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a b s t r a c t 

Objectives: Diet and obesity exhibit complex interrelationships with asthma, particularly among elderly women. 
We aimed to clarify the impact of healthy diet assessed by the Alternate Healthy Eating Index-2010 (AHEI-2010) 
on: 1) the incidence of asthma symptoms, and 2) among women with symptoms in 2011, the change in asthma 
symptoms, while accounting for the potential mediating role of BMI. 
Design: A nested case-control study on asthma with follow-up data. 
Setting: Within the French E3N cohort. 
Participants: 8621 elderly women (62 years on average in 1993) 
Measurements: Dietary data were collected in 1993 and 2005 using semi-quantitative questionnaires. Using the 
validated asthma symptom score assessed in 2011 and 2018, asthma symptom incidence among women with no 
asthma symptom in 2011 ( n = 5700) and change in asthma symptoms (reduced, stable, increased) among those 
with asthma symptoms in 2011 ( n = 2921) were defined. BMI was calculated in 2008. Marginal structural models 
were used to estimate total, direct and indirect effects mediated by BMI. 
Results: After adjustment for potential confounders, we found a significant indirect effect of healthier diet on 
lower risk of asthma symptoms incidence mediated by lower BMI (OR for AHEI-2010 quintile 5 vs quintile 
1 = 0.95 (0.92–0.97)), without significant total (OR = 0.87 (0.66–1.10)) nor direct (OR = 0.92 (0.71–1.15)) effects. 
Among women with asthma symptoms, we also found a significant indirect effect of healthier diet on reduced 
asthma symptoms mediated by lower BMI (OR for AHEI-2010 > median vs ≤ median = 1.02 (1.00–1.03)) without 
significant total (OR = 1.12 (0.94–1.34)) nor direct effects (OR = 1.10 (0.93–1.31)). 
Conclusion: A healthy diet was associated with reduced risk of asthma symptoms over time, partly through a 
lower BMI. 
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. Introduction 

Asthma, a chronic inflammatory disease, is common in the elderly
nd is of special concern in older women, who tend to have more severe
sthma than older men [ 1 ]. Several epidemiological studies have re-
orted that a healthy diet, associated with lower inflammatory biomark-
rs [ 2 ] and more recently with an increase in short-chain fatty acids
∗ Corresponding author at: Université Paris-Saclay, UVSQ, Univ. Paris-Sud, Inserm,
E-mail address: raphaelle.varraso@inserm.fr (R. Varraso) . 

ttps://doi.org/10.1016/j.jarlif.2025.100011 
eceived 26 November 2024; Received in revised form 26 February 2025; Accepted 
534-773X/© 2025 The Author(s). Published by Elsevier Masson SAS on behalf of SE
 http://creativecommons.org/licenses/by/4.0/ ) 
 3 ] known to reduce airway inflammation [ 4 ], could improve asthma
utcomes among children and adults [ 5 ], but its impact among elderly
omen has been little studied [ 6 , 7 ]. In our previous work, based on

ross-sectional data, we reported that healthy diet, estimated by the
lternate Healthy Eating Index-2010 (AHEI-2010) was associated with

ower asthma symptoms score, whereas higher body mass index (BMI)
as associated with greater asthma symptoms score [ 6 ]. However, lon-
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Fig. 1. Direct effect of healthy diet on evolution of asthma symptoms and indirect effect mediated by BMI. 
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2  
itudinal data are needed to properly disentangle the effect of healthier
iet on asthma unexplained by obesity from the effect explained by obe-
ity. Indeed, as obesity is a likely risk factor for asthma, and that better
iet quality has been associated with a lower risk of obesity, it is reason-
ble to posit that BMI could act as a mediator rather than a confounder
n this association [ 5 ]. Using mediation analyses in the counterfactual
ramework and longitudinal data, we previously reported that a healthy
lant-Based Diet (hPDI) was associated with a reduced risk of asthma
ncidence over time, partly mediated by BMI [ 7 ]. Another diet index
hat emphasises healthy diet through plant-based foods is the AHEI-
010, which provides higher scores for healthy plant-based foods but
lso for some animal-sourced foods (such as fish) and was associated
ith lower levels of inflammatory biomarkers [ 2 ] and with a lower risk
f major chronic disease [ 8 ]. Therefore, we aimed to clarify the impact
f the AHEI-2010 among elderly women on 1) the incidence of asthma
ymptoms, and 2) among women with asthma symptoms, the change in
sthma symptoms, while accounting for the potential mediating role of
MI. 

. Methods 

Asthma-E3N, a nested case–control study on asthma within the E3N
ohort ( n = 98,995 women included in 1990, follow-up every 2–3 years
 9 ]), was conducted in 2011 ( n = 19,404 women, 91 % response rate)
ith follow-up data in 2018 ( n = 15,301). We used the mean of the
HEI-2010 [ 8 ] from two validated semi-quantitative food history ques-

ionnaires in 1993 and 2005, and categorised into quintiles or according
o the median value. We excluded women with no asthma symptom data
n 2011 or 2018 ( n = 5004), those without dietary data in 1993 or 2005
 n = 1676), and women reporting asthma symptoms in 2011 ( n = 2921),
esulting in a final sample of 5700 women. All methodological details
re available in our previous publications [ 6 , 7 ]. 

The asthma symptoms score, that captures the heterogeneity and
ariability of the disease and is based on the number of positive an-
wers to 5 respiratory symptoms occurring during the past 12 months,
as validated as continuous measure of asthma in epidemiological stud-

es [ 10 ] and evaluated in 2011 and 2018. BMI, based on self-reported
urrent weight and height and expressed in kg/m2 , was calculated in
008 with the “last observation carried forward ” method to take care
f missing data, and analysed as a continuous variable. Analyses were
erformed among women from Asthma-E3N who answered questions
n the asthma symptom score in 2011 and 2018 ( n = 10,297) and with
ietary data in 1993 and in 2005 ( n = 8621). 

For aim 1, women with no asthma symptom in 2011 and 2018
erved as the reference group ( n = 5149), and women with no symp-
om in 2011 and at least one asthma symptom in 2018 as “incident ”
 n = 551). For aim 2, the change in asthma symptoms was evaluated
mong symptomatic women in 2011, as “stable ” if the difference be-
2

ween the 2018 and the 2011 scores was null (reference, n = 730), “in-
reased ” if the difference was positive ( n = 241) and “reduced ” if it was
egative ( n = 1950). 

To disentangle the direct effect of a healthy diet on evolution of
sthma symptoms (ORDE ) from the indirect effect mediated by BMI
ORIE ), we applied marginal structural models (MSMs), as proposed by
ange et al. [ 11 ], in particular because it can be used for all types of
ariables, adjusted for age, smoking, physical activity, education, mar-
tal status, and having farmer parents ( Fig. 1 ). As shown in Fig. 1 , we
nsured that the temporal sequence between exposure, mediator, and
utcome was respected. 

To account for potential residual confounding by smoking (for exam-
le smoking intensity and/or duration), we conducted stratified analy-
es according to smoking status (never-smokers and ever-smokers), and
ested the statistical significance of interaction term between AHEI-2010
nd smoking status. We also conducted several sensitivity analyses con-
isting in: (1) models further adjusted for total energy intake, which
as not included in the main analyses to avoid an isocaloric substitu-

ion among foods [ 12 ]; (2) models using BMI collected in 2005, instead
f using BMI collected in 2008; (3) Given the high prevalence of asthma-
elated multimorbidity, we excluded women with cancers or cardiovas-
ular diseases (CVD) in 1993; 4) models further adjusted for the asthma
ymptoms score in 2011 for aim 2. All analyses were performed using
AS version 9.4 (SAS Institute Inc.). 

. Results 

Women were aged 62 years on average in 1993. Among women with
o asthma symptom in 2011 ( n = 5700), 9.7 % reported at least one
sthma symptoms in 2018; and among women with at least one asthma
ymptoms in 2011 ( n = 2921), 8 % reported more symptoms in 2018
increased), 25 % were stable and 67 % reported fewer symptoms (re-
uced). After adjustment for age, women in the highest quintile of the
HEI-2010 consumed less energy, were more physically active, were

ess likely to be current smokers, had more often farmer parents and
ere less often overweight/obese (BMI ≥ 25), as compared to women in

he lowest quintile of the AHEI-2010. 
After adjustment for confounders, we observed a significant indirect

ffect between healthier diet and decreased incidence of asthma symp-
oms mediated by a lower BMI, with a significant dose-response rela-
ionship ( Table 1 ); the proportion mediated by BMI of the association
etween healthier diet and incidence of asthma symptoms accounted
or 35 % of the total effect. The direct and the total effects of healthier
iet on incident asthma symptoms were not statistically significant, al-
hough the ORs were lower than one. Sensitivity analyses led to similar
esults when: 1) adjusting for total energy intake (ORIE (95 %CI) for
uintile 5 (Q5) vs quintile 1 (Q1) = 0.96 (0.94–0.98)); 2) using BMI in
005 (OR for Q5 vs Q1 = 0.95 (0.92–0.97)); 3) excluding women with
IE 
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Table 1 

Associations between the AHEI-2010 score with the incidence of asthma symptoms and the change of asthma symptoms among symptomatic women, mediated by 
BMI. 

AHEI-2010 No. Total effect Direct effect Indirect effect 
Proportion 
mediated 

Among women with no asthma symptom in 2011 

Incident vs. no symptom 

∗ 

OR (95 %CI) OR (95 %CI) OR (95 %CI) 

Continuous 551/5149 0.93 (0.82–1.05) 0.95 (0.84–1.06) 0.98 (0.94–1.00) 35 % 

Quintile 1 113/900 1.00 (ref) 1 .00 (ref) 1 .00 (ref) 
Quintile 2 111/1011 0.99 (0.77–1.25) 1.00 (0.78–1.26) 0.99 (0.98–0.99) 

Quintile 3 98/1036 0.89 (0.68–1.13) 0.92 (0.70–1.16) 0.97 (0.96–0.98) 

Quintile 4 107/1051 0.83 (0.63–1.05) 0.87 (0.66–1.10) 0.96 (0.94–0.98) 

Quintile 5 122/1151 0.87 (0.66–1.10) 0.92 (0.71–1.15) 0.95 (0.92–0.97) 

Among symptomatic women (asthma symptom score ≥ 1) # 

Increased vs. Stable 

Continuous 241/730 1.15 (0.95–1.36) 1.14 (0.95–1.34) 1.01 (0.95–1.06) 7 % 

≤ median 127/389 1 .00 (ref) 1 .00 (ref) 1 .00 (ref) 
> median 114/341 1.04 (0.78–1.39) 1.02 (0.76–1.36) 1.01 (0.99–1.04) 

Reduced vs. Stable 

Continuous 1950/730 1.05 (0.94–1.18) 1.04 (0.94–1.15) 1.01 (0.98–1.05) 20 % 

≤ median 978/389 1 .00 (ref) 1 .00 (ref) 1 .00 (ref) 
> median 972/341 1.12 (0.94–1.34) 1.10 (0.93–1.31) 1.02 (1.00–1.03) 

Ref = reference. 
Odds ratio (OR) and 95 % confidence interval (CI) were estimated from marginal structural models for an increase of 1 category (quintile or binary) in the AHEI-2010; 
95 % CI were obtained from 500 bootstrapped samples. 
The total effect represents the overall effect of the exposure (diet) on the disease (asthma); the indirect effect represents the effect passing through the mediator 
(body mass index); and the direct effect represents the effect unexplained by the mediator. 
Models were adjusted for age, physical activity, smoking, educational level, marital status and having farmer parents. 

∗ Women with no symptom (reference): n = 5149; mean age = 62 years; 46 % ever-smokers; 24 % overweight or obese (BMI ≥ 25 kg/m2 ). Incident: n = 551; mean 
age = 63 years; 46 % ever-smokers; 32 % overweight or obese (BMI ≥ 25 kg/m2 ). 

# Stable (reference): n = 730; mean age = 63 years; 53 % ever-smokers, 42 % overweight or obese (BMI ≥ 25 kg/m2 ). Increased: n = 241; mean age = 63 years; 51 % 

ever-smokers; 39 % overweight or obese (BMI ≥ 25 kg/m2 ). Reduced: n = 1 950; mean age = 62 years; 50 % ever-smokers; 39 % overweight or obese (BMI ≥ 25 kg/m2 ). 
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ancers or CVD (ORIE for Q5 vs Q1 = 0.97 (0.95–0.99)), with proportions
ediated by BMI varying between 17 and 25 %. Analyses stratified by

moking status showed similar results with a significant inverse indirect
ffect mediated by BMI both in never-smokers (ORIE for Q5 vs Q1 = 0.94
0.89–0.98)) and ever-smokers (ORIE for Q5 vs Q1 = 0.97 (0.94–0.99))
p for interaction = 0.84) ( Fig. 2 A). 

Among women with asthma symptoms in 2011 ( n = 2921), we found
 positive significant indirect effect mediated by BMI between health-
er diet and reduced asthma symptoms, accounting for 20 % of the
otal effect ( Table 1 ). The direct and total effects of healthier diet on
educed asthma symptoms were not statistically significant, although
he ORs were greater than 1. Sensitivity analyses led to similar re-
ults when: 1) adjusting for total energy intake (ORIE for > median vs.
 median = 1.01 (1.00–1.03)); 2) using BMI in 2005 (ORIE for > median
s . ≤ median = 1.02 (1.00–1.03)); 3) excluding women with cancers or
VD (ORIE for > median vs . ≤ median = 1.01 (1.00–1.03)); and 4) ad-

usting for the asthma symptoms score in 2011 (ORIE for > median vs .
 median = 1.02 (1.00–1.03)). After stratification on smoking ( Fig. 2 B),

he positive indirect effect was significant only in ever-smokers (ORIE for
 median vs ≤ median = 1.02 (0.99–1.04), and 1.02 (1.00–1.04) in never-
nd ever-smokers, respectively), although the interaction was not signif-
cant (p for interaction = 0.58). By contrast, no association was observed
etween the AHEI-2010 score and increased asthma symptoms. 

. Discussion 

We found that the effect of healthier diet both on the decreased risk
f asthma symptoms incidence and on the reduced number of symptoms
ver 7 years is partly mediated by a lower BMI. Although total and direct
ffects were not statistically significant, we reported that indirect paths
3

y BMI are likely a more accurate way to explain the association be-
ween healthier diet and asthma among elderly women. These findings
uggest that BMI plays a key mediating role in the diet-asthma relation-
hip (35 %), while other mechanisms could also contribute. Indeed, the
HEI-2010 reflects overall dietary quality, incorporating food groups
ith anti-inflammatory and antioxidant properties ( e.g. , fruits, vegeta-
les, whole grains, and fish) that may influence asthma outcomes, and
omponents such as polyphenols, omega-3 fatty acids, and fiber have
een linked to reduced airway inflammation and improved lung func-
ion [ 13 ]. Although we did not incorporate inflammatory biomarkers,
t has been extensively reported that a higher consumption of plant-
ased food like fruits, vegetables, legumes and whole grains, evaluated
specially by the AHEI-2010, is associated with lower inflammatory
iomarkers such as CRP, IL-6 et TNF- 𝛼 [ 2 ] and more recently with an in-
rease in short-chain fatty acids (produced by bacteria in the gut during
ermentation of fibre from dietary plant matter) [ 3 ] known to reduce
irway inflammation [ 4 ]. 

Regarding the incidence of symptoms, the indirect effect mediated
hrough BMI accounted for 35 % of the total effect, which is consistent
ith our previous work where we found a percentage of the association
etween the incidence of asthma symptoms and the hPDI mediated by
MI of 35 % [ 7 ]. Using several diet scores helps to capture the variability
nd diversity of different diet types. Indeed, the AHEI-2010 and the hPDI
oth reflect healthy diet, even if the correlation between AHEI-2010 and
PDI was “only ” 60 % suggesting that both scores bring complementary
nformation. 

Regarding reduced asthma symptoms, the indirect effect mediated
hrough BMI accounted only for 20 % of the total effect. Only one pre-
ious study found that healthier diet was directly associated with re-
uced asthma symptoms over time in never-smokers only, with a non-
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Fig. 2. Associations between categories (quintiles or binary) of the AHEI- score with the incidence of asthma symptoms and the change in asthma symptoms among 
symptomatic women, according to smoking status. 
Ref = reference. 
Models were adjusted for age, physical activity, educational level, marital status, and having farmer parents. 
1 OR (95CI) of indirect effect for incidence symptoms among never-smokers: 0.94 (0.89–0.98) 
2 OR (95CI) of indirect effect for incidence symptoms among ever-smokers: 0.97 (0.94–0.99) 
3 OR (95CI) of indirect effect for reduced symptoms among never-smokers: 1.02 (0.99–1.04) 
4 OR (95CI) of indirect effect for reduced symptoms among ever-smokers: 1.02 (1.00–1.04). 
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ignificant indirect effect through BMI accounting for 5 % of the total
ffect [ 14 ]. Differences in the study populations (middle-aged men and
omen in the previous study vs older women in ours), as well as dif-

erences in the outcome classification for the stable group (the previous
tudy categorized participants without asthma symptoms in the stable
roup, whereas we defined the stable group only among women with
sthma symptoms at baseline) may explain discrepancies between stud-
es. 

Our study has several strengths and limitations. Our study was longi-
udinal with a large sample size, which allows accounting for several po-
ential confounders, and performing stratified analyses to address the ro-
ustness of the findings, although subsample sizes were limited in some
ategories. Diet was evaluated in 1993 and 2005, and asthma symp-
oms score in 2011 and 2018. Although participants may have modified
heir diet between 1993 and 2011, we used the average of diet score
n 1993 and 2005. We ensured the correct temporal sequence: diet was
ssessed before BMI, and BMI before asthma symptoms. However, some
imitations must be acknowledged: (i) dietary changes between 1993
nd 2011 may not have been fully captured, though diet was assessed
sing validated food frequency questionnaires [ 15 ]; (ii) asthma symp-
oms were assessed at only two time points, but we relied on a vali-
ated asthma symptoms score [ 10 ]; (iii) BMI may have changed over
ime, yet similar findings were observed using BMI from 2005, which
as highly correlated with BMI in 2008 ( r = 0.91) and showed stable
besity prevalence (5.3 % vs. 6.0 %). Although MSMs, are robust to
ime-dependent confounding, they rely on strong assumptions, includ-
ng the absence of unmeasured confounders for the exposure-outcome,
xposure-mediator, and mediator-outcome relationships, as well as the
bsence of variables that are both effects of the exposure and con-
ounders of the mediator-outcome relationship [ 16 ]. It is also likely
hat other factors, such as obesity-related multimorbidities may have af-
ected asthma outcomes, but we found similar results when we excluded
omen with cardiovascular and cancer comorbidities. Total energy in-

ake may lie on the causal pathway between diet and asthma [ 12 ] and
o avoid any isocaloric substitution of foods, our main models were not
djusted for total energy. However, we performed sensitivity analyses
djusted on total energy intake, with results similar to the main model.
mong women with symptoms in 2011, to take into account the differ-
nce in starting point between the participants, we further adjusted for
he asthma symptoms score in 2011, and the results were similar. As the
HEI-2010 diet score is associated with chronic obstructive pulmonary
isease (COPD) [ 17 ], the potential overlap between asthma and COPD
ould contribute to the association between AHEI-2010 and asthma es-
ecially in this aged population, but associations were not modified by
moking status. Moreover, the asthma symptoms score is particularly
ppropriate for longitudinal studies, capturing both asthma incidence
nd disease variability in women with asthma and it relates to symp-
oms specific to asthma and not of COPD. Finally, the relative homo-
eneity of the studied population actually helps with causal inferences
y reducing residual potential confounding. 

A healthy diet was associated with a lower risk of asthma incidence
nd a reduced number of asthma symptoms over time partly mediated
y a lower BMI highlighting the need to promote obesity prevention and
ealthy dietary choices through multi-intervention programs, as advo-
ated by several national dietary guidelines [ 18 ], to support asthma pre-
ention in elderly women. And beyond body composition, future studies
hould investigate alternative mechanisms by integrating biomarkers of
ystemic inflammation and gut microbiota composition to better under-
tand the mechanisms linking diet and asthma, while also using MSMs
o assess multiple mediators simultaneously and provide a more com-
rehensive analysis of this relationship. 
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