
HAL Id: hal-04305479
https://hal.science/hal-04305479

Submitted on 24 Nov 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Time-Dependent Associations Between Body
Composition, Physical Activity, and Current Asthma in

Women: A Marginal Structural Modeling Analysis
Annabelle Bédard, Ignasi Serra, Orianne Dumas, Xavier Basagaña, Françoise

Clavel-Chapelon, Nicole Le Moual, Margaux Sanchez, Valérie Siroux,
Raphaëlle Varraso, Judith Garcia-Aymerich

To cite this version:
Annabelle Bédard, Ignasi Serra, Orianne Dumas, Xavier Basagaña, Françoise Clavel-Chapelon, et al..
Time-Dependent Associations Between Body Composition, Physical Activity, and Current Asthma in
Women: A Marginal Structural Modeling Analysis. American Journal of Epidemiology, 2017, 186 (1),
pp.21 - 28. �10.1093/aje/kwx038�. �hal-04305479�

https://hal.science/hal-04305479
https://hal.archives-ouvertes.fr


American Journal of Epidemiology
© The Author 2017. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of
Public Health. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

Vol. 186, No. 1
DOI: 10.1093/aje/kwx038

Advance Access publication:
May 18, 2017

Original Contribution

Time-Dependent Associations Between Body Composition, Physical Activity,
and Current Asthma inWomen: AMarginal Structural Modeling Analysis

Annabelle Bédard, Ignasi Serra, Orianne Dumas, Xavier Basagaña, Françoise Clavel-Chapelon,
Nicole LeMoual, Margaux Sanchez, Valérie Siroux, Raphaëlle Varraso, and
Judith Garcia-Aymerich*

*Correspondence to Dr. Judith Garcia-Aymerich, Center for Research in Environmental Epidemiology (CREAL), Doctor Aiguader 88,
08003 Barcelona, Spain (e-mail: judith.garcia@isglobal.org).

Initially submitted October 29, 2015; accepted for publication July 14, 2016.

The role of obesity in adult asthma is well-known and has been partly attributed to a confounding role of physical
inactivity. However, the interrelationships between obesity, physical activity, and asthma have been incompletely
addressed, probably because their time-dependent and bidirectional nature represents a methodologically chal-
lenging research question. We aimed to estimate the independent causal effects of body mass index (BMI; weight
(kg)/height (m)2) and physical activity on current asthma using marginal structural models (MSMs). MSMs were
applied to 15,353 adult women from a 2011 case-control study of asthma (Asthma-E3N) nested within the French
E3N study (Etude Epidémiologique auprès de Femmes de la Mutuelle Générale de l’Education Nationale). Three
time periods (1997-2000-2002, 2000-2002-2005, and 2002-2005-2011) were defined, where exposures (BMI and
physical activity) were measured at time t, outcome (current asthma) was measured at time t + 1, and covariates
were measured at time t − 1 or at baseline. A strong significant and positive dose-response relationship between
BMI and current asthma was observed (odds ratios were 0.90 (95% confidence interval (CI): 0.79, 1.03), 1.29 (95%
CI: 1.17, 1.42), and 1.87 (95%CI: 1.60, 2.18) for the BMI groups <20.0, 25.0–29.9, and≥30.0, respectively, versus
the normal-weight group (BMI 20.0–24.9)). We found no association between physical activity and current asthma.
Our results suggest an independent causal deleterious effect of overweight and obesity on current asthma,
whereas no independent causal effect of physical activity was found.

asthma; body composition; marginal structural models; physical activity

Abbreviations: BMI, body mass index; CI, confidence interval; E3N, Etude Epidémiologique auprès de Femmes de la Mutuelle
Générale de l’Education Nationale; MET, metabolic equivalent of task; MSM, marginal structural model.

The prevalence of asthma has largely increased for the last
40 years, and asthma has been classified as the 28th greatest
(out of 291 diseases) cause of disability-adjusted life years
worldwide (1). There is consistent evidence that obesity is
associated with an increased risk of asthma in adults, especially
women (2, 3). The mechanisms that underlie the obesity-
asthma relationship are still unclear. First, the observed associ-
ation could be due to effects of obesity on lung mechanics,
inflammation, or sex hormones, which in turn would lead to
increased asthma risk (2). Second, it has been argued that this
association could be explained by shared risk factors for obe-
sity and asthma, such as poor diet or a sedentary lifestyle (4).

Disentangling the role of physical activity in asthma is spe-
cifically relevant because the prevalence of a sedentary life-
style has been increasing in the last few decades as well.
Although several mechanisms have been proposed to sup-
port the hypothesis of a role of (in)activity in asthma (5), the
evidence linking physical activity to asthma is inconclusive
(6–9), with the issue of possible reverse causation (i.e.,
asthma symptoms’ limiting physical activity) needing to be
taken into account (10).

An additional difficulty in research about obesity, physical
activity, and asthma is that physical activity and body compo-
sition (and therefore obesity) can influence each other (11, 12).
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In addition, both body composition and physical activity are
factors that vary over time. Therefore, in longitudinal studies aim-
ing to assess the association of body composition with asthma,
physical activity may be considered as a time-dependent con-
founder, and vice versa (13, 14). However, the complex inter-
relationships between body composition, physical activity,
and asthma remain poorly studied (15) and require the use of
statistical techniques that, unlike standard statistical methods,
provide unbiased results in the presence of time-dependent
confounding (16, 17). Marginal structural models (MSMs)
address time-dependent confounding and at the same time
allow estimation of causal effects in observational studies
(18), by mimicking a hypothetical randomized experiment
via creation of a pseudo-population in which exposed and
nonexposed subjects are exchangeable (within levels of the
available confounders) (19). This approach still has limited
application in respiratory epidemiology (14, 20).

To our knowledge, no study has yet investigated jointly
the roles of body composition and physical activity in asthma
among adults while addressing time-dependent confound-
ing. Therefore, we aimed to estimate the independent causal
effects of physical activity and body composition on current
asthma, using MSMs.

METHODS

Study design and periods of interest

The Etude Epidémiologique auprès de Femmes de la Mu-
tuelle Générale de l’Education Nationale (E3N study) is a pro-
spective cohort study being carried out among women in a
French national health insurance plan covering mostly teach-
ers (Mutuelle Générale de l’Education Nationale) and the
French component of the European Prospective Investigation
into Cancer and Nutrition (21). E3N was initiated in 1990
with 98,997 female members of the Mutuelle Générale de
l’Education Nationale; the women were aged 40–65 years at
baseline. Since 1990, information on lifestyle and medical his-
tory has been collected approximately every 2 years by means
of self-administered questionnaires. Since 1992, all question-
naires have included a simple repeated question regarding
asthma: “Have you ever had an asthma attack?”. In order to im-
prove the respiratory characterization of women from the E3N
study, a nested case-control study on asthma (the Asthma-E3N
study) was performed in 2011. It included the 7,100 women

who had ever had an asthma attack (i.e., women who reported
having “asthma” at least once on the main E3N questionnaires)
between 1992 and 2005 and 14,200 aged-matched “women
without asthma,” who were randomly selected from E3N
women who had never reported asthma.

In the current project, we used retrospective information
from previous surveys carried out as part of the E3N study,
among participants in the Asthma-E3N nested case-control
study. To assess the effects of body composition and physi-
cal activity at time t on current asthma at time t + 1, we used
data on body mass index (BMI; weight (kg)/height (m)2) and
physical activity collected in 2000, 2002, and 2005 and data
on current asthma collected in 2002, 2005, and 2011. To take
into account history of exposure, we hypothesized that BMI
at time t depends on physical activity at time t, as well as
BMI, physical activity (11), menopausal status (22), and
smoking status (23, 24) at time t − 1 (1997, 2000, and 2002,
respectively). We hypothesized that physical activity at time
t depends on physical activity, BMI (12), asthma status (10),
menopausal status (22), and smoking status (24) at time
t − 1. These relationships are depicted in Figure 1. Overall,
3 time periods could be evaluated, each consisting of 3 time
points (t − 1, t, and t + 1): The first period was 1997-2000-
2002, the second period was 2000-2002-2005, and the third
period was 2002-2005-2011.

Study population

Among the 21,300 women who received the Asthma-E3N
questionnaire, only those who responded to at least 4 consecu-
tive questionnaires (i.e., either E3N questionnaires 5 (adminis-
tered in 1997), 6 (2000), 7 (2002), and 8 (2005) or E3N
questionnaires 6, 7, and 8 and the Asthma-E3N questionnaire
(2011)) were included in our analysis (n = 17,928), so that at
least 2 time periods were evaluated. Because energy intake is
an important variable in the relationship between physical
activity and body composition, we excluded women who did
not complete the food frequency questionnaire, which was
administered only in 1993 (n = 2,575). In the end, 15,353
women were included (see Web Figure 1, available at https://
academic.oup.com/aje).

In comparison with included women, women excluded
from the study population had a significantly higher BMI,
used hormone replacement therapy less frequently after men-
opause, had a lower educational level, and more frequently

BMIt-1

Physical Activityt-1

Covariatest-1

BMIt

Asthmat+1

Physical Activityt

Figure 1. Relationship between time-varying exposures (bodymass index (BMI; weight (kg)/height (m)2) and physical activity), the outcome (cur-
rent asthma), and time-varying covariates (age, education, diet, menopause, smoking status, ever having an asthma attack) in a study of body com-
position, physical activity, and current asthma, Asthma-E3N Study, 2000–2011. E3N, Etude Epidémiologique auprès de Femmes de la Mutuelle
Générale de l’Education Nationale.
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were current smokers (Web Table 1). Excluded women were
also older and reported ever having asthma more frequently
(Web Table 1).

Assessment of asthma

Current asthma, the outcome of interest, was defined accord-
ing to standardized international recommendations (25, 26) as
the presence of asthma attacks (i.e., a positive answer to the ques-
tion “Have you had an asthma attack in the last 12 months?”)
and/or receipt of asthma treatment (inhaled bronchodilators
or inhaled corticosteroids) in the last 12 months. Asthma at-
tacks were self-reported at all time points. Information on
asthma treatment was obtained through a comprehensive
drug reimbursement database for the years 2005 and 2011
(27), and asthma treatment was assessed by questionnaire in
2002 (28). Ever having an asthma attack (“ever asthma”)
was used as a time-dependent covariate and was computed
from answers given to the repeated question on “ever
asthma” up to time t − 1 of each period. As was done previ-
ously (27), 3 classes were used: “never asthma,” “inconsis-
tent ever asthma” (i.e., at least 1 negative answer to the
asthma question after a positive one), and “consistent ever
asthma” (i.e., no negative answer to the asthma question
after a positive one).

Assessment of body composition

Body composition was assessed using BMI, which was
calculated using self-reported height and weight obtained
from the main questionnaires sent in 1997, 2000, 2002, and
2005. For BMI considered as a time-dependent exposure, we
used the data obtained in 2000, 2002, and 2005 and classified
BMI into 4 categories: underweight (<20.0), normal-weight
(20.0–24.9), overweight (25.0–29.9), and obese (≥30.0).

For BMI considered as a time-dependent covariate, we
used the data obtained in 1997, 2000, and 2002 and em-
ployed BMI as a continuous variable to improve conver-
gence (because BMI at time t − 1 is highly correlated with
BMI at time t). We defined BMI used as a time-dependent
covariate at time t − 1 of a given period as the mean of BMI
at t − 1 and BMI at t − 2. To deal with missing data (overall
missingness: 3% of observations), if either BMI at t − 1 or
BMI at t − 2 was missing, we considered the other variable
alone (allowing the use of BMI from the 1995 survey, if
needed).

Assessment of physical activity

Physical activity was assessed from the questionnaires sent
in 1997, 2002, and 2005 (the questionnaire sent in 2000 did not
include questions on physical activity), using data from several
questions on different activities. Each specific activity was as-
signed an intensity code, expressed as the metabolic equivalent
of task (MET) based on the ratio of work metabolic rate (i.e.,
during the activity) to a standard resting metabolic rate (29).
We assigned values of 3 METs for walking, 6 METs for mod-
erate recreational activities, 9 METs for vigorous recreational
activities, 8 METs for climbing stairs, 2.5 METs for light
household activities, and 4 METs for heavy household activi-

ties. The amount of time spent per week in each activity was
multiplied by its intensity, providing us with an energy expen-
diture value (MET-hours/week) for each activity. Finally, all
MET-hours/week values were added to obtain a weekly total
estimate of energy expenditure, as commonly done (29). For
the year 2000, we estimated the amount of physical activity as
the mean amount of physical activity between 1997 and 2002
(1 questionnaire before and 1 questionnaire after). Because dif-
ferent questions on specific physical activities (e.g., walking,
cycling, gardening, cooking) were asked on each question-
naire, the mean physical activity level also differed from one
questionnaire to another. Thus, the amount of physical activity
was converted into tertiles for each period (a low, moderate, or
high level of physical activity).

For physical activity considered as a time-dependent ex-
posure at time t of a given period, we used the physical activ-
ity score converted into tertiles in 2000, 2002, and 2005. For
physical activity considered as a time-dependent covariate at
time t − 1 of a given period, we used the physical activity
score converted into tertiles in 1997, 2000, and 2002. To
deal with missing data for physical activity used as a time-
dependent covariate at time t − 1 of a given period (overall
missingness: 2% of observations), we imputed data from the
previous questionnaire assessing physical activity (allowing
the use of physical activity from the 1993 survey, if needed).

Assessment of time-dependent covariates

Smoking status was considered in 1997, 2000, and 2002
and categorized into 3 classes: never smoker, former smoker,
and active smoker. Menopausal status was considered in
1997, 2000, and 2002 and categorized into 3 classes based on
age at menopause and information on use of hormone replace-
ment therapy: no menopause, menopause without hormone
replacement therapy, and menopause with hormone replace-
ment therapy.

Assessment of fixed covariates

Age was assessed in 1997 and used as a continuous vari-
able. Educational level was assessed in 1990 and categorized
into 4 classes: less than high school, high school to level 2
university diploma (equivalent to a US associate’s degree),
level 3 or 4 university diploma (equivalent to a US bache-
lor’s degree), and level 5 university diploma or more (equiv-
alent to US graduate-level education). Diet was assessed by
food frequency questionnaire in 1993, and total energy
intake (kcal/day) was used as a continuous variable.

Statistical analysis

Associations estimated in observational studies cannot usu-
ally be interpreted as causal effects, because the exposed and
unexposed subjects are rarely exchangeable (i.e., exposed and
unexposed subjects rarely share the same set of confounder
values). The use of MSMs allows the creation of a pseudo-
population in which exposed and nonexposed subjects are
exchangeable (within levels of the available confounders) and
time-dependent confounding has been eliminated, thus leading
to unbiased associations that can be interpreted as causal
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effects (18). For that purpose, each subject is assigned a weight
proportional to the inverse of the probability that each subject
had his or her own exposure (physical activity or BMI) history
at a given time (t th time period), given a chosen set of covari-
ates (30). Standardized weights (SWs) for physical activity/
BMI were stabilized and calculated as follows:

∏( ) =
( ( ) ( − ) ( − ) )
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where SW1(T) and SW2(T) represent the stabilized weights
for physical activity and BMI, respectively, at time T; E1

and E2 represent physical activity and BMI, respectively; L
represents a vector of time-dependent covariates (smoking
status and menopausal status for BMI and smoking status,
menopausal status, and asthma for physical activity); and V
represents a vector of time-independent (fixed) covariates
(age at baseline, total energy intake, and educational level).

The probabilities in the numerator and denominator were
estimated through “exposure models”—that is, multinomial
logistic regression models for the probability of exposure at
each time t. Thus, for each subject, at each given time, a weight
for physical activity (i.e., SW1) and a weight for BMI (i.e.,
SW2) were estimated. The variables included in the exposure
models are presented in Table 1. In order to achieve weight
stabilization, the set of baseline covariatesVwas also included
in the weight numerator model (in addition to the weight

denominator model). MSMs have been shown to be sensitive
to the “positivity assumption,” which requires that there be a
positive number of subjects (at least 1) in each exposure cate-
gory, for all levels of the confounders and in all time periods.
Because the estimated weight distribution may serve as an
indicator of the “positivity assumption” (31), we examined the
distribution of weights. The mean of the weights was 1.00.
The range of weights was 0.57–1.75 for physical activity,
0.48–1.76 for BMI, and 0.44–1.68 for the total weight. The
first and 99th percentiles were 0.81–1.24 for physical activity,
0.85–1.19 for BMI, and 0.75–1.28 for the total weight.

The second step consists of estimating the independent ef-
fects of physical activity and BMI on current asthma in the
reweighted pseudo-population using a joint model. As previ-
ously proposed (32, 33), we used a weighted pooled multino-
mial logistic model in which the final weight was calculated,
at each time and for each subject, as the product of SW1 and
SW2. Because we did not adjust for the set of baseline covari-
atesV through the weights, these variables were added as co-
variates in the final model (31).

We performed several sensitivity analyses. First, to evalu-
ate whether observed associations could have been driven by
a small number of persons with extreme weights, we used
weight truncation (i.e., we reset the values of weights greater
than the 99th percentile to the 99th percentile value and the
values of weights lower than the first percentile to the first
percentile value). Second, and because of the potential over-
lap between the diagnosis of chronic obstructive pulmonary
disease and the diagnosis of asthma, we performed analyses
restricted to never smokers (n = 8,062). Third, to consider
the possibility that there are important effects of current
physical activity status (versus past physical activity status)
on body composition, we tested a second model for the cal-
culation of weight for BMI at time t, including only physical
activity, BMI, menopausal status, and smoking status at time
t − 1 but not physical activity at time t.

RESULTS

The characteristics of the study participants in 2000 (base-
line) are presented in Table 2. The women had a mean age of
59 years; 8.5% were active smokers, the mean physical activity
level was 71.1 MET-hours/week (standard deviation, 39.3),
and the prevalences of overweight and obesity were 23.5% and
6.1%, respectively. The prevalences of current asthma were
11.7%, 16.6%, and 16.0% in 2002, 2005, and 2011, respectively.

We observed a strong significant and positive dose-response
association between BMI and current asthma: Odds ratios
were 0.90 (95% confidence interval (CI): 0.79, 1.03) for under-
weight versus normal BMI, 1.29 (95%CI: 1.17, 1.42) for over-
weight versus normal BMI, and 1.87 (95% CI: 1.60, 2.18) for
obesity versus normal BMI (Figure 2). We found no associa-
tion between physical activity and current asthma: Odds ratios
were 1.01 (95% CI: 0.93, 1.11) and 1.00 (95% CI: 0.91, 1.10),
for moderate and high physical activity levels, respectively,
versus a low level of physical activity.

When extreme weights were truncated, the odds ratios for
the associations between physical activity and current asthma
and between BMI and current asthma remained very similar

Table 1. Variables Included in ExposureModels Assessing the
Associations of BodyMass Index and Physical ActivityWith Asthma,
Asthma-E3NStudy, 2000–2011

Exposure Model Included Variables

BMIa (t)

Numerator Age, time-period indicator, total energy
intake, educational level, and BMI (t− 1)

Denominator Age, time-period indicator, total energy
intake, educational level, physical activity
(t), physical activity (t− 1), BMI (t − 1),
menopausal status (t − 1), and smoking
status (t− 1)

Physical activity (t)

Numerator Age, time-period indicator, total energy
intake, educational level, and physical
activity (t− 1)

Denominator Age, time-period indicator, total energy
intake, educational level, physical activity
(t − 1), asthma (t − 1), BMI (t− 1),
menopausal status (t − 1), and smoking
status (t− 1)

Abbreviations: BMI, body mass index; E3N, Etude Epidémiolo-
gique auprès de Femmes de la Mutuelle Générale de l’Education
Nationale.

a Weight (kg)/height (m)2.
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(Table 3). In the analysis restricted to the 8,062 women who
had never smoked, the association between BMI and current
asthma remained significant, although the magnitude of the
estimates decreased slightly (Table 3). The analysis using the
model not including current physical activity status for the cal-
culation of weight for BMI yielded similar results.

DISCUSSION

In this longitudinal study, we applied MSMs to disentangle
the independent associations of body composition and physi-
cal activity with current asthma, while dealing appropriately

with their time-dependent interrelationships. Our results sug-
gested that in these women, body composition had an effect
on current asthma independently of physical activity, while
physical activity showed no effect on current asthma.

Several previous studies have investigated the joint roles
of physical activity and body composition as determinants of
asthma (13, 34–41), but most of them (34–39, 41) used stan-
dard statistical methods, which may have provided biased re-
sults in the presence of time-dependent confounding (16,
17). This was not the case in the current study. Our results ex-
tend, for asthma activity, the results observed for asthma in-
cidence in 2 previous studies (13, 38). The study by Beckett
et al. (38), conducted in adults, found that gains in BMI
increased the risk of asthma incidence only in women, while
decreased physical activity was not associated with asthma
incidence. However, the results of this study could have been
biased because it used standard statistical methods. On the
contrary, the study by Garcia-Aymerich et al. (13) assessed
the 10-year risk of adult-onset asthma in 76,470 women
from the Nurses’ Health Study after hypothetical interven-
tions on BMI and physical activity, using the parametric
g-formula, which is another method that adjusts for time-
dependent confounding (13). That study showed a signifi-
cant reduction in hypothetical asthma risk associated with a
weight loss intervention and a nonsignificant reduction asso-
ciated with intervention on physical activity level, which is
consistent with our results. Overall, evidence supports the
conclusion that after controlling for time-dependent con-
founding due to physical activity, overweight and obesity
are still associated with asthma risk in women. Our results
regarding the role of obesity in asthma are also supported
by animal and human physiological studies (2, 42, 43).
The observed lack of effect for physical activity, once time-
dependent confounding by body composition has been con-
sidered, could suggest that previously reported beneficial
effects of physical activity on asthma (8) could be partly
mediated by the beneficial effect of physical activity on body
composition (32).

MSMs have been increasingly used in the past decade (32,
33, 44–48), but their use to study causes of respiratory health
outcomes is still limited (46, 47). Garcia-Aymerich et al. (46)
investigated the independent causal effect of physical activity
on the development and course of chronic obstructive pulmo-
nary disease using MSMs to adjust for time-dependent con-
founding, including obesity. That study showed a significant
association between regular physical activity and reduced risk
of chronic obstructive pulmonary disease development and hos-
pitalization, suggesting a protective effect of physical activity
that is independent of body composition. To our knowledge,
only 1 study has jointly assessed the independent effects of
physical activity and body composition on a health outcome
(i.e., functional limitation in the elderly); in that study, Tager
et al. (32) concluded that physical activity has beneficial effects
on the functioning of elderly persons through changes in body
composition.

A limitation of our study was the potential misclassification
of asthma, as it was based on self-reporting of asthma attacks
and our assessment of current asthma treatment between 2002
and 2011was heterogeneous. However, we previously reported
good consistency between self-reports of asthma attacks and

Table 2. Baseline Characteristics of Participants in a Study of Body
Composition, Physical Activity, and Current Asthma (n= 15,353),
Asthma-E3NStudy, 2000

Characteristic

No. of
Missing
Values

Mean (SD) %

Age, years 0 59.2 (6.3)

Educational levela 569

Less than high school 10.7

High school to level 2 university
diploma (USassociate’s degree)

51.2

Level 3/4 university diploma (US
bachelor’s degree)

19.0

Level 5 university diploma or
more (US graduate level)

19.2

Smoking status 2

Never smoker 52.5

Former smoker 39.0

Active smoker 8.5

Menopausal status 136

Nonmenopausal 10.1

Menopausal without HRT 20.8

Menopausal with HRT 69.1

Total energy intake, kcal/day 2,226 (557)

Physical activity, MET-hours/week 1,005 71.1 (39.3)

BMIb (continuous) 149 23.7 (3.7)

BMI category 149

<20.0 12.2

20.0–24.9 58.2

25.0–29.9 23.5

≥30.0 6.1

Ever having an asthma attack 1

Never 77.3

Ever (inconsistent) 17.3

Ever (consistent) 5.5

Abbreviations: BMI, bodymass index; E3N, Etude Epidémiologique
auprès de Femmes de la Mutuelle Générale de l’Education Nationale;
HRT, hormone replacement therapy; MET, metabolic equivalent of
task; SD, standard deviation.

a Measured in 1990.
b Weight (kg)/height (m)2.
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objective data on asthma medication use among E3N women
over time (27). Our study was limited by self-reported assess-
ment of covariates and exposures. However, self-reported BMI
was found to be highly correlated (correlation = 0.92) with the
objective measure obtained by a skilled technician, as previ-
ously validated in a subsample of 152 women from the E3N
study (49). The potential misclassification bias that could arise

from the inclusion of patients with chronic obstructive pulmo-
nary disease as asthmatics can be disregarded, since similar re-
sults were obtained when we conducted our analyses among
never smokers. The fact that women included in our analyses
were “healthier” than excluded women could have led to a
selection bias. However, these differences were relatively small
in numerical terms and thus were partly a consequence of the
large population size. Regarding diet, because it was assessed
only once, we could not consider it as a time-dependent expo-
sure. However, the existence of an effect of diet on asthma, as
opposed to the role of obesity or, to a lesser extent, physical
activity, is far from clear. Thus, potential residual confounding
by time-dependent diet would not be expected.

Nonpositivity may be structural if, for a given level of a
confounder, subjects are by definition all unexposed (or all
exposed) (31); this did not occur in our analyses. Nonpositiv-
ity may also occur at random, especially if the number of co-
variates included in the exposure model is high or if some of
the categorical covariates have many levels. However, in the
present study, the distribution of weights (mean close to 1,
small range) was not indicative of bias in the exposure models
(18, 31). When weights are truncated, associations observed
using an MSM are expected to be closer to those observed
with a standard model, since time-dependent confounding is
less controlled for (31). Results obtained after weight trunca-
tion suggest that there was not a substantial amount of time-
dependent confounding in our study, but this could not have
been known without the use of MSMs. Another limitation of
our study was the deterministic approach we used to deal with
missing data. However, fewer than 3% of observations had
missing data for physical activity or BMI, which we assumed
to be missing “completely at random” or “at random” (50).

Strengths of this study included its longitudinal design; the
availability of repeated measurements for outcome, risk factors,
and covariates; and the use of MSMs, which was appropriate to

Table 3. Odds Ratios for the Joint Association of BodyMass Index
and Physical ActivityWith Current Asthma FromMarginal Structural
Models, After Truncation of ExtremeWeights and Among
Nonsmokers (Sensitivity Analyses), Asthma-E3N Study, 2000–2011

Exposure

Weight
Truncationa

Nonsmokers
(n= 8,062)

OR 95%CI OR 95%CI

Bodymass indexb

<20.0 0.90 0.79, 1.03 0.86 0.71, 1.05

20.0–24.9 1.00 Referent 1.00 Referent

25.0–29.9 1.29 1.17, 1.42 1.22 1.07, 1.40

≥30.0 1.86 1.60, 2.17 1.56 1.25, 1.96

Tertile of physical activity

First 1.00 Referent 1.00 Referent

Second 1.01 0.93, 1.11 1.03 0.92, 1.16

Third 1.00 0.91, 1.10 0.97 0.85, 1.11

Abbreviations: CI, confidence interval; E3N, Etude Epidémiologi-
que auprès de Femmes de la Mutuelle Générale de l’Education Natio-
nale; OR, odds ratio.

a The values of weights greater than the 99th percentile (i.e., 1.28)
were reset to 1.28, and the values of weights lower than the first per-
centile (i.e., 0.75) were reset to 0.75.

b Weight (kg)/height (m)2.
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Figure 2. Independent associations of body mass index (weight (kg)/height (m)2) and physical activity (MET-hours/week) with current asthma
among 15,353 adult women, Asthma-E3N Study, 2000–2011. Bars, 95% confidence intervals. E3N, Etude Epidémiologique auprès de Femmes
de la Mutuelle Générale de l’Education Nationale; MET, metabolic equivalent of task.
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this methodologically challenging research question and also
provided causal estimates for the associations of interest.
Another strength of this study was the assessment of 2 expo-
sures that were studied conjointly, which has rarely been done
(32, 33).

In conclusion, this study suggests that overweight and
obesity are causally related to an increased risk of asthma
symptoms in women, independently of physical activity.
These results are in accordance with current international
guidelines which recommend that obese people lose weight,
by following a healthy balanced diet and practicing regular
exercise (51).
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