); B. Leynaert and F. Neukirch
(Institut National de la Sante” et de la Recherche Meidicale (INSERM),France); J. Schouten
(University of Groningen, The Netherlands); C. Svanes (University of Bergen, Norway); P.
Vermeiret (University of Antwerp, Belgium).

Principal Investigators and senior scientific teams: Australia: (M. Abramson, E.H Walters, J.
Raven); Belgium: South Antwerp and Antwerp City (P. Vermeire, J. Weyler, M. van Sprundel, V.
Nelen); Estonia: Tartu (R. J&gi, A. Soon); France: Paris (F. Neukirch, B. Leynaert, R. Liard, M.
Zureik), Grenoble (. Pin, J. Ferran-Quentin), Bordeaux (A. Taytard, C.Raherison), Montpellier
(J.Bousquet, PJ Bousquet); Germany: Erfurt (J. Heinrich, M. Wjst, C. Frye, I. Meyer); Iceland:
Reykjavik (T. Gislason, E. Bjornsson, D. Gislason, K.B Jérundsdéttir); Italy: Turin (R. Bono, M.
Bugiani, P.Piccioni, E. Caria, A. Carosso, E. Migliore, G. Castiglioni), Verona (R. de Marcot, G.
Verlato, E. Zanolin, S. Accordini, A. Poli, V. Lo Cascio, M. Ferrari, I. Cazzoletti), Pavia (A.
Marinoni, S. Villani, M. Ponzio, F. Frigerio, M. Comelli, M. Grassi, I. Cerveri, A. Corsico); Norway:
Bergen (A. Gulsvik, E. Omenaas, C. Svanes, B. Laerum); Spain: Albacete (J. Martinez-Moratalla
Rovira, E. Almar, M. Arévalo, C. Boix, G Gonzalez, J.M. Ignacio Garcia, J. Solera, J Damian),

Galdakao (N. Mufozguren, J. Ramos, I. Urrutia, U. Aguirre ), Barcelona (J. M. Antd, J. Sunyer,

17



M. Kogevinas, J. P. Zock, X. Basagana, A. Jaen, F. Burgos, C. Acosta), Huelva (J. Maldonado,
A. Pereira, J.L. Sanchez), Oviedo (F. Payo, | . Huerta, A. de la Vega, L Palenciano, J Azofra, A
Cafada); Sweden: Goteborg (K. Toren,L. Lillienberg, A. C. Olin, B. Balder, A. Pfeifer-Nilsson, R.
Sundberg), Umea (E. Norrman, M. Soderberg, K.A Franklin, B. Lundback, B. Forsberg, L.
Nystrom), Uppsala (C. Janson, G. Boman, D. Norback, G. Wieslander, M. Gunnbjornsdottir);
Switzerland: Basel (N. Kienzli, B. Dibbert, M. Hazenkamp, M. Brutsche, U. Ackermann-Liebrich);

United Kingdom: Ipswich (D. Jarvis, R. Hall, D. Seaton), Norwich (D. Jarvis, B. Harrison).

Financial Support: Australia: National Health and Medical Research Council; Belgium: Antwerp:
Fund for Scientific Research (grant code, G.0402.00), University of Antwerp, Flemish Health
Ministry; Estonia: Tartu Estonian Science Foundation grant no 4350; France: (All) Programme
Hospitalier de Recherche Clinique—Direction de la Recherche Clinique (DRC) de Grenoble 2000
number 2610, Ministry of Health, Ministére de 'Emploi et de la Solidarité, Direction Génerale de
la Santé, Centre Hospitalier Universitaire (CHU) de Grenoble, Bordeaux: Institut Pneumologique
d’Aquitaine, Grenoble: Comite des Maladies Respiratoires de I'lsere, Montpellier: Aventis
(France), Direction Regionale des Affaires Sanitaires et Sociales Languedoc-Roussillon, Paris:
Union Chimique Belge- Pharma (France), Aventis (France), Glaxo France; Germany: Erfurt
GSF—National  Research  Centre  for  Environment and  Health, Deutsche
Forschungsgemeinschaft (grant code, FR1526/1-1), Hamburg: GSF—National Research Centre
for Environment and Health, Deutsche Forschungsgemeinschaft (grant code, MA 711/4-1);
Iceland: Reykjavik, Icelandic Research Council, Icelandic University Hospital Fund; ltaly: Pavia
GlaxoSmithKline Italy, Italian Ministry of University and Scientific and Technological Research
(MURST),Local University Funding for Research 1998 and 1999, Turin: Azienda Sanitaria Locale
4 Regione Piemonte (ltaly), Azienda Ospedaliera Centro Traumatologico Ospedaliero/Centro
Traumatologico Ortopedico—Istituto Clinico Ortopedico Regina Maria Adelaide Regione
Piemonte, Verona: Ministero dell’Universita” e della Ricerca Scientifica (MURST), Glaxo
Wellcome spa; Norway: Bergen: Norwegian Research Council, Norwegian Asthma and Allergy
Association, Glaxo Wellcome AS, Norway Research Fund; Spain: Fondo de Investigacion
Santarias (grant codes, 97/0035-01,99/0034-01 and 99/0034 02), HospitalUniversitario de

Albacete, Consejeria de Sanidad, Barcelona: Sociedad Espanola de Neumologi‘a y Cirugi’a

18



Toracica, Public Health Service(grant code, R01 HL62633-01), Fondo de Investigaciones
Santarias (grant codes, 97/0035-01, 99/0034-01, and 99/0034-02), Consell Interdepartamentalde
Recerca i Innovacio” Tecnolo'gica (grant code, 1999SGR 00241) Instituto de Salud Carlos llI;
Red deCentros de Epidemiologi'a y Salud Pu’blica, C03/09,Redde Basesmoleculares vy
fisiolo’gicas de lasEnfermedadesRespiratorias,C03/011and Red de Grupos Infancia y Medio
Ambiente G03/176, Huelva: Fondo de Investigaciones Santarias (grant codes, 97/0035-01,
99/0034-01, and 99/0034-02), Galdakao: Basque Health Department, Oviedo: Fondo de
Investigaciones Sanitaria (97/0035-02, 97/0035, 99/0034-01, 99/0034-02, 99/0034-04, 99/0034-
06, 99/350, 99/0034--07), European Commission (EU-PEAL PL01237), Generalitat de Catalunya
(CIRIT 1999 SGR 00214), Hospital Universitario de Albacete, Sociedad Espafnola de Neumologia
y Cirugia Toracica (SEPAR R01 HL62633-01) Red de Centros de Epidemiologia y Salud Publica
(C03/09), Red de Bases moleculares y fisioldgicas de las Enfermedades Respiratorias (C03/011)
and Red de Grupos Infancia y Medio Ambiente (G03/176);97/0035-01, 99/0034-01, and99/0034-
02); Sweden: Goteborg, Umea, Uppsala: Swedish Heart Lung Foundation, Swedish Foundation
for Health Care Sciences and Allergy Research, Swedish Asthma and Allergy Foundation,
Swedish Cancer and Allergy Foundation, Swedish Council for Working Life and Social Research
(FAS); Switzerland: Basel Swiss National Science Foundation, Swiss Federal Office for Education
and Science, Swiss National Accident Insurance Fund; UK: Ipswich and Norwich: Asthma UK

(formerly known as National Asthma Campaign).

Coordination: The coordination of this work was supported by the European Commission, as part

of their Quality of Life programme, (Grant code: QLK4-CT-1999-01237).

ECRHS 1l

Principal Investigators and senior scientific teams: Australia: Melbourne (M.Abramson, G. Benke,
S. Dharmage, B. Thompson, S. Kaushik, M Matheson). Belgium: South Antwerp & Antwerp City
(J. Weyler, H.Bentouhami, V. Nelen). Estonia: Tartu (R. Jdgi, H.Orru). France: Bordeaux (C.
Raherison, P.O Girodet) Grenoble (l. Pin, V. Siroux, J.Ferran, J.L Cracowski) Montpellier (P.
Demoly, A.Bourdin, I. Vachier) Paris (B. Leynaert, D. Soussan, D. Courbon, C. Neukirch, L.

Alavoine, X. Duval, |. Poirier). Germany: Erfurt (J. Heinrich, E. Becker, G. Woelke, O. Manuwald)

19



Hamburg (H. Magnussen, D. Nowak, A-M Kirsten). Iceland: Reykjavik (T. Gislason, B.
Benediktsdottir, D. Gislason, E.S Arnardottir, M. Clausen, G. Gudmundsson, L. Gudmundsdottir,
H. Palsdottir, K. Olafsdottir, S. Sigmundsdottir, K. Bara-Jérundsdottir). Italy: Pavia (I .Cerveri,
A.Corsico, A. Grosso, F. Albicini, E. Gini, E.M Di Vincenzo, V. Ronzoni, S. Villani, F. Campanella,
M. Gnesi, F. Manzoni, L. Rossi, O. Ferraro) Turin: (M. Bugiani, R. Bono, P. Piccioni, R. Tassinari,
V. Bellisario, G. Trucco) Verona: (R de Marcot, S. Accordini, L. Calciano, L. Cazzoletti, M. Ferrari,
AM Fratta Pasini, F. Locatelli, P. Marchetti, A. Marcon, E. Montoli, G. Nguyen, M. Olivieri, C.
Papadopoulou, C.Posenato, G. Pesce, P. Vallerio, G. Verlato, E. Zanolin). Norway: (C. Svanes,
E. Omenaas, A. Johannessen, T. Skorge, F. Gomez Real). Spain: Albacete (J. Martinez-Moratalla
Rovira, E. Almar, A. Mateos, S. Garcia, A. NUhez, P.Lépez, R. Sanchez, E Mancebo), Barcelona:
(J-M. Anto, J.P Zock, J Garcia-Aymerich, M Kogevinas, X. Basagafa, A.E. Carsin, F. Burgos, C.
Sanjuas, S Guerra, B. Jacquemin, P. Davdand) Galdakao: (N. Mufiozguren, |. Urrutia, U. Aguirre,
S. Pascual), Huelva:(J Antonio Maldonado, A. Pereira, J. Luis Sanchez, L. Palacios, Oviedo: (F.
Payo, I. Huerta, N. Sanchez, M. Fernandez, B. Robles). Sweden: Goteborg (K. Torén, M. Holm,
J-L Kim, A-C. Olin, A. Dahiman-Héglund), Umea (B. Forsberg, L. Braback, L Modig, B Jarvholm,
H Bertilsson, K.A Franklin, C Wahlgreen), Uppsala: (B Andersson, D Norback, U Spetz Nystrom,
G Wieslander, G.M Bodinaa Lund, K Nisser); Switzerland: Basel (N.M. Probst-Hensch, N. Kiinzli,
D. Stolz, C. Schindler, T. Rochat, J.M. Gaspoz, E. Zemp Stutz, M.Adam, C. Autenrieth, |. Curjuric,
J. Dratva, A. Di Pasquale, R. Ducret-Stich, E. Fischer, L. Grize, A. Hensel, D. Keidel, A. Kumar,
M. Imboden, N. Maire, A. Mehta, H. Phuleria, M. Ragettli, M. Ritter, E. Schaffner, G.A Thun, A.
Ineichen, T. Schikowski, M. Tarantino, M. Tsai. UK: London (P. Burney, D. Jarvis, S. Kapur, R.

Newson, J. Potts), Ipswich: (N. Innes), Norwich: (A. Wilson).

Financial Support: Australia: National Health & Medical Research Council. Belgium: Antwerp
South, Antwerp City: Research Foundation Flanders (FWQO), grant code G.0.410.08.N.10 (both
sites). Estonia: Tartu- SF0180060s09 from the Estonian Ministry of Education. France: (All)
Ministére de la Santé. Programme Hospitalier de Recherche Clinique (PHRC) national 2010.
Bordeaux: INSERM U897 Université Bordeaux segalen, Grenoble: Comite Scientifique
AGIRadom 2011. Paris: Agence Nationale de la Santé, Région lle de France, domaine d’intérét

majeur (DIM). Germany: Erfurt: German Research Foundation HE 3294/10-1 Hamburg: German

20



Research Foundation MA 711/6-1, NO 262/7-1. Iceland: Reykjavik, The Landspitali University
Hospital Research Fund, University of Iceland Research Fund, ResMed Foundation, California,
USA, Orkuveita Reykjavikur (Geothermal plant), Vegagerdin (The Icelandic Road Administration
(ICERA). Italy: All ltalian centres were funded by the Italian Ministry of Health, Chiesi Farmaceutici
SpA, in addition Verona was funded by Cariverona foundation, Education Ministry (MIUR).
Norway: Norwegian Research council grant no 214123, Western Norway Regional Health
Authorities grant no 911631, Bergen Medical Research Foundation. Spain: Fondo de
Investigacién Sanitaria (PS09/02457, PS09/00716, PS09/01511, PS09/02185, PS09/03190),
Servicio Andaluz de Salud, Sociedad Espafola de Neumologia y Cirurgia Toracica (SEPAR
1001/2010). Fondo de Investigacién Sanitaria (PS09/02457), Barcelona: Fondo de Investigacion
Sanitaria (FIS PS09/00716), Galdakao: Fondo de Investigacion Sanitaria (FIS 09/01511) Huelva:
Fondo de Investigacién Sanitaria (FIS PS09/02185) and Servicio Andaluz de Salud Oviedo:
Fondo de Investigacién Sanitaria (FIS PS09/03190). Sweden: All centres were funded by The
Swedish Heart and Lung Foundation, The Swedish Asthma and Allergy Association, The Swedish
Association against Lung and Heart Disease, Swedish Research Council for health, working life
and welfare (FORTE) Goteborg: Also received further funding from the Swedish Council for
Working life and Social Research. Umea also received funding from Vasterbotten Country Council
ALF grant. Switzerland: The Swiss National Science Foundation (grants no 33CSCO-134276/1,
33CSCO-108796, 3247B0O-104283, 3247B0O-104288, 3247B0O-104284, 3247-065896, 3100-
059302, 3200-052720, 3200-042532, 4026-028099) The Federal office for forest, environment
and landscape, The Federal Office of Public Health, The Federal Office of Roads and Transport,
the canton’s government of Aargan, Basel-Stadt, Basel-Land, Geneva, Luzern, Ticino, Valais and
Zirich, the Swiss Lung League, the canton's Lung League of Basel Stadt/ Basel, Landschaft,
Geneva, Ticino, Valais and Zurich, SUVA, Freiwillige Akademische Gesellschaft, UBS Wealth
Foundation, Talecris Biotherapeutics GmbH, Abbott Diagnostics, European Commission 018996
(GABRIEL), Wellcome Trust WT 084703MA. UK: Medical Research Council (Grant Number
92091). Support also provided by the National Institute for Health Research through the Primary

Care Research Network.

21



Coordination: The coordination was funded through the Medical Research Council (Grant Number

92091).

TDeceased

CONFLICT OF INTEREST

S. Moitra reports Long-Term Research fellowship and Young Scientist Sponsorship from the
European Respiratory Society, outside the submitted work. M. Abramson holds investigator-
initiated grants for unrelated research from Pfizer and Boehringer-Ingelheim. He has undertaken
an unrelated consultancy for and received assistance with conference attendance from Sanofi
and has also received a speaker’s fee from GSK, outside the submitted work. P. Demoly reports
personal fees from ALK, Stallergenes Greer, IQVIA, Chiesi, AstraZeneca, Thermo Fisher
Scientific, Ménarini, Bausch & Lomb, Mylan, ASIT Biotech, Novartis, Sanofi, Regeneron, outside
the submitted work. R. Jégi reports grants from Estonian Research Council Personal Research
Grant no 562, during the conduct of the study; personal fees from Consultancy, grants from
Grants/grants pending, personal fees from Payment for lectures, personal fees from
Travel/accommodations/meeting expenses, outside the submitted work. C. Raherison reports
personal fees from ALK, Astra Zeneca, GSK, Novartis, outside the submitted work. Other authors

do not have any conflict of interest to declare.

DATA SHARING POLICY
The datasets used and analysed during the current study are available from the authors upon

reasonable request.

REFERENCES

1. Ford ES, Mannino DM, Redd SC, et al. Body mass index and asthma incidence among
USA adults. Eur. Respir. J. 2004:24(5):740-4.

2. Ali Z, Ulrik CS. Obesity and asthma: a coincidence or a causal relationship? A

systematic review. Respir. Med. 2013:107(9):1287-300.

22



3. Schatz M, Zeiger RS, Zhang F, et al. Overweight/obesity and risk of seasonal asthma
exacerbations. J Allergy Clin Immunol Pract 2013:1(6):618-22.

4. Newson RB, Jones M, Forsberg B, et al. The association of asthma, nasal allergies,
and positive skin prick tests with obesity, leptin, and adiponectin. Clin. Exp. Allergy
2014:44(2):250-60.

5. Peters U, Dixon AE, Forno E. Obesity and asthma. J. Allergy Clin. Immunol.
2018:141(4):1169-79.

6. Chen Z, Salam MT, Alderete TL, et al. Effects of Childhood Asthma on the
Development of Obesity among School-aged Children. Am. J. Respir. Crit. Care Med.
2017:195(9):1181-88.

7. Contreras ZA, Chen Z, Roumeliotaki T, et al. Does early onset asthma increase
childhood obesity risk? A pooled analysis of 16 European cohorts. Eur. Respir. J. 2018:52(3):pii:
1800504.

8. Lombardi E, Stern DA, Sherrill D, et al. Peak flow variability in childhood and body mass
index in adult life. J. Allergy Clin. Immunol. 2019:143(3):1224-26 e9.

9. Burney PG, Luczynska C, Chinn S, et al. The European Community Respiratory Health
Survey. Eur. Respir. J. 1994:7(5):954-60.

10. Jarvis D, Newson R, Janson C, et al. Prevalence of asthma-like symptoms with ageing.
Thorax 2018:73(1):37-48.

11. de Marco R, Marcon A, Jarvis D, et al. Prognostic factors of asthma severity: a 9-year
international prospective cohort study. J. Allergy Clin. Immunol. 2006:117(6):1249-56.

12. Cazzoletti L, Marcon A, Corsico A, et al. Asthma severity according to Global Initiative
for Asthma and its determinants: an international study. Int. Arch. Allergy Immunol.
2010:151(1):70-9.

13. Janson C, Accordini S, Cazzoletti L, et al. Pharmacological treatment of asthma in a
cohort of adults during a 20-year period: results from the European Community Respiratory
Health Survey |, Il and Ill. ERJ Open Res 2019:5(1).

14. Le Moual N, Carsin AE, Siroux V, et al. Occupational exposures and uncontrolled adult-
onset asthma in the European Community Respiratory Health Survey Il. Eur. Respir. J.

2014:43(2):374-86.

23



15. Bestall JC, Paul EA, Garrod R, et al. Usefulness of the Medical Research Council
(MRC) dyspnoea scale as a measure of disability in patients with chronic obstructive pulmonary
disease. Thorax 1999:54(7):581-6.

16. Chinn S, Jarvis D, Melotti R, et al. Smoking cessation, lung function, and weight gain: a
follow-up study. Lancet 2005:365(9471):1629-35; discussion 00-1.

17. Washburn RA, Goldfield SR, Smith KW, et al. The validity of self-reported exercise-
induced sweating as a measure of physical activity. Am. J. Epidemiol. 1990:132(1):107-13.

18. Rovio S, Kareholt I, Helkala EL, et al. Leisure-time physical activity at midlife and the
risk of dementia and Alzheimer's disease. Lancet Neurol. 2005:4(11):705-11.

19. Fuertes E, Markevych |, Jarvis D, et al. Residential air pollution does not modify the
positive association between physical activity and lung function in current smokers in the
ECRHS study. Environ. Int. 2018:120:364-72.

20. Zou G. A modified poisson regression approach to prospective studies with binary data.
Am. J. Epidemiol. 2004:159(7):702-6.

21. Hasler G, Gergen PJ, Ajdacic V, et al. Asthma and body weight change: a 20-year
prospective community study of young adults. Int. J. Obes. (Lond.) 2006:30(7):1111-8.

22. Chinn S, Downs SH, Anto JM, et al. Incidence of asthma and net change in symptoms
in relation to changes in obesity. Eur. Respir. J. 2006:28(4):763-71.

23. Boulet LP. Obesity and atopy. Clin. Exp. Allergy 2015:45(1):75-86.

24, Chen Y, Rennie D, Cormier Y, et al. Association between obesity and atopy in adults.
Int. Arch. Allergy Immunol. 2010:153(4):372-7.

25. Luo X, Xiang J, Dong X, et al. Association between obesity and atopic disorders in
Chinese adults: an individually matched case-control study. BMC Public Health 2013:13:12.

26. von Mutius E, Schwartz J, Neas LM, et al. Relation of body mass index to asthma and
atopy in children: the National Health and Nutrition Examination Study Ill. Thorax
2001:56(11):835-8.

27. Visness CM, London SJ, Daniels JL, et al. Association of childhood obesity with atopic
and nonatopic asthma: results from the National Health and Nutrition Examination Survey 1999-

2006. J. Asthma 2010:47(7):822-9.

24



28. Sullivan PW, Ghushchyan VH, Globe G, et al. Oral corticosteroid exposure and adverse
effects in asthmatic patients. J. Allergy Clin. Immunol. 2018:141(1):110-16 e7.

29. Cooper V, Metcalf L, Versnel J, et al. Patient-reported side effects, concerns and
adherence to corticosteroid treatment for asthma, and comparison with physician estimates of
side-effect prevalence: a UK-wide, cross-sectional study. NPJ Prim Care Respir Med
2015:25:15026.

30. Sweeney J, Patterson CC, Menzies-Gow A, et al. Comorbidity in severe asthma
requiring systemic corticosteroid therapy: cross-sectional data from the Optimum Patient Care
Research Database and the British Thoracic Difficult Asthma Registry. Thorax 2016:71(4):339-
46.

31. Umlawska W. Adipose tissue content and distribution in children and adolescents with
bronchial asthma. Respir. Med. 2015:109(2):200-7.

32. Berthon BS, MacDonald-Wicks LK, Wood LG. A systematic review of the effect of oral
glucocorticoids on energy intake, appetite, and body weight in humans. Nutr. Res.
2014:34(3):179-90.

33. Carpaij OA, van den Berge M. The asthma-obesity relationship: underlying mechanisms
and treatment implications. Curr. Opin. Pulm. Med. 2018:24(1):42-49.

34. Garcia-Aymerich J, Marrades RM, Monso E, et al. Paradoxical results in the study of
risk factors of chronic obstructive pulmonary disease (COPD) re-admission. Respir. Med.
2004:98(9):851-57.

35. van 't Hul AJ, Frouws S, van den Akker E, et al. Decreased physical activity in adults
with bronchial asthma. Respir. Med. 2016:114:72-7.

36. Bush T, Lovejoy JC, Deprey M, et al. The effect of tobacco cessation on weight gain,
obesity, and diabetes risk. Obesity (Silver Spring) 2016:24(9):1834-41.

37. Jain P, Danaei G, Robins JM, et al. Smoking cessation and long-term weight gain in the
Framingham Heart Study: an application of the parametric g-formula for a continuous outcome.
Eur. J. Epidemiol. 2016:31(12):1223-29.

38. Chaudhuri R, Livingston E, McMahon AD, et al. Cigarette smoking impairs the
therapeutic response to oral corticosteroids in chronic asthma. Am. J. Respir. Crit. Care Med.

2003:168(11):1308-11.

25



39. Lazarus SC, Chinchilli VM, Rollings NJ, et al. Smoking affects response to inhaled
corticosteroids or leukotriene receptor antagonists in asthma. Am. J. Respir. Crit. Care Med.
2007:175(8):783-90.

40. Kane B, Kolsum U, Southworth T, et al. The effects of smoking on the
lipopolysaccharide response and glucocorticoid sensitivity of alveolar macrophages of patients
with asthma. Chest 2009:136(1):163-70.

41. Tomlinson JE, McMahon AD, Chaudhuri R, et al. Efficacy of low and high dose inhaled
corticosteroid in smokers versus non-smokers with mild asthma. Thorax 2005:60(4):282-7.

42. Chaudhuri R, Livingston E, McMahon AD, et al. Effects of smoking cessation on lung
function and airway inflammation in smokers with asthma. Am. J. Respir. Crit. Care Med.
2006:174(2):127-33.

43. To T, Daly C, Feldman R, et al. Results from a community-based program evaluating
the effect of changing smoking status on asthma symptom control. BMC Public Health
2012:12:293.

44. Bourdin A, Adcock I, Berger P, et al. How can we minimise the use of regular oral
corticosteroids in asthma? Eur. Respir. Rev. 2020:29(155):190085.

45. Bhulani N, Lalani S, Ahmed A, et al. Knowledge of asthma management by general
practitioners in Karachi, Pakistan: comparison with international guidelines. Prim. Care Respir.
J. 2011:20(4):448-51.

46. Lommatzsch M, Sauerbeck IS, Wilmer C, et al. Oral corticosteroid prescription for
asthma by general practitioners: A three-year analysis in Germany. Respir. Med.
2021:176:106242.

47. Blakey J, Chung LP, McDonald VM, et al. Oral corticosteroids stewardship for asthma in
adults and adolescents: A position paper from the Thoracic Society of Australia and New
Zealand. Respirology 2021:26(12):1112-30.

48. MacKinnon M, To T, Ramsey C, et al. Improving detection of work-related asthma: a
review of gaps in awareness, reporting and knowledge translation. Allergy Asthma Clin.

Immunol. 2020:16(1):73.

26



49. Coleman T, Murphy E, Cheater F. Factors influencing discussion of smoking between
general practitioners and patients who smoke: a qualitative study. Br. J. Gen. Pract.
2000:50(452):207-10.

50. Houston TK, Scarinci IC, Person SD, et al. Patient smoking cessation advice by health
care providers: the role of ethnicity, socioeconomic status, and health. Am. J. Public Health

2005:95(6):1056-61.

27



Table 1: Demographic profile of the study participants in ECRHS I-Il and in ECRHS II-llI

ECRHS I-ll ECRHS II-lll
n=7576 n=4976
Sex (female), n (%) 3905 (51.5%) 2555 (51.3%)
Age t (years), mean (SD) 34.0 (7.1) 41.5 (7.8)
Age t+1 (years), mean (SD) 42.7 (7.2) 53.9 (7.1)

Education, n (%)
Low
Medium
High
Country, n (%)
Australia
Belgium
Estonia
France
Germany
Iceland
Italy
Norway
Spain
Sweden
Switzerland
UK
Smoking status t, n (%)
Never
Former
Current
Current asthma ¢, n (%)
No asthma
Current asthma, all
Current asthma, without atopy
Current asthma, with atopy
Current asthma, <20 years since onset
Current asthma, >20 years since onset
Current asthma, no ICS
Current asthma, with ICS
Current asthma, no OCS
Current asthma, with OCS
Current asthma, only ICS
Current asthma, ICS & OCS
BMI t (kg/m?3), mean (SD)

813 (10.8%)
2715 (36.0%)
4024 (53.3%)

387 (5.1%)
528 (7.0%)
250 (3.3%)
862 (11.4%)
534 (7.0%)
434 (5.7%)
512 (6.8%)
500 (6.6%)
1353 (17.9%)
1231 (16.2%)
483 (6.4%)
502 (6.6%)

3272 (43.3%)
2043 (27.0%)
2247 (29.7%)

6859 (90.5%)
717 (9.5%)

271 (3.6%)

446 (5.9%
406 (5.4%
308 (4.1%
494 (6.5%
223 (2.9%
664 (8.8%
53 (0.7%)
183 (2.4%)
40 (0.5%)
23.3 (2.8)

AAAAAA

)
)
)
)
)
)

409 (8.5%)
1675 (34.7%)
2744 (56.8%)

212
287
132 (2.7%)
737 (14.8%)
545 (11.0%)

(4.3%)
(5.8
(
(
(
320 (6.4%)
(
(
(
(
(
(

%)

210 (4.2%)
298 (6.0%)
806 (16.2%)
749 (15.1%)
403 (8.1%)
277 (5.6%)

2201 (44.4%)
1814 (36.6%)
939 (19.0%)

4495 (90.2%)
490 (9.8%)

190 (3.8%)

300 (6
218
266 (5
260 (5.2%
230 (4.6%
454 (9.1%
36 (0.7%)
199 (4.0%)
31 (0.6%)
24.1 (2.9)

Yo
4.4%

o

5.

O,
O,
%
0,
O,

AAAAAA

-0%)
4%)
-3%)
2%)
-6%)
)

28



BMI t+1 (kg/m?), mean (SD) 25.0 (3.6) 26.0 (3.8)
Obesity (yes) t+1, n (%) 655 (8.6%) 736 (14.8%)
Dyspnoea (yes) t, n (%) 256 (3.4%) 182 (3.7%)
Physical Activity (yes) t+7, n (%) 2627 (37.0%) 2029 (41.8%)

ECRHS: European Community Respiratory Health Survey; ICS: inhaled corticosteroids; OCS: oral corticosteroids;
BMI: body mass index.

Current asthma defined as a self-report of a doctor's asthma diagnosis and at least one of the following, within
the last 12 months: waking up by an attack of shortness of breath, any asthma attack or use of asthma
medications. Individuals with inactive asthma (reporting asthma diagnosis without any current symptoms) were

excluded from the study (see Methods).
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Figure Legends:

Figure 1: Schematic representation of the study design

Figure 2: Association between asthma, asthma with atopy, asthma duration, and asthma
with medication at t and incident obesity at {+1. Data presented as relative risk (RR) and 95%
confidence interval (95%Cl). RR was calculated from modified Poisson regression with robust
standard errors and subjects nested in centre as random effects. All models (for all participants)
were adjusted for age, sex and smoking status at time t. See full figures in Supplementary Table

E1.

Figure 3: Meta-analysis results of the association between asthma at t and obesity at {+7

by country
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Figure 3

Study

Spain

UK
Australia
Italy
Estonia
Sweden
Germany
France
Belgium
Iceland
Norway
Switzerland

Overall (l-squared = 0.0%, p = 0.697)

ES (95% Cl)

—_— 0.81 (0,50, 1.32)
—-o-—%— 0.95 (0.62, 1.44)
—-o—‘— 1.09 (0.68, 1.76)
:i 1.20 (0.42, 3.47)

‘
:;: 1.30 (0.42, 3.98)
. - 1.33 (0,95, 1.84)
: N 1.37 (0.68, 2.76)
3 - 1.42 (0.82, 2.43)
+ 1.42 (0.56, 3.61)
—}o— 1,57 (0.97, 2.51)
‘ + 1,58 (0.66, 3.80)
% - 1.77 (1.02, 3.08)

<> 1.24 (1.08, 1.45)

%

Weight

10.55
13.92

10.70

1.95
22.41
4.96
8.38
2.80

10.91

8.05

100.00

.251

3.98

32



