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Abstract

Despite growing evidence suggesting a potential health benefit of high fibre intake for the prevention of chronic inflammatory diseases, studies
regarding the role of total dietary fibre intake, types and sources of fibre on asthma are lacking. The present study aimed to investigate the cross-
sectional association of dietary fibre intakes and source of fibre with the asthma symptom score and asthma control. A total of 35 380 participants
from the NutriNet-Santé cohort were included. Asthma was defined by the asthma symptom score and asthma control by the asthma control test.
Fibre intake (g/d) was categorised according to sex-specific quintiles. Multi-adjusted negative binomial regressions were used to evaluate the
association between dietary fibre with the asthma symptom score and logistic regressions with asthma control. Participants were aged on aver-
age 54 years. After adjustment for confounders, higher intake of total, soluble, insoluble fibres from cereals, fruit and seeds were significantly
negatively associated with the asthma symptom score both among women and men; OR for the highest quintile of total dietary fibre compared
with the lowest quintile were 0-73 (95 % CI 0-67, 0-79) in women and 0-63 (95 % CI 0-55, 0-73) in men. We also found inverse significant asso-
ciations between total, soluble and insoluble fibre with uncontrolled asthma; OR for participants in the highest quintile of total dietary fibre was
0-72 (95 % CI1 0-55, 0-95) in women and 0-45 (95 % CI 0-26, 0-79) in men. Our results suggested that higher intake of dietary fibre, mostly insoluble
fibre and fibre from cereals, was associated with fewer asthma symptoms and greater asthma control.
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Dietary guidelines across the world have provided consistent
recommendations regarding the increased intake of fruits, veg-
etables or whole grains’=®. Although several components of
the diet may be involved in the potential health benefit, fruit,
vegetables, legumes and whole grains are thought to play a role
through their high concentrations of antioxidant vitamins and
fibre™. Epidemiological studies have widely reported that a diet
rich in fruit, vegetables and whole grains is associated with a
reduced risk of several chronic diseases?. More specifically,
regarding dietary fibre intake, many studies have reported the
importance of its consumption for health, to prevent chronic dis-
eases such as CVD"?, type 2 diabetes'? and some cancers'?.

Regarding lung health, dietary fibre intake has been associ-
ated with a lower risk of respiratory disease mortality™?,
a greater lung function’®'% and a decreased risk of chronic

obstructive pulmonary disease (COPD)'>1® and COPD symp-
toms'”. Diets low in dietary fibre have been shown to affect
the immune system and are thought to promote the develop-
ment of a variety of immune disorders, including allergies and
asthma®. To our knowledge, two studies have been conducted
to evaluate the association between dietary fibre and asthma in
adults"*??. Berthon et al. reported an inverse association
between total fibre intake and severe persistent asthma®®,
and Halnes et al. an inverse association between soluble fibre
intake and airway inflammation in asthma®”. Both studies were
performed among asthmatics only and without investigating dif-
ferent types nor sources of fibre.

Asthma is a heterogeneous disease with different pheno-
types, variable clinical manifestations and temporal phenotypic
variability??. Thus, rather than dichotomous definition of

Abbreviations: ACT, asthma control test; COPD, chronic obstructive pulmonary disease; mPNNS-GS, modified Programme National Nutrition Santé-guidelines

score.
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asthma, such as doctor-diagnosed asthma, in epidemiological
studies, it is necessary to be able to capture the complexity of
asthma. The asthma symptom score has been recommended
for the study of risk factors in asthma®*?» and is particularly rel-
evant when investigating association with diet, as it can be used
for both participants with and without asthma allowing integra-
tion of different asthma phenotypes and different levels of
asthma prevention. Likewise, achieving and maintaining a good
asthma control is the main goal of asthma management, and
better understanding as to why asthma is getting worse (or bet-
ter) in a substantial proportion of patients would be very inform-
ative. To our knowledge, no previous studies have been
conducted to investigate the potential role of different types
and sources of dietary fibre both on asthma symptoms and on
asthma control.

The objectives of the present study conducted in a large
cohort of French adults were to (1) investigate the cross-sectional
association of total dietary fibre, soluble and insoluble fibre and
different sources of fibre (cereals, vegetables, fruit, seeds and
legumes) with the asthma symptom score and (2) further evalu-
ate the impact of dietary fibre consumption on asthma control.

Methods
Population

Subjects were participants of the NutriNet-Santé Study, an
ongoing web-based prospective observational French cohort
of volunteers aged 18 years and older, launched in May 2009.
Briefly, its main objective is to investigate the relationship
between nutrition and health as well as of determinants of
dietary behaviours and nutritional status. At enrolment, partici-
pants complete a baseline set of questionnaires; and during
the follow-up, they receive monthly automated emails informing
that new questionnaires are available in the secured platform.
More detailed information has been published elsewhere®®.
The NutriNet-Santé study is conducted according to the
Declaration of Helsinki guidelines and was approved by the
Institutional Review Board of the French Institute for Health
and Medical Research (IRB Inserm no. 0000388FWA00005831)
and the ‘Commission Nationale de !Informatique et des
Libertés’ (CNIL no. 908450/no. 909216). It is registered at clini-
caltrials.gov as NCT03335644. All participants provided elec-
tronic informed consent.

Dietary data collection

Participants were invited to complete three non-consecutive
self-administered web-based 24-h dietary records randomly dis-
tributed within a 2-week period at baseline and every 6 months.
Self-administered web-based 24-h dietary records have been
validated against urinary® and plasma biomarkers®?® and
against interview by a trained dietitian®*”.

Participants reported all foods and beverages at each eating
occasions during the day. Portion size for each foods and
beverages were directly entered as grams or volumes or esti-
mated using previously validated photographs®®. Daily dietary
intake was calculated as the average of at least three 24-h dietary
records. Energy underreporting participants were identified and

excluded using the validated method developed by Black®”,
Black’s equations are based on an estimate of the person’s
BMR calculated via Schofield’s equations®” and taking into
account sex, age, height and weight as well as the physical
activity level (PAL), number of 24-h records, intra-individual
variabilities of reported energy intake and BMR and intra-/
inter-variabilities of PAL.

Dietary fibre intake was calculated in g/d, and we considered
total dietary fibre, soluble and insoluble fibres (types of fibre)
and cereal fibre, vegetable fibre, fruit fibre, seed fibre and
legume fibre (sources of fibre). We obtained the dietary fibre
content of each food from the NutriNet-Santé food compo-
sition table®? which is a compilation of data from the
Supplementation en Vitamines et Minéraux AntioXydants
(SU.VI.MAX) study food database, published literature and other
food composition tables from different European countries. For
mixed dishes, fibre contents were calculated using nutrient con-
tents of individual foodstuffs and usual recipes. Dietary fibre
intake (total, types and sources) was adjusted for total energy
intake using the residual method®® and was classified based
on sex-specific quintiles.

To assess the overall nutritional quality of the diet, we
computed the modified Programme National Nutrition Santé-
guidelines score (MPNNS-GS), without physical activity, reflect-
ing adherence to the French nutritional recommendations. The
mPNNS-GS includes twelve components: eight components
referred to food-serving adequacy and four referred to modera-
tion in consumption. Moreover, points are deducted for over-
consumption of salt, added sugars or when energy intake
exceeds the estimated energy needs by more than 5 %.
Scoring has been described in detail elsewhere®®, and the final
score ranges from (possible) negative scores to 13-5.

The respiratory survey in the NutriNet-santé cohort

To improve the respiratory characterisation of the participants of
the cohort, a non-mandatory detailed questionnaire on respiratory
health based on international standardised recommendations®*
was proposed in April 2016 to 121 568 active participants included
in the cohort at this date. As of June 2017, the survey was filled in
by 40 152 adults. Respondents (72 40 152) were significantly older
as compared with non-respondents (72 81 416). After adjustment
for age, they were also more likely never smokers, had a higher
educational level, were more physically active and less likely to be
obese®”. Ever asthma was defined by at least one positive answer
to the question ‘Have you ever had asthma? in main question-
naires or by a positive answer to ‘Have you ever had an asthma
attack?” or ‘Have you ever had an attack of shortness of breath at
rest with wheezing’ in the respiratory survey.

We used the asthma symptom score®?? which has been
proposed previously as a continuous measure of asthma in epi-
demiological studies. It is a validated score, ranging from 0 to 5,
based on the number of respiratory symptoms during the past
12 months.

The asthma control test (ACT)3® was used to evaluate asthma
control. It is a validated self-administered questionnaire based
on five questions on activity limitations, frequency of symptoms,
frequency of use of quick-relief medication and the subjective
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perception of the level of asthma control during the previous 4
weeks. Each item is scored from 1 to 5, and the total ACT score
ranges from 5 to 25. Participants with asthma were classified as
well-controlled (ACT > 19) or uncontrolled (ACT < 19)39.

Allergic rhinitis was defined as a positive answer to ‘Have you
ever had allergic rhinitis? or ‘Have you ever had hay fever?
Information about family history of asthma was also collected
(yes/no).

Assessment of covariates

At baseline, validated self-administered questionnaires were
used to collect data which includes sex, age, educational level
(<13, 14, 15-16, >17 years) and smoking status (never smok-
ers, ex-smokers, current smokers). Among ever smokers,
pack-years were calculated to estimate the amount of tobacco
smoke. BMI was calculated as weight (kg)/height* (in m?)
and categorised according to the WHO classification (<185,
18-5-24, 25-29, >30kg/m?)®7. Self-reported leisure-time
physical activity was assessed using the French short form
of the International Physical Activity Questionnaire®®. The
weekly activity-associated energy expenditure expressed in
metabolic equivalent task in minutes per week was estimated,
and three categories of physical activity were defined
(vigorous (=60 min/d), moderate (30-59 min/d) and low
(<30 min/d)).

Statistical analysis

From the 40 152 participants who filled in the respiratory survey,
we included those with at least three dietary records from base-
line till their 2 years of follow-up, that is, mean = 8-0 (sp 3-0), and
who were not identified as energy underreporters to account for
intra-individual variation in intake and estimate usual intake. Our
analytic population included 26 640 women and 8740 men (on-
line Supplementary Fig. S1). Regarding asthma control, 2094
women and 557 men completed the ACT questionnaire out of
the 3116 participants who reported ever asthma.

All analyses were conducted separately among women
and men since the effect of dietary fibre may differ in women
and men®. As previously done for this score, association
between quintiles of total fibre, types and sources with the
asthma symptom score (treated as a continuous variable)
were evaluated using a binomial negative regression mod-
els“?, Multivariable models were adjusted for age, smoking
status, pack-years in smokers, educational level, leisure-time
physical activity, total daily energy intake, allergic rhinitis and
family history of asthma. Tests for linear trend were performed
using median value for each quintiles of fibre intake as a con-
tinuous variable in the model.

We performed several sensitivity analyses. First, we tested
whether the association between dietary fibre intake and the
asthma symptom score was modified by smoking status, and
we formally tested the interaction between fibre intake and
smoking. Second, since growing evidence suggests that dietary
fibre is associated with overweight and obesity in adults“? and
BMI a likely potential mediator in the diet-asthma association®?,
we performed further analysis stratified by BMI and tested the
interaction between fibre intake and BMI. Then since a high

fibre intake might reflect an overall healthy diet, and to
account for the overall remaining effect of diet in the fibre—
asthma association, we performed a sensitivity analysis by
adjusting for overall nutritional quality of diet assessed by
the mPNNS-GS, a score reflecting adherence to French nutri-
tional recommendations®®. We also performed analysis
stratified across mPNNS-GS sex-specific tertiles. Finally, we
performed a sensitivity analysis among participants who
never reported asthma from their inclusion in the NutriNet-
Santé cohort till their answer to the respiratory survey (a likely
free of asthma population).

For asthma control, association with quintiles of dietary fibre
(total, types and sources) was evaluated using logistic regression.
Main models were adjusted for age, smoking, pack-years, educa-
tional level, leisure-time physical activity and total daily energy
intake. Further analysis was also performed by adjusting for the
overall nutritional quality of diet assessed by the mPNNS-GS.

Missing data for covariates were handled by multiple impu-
tations (2 10), according to a Markov chain Monte Carlo
approach™?,

We used SAS software version 9.4 (SAS Institute) to analyse
the data. All the tests were two sided and the significance level
was set at 0-05.

Results

The descriptive characteristics of the participants according
to quintiles of energy-adjusted total dietary fibre are shown in
Table 1. The mean age was 53'¥ years in women and 59'¥ years
in men. The average dietary fibre intake was 20-3 g/d among
women and 20-5 g/d among men. Main contributors to total fibre
intake were cereals (29 % in women and 31 % in men), vegetables
(26 % in women and 25 % in men), fruits (20 % both in women and
men), legumes (3 % in women and 4 % in men) and nuts (2 % both
in women and men). Total dietary fibre, soluble and insoluble
fibre intakes were highly correlated with dietary fibre intake
from fruit and legumes both among women (online Supplementary
Table S1) and men (online Supplementary Table S2). Among
women and men, participants in the highest quintile of total dietary
fibre were significantly older, less likely to be current smokers, more
physically active during leisure time, had a higher educational level
and were less likely to be obese than participants in the lowest quin-
tile of total dietary fibre.

Types of dietary fibre and asthma symptom score

In our study, 28% of women and 25% of men reported
at least one asthma symptom. After adjustment for potential con-
founders, total dietary fibre intake was significantly negatively
associated with asthma symptoms among both women and
men (Fig. 1). The OR for the participants in the highest quintile
of total dietary fibre was 0-73 (95% CI 0-67, 0-79) in women
(Table 2) and 0-63 (95 % CI 0-55, 0-73) in men (Table 3) com-
pared with participants in the lowest quintile of total dietary fibre
intake, with a significant trend (2 < 0-0001). Further adjustment
for the mPNNS-GS did not modify the association (online
Supplementary Tables S3 and S4).

After stratification on smoking habits, BMI and the mPNNS-
GS, we still reported OR lower than 1 in each group (Fig. 2).
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Table 1. Characteristics of the participants, before imputation, according to the quintiles of total fibre intake, among women (n 26 640) and men (n 8740) from the NutriNet-Santé study
(Mean values and standard deviations; numbers and percentages)

Women (n 26 640) Men (n 8740)
Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
Mean spor Mean spor Mean spor Mean spor Mean spor Mean spor Mean spor Mean spor Mean spor Mean spor
orn % orn % orn % orn % orn % orn % orn % orn % orn % orn %
Age (years) (mean and sb) 451 189 508 134 539 131 565 126 566 130 526 140 580 133 615 128 623 120 621 12.3
Smoking (n and %)
Never smokers 2855 536 2839 533 2928 550 2932 550 2907 546 765 438 690 395 673 385 708 405 770 441
Former smokers 1470 276 1749 328 1799 338 1937 364 2008 377 649 371 832 476 894 511 899 514 862 493
Current smokers 1003 188 740 139 601 112 459 86 412 77 334 191 226 129 181 104 141 81 116 66 )
Missing 0 0.0 0 0-0 0 0.0 0 0-0 1 0-0 0 0.0 0 0-0 0 0.0 0 0.0 0 0-0 %
Pack years among ever smokers 112 121 116 135 112 129 111 123 114 134 192 191 173 163 169 154 156 149 152 153 5
(mean and sb) =
Educational level (n and %) %
<13 827 155 935 176 949 17.8 973 18.3 893 168 425 243 456  26-1 438 251 450 257 398 228 5
14 993 186 852 16-0 786 148 816 153 792 149 245 140 216 124 218 125 198 113 190 109 |
15-16 1776 333 1704 320 1761 331 1718 322 1729 325 480 275 403 231 379 217 384 220 420 240 &
>17 1695 318 1802 338 1794 337 1780 334 1872 351 593 339 666 381 703 402 708 405 729 417 8
Missing 37 07 35 07 38 07 4 0-8 42 08 5 0-3 7 0-4 10 06 8 05 1 06 o
Leisure-time physical activity (n and %) §
High 1145 215 1324 249 1489 280 1684 316 1981 372 570 326 641 367 675 386 735 421 790 452 g
Moderate 1999 375 2143 402 2200 413 2133 400 2071 389 546 312 592 339 600 343 604 346 613 351 B
Low 1442 271 1207 227 981 184 929 17.4 758 142 462 264 340 195 299 171 248 14.2 199 114
Missing 742 139 654 12.3 658 124 582 109 518 97 170 97 175 10-0 174 10-0 161 92 146 84
Total daily energy (mean and sb) 1868 409 1759 376 1741 367 1737 360 1792 377 2364 519 2215 468 2198 469 2213 479 2312 492
BMI (kg/m?) (mean and sb) 238 50 237 4.5 23-6 4.3 235 4.2 228 4.2 254 4.2 25-3 38 25-3 38 249 34 241 33
BMI (kg/m?) (n and %)
<185 322 6-0 255 4.8 256 4.8 249 4.7 450 85 23 1-3 17 1.0 16 09 11 0-6 17 1.0
18.5-24-9 3377 634 3429 644 3529 662 3560 668 3645 684 871 498 899 514 907 519 978 560 1144 655
25.0-29-9 937 176 1081 203 1064 200 1049 197 872 164 661 378 658 376 644 368 626 358 487 279
>30-0 579 109 485 91 426 8.0 416 7-8 323 61 193 11.0 173 9.9 180 103 133 7-6 96 55
Missing 113 21 78 1.5 53 1-0 54 1-0 38 07 0 0-0 1 01 1 0-1 0 0-0 4 02
Allergic rhinitis (n and %) 2447 459 2313 434 2257 424 2076 390 2128 399 499 286 541 310 519 297 538 308 508 291
Family history of asthma (n and %) 540 101 540 101 565 106 557 105 548 103 139 8-0 119 6-8 130 7-4 127 7-3 124 71

¢vor
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Table 1. (Continued)
Women (n 26 640) Men (n 8740)
Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
Mean spor Mean spor Mean spor Mean spbor Mean spor Mean spor Mean spor Mean spor Mean sbor Mean spor
orn % orn % orn % orn % orn % orn % orn % orn % orn % orn %
Asthma symptom score* (meanandsp) 050 090 043 082 042 08 039 081 036 075 047 08 040 080 039 081 036 079 028 066
0 (nand %) 3626 681 3761 706 3849 722 3940 740 4015 754 1226 701 1289 737 1311 750 1332 762 1405 804
1 (nand %) 1118 210 1100 207 1011 190 973 183 933 175 345 197 310 177 292 167 280 16:0 247 141
2-5 (nand %) 584 110 467 88 468 88 415 78 380 71 177 10-1 149 85 145 83 136 78 96 55
Ever asthmat (n and %) 749 141 638 12.0 639 120 561 105 510 96 216 124 157 90 163 93 154 88 152 87
Asthma control testf (n and %)
>19 438 857 348 821 365 857 318 848 321 897 116 847 89 881 100 901 97 89-8 93 93-0
<19 73 14.3 76 179 61 14.3 57 152 37 10-3 21 153 12 119 11 9.9 11 102 7 7-0 =
Fibre intake (g/d) (mean and sb) <
Total 138 1.7 172 07 196 0.7 224 09 286 4.9 12.7 21 168 0-8 19-6 0-8 229 11 305 57 >
Soluble 38 1.0 4.9 09 58 1.0 67 11 86 22 36 1.3 5.0 1.2 59 1.4 70 1.5 95 2.8 a
Insoluble 10-0 14 123 1-0 138 11 157 1-3 20-0 37 91 1-8 11-8 1-3 137 1.5 159 1.7 21.0 41 =
Cereal 4.3 1.5 51 1.5 57 1.7 6-3 20 75 3.0 4.2 1.9 54 1.9 62 22 71 26 92 4.3 2
Vegetable 31 1.3 4.3 1-4 51 16 5.9 1.8 7-6 32 3-:0 1.5 4.2 1.6 5.0 1.8 5.9 21 7-5 32 8
Fruit 1.9 1.2 30 1-4 38 1.6 4.8 1.9 65 33 1.5 1.4 29 1.7 39 2.0 4.9 24 70 4.0 )
Seed 02 0-4 0-3 05 04 0-6 05 0-8 09 1-3 01 05 0-3 0-6 0-3 07 04 0-8 1-0 1-9 g
Legume 03 0-6 05 07 0-6 08 0-8 1.0 1.3 1.7 03 07 05 09 0-6 1.0 0-8 1.2 1.5 22 R
mPNNS-GS (mean and sb) 7-0 1.3 7-8 1.2 8-3 1.3 88 1.3 95 1-4 6.7 1.3 7-6 1.3 81 13 87 1.3 92 1-4

mPNNS-GS, Modified Programme National Nutrition Santé guidelines score.
* Number of respiratory symptoms during the past 12 months: (1) breathless while wheezing, (2) woken up with chest tightness, (3) attack of shortness of breath at rest, (4) attack of shortness of breath after exercise and (5) woken by attack of
shortness of breath. Each item is scored from 0 to 1, and the total asthma symptom score ranges from 0 to 5.

1 Defined by at least one positive answer to the question ‘Have you ever had an asthma attack?’ in main questionnaire (baseline or follow-up), and by a positive answer to ‘Have you ever had an asthma attack?’ or ‘Have you ever had an attack of
shortness of breath at rest with wheezing’ in the respiratory survey (2016).

1 Among 2063 women and 546 men. Based on five questions in the last 4 weeks on: (1) activity limitations: asthma keep from getting as much done at work, school or at home, ‘some of the time’ to ‘all of the time’; (2) shortness of breath: ‘3—6
times/week’ to ‘more than once daily’; (3) woken up by asthma symptoms at night: ‘once/week’ to ‘every night’; (4) use g-agonistinhaler ‘2 times/week’ to ‘3+ times daily’ and (5) self-rated asthma control: ‘somewhat controlled’ to ‘not controlled
at all’. Each item is scored from 1 to 5, and the total asthma control test score ranges from 5 to 25.
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Table 2. Association between quintiles of dietary fibre intake and the asthma symptom score (continuous variable) among women from the NutriNet-Santé

study (n 26 640)

(Odds ratios and 95 % confidence intervals)

Dietary fibre intake and asthma

1045

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
OR 95% ClI OR 95 % ClI OR 95% ClI OR 95% ClI OR 95 % ClI P for trend
n 5328 5328 5328 5328 5328
Total fibre 1-00* Ref 0-85* 0-79, 0-92 0-82* 0-76, 0-88 0-76* 0-70, 0-82 0-70* 0-64, 0-75 <0-0001
1.00t Ref 0-871 0-81, 0-93 0-84t1 0-78, 0-90 0-801 0-74, 0-86 0-73t 0-67, 0-79 <0-0001
Soluble fibre 1-00* Ref 0-79* 0-74, 0-85 0.78* 073, 0-84 0-73* 0-68, 0-79 0-65* 0-60, 0-71 <0-0001
1.00t Ref 0-811 0-76, 0-88 0-821 0-76, 0-88 0771 0-72, 0-83 071t 0-65, 0-76 <0-0001
Insoluble fibre 1-00* Ref 0-89* 0-83, 0-96 0-85* 0-79, 0-92 0-81* 0-76, 0-88 0-74* 0-69, 0-80 <0-0001
1.00t Ref 0911 0-85, 0-98 0-871 0-81, 0-94 0-851 079, 0-92 077t 0-71, 0-83 <0-0001
Cereal fibre 1-00* Ref 0-85* 0-81, 0-93 0-80* 0-74, 0-86 0-80* 0-74, 0-86 0-76* 0-70, 0-82 <0-0001
1.00t Ref 0-881 0-82, 0-94 0-821 0-76, 0-88 0-83t1 0-77, 0-89 0-811 0-75, 0-87 <0-0001
Vegetable fibre 1-00* Ref 0-86* 0-80, 0-92 0-86* 0-80, 0-93 0-86* 0-80, 0-92 0-80* 0-74, 0-86 <0-0001
1.00t Ref 0-871 0-81, 0-94 0-871 0-81, 0-94 0-88t1 0-82, 0-95 0-82t 0-76, 0-89 <0-0001
Fruit fibre 1-00* Ref 0-89* 0-82, 0-95 0-83* 077, 0-88 0-76* 0-71, 0-82 0-68* 0-63, 0-74 <0-0001
1.00t Ref 0-921 0-86, 0-99 0-881 0-82, 0-95 0811 0-75, 0-88 0-74% 0-69, 0-80 <0-0001
Seed fibre 1-00* Ref 0-94* 0-88, 1-02 0-95* 0-88, 1-02 0-88* 0-81, 0-95 0-81* 0-75, 0-87 <0-0001
1.00t Ref 0-961 0-89, 1-04 0-95t 0-88, 1-03 0-891 0-83, 0-97 0-811 0-75, 0-88 <0-0001
Legume fibre 1-00* Ref 0-92* 0-85, 0-99 1-00* 092, 1-07 0-93* 0-87, 1-00 0-92* 0-85, 0-99 0-06
1.001 Ref 0-971 0-89, 1-05 1.02t 094, 1-11 0-961 0-89, 1.04 0-941 0-87, 1-01 0-06

Ref, reference.
* Adjusted for age.

1 Further adjusted for smoking, pack-years (among ever smokers), educational level, leisure-time physical activity, total daily energy, allergic rhinitis and family history of asthma.

Asthma symptom score Asthma control
Women (n 26 640) Men (n 8740) Women (n 2094) Men (n 557)
e . e
s |
E t
S '
w1
=
=
< *
05
A
—

Fig. 1. Associations between quintiles of total dietary fibre intake with the asthma symptom score (continuous) and the asthma control (controlled v. uncontrolled) among

women and men. Values are adjusted odds ratios and 95 % confidence intervals.

For smoking, we observed association of similar magnitude in
never, former and current smokers, especially among women
(Fig. 2). The interaction between total dietary fibre intake with
smoking status was not statistically significant (P=0-66 in
women and 0-39 in men). For BMI, the association between total
dietary fibre intake and asthma symptom was significant only
among participants with BMI < 30-0 kg/m?, but we reported
no significant interaction between total dietary fibre and BMI
(P=0-13 in women and 0-36 in men). For the mPNNS-GS, we
observed similar association between total dietary fibre intake
and asthma symptom in each tertile, with no significant

interaction between mPNNS-GS and total dietary fibre
(P=0-19 in women and 0-29 in men). Finally, when analyses
were restricted to participants without ever asthma (12 24 159
women and 8069 men), we found similar associations between
dietary fibre intake and the asthma symptom score: OR for the
participants in the highest quintile of total dietary fibre was
0-74 (95 % CI 0-68, 0-81) in women and 0-68 (95 % CI 0-58,
0-79) in men, as compared with participants in the lowest
quintile.

When looking at the type of fibre (soluble or insoluble), we
observed a significant inverse association of similar magnitude
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Table 3. Associations between quintiles of dietary fibre intake and the asthma symptom score (continuous variable) among men from the NutriNet-Santé
study (n 8740)
(Odds ratios and 95 % confidence intervals)

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
OR 95% ClI OR 95 % ClI OR 95% ClI OR 95% ClI OR 95 % ClI P for trend
n 1748 1748 1748 1748 1748
Total fibre 1-00* Ref 0-83* 072, 0-95 0-79* 0-69, 0-91 0-74* 0-65, 0-86 0-57* 0-49, 0-66 <0-0001
1.00t Ref 0-871 0-76, 0-99 0-821 072, 0-95 0791 0-69, 0-91 0-63t 0-55, 0-73 <0-0001
Soluble fibre 1-00* Ref 0-87* 0-76, 0-99 0.78* 0-68, 0-90 0-75* 0-65, 0-86 0-56* 0-48, 0-65 <0-0001
1.00t Ref 0-891 0-78, 1-01 0-831 0-73, 0-95 0811 0-71, 0-93 0-63t 0-54, 0-73 <0-0001
Insoluble fibre 1-00* Ref 0-83* 0-73, 0-96 0-81* 071, 0-94 0-82* 0-72, 0-95 0-62* 0-54, 0-72 <0-0001
1.00t Ref 0-88t 077, 1-00 0-871 0-76, 0-99 0-83t1 0-72, 0-95 0-69t 0-60, 0-80 <0-0001
Cereal fibre 1-00* Ref 0-98* 0-86, 1-12 0-85* 074, 0-97 0-83* 0-72, 0-96 0-68* 0-59, 0-79 <0-0001
1.00t Ref 0-971 0-84, 1-10 0-831 072, 0-95 0-841 0-73, 0-96 071t 0-61, 0-82 <0-0001
Vegetable fibre 1-00* Ref 0-85* 0-74, 0-98 0-81* 071, 0-94 0-90* 0-78, 1-03 0-80* 0-69, 0-92 0-01
1.00t Ref 0-871 0-76, 1-00 0-821 072, 0-94 0-941 0-82, 1.07 0-841 073, 0-97 0.07
Fruit fibre 1-00* Ref 0-80* 0-70, 0-92 0.72* 0-63, 0-83 0-62* 0-53, 0-71 0-59* 0-51, 0-68 <0-0001
1.00t Ref 0-801 0-70, 0-91 0771 0-67, 0-89 0-691 0-60, 0-80 0-661 0-58, 0-77 <0-0001
Seed fibre 1-00* Ref 1.09* 095, 1-26 1-08* 094, 1-24 1-12* 0.97, 1-29 0-86* 0-75, 1-00 0-004
1.00t Ref 1-09t 095, 1-26 1.04t 0-90, 1-21 111t 0-96, 1-28 0-85t 0-73, 0-98 0-002
Legume fibre 1-00* Ref 1.05* 091, 1-20 1.03* 0-89, 1-18 0-93* 0-81, 1-08 0-94* 0-81, 1-08 0-11
1.001 Ref 0-971 0-83, 1-12 0-961 0-83, 1-12 0-871 0-75, 1-01 0-89t 0-77,1.03 0-05

Ref, reference.

* Adjusted for age.

1 Further adjusted for smoking, pack-years (among ever smokers), educational level, leisure-time physical activity, total daily energy, allergic rhinitis and family history of
asthma.

Smoking status Women Pirend Men Pirend
Never smokers Q2w Ql - i
Qv Ql —
= ——
Q4w Ql - <0-0001 0-001
Q5w Ql —— ——
i
Former smokers QwQl —— —
Q3w Ql —— . Y
v ol <0-0001 i <0-0001
Q5 v Q1 —— "
——
Current smokers Q2w Ql —i ! ——
31 v 3: —a 0-02 . —— 026
BMI Qi Ql ——
<250 kg/m? Qv qQl - ——
Qv Ql . <0-0001 i <0-0001
Q4w Q1 = il
Q5 QI i
25-30 kg/m? Qv Ql — i
Q= Ql . 003 —— 0-002
4w Ql —— -
Q5 v Q1 —-— i
=30 kg/m? Qv Ql — i —-—
Qi v Ql —a—— 017 - 038
Qv qQl [ — —
mPNNS-GS Q5w Q1 —— ——
Textile 1 Q2w Q1 —— i
Qv Ql — 001 —a— 002
Qiw QI — — 2
Qiv Q1 —— ——
Textile 2 Q2w Ql | ——
Q3w Ql —— " —— .
Q! v Ql —. 0-0002 — 0-02
Q5w Ql —— i
Textile 3 Q2 wqQl —— —.—
Q3 v QL —l ) —_—— _
Q4 v 0l <0-0001 0-01
5w Ql — . —
] 10 ) 10
Adjusted OR Adjusted OR

Fig. 2. Associations between quintiles (Q) of total dietary fibre intake and the asthma symptom score (continuous variable) among women and men from the
NutriNet-Santé study, stratified according to smoking, BMI and modified Programme National Nutrition Santé-guidelines score (mMPNNS-GS). Models were
adjusted for age, smoking (when appropriated), pack-years (among ever smokers), educational level, leisure-time physical activity, total daily energy, allergic
rhinitis and family history of asthma. Values are adjusted odds ratios and 95 % confidence intervals.
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Table 4. Association between quintiles of dietary fibre intake and the asthma control test score among women from the NutriNet-Santé study (n 2094)

(Odds ratios and 95 % confidence intervals)

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
OR 95 % ClI OR 95 % Cl OR 95% Cl OR 95 % Cl OR 95% Cl P for trend
Total fibre
n 511 424 426 375 358
1-00* Ref 1-18* 0-83, 1-69 0-83* 057, 1-21 0-86* 0-58, 1-27 0-54* 0-35, 0-84 0-003
1.00t Ref 1.00t 078, 1-28 0-93t 072, 1-19 0-79t 0-60, 1-02 0711 0-54, 0-93 0-003
1-00% Ref 0-99% 077,1-27 0-94% 073, 1-21 0-78% 0-60, 1-03 0-72% 0-55, 0-95 0-01
Soluble fibre
n 537 423 432 358 344
1.00* Ref 1.08* 075, 1-54 0-90* 0-62, 1-31 0-95* 0-64, 1-41 0-68* 044, 1-04 0-06
1-00t Ref 0-88t 069, 1-13 0-861 067, 1-11 0-95t 073, 1-24 0-681 0-52, 0-90 0-02
1.00% Ref 0-86% 067, 1-10 0-85% 0-66, 1-10 0-94% 072,123 0-69% 0-52, 0-91 0-03
Insoluble fibre
n 483 441 405 398 367
1-00* Ref 0-78* 0-55, 1-12 0-76* 0-53, 1-10 0-69* 0-47, 1-01 0-49* 0-32, 0-74 0-001
1.001 Ref 0911 071, 1-16 0-871 067, 1-12 077t 0-59, 1-00 0-661 0-51, 0-86 0-001
1-00% Ref 0911 071,117 0-87% 067,113 0-78% 0-60, 1-01 0-67% 0-51, 0-88 0-003
Cereal fibre
n 419 419 418 419 419
1.00* Ref 0-91* 062, 1-33 0-89* 061, 1-31 0-73* 0-49, 1.09 0-93* 0-64, 1-36 0-03f
1-00t Ref 0-861 067, 1-11 0-87t 068, 1-13 0-65t 0-50, 0-84 0-781 0-61, 1-02 0-04
1.00% Ref 0-83% 0-64, 1-07 0-82% 0-63, 1-06 0-62% 0-47, 0-81 0-76% 0-58, 0-99 0-03
Vegetable fibre
n 419 419 418 419 419
1-00* Ref 0-81* 0-54, 1-19 0-79* 053, 1-16 0-89* 0-60, 1-30 0-74* 0-50, 1-10 0-08
1.00t Ref 0-871 067, 1-13 0-78t 0-60, 1-02 0-831 0-64, 1-09 077t 0-59, 1-00 0.07
1-00% Ref 0-88% 068, 1-14 0-80% 061, 1-04 0-85% 0-65, 1-11 0-79% 0-60, 1-03 012
Fruit fibre
n 419 419 418 419 419
1.00* Ref 0-88* 0-60, 1-28 0-76* 051, 1-13 0-72* 0-49, 1-08 0-69* 047, 1-04 0-08
1-00t Ref 071t 0-55, 0-92 077t 0-59, 1-00 071t 0-54, 0-92 0711 0-54, 0-93 012
1.00% Ref 0-69% 0-53, 0-90 0-76% 0-58, 0-99 0-70% 0-53, 0-91 0-72% 0-55, 0-95 0-16
Seed fibre
n 419 419 418 419 419
1-00* Ref 0-91* 063, 1-31 1-03* 072, 1-48 0-56* 0-38, 0-84 0-57* 0-38, 0-85 0-03
1.00t Ref 1.03t 0-80, 1-33 0-88t 068, 1-14 0-811 0-63, 1-05 0-781 0-60, 1-01 0-05
1-00% Ref 0-92% 0-70, 1-21 0-76% 0-57, 1-02 0-71% 0-53, 0-95 0-73% 0-55, 0-95 0-05
Legume fibre
n 419 419 418 419 419
1.00* Ref 0-75* 051, 1-10 0-97* 0-68, 1-40 0-70* 0-48, 1-03 0-65* 0-44, 0-97 0-01
1-00t Ref 0-88t 068, 1-13 097t 075, 1-26 0-83t 0-64, 1-08 0-70t 0-54, 0-91 0-01
1.00% Ref 0-77% 0-58, 1-02 0-82% 061, 1-10 0-74% 0-56, 0-98 0-63% 047, 0-83 0-003

Ref, reference.
* Adjusted for age.
1 Further adjusted for smoking and pack-years (among ever smokers).

1 Further adjusted for educational level, leisure-time physical activity, total daily energy.

with asthma symptoms in both women and men (Tables 2
and 3).

Sources of dietary fibre and asthma symptom score

After adjustment for potential confounders, we observed a
significant inverse association between cereal fibre, fruit fibre
and seed fibre with asthma symptoms, both among women
(Table 2) and men (Table 3), with OR for the highest quintile
compared with the lowest quintile ranging from 0-66 to 0-85.
In women, after adjustment for potential confounders, vegetable
fibre was also associated with lower asthma symptoms (OR for
the highest quintile compared with the lowest quintile was
0-82 (95 % CI 0-76, 0-89)). Among men, the association was
borderline significant for legume fibre (OR for the highest
quintile compared with the lowest quintile was 0-89 (95 % CI

0-77, 1-03), with a significant trend (P for trend=0-05).
Overall, further adjustment for the mPNNS-GS did not substan-
tially modify the association among both women and men
(online Supplementary Tables S3 and S4).

Types of dietary fibre and asthma control

We observed a significant inverse association between higher
dietary fibre intake and uncontrolled asthma, both among
women and men (Fig. 2). After adjustments for potential con-
founders, OR for participants in the highest quintile was 0-72
95 % CI 0-55, 0:95) in women (Table 4) and 0-45 (95 % CI
0-26, 0-79) in men (Table 5) compared with participants in the
lowest quintile of total dietary fibre intake. Further adjustment
for the mPNNS-GS did not modify the results (online
Supplementary Table S5 and S6).
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Table 5. Associations between quintiles of dietary fibre intake and the asthma control test score among men from the NutriNet-Santé study (n 557)

(Odds ratios and 95 % confidence intervals)

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
OR 95 % Cl OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI P for trend
Total fibre
n 137 101 111 108 100
1-00* Ref 0-69* 0-32, 1-48 0-49* 0-22, 1-09 0-47* 0-21, 1-06 0-31* 012, 0-79 0-001
1.001 Ref 0-81t1 0-49, 1-33 0-51t1 0-31, 0-86 0-621 0-37, 1-04 0-44t1 0-25, 0-75 0-002
1-00% Ref 0-78% 047, 1-30 0-52% 0-31, 0-88 0-62% 0-36, 1-06 0-45% 0-26, 0-79 0-01
Soluble fibre
n 133 131 116 112 99
1-00* Ref 0-65* 0-32, 1-35 0-39* 0-16, 0-94 0-33* 0-13, 0-80 0-40* 0-17, 0-95 0-001
1001 Ref 0-67t 042, 1-08 0-56t1 0-33, 0-95 0-57t 0-34, 0-95 0-42t 0-24, 0-73 0-002
1.00% Ref 0-65% 0-40, 1-05 0-54% 0-32, 0-94 0-57% 0-34, 0-98 0-44% 025, 0-79 0.-01
Insoluble fibre
n 128 102 116 112 99
1-00* Ref 0-22¢ 0-08, 0-61 0-58* 028, 1-20 0-45* 0-21, 0-98 0-27* 0-11, 0-69 0-01
1.00t Ref 0-601 0-36, 1-00 0-58t 0-35, 0-96 0-501 0-30, 0-84 0511 0-30, 0-87 0-02
1-00% Ref 0-57% 0-34, 0-96 0-58% 0-35, 0-97 0-48% 0-28, 0-81 0-52% 0-30, 0-90 0-03
Cereal fibre
n 111 112 111 112 111
1.00* Ref 1.43* 0-65, 3-18 0-75* 0-31, 1-82 0-83* 0-35, 1-98 0-92* 0-39, 2:18 0-31
1001 Ref 0-94t1 0-56, 1-57 0-73t 043, 1-22 0-94t1 0-56, 1-56 0-74t1 044, 1-25 0-33
1.00% Ref 0-91% 0-54, 1-53 0-70% 041,119 0-91% 0-54, 1-54 0-75% 0-44,1-28 0-38
Vegetable fibre
n 111 112 111 112 111
1-00* Ref 0-96* 043, 214 0-76* 0-33, 1-75 0-88* 0-39, 1-96 0-44* 017,112 0-01
1.001 Ref 1011 0-61, 1-68 0-69t 0-41,1-16 0-61t1 0-36, 1-03 0-59t 0-35, 1-01 0-01
1.00% Ref 1-00% 0-60, 1-66 0-68% 040, 1-15 0-61% 0-36, 1-03 0-61% 0-36, 1-04 0-01
Fruit fibre
n 111 112 111 112 111
1-00* Ref 0-63* 0-29, 1-38 0-70* 0-32, 1-52 0-40* 0-17, 0-95 0-24* 0-10, 0-64 0-002
1001 Ref 0-73t 044, 1.22 0-761 046, 1-28 0-58t1 0-34, 0-98 0-361 0-20, 0-64 0-001
1.00% Ref 0-69% 041,116 0-75% 0-44, 1-28 0-55% 0-32, 0-95 0-37% 021, 0-67 0-002
Seed fibre
n 111 112 111 112 111
1-00* Ref 0-43* 0-18, 1-06 0-80* 0-37,1-74 0-88* 041, 1-89 0-45* 0-19, 1-09 0-16
1.00t Ref 0-881 0-53, 1-48 0-88t 0-52, 1-48 1.06t 0-64, 1-77 0-671 040, 1-15 0-18
1.00% Ref 0-76% 0-44,1-32 0-71% 0-39, 1-27 0-85% 047, 1-54 0-61% 0-35, 1-07 0-18
Legume fibre
n 111 112 111 112 111
1.00* Ref 1.09* 0-49, 2.43 0-98* 043, 2-21 0-62* 025, 1-53 0-79* 0-34, 1-85 0-22
1001 Ref 1-081 0-64, 1-80 1-001 0-59, 1-68 0-78t1 046, 1-32 0-851 0-51, 1-43 0-19
1.00% Ref 0-90% 0-52, 1-57 0-77% 0-42,1-39 0-67% 0-38, 1-17 0-77% 0-45, 1-32 0-20
Ref, reference.
* Adjusted for age.
1 Further adjusted for smoking and pack-years (among ever smokers).
1 Further adjusted for educational level, leisure-time physical activity, total daily energy.
Regarding the fibre types, higher intake of both soluble Discussion

and insoluble fibres was also significantly inversely associated
with uncontrolled asthma in women (Table 4) and men
(Table 5).

Sources of dietary fibre and asthma control

In women, after adjustment for confounders, we observed that
greater intake of cereal, seed and legume fibre was significantly
negatively associated with uncontrolled asthma (Table 4). In
men, we observed significantly inverse association for vegetable
and fruit fibre intake (Table 5). Further adjustment for the overall
quality of the diet did not substantially change the results except
for the legume fibre intake in women for which the association
was no longer statistically significant (online Supplementary
Tables S5 and S6).

In this large study of French adults, we observed that higher
dietary fibre intake (total, regardless of the type, namely, soluble
and insoluble), was associated with less asthma symptoms in
both women and men. Association was consistent in several
sub-populations and after adjustment for several potential con-
founders. When specific sources of fibre were taken into consid-
eration, intake of fibre from cereals, fruit and seeds was most
consistently associated with less asthma symptoms. We also
observed inverse association between uncontrolled asthma
and greater intake of dietary fibre, mainly for total dietary fibre,
soluble and insoluble fibres and fibre intake from cereals, fruit,
seeds and legumes.

To our knowledge, this is the first study to investigate the
association of both asthma symptoms and asthma control with
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total dietary fibre and types (soluble and insoluble) of fibre.
Consistent with our findings, Berthon et al."” showed that
asthmatics with severe disease have an altered pattern of dietary
intake with reduced total fibre intake, which was related to wors-
ened lung function and airway inflammation, as compared with
healthy controls. Likewise, the recent randomised controlled trial
study conducted by Halnes et al.?” investigates the effect of a
single dose of soluble fibre on airway inflammation biomarkers
in stable asthma and reported a beneficial role of soluble fibre to
reduce airway inflammation. Dietary fibre can be subcategorised
by its solubility into water-insoluble and water-soluble fibres“?;
and although differences between these two types are mostly
chemical and physical, and to a lesser extent physiological®>,
it is relevant to evaluate their separate effect on asthma. Our
results extended previous findings regarding the role of soluble
fibre and also suggested the role of insoluble fibre for both
asthma symptoms and asthma control.

Overall, our findings regarding the role of specific sources of
dietary fibre are in line with previous published studies showing
that a healthy diet rich in fruits, vegetables or whole-grain cereals,
and thus potentially rich in dietary fibre, may have beneficial role
against asthma symptoms and asthma control .
those studies have not focused on fibre per se, and therefore,
its effect might have been combined or diluted with other con-
stituents of the diet with anti- or proinflammatory/antioxidant
properties. Regarding associations between sources of fibre with
various health outcomes such as CVD or COPD, significant results
were mostly reported for cereal fibre!>1049_ In our study, besides
cereal fibre, we also reported consistent significant associations
between asthma symptoms and asthma control with various
sources of dietary fibre including fruits and vegetables.

Asthma is a chronic inflammatory disease and several poten-
tial mechanisms underlying the dietary fibre—asthma association
have been proposed, including inflammation and more recently,
an imbalance in the gut microbiome. Regarding inflammation,
several epidemiological studies have reported that a greater
intake of total fibre was associated with lower level of C-reactive
protein (CRP)®? and various proinflammatory cytokines such
as lower plasma levels of TNF-a receptor 2 and IL-6°V.
Consistently, a recent randomised controlled trial conducted
by Honsek et al. reported a decrease in CRP level after 1 year
intervention with insoluble fibre supplementation or promoting
healthy diet (including among others, an increase in fibre
intake)®?. In addition, in the recent pilot study by Halnes
et al.®® when comparing participants with stable asthma to
the control group, a higher consumption of soluble fibre
was associated with lower levels of sputum neutrophils, mac-
rophages and lymphocytes. However, since we also found
significant association with insoluble fibre, our results may
suggest that other mechanisms are likely to be involved.
Likewise, a meta-analysis by Aune et al. reported a significant
beneficial effects of diets rich in whole grain and high in insol-
uble fibre and also several health outcomes including respira-
tory inflammatory diseases®®. Regarding microbiota, a

However,

growing number of investigators hypothesise that an imbal-
ance in the gut microbiome caused by changes in the diet over
the past decades may cause dysfunction of the immune sys-
tem, leading to the development of asthma and allergy™®.

Microbiota metabolise dietary soluble fibres through fermen-
tation and decomposition and provide SCFA®?. In children,
the specific gut microbiota accompanied by a reduction of
SCFA was associated with a higher risk of incident asthma®>,
and it has been shown that fibre intake altered the composi-
tion of both the gut and, to a lesser degree the lung, micro-
biota®®. In this line, high dietary fibre consumption might
be relevant for primary and secondary prevention.

The present study has few limitations that should be consid-
ered. First, caution is needed when extrapolating our results
since participants from the NutriNet-Santé cohort are all volun-
teers involved in a long-term cohort focused on nutrition and
health and were overall more health conscious and interested
in nutritional issue, with higher educational level and socio-
professional status®”. Besides, proportion of men is low, which
might have resulted in a relative lack of statistical power, espe-
cially when assessing the association between fibre intake and
asthma control among men. Second, although dietary data were
prospectively collected, the respiratory data used in our study
were collected in a cross-sectional manner, limiting the
conclusions that could be drawn with regard to causality.
Nevertheless, the association remained significant in participants
without ever asthma. Moreover, data were collected from self-
reported questionnaires, which are more prone to biases and
should also be interpreted with caution. However, self-reporting
is widely used in epidemiological studies and, in the context of
the NutriNet-Santé cohort, validation studies showed the accu-
racy of self-reported data®®2%® along with reduced social desir-
ability biases®. Third, given the observational design of our
study, we cannot rule out the possibility of residual confounding.
Fourth, potential overlap between asthma and COPD might also
contribute to the association. However, it is unlikely since strati-
fication by smoking status yielded consistent results among
never smokers. Finally, high dietary fibre intake is one character-
istic of a healthy diet, which was consistently reported to be asso-
ciated with asthma, and, thus, other dietary components of these
diets might also have contributed to the association. However,
we reported similar associations when results were further
adjusted for the overall nutritional quality of the diet.

Strengths of the present study include its sample size that
gave us the possibility to perform stratified analyses, the avail-
ability of information about potential confounders and the fact
that we could have estimated individual associations between
asthma with total fibre, soluble and insoluble fibres or different
sources of fibre. In addition, we used validated tools to assess
asthma symptoms and asthma control. Finally, to better reflect
usual intake, we used repeated 24-h dietary records over a long
period to assess dietary data.

In conclusion, we observed that higher dietary fibre intake
was associated with fewer asthma symptoms and greater asthma
control. Overall, our results suggested that dietary fibre might
play an important role in the prevention of asthma and its lack
of control and thus reinforce the growing evidence of benefit
of dietary fibre for lung health. Furthermore, these findings lent
further support for public health nutrition policies and practices
that encourage healthy eating behaviours with an increased con-
sumption of dietary fibre, mostly for insoluble fibres or fibres
from cereals.
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