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Abstract

The number of people avoiding gluten is growing in many Western countries. However, little information is available on their sociodemographic
and dietary profiles. We aimed to describe sociodemographic, behavioural and dietary profiles of participants avoiding gluten in the NutriNet-
Santé cohort. Participants of the NutriNet-Santé cohort — excluding coeliac patients — who completed a questionnaire about food exclusions, with
complete data on sociodemographic characteristics and dietary intake were included (7 20 456). Food group consumptions and nutrient intakes
according to self-reported avoidance of gluten were estimated using ANCOVA adjusted for age, sex and daily energy intake. Based on principal
component analysis, three dietary patterns (DP) were identified. Association between DP and avoidance of gluten was investigated using multi-
variate logistic regression. All data were weighted on the French census. A total of 10-31 (95 % CI 9-90, 10-73) % of the participants declared
avoiding gluten, of which 1-65 % totally. They were more likely to be women, older persons, non-smokers, to have a lower educational level and
declared more food intolerances. They had higher consumption of fruit, vegetables and lower consumption of dairy products, salty/sweet and
fatty foods and alcohol. After adjustments on confounders, a healthy dietary pattern was positively associated with total gluten avoidance
(ORguintilesvsQuintle1 = 14-44, 95% CI 8-62, 24-19). Our study highlighted that, in this population, individuals who avoid gluten from their
diet tend to have a diet more favourable to health. These results can serve as a basis for future studies investigating the potential consequences
of a gluten-free diet in non-coeliac population.
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Gluten is a mixture of proteins, gliadin and glutenins, found in
wheat, barley and rye”. Wheat, the world’s primary source of
food in both developed and developing countries, is the prime
source of gluten intake®. In addition to wheat-based foods,
gluten is now massively used by food industries, especially
baking industries, as an ingredient in other products. Indeed
it has the ability to retain air in the protein matrix, facilitating
baking and improving texture and volume of ultra-processed
products®®. Thus, gluten is abundantly consumed in the diet.
However, recently, more and more people avoid gluten.
Originally, gluten avoidance is the only treatment for coeliac
disease (CD). CD is an autoimmune inflammatory disorder
estimated to affect an average of 1% of the Western popula-
tion®. It causes, in genetically susceptible people, damage to
the absorptive villi of the duodenum, which leads to

malabsorption of important nutrients®. However, in the past de-

cade, avoidance of gluten has occurred outside the diagnosis of
CDY®. For example, in New Zealand, a study has reported that
5% of children avoided gluten whereas 1 % had a CD®. Besides,
a US study showed that among the people following a gluten-
free diet (GFD), only 18 % had been diagnosed with CD, and
6% with non-coeliac gluten sensitivity (NCGS)'?. NCGS is a dis-
order characterised by intestinal and extra-intestinal symptoms
occurring after the ingestion of gluten”. Contrary to CD, no sen-
sitive and specific biomarkers have been identified for this dis-
order, and a lot of people self-reported NCGS without medical
diagnosis.

The majority of people following a GFD are therefore likely
healthy people leading to the explosion of the gluten-free
market =19 Indeed, market of gluten-free products showed

Abbreviations: CD, coeliac disease; CU, consumption unit; DP, dietary pattern; GFD, gluten-free diet; NCGS, non-coeliac gluten sensitivity.
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an annual growth rate of 34 % between 2009 and 2014 and
10-4 % between 2014 and 2019 in the USA and Europe, respec-
tively™™'. The number of people who avoid gluten is very large
and varies, according to the studies and the geographic loca-
tions, between 3-7 % and 17-2 %7119, Of the few studies that
examined gluten avoidance in the general population, most of
them focused on the motives and the symptoms related to gluten
ingestion. These studies reported that people avoiding gluten
were more likely to be women, with other food intolerances like
(14-18) Regarding the motives underlying gluten avoid-
ance, the most common reported were weight control, percep-
tion that it is healthier and symptoms triggered after gluten
ingestion!>'®_ These studies'*'® reported that people without
CD who avoid gluten included healthy persons and persons that
considered themselves to be suffering from NCGS.

The majority of consumers who avoid gluten perceived glu-
ten-free products more healthful than their gluten-containing
counterparts>1?. However, no medical evidence suggests that
the general population would be better off by excluding gluten
from their diet"???, In addition, this diet may result in nutritional
consequences because gluten-free foods contain more energy,
carbohydrates, Na and lipids and less protein than their glu-
ten-containing equivalents??. However, very few studies exam-

ined the nutritional characteristics of people without CD
(22-25)
s .

lactose

avoiding gluten and these provided inconsistent finding
As many other countries worldwide, French dietary integrate
mainly wheat-based products. Thus, our aim was to estimate the
prevalence of gluten avoidance in French non-coeliac adults, as
well as the motives for avoidance. Furthermore, we sought to
compare demographic and nutritional characteristics between
people who avoid gluten and those who do not avoid it.

Materials and methods
Study population

Participants were selected from the NutriNet-Santé study, a
web-based observational prospective open cohort study
launched in France in May 2009, including internet-using adult
volunteers aged 18 years and older®. The NutriNet-Santé
study aims to investigate the relationship between nutrition
and health, as well as the determinants of dietary behaviours
and nutritional status. At baseline, participants completed a
set of self-administered questionnaires about socio-economic
conditions and lifestyle, health status, diet, physical activity
and anthropometrics characteristics. These data are yearly
updated. Moreover, during follow-up, additional and optional
questionnaires are regularly proposed on various aspects of
dietary behaviours and health.

Ethics

The NutriNet-Santé study is conducted in accordance with the
Declaration of Helsinki and was approved by the ethics commit-
tee of the French Institute for Health and Medical Research
(Inserm institutional review board no. 0000388FWA00005831)
and the National Commission on Informatics and Liberty
(CNIL nos. 908450 and 909216). All subjects provided their

informed consent with an electronic signature. This study is
registered in EudraCT (no. 2013-000929-31) and in Clinical
Trials.gov (NCT03335644).

Data collection

Definition of participants avoiding gluten. An optional
questionnaire was sent to 121 266 participants of the cohort
on 9 September 2016 and was available for completion over a
4-month period. Information on food exclusions and their
motives were asked. The questionnaire included three parts:
self-reported exclusion of eighty-three types of foods, specific
diets with their motivations and allergies. Participants were
asked the following question: ‘Do you exclude products contain-
ing wheat/barley/rye/oats (gluten) from your diet” and the
responses were ‘yes totally/yes partially/no’. Thus, participants
were classified into three groups: total avoiders, partial avoiders
or non-avoiders.

Participants reported a CD as they answered ‘yes’ to the
question ‘Do you have a coeliac disease? and that they reported
a medical diagnosis or other type of ‘diagnosis’ answering the
following question ‘Was it diagnosed by a general practitioner,
a specialist, a dietitian?

Sociodemographic and lifestyle data. Demographic, socioeco-
nomic and lifestyle characteristics were collected upon enrollment
and each year thereafter. The baseline questionnaires were
compared against traditional assessment methods®”. These
characteristics included sex, age, marital status, household
composition, number of children, geographical region, education
level, occupational category, income, smoking status and physical
activity. Monthly household income was divided by consumption
unit (CU), where one CU was attributed for the first adult in the
household, 0-5 CU for other individuals aged 14 years or older,
and 0-3 CU for children under 14 years, following national statistics
methodology and guidelines®®. Physical activity was assessed
using a short form of the French version of the International
Physical Activity Questionnaire®®”, BMI (in kg/m?) was calculated
asthe ratio of weightto squared heightand then classified following
the WHO guidelines®?.

Dietary data. Atbaseline and every 6 months, participants were
invited to complete web-based, self-administered 24-h dietary
records using validated tools®!3?, These records were randomly
assigned over a 2-week period, on three non-consecutive days
(two weekdays and one weekend day). Participants reported all
foods and beverages consumed at each eating occasion, as
well as portion sizes according to photographs from a vali-
dated picture booklet®®. The values for energy, macro- and
micronutrients were estimated using a published nutrient data-
base, completed for recent market foods and recipes. The
modified Programme National Nutrition Santé Guidelines
Score (MPNNS-GS), that reflects adherence to the French dietary
recommendations®® (maximum value = 135, reflecting the
highest level of adherence to the French dietary guidelines),
was calculated. Reported foods and beverage items have been
reduced to eighteen food/beverage groups: fruits, vegetables,
legumes, potatoes and other tubers, meat, fish and seafood,
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processed meat (and fish), whole starchy foods, refined starchy
foods, breakfast cereals, dairy products, eggs, added fats (includ-
ing butter, margarine, sauces), oils, salty/sweet and fatty foods,
sugary drinks, sugar-free drinks and alcoholic beverages.

Statistical analysis. For the present analysis, we selected
participants who had completed at least three 24-h dietary
records during the 2-year period preceding the food exclusions
questionnaire. Thus, the analysis included all the records
made in the 2 years preceding the questionnaire (mean 7-65,
sD 3-69). People reporting a CD were excluded as well as those
with missing data on the covariates and living overseas.

To adjust our sample to the actual percentage in the French
population, weighting was calculated for each sex via the SAS
CALMAR (CALage sur MARges) macro developed by the
Institut National de la Statistique et des Etudes Economiques
(INSEE)®> based on the following information: sex, age, educa-
tional level, occupational categories, marital status and geo-
graphical area of residence. All analyses were weighted
according to this CALMAR macro.

First, description of sociodemographic characteristics
between total avoiders, partial avoiders or non-avoiders was
performed and P values referred to y* tests or ANOVA.
Comparison of the eighteen food group consumptions and
nutrients intake between the three groups was also realised.
Macronutrients were considered as the percentage of energy
intake. Micronutrient intakes were adjusted for energy intake
using the residual method®®. Then, adjusted mean for age
and sex and 95 % CI from ANCOVA were reported. Food group
consumptions were also adjusted for daily energy intake.

A factor analysis, using principal component analysis, was
performed to extract dietary patterns (DP) that are indepen-
dent linear combinations of the eighteen food groups, thereby
maximising the explained variance in dietary intake. The num-
ber of retained patterns was determined using eigenvalues of
each factor, Cattel’s scree test (plot of the total variance related
to each pattern) and interpretability of the factors. For each
participant, the individual pattern score was calculated by
summing the intake of the eighteen food groups that were
weighted by their factor loading. Then, the dietary pattern
scores were categorised into quintiles to allow better interpre-
tation of the food intake associated with each one the DP
obtained.

To assess the association between the exclusion of gluten
and each DP (in quintiles), multivariable polytomic logistic
regression models were performed. Adjusted OR with their
95 % CI are presented. A first model was minimally adjusted
for age (continuous) and sex. The multivariable model was
adjusted for age, sex, educational level (no diploma or primary
studies/secondary studies/higher educational level), occupa-
tional category (nine classes), income level (<1200 € per CU/
1200-2300 € per CU/>2300 € per CU), smoking status (never
smoker/former smoker/occasional smoker/regular smoker),
physical activity (low, moderate, high), number of 24-h dietary
records, alcohol and total daily energy intake without alcohol.

All tests of significance were two-sided and a P value <0-0001
was considered significant, given the high number of statistical

n 34 781 subjects completed
the food exclusions questionnaire

—_ﬁ[ n 616 with coeliac disease ]

n 34 165 subjects without
coeliac disease
n 698

————>{ 481 with missing data on
socio-economic variables
217 living overseas

n 33 467 subjects with available
information on socio-economic

variables
n 13 011 with less than three 24-h
dietary records
Final sample
n 20456

Fig. 1. Flowchart of the study.

tests performed and the large sample size. Statistical analyses
were conducted with SAS (version 9.4, SAS Institute, Inc.).

Results
Sample selection

From the initial 121 266 subjects who received the question-
naire on food exclusions, a total of 34 781 answered the
questionnaire. Within this sample, we excluded participants
that reported a diagnosed CD, with missing data regarding
the socioeconomic characteristics, living overseas and those
with missing data on food intake. The final sample available
for analysis included 7 20 456 individuals (Fig. 1), of whom
375 declared to be total gluten avoiders, 1661 partial avoiders,
and 18 420 non-avoiders. The weighted prevalence rate of
respondents who were gluten avoiders was 10-31 %, of which
1-65 % were total gluten avoiders.

Sociodemographic and individual characteristics

Sample weighted characteristics are presented according to the
gluten avoidance, as well as for the whole sample (Table 1).
Compared with non-avoiders, total and partial gluten avoiders
were more likely to be women, older people, non-smokers, to
have children and lower educational level.

Total avoiders are distinguished from partial avoiders: they
were more likely to be retired, non-employed or managerial
staff than manual worker or self-employed, had lower income
and a moderate physical activity. Partial gluten avoiders were
more often manual worker, with an intermediate profession
or self-employed than employee or managerial staff. They
were also more likely to have higher income and to present
obesity.
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Table 1. Sociodemographic and lifestyle characteristics according to the
gluten avoidance after weighting

(Percentages; mean values and standard deviations)

L. Perrin et al.

Table 2. Motives (%) for avoiding gluten

Partial avoiders ~ Total avoiders

Non- Partial Total Total
avoiders avoiders avoiders sample
(n18 420) (n1661) (n375) P (n 20 456)
Sex (%)
Men 2873 16-07 12.71  <0-0001 27.37
Women 71.27 8393 8729 72-63
Age (years) <0-0001
Mean 46-74 49-60 55-49 4713
SD 16-81 14.24 15-31 16-64
Marital status (%)
Single 32-99 30-66 31.00 0-1076 3276
Couple 67-01 69-34 69-00 67-24
Presence of children (%)
Yes 61-16 66-05 74.07  <0-0001 61-80
No 38-84 33.95 25.93 38-20
Educational level (%)
No diploma 27-38 4079 40-09 28.75
or primary
school
Secondary 46-47 43.22 40-24  <0-0001 46-09
school
High 26-15 15-99 19-67 25-16
education
level
Occupational categories (%)
Farmer 0-78 1.29 042  <0-0001 0-82
Craftsman, 2:59 4.71 191 2.77
shopkeeper
Employee 21.05 1718 19-33 20-68
Manual worker 975 16-78 0-99 10-22
Intermediate 14-40 16-29 9-50 14-48
profession
Managerial 8-30 5.54 1042 810
staff
Non- 10-46 9-61 14.98 10-46
employed
Student 4.83 1.93 2.39 4.54
Retired 27-83 26-65 40-06 27-93
Income per consumption unit (%)
<1200 € 20-00 2075 27-84  <0-0001 20-19
1200-2300 € 42.33 3866 44.64 42.05
>2300 € 23.97 26-04 20-08 24.09
Refuse to 1370 14.54 7-45 13-67
declare
Smoking status (%)
Never smoker 51-09 59-40 66:17  <0-0001 52-06
Former 38.73 33-14 23.57 3800
smoker
Occasional 4.00 313 3-83 3.92
smoker
Regular 617 4.33 6-44 6-02
smoker
Physical activity level (%)
Low 22.70 2317 18:05 <0-0001 22.66
Medium 36-90 34-20 50.72 36-89
High 40-40 42.63 31.23 40-44
BMI (kg/m?) <0-0001
Mean 23-98 25-42 23-48 2410
SD 4-69 579 4.37 4.80
BMI (%)
Normal, 67-58 55.64 6810  <0-0001 66-55
<25 kg/m?
Overweight, 22.98 16-28 20-88 22.37
25-30 kg/m?
Obese, 9-44 28.08 11.02 11.08
>30 kg/m?

* P values are based on the x? test or the one-way ANOVA test as appropriate.

(n1661) (n 375) P*
Physical comfort and 38-94 25-58 <0-0001
well-being
Belief in a long-term 27-79 22.06
health impact
Taste 20-72 26-05
Allergy, intolerance 824 20-77
Price 218 0-03
Environmental reasons 1.69 0.-01
Convenience 0-24 5-49
Ethics reasons 0-21 0.-01

* Pvalues are based on the x? test.

Food choice motives

People avoiding gluten reported more frequently health (physi-
cal well-being and belief of a long-term health impact) and
taste as their main motive (Table 2). The main motive for partic-
ipants who were total gluten avoiders was suffering from allergy
and/or intolerance. Gluten avoiders were also more likely to
follow a lactose-free diet, to exclude other foods and report
higher number of allergies (online Supplementary Table S1).

Food consumptions

Gluten avoiders had a higher consumption of vegetables, fruits,
whole starchy food, fish and seafood, eggs and oils, and a lower
consumption of refined starchy food, dairy products, salty/sweet
and fatty foods and alcohol. A trend was observed from non-
avoiders to total avoiders. Potatoes were largely consumed by
total avoiders, and legumes and added fats were largely con-
sumed by partial avoiders. Partial gluten avoiders had a lower
consumption of meat and sugary drinks, whereas non-avoiders
had a higher consumption. Partial and non-avoiders had also
higher consumption of processed meat. Regarding the adher-
ence to nutritional guidelines, partial gluten avoiders had the
highest mean mPNNS-GS compared with total and non-gluten
avoiders (Table 3).

Energy and nutrient intake

Total energy intake was lower in participants with total avoid-
ance, whereas it is higher in participants with partial avoidance
(Table 4). Gluten avoiders had a lower percent energy from
proteins (total avoiders > partial avoiders > non-avoiders) and
higher percent energy from fat. They had the lowest mean con-
tribution of SFA to energy intake and the highest for PUFA and
MUFA. They (partial and total) also had lower daily intake of
alcohol and cholesterol and higher intake of fibres, 7-3 and
n-6 PUFA. Total avoiders had lower intake of complex
carbohydrates and higher intake of simple carbohydrates com-
pared with partial avoiders. Regarding micronutrients and min-
erals intake, gluten avoiders exhibited higher intake except for
Ca, retinol, Zn and Na (total avoiders > partial avoiders > non-
avoiders).
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Table 3. Comparisons of mean intakes of eighteen food groups (in g/d) included in the principal component analysis between total, partial and

non-gluten avoiders
(Mean values and 95 % confidence intervals)

Non-avoiders

Partial avoiders

Total avoiders

(n 18 420) (n1661) (n 375)

Food groups Mean 95 % ClI Mean 95 % ClI Mean 95 % ClI P

Fruits 218-29 215.58, 221-00 242.38 235-00, 249-77 310-65 294.22, 327-09 <0-0001
Vegetables 215.05 212.95, 217-15 269-88 264-17, 275-60 301-00 288-28, 313-73 <0-0001
Legumes 13-14 12-69, 13-58 2280 21.59, 24.02 16-54 13-84, 19-24 <0-0001
Potatoes and other tubers 49.71 49.02, 50-40 47-44 45.57, 49.32 56-52 52.34, 60-70 0-0003
Refined starchy food 144.05 142.85, 145.25 141.93 138-65, 145-20 121-26 113-98, 12855 <0-0001
Whole starchy food 38-36 37-53, 39-20 43-91 41.64, 4618 46-59 41.54, 51.65 <0-0001
Meat 72.44 7149, 73:38 59.77 57-20, 62-34 62:76 57.03, 68-49 <0-0001
Fish and seafood 35-46 34-94, 3599 41.52 40.-08, 42-96 42.30 39:10, 4550 <0-0001
Eggs 15.29 14.94, 15.64 19-65 1870, 20-60 2367 21.56, 25-78 <0-0001
Processed meat 34-66 34-15, 3517 34-51 33-12, 35-89 27-62 24.-54, 30-71 <0-0001
Dairy products 217-66 215.23, 220-10 161-43 154.78, 168-07 13714 122.35, 15193 <0-0001
Breakfast cereals 6-11 5.82, 6-39 7-97 719, 874 10-32 8-60, 12.05 <0-0001
Salty/sweet and fatty foods 98-38 97-46, 99-30 9529 92.79, 97-80 80-34 74.75, 85.92 <0-0001
Added fats 71.22 70-39, 72-05 84.47 82.21, 86-73 66-42 61-40, 71-45 <0-0001
Oils 8-83 8-68, 8:98 1119 10-79, 11-59 18-04 1714, 18-94 <0-0001
Sugary drinks 71-85 69-81, 73-88 53.01 47-47, 58-56 58.22 45.88, 70-57 <0-0001
Sugar-free drinks 1031-82 1022-77, 1040-87 1061-56 1036-89, 1086-22 1013-82 95891, 1068-73 0-0505
Alcoholic beverages 122.50 120-07, 124.94 112.90 106-28, 119-53 83-29 68-54, 98-04 <0-0001
mPNNS-GS (sb) 7-39 737,742 779 7.70, 7-87 7-39 7-20, 7-59 <0-0001

mPNNS-GS, modified Programme National Nutrition Santé Guideline Score.

* Pvalues are based on the ANCOVA test adjusted for total energy intake, age and sex.

Dietary pattern

Three DP explaining 27-57 % of the total variance were identified
(online Supplementary Table S2). The first DP was labelled
‘healthy’, it was characterised by a high consumption of fruits,
vegetables, legumes, whole starchy foods, oils, sugar-free drinks
and a low consumption of meat, processed meat, refined starchy
foods, salty/sweet and fatty foods, sugary drinks, alcoholic
beverages. The second DP was labelled ‘traditional’, it was char-
acterised by a high consumption of potatoes and other tubers,
added fats, meat, legumes, refined starchy foods, processed
meat, alcoholic beverages and a low consumption of breakfast
cereals. The third DP was labelled ‘unhealthy snack’, character-
ised by a high consumption of dairy products, salty/sweet and
fatty foods, breakfast cereals and a low consumption of fish,
eggs, alcoholic beverages and oils.

The multinomial logistic regression analysis linking the three
groups of gluten avoidance and DP is presented in Table 5.
Based on the first model, individuals with higher adherence to
the ‘healthy’ DP were more likely gluten avoiders (Q5 v. QI:
OR 330 (95 % CI 2:82, 3-86) for partial gluten avoiders, and
OR 14-38 (95 % CI 8-:82, 23-43) for total gluten avoiders). For the
‘traditional’ DP, an association was only observed among
partial gluten avoiders (Q5 v. Q1 only). The ‘unhealthy snack’
DP was negatively associated with gluten avoiding. Results were
quite similar after accounting for confounders except for the ‘tradi-
tional’ DP showing a positive association with total gluten avoiding
(Q5 v. Q1: OR 2-46 (95 % CI 1-65, 3-66) for total avoiders).

Discussion

In this study based on participants from a large nutritional cohort
study, investigating for the first time the sociodemographic

and dietary characteristics of people avoiding gluten, we found
that the percentage of people who avoid gluten was 10-31 %.
This prevalence was higher than those reported in the UK,
Argentina, Salvador and Mexico but lower than those reported
in Australia and Colombia 71419,

Similar to our findings, all previous studies found a greater
proportion of women in gluten avoiders!:1410-18.22243738)
Concerning age and level of education, gluten avoiders in our
study were more likely to be older people and with a lower
educational level. Some studies are in line with our
results1410.18.2229 whereas others are not!73®. The other stud-
ied characteristics were not reported in previous studies.
However, we observed that gluten avoiders were more likely
to have children in the household but an opposite association
was reported in a previous study®?. In our study, occupational
category, income level and the BMI were also different between
people who totally or partially avoiding gluten. Regarding the
BMI, total avoiders were not different to non-avoiders, whereas
partial avoiders presented more often obesity. While our study
is cross-sectional limiting causal inference, some studies
reported a large increase in BMI after adopting a GFD, but they
focused only on patients with CD®#?. However to the best of
our knowledge, no published data support a weight loss or a
weight gain among people without CD following a GFD.
Beside the fact that gluten avoiders exhibited higher energy
intake, several hypothesis can explain this finding: first, many
studies reported that people who avoid gluten often declared
weight control as motives!'>131719 Tt is possible that these
participants who avoid gluten to lose weight are therefore
overweight“?. A second hypothesis would be the consumption
of gluten-free substitutes, known to contain more energy,

carbohydrates, Na and lipids®V.
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Table 4. Energy intake, contribution of macronutrients to energy intake and mean micronutrient intake among total, partial and non-gluten avoiders

(Mean values and 95 % confidence intervals)

Non-avoiders

Partial avoiders Total avoiders

(n 18 420) (n1661) (n 375)
Energy/nutrients Mean 95 % ClI Mean 95 % Cl Mean 95 % ClI P*
Total energy intake including alcohol (kcal/d)t 2052:68 2045-44,2059-91 209427 2074-15,2114.39 1969-11 1924.02, 201420 <0-0001
Total energy intake excluding alcohol (kcal/d)t 198443 1977-34, 1991.52 2032-93 2013-21,2052-64 192227 1878-08, 1966-47 <0-0001
% of total energy intake excluding alcohol from:
Total carbohydrates 42.37 4226, 42-48 4219 41.88, 42.50 42.01 41.31, 42.71 0-3400
Simple sugars 19-56 19-47, 19-65 19-09 18-85, 19-34 20-28 19.72, 20-83 <0-0001
Complex carbohydrates 22-69 2260, 22-79 22.99 22.72,23-25 21-62 21.02, 22-21 0-0001
Total lipids 40-46 40-35, 40-56 41.32 41.03, 41-61 42.02 41.37, 42-68 <0-0001
PUFA 578 5.75, 5-81 642 6-33, 6-51 719 6-99, 7-39 <0-0001
MUFA 15.24 15.18, 15-29 16-18 16-02, 16-33 17.57 17.23, 17-92 <0-0001
SFA 16-46 16-39, 16-52 15-89 15.71, 16-07 14.44 14.04, 14.84 <0-0001
Total proteins 16-90 16-84, 16-95 16-24 16-08, 16-39 15.71 15.37, 16-05 <0-0001
PUFA n-3 (g/d)t 1.46 1.45, 1.47 1.78 1.75,1.82 2.01 1.93, 2.09 <0-0001
PUFA n-6 (g/d)t 10-37 10-30, 10-43 11-46 11.27, 11-64 12.61 12.20, 13-02 <0-0001
Alcohol (g/d) 9.75 9-57,9-93 876 827, 9-26 6-69 5.59, 7-80 <0-0001
Cholesterol (mg/d)+ 338-31 336-30, 340-32 333-28 327-69, 33887 316-51 303-98, 32904 0-0009
Fibres (g/d)t 20-79 20-67, 20-91 23-80 23.47,2414 24.56 2381, 25-30 <0-0001
Micronutientst
Vitamin Bg (mg/d) 1.78 1.78,1.79 1.86 1.84, 1.88 2.08 2.03, 2.12 <0-0001
Vitamin By, (ng/d) 547 5-41, 5.53 528 511, 5.45 547 510, 5-84 0-0777
Vitamin C (mg/d) 108-96 106-73, 111-18 153.61 147.43, 159-79 129-68 115.83, 143.53  <0-0001
Vitamin D (pg/d) 2.85 282,288 291 282, 3-00 3.04 2.85, 3-24 0-0783
Vitamin E (mg/d) 12.52 12.45, 12.60 13-51 13-31,13.72 15.68 15.22, 16-13 <0-0001
p-Carotene (ug/d) 350240 3460-10, 354469 4339-05 4221.44, 445666 5814.71 5551.10, 6078-33 <0-0001
Retinol (pg/d) 546-36 536-12, 556-61 494.65 466-16, 523-13 380-94 317.09, 444.79  <0-0001
Folate (ug/d) 32415 322.52, 25.78 343.97 339-44, 348-50 368-96 358-81, 379-11 <0-0001
Mineralsf <0-0001
Ca (mg/d) 932.22 928-24, 936-20 850-76 83969, 861-82 844-11 819-31, 86892  <0-0001
K (mg/d) 3141.16 313066, 3151-66 3261-47 3232.27, 329066 351569 3450-26, 3581-13 <0-0001
Mg (mg/d) 360-40 358-44, 362-37 397-64 392:17, 403-10 44519 432.93, 45745  <0-0001
Na (mg/d) 3439-24 3424.85, 3453-63 3309-92 3269-90, 334993 3266-61 3176-93, 3356-30 <0-0001
Fe (mg/d) 14-46 14.39, 14.52 15-41 15.23, 15-59 17.04 16-64, 17-45 <0-0001
P (mg/d) 1334.34 132942, 133926 1336-56 1322.88, 1350-23 1450-36 1419.71, 1481.01  <0-0001
Zn (mg/d) 11-26 11.22, 11-30 10-87 10-76, 10-99 10-45 10-19, 10-71 <0-0001

* P values are based on the ANCOVA test, adjusted for age and sex.
1 To convert energy in kcal to kd, multiply by 4-184
1 Adjusted for total energy intake (without alcohol) using the residual method.

Concerning the reasons to avoid gluten, our results are in
line with previous studies reporting that a GFD is perceived
healthier, but also for personal taste or preference*>%42 Our
results showed that participants avoiding gluten were also
more prone to exclude foods not containing gluten, to have
allergies and also to adhere to a lactose-free diet. This is in
accordance with previous studies that reported multiple food
sensitivities and allergies”-1>-17434%)
ance™>17:4349 1n 2015, an Australian study, using data obtained
through the Commonwealth Scientific and Industrial Research
Organisation (CSIRO) Food and Health Survey and including
adults aged 18 years and older reported that more than half
of people avoiding gluten also avoided dairy products™.
In New Zealand, a study showed that medical diagnosis of
lactose intolerance was a strong predictor of gluten avoidance
in children®,

Studies that reported nutritional intake in GFD have mainly
focused on people with CD“" The few studies conducted
in healthy people provided inconsistent results and involved
small samples®®*2>49 Unlike our study, the study conducted
by Delvin®, including fifty-eight participants (twenty-five

, particularly lactose intoler-

persons with GFD) reporting their food consumption over a
5-d period, found inadequate intake such as lower intake of car-
bohydrates, fibres, folate, Ca and vitamin B, but higher intake of
lipids and Na in those with GFD. Several studies did not detect
any difference in energy
comparing people who avoid or not gluten®*?3*%_Similar to a
previous study conducted in 2018 in the USA®®, our results sug-
gested that individuals avoiding gluten have an overall better
nutritional profile. However, information about the consumption
of gluten-free substitutes was limited in our sample, which may
have affected the estimation of nutrient intakes related to these
foods. Nevertheless, participants avoiding gluten reported
greater consumption of fruits and vegetables and fewer sugary
drinks. Their diet is also characterised by a low consumption
of processed foods (salty/sweet and fatty foods including
cakes, fatty foods), which generally contain more gluten, and
by increasing the consumption of unprocessed foods such as
fruits and vegetables. People avoiding gluten exhibited a
healthier diet as shown by the analysis of DP. This result was
is in line with the study conducted by Christoph et al.?? that
reported a healthy behaviour among people avoiding gluten.

and macronutrients intakes
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Table 5. Multinomial logistic regression analysis showing the association between dietary pattern and gluten avoidance

(Odds ratios and 95 % confidence intervals)

Non-avoiders Partial avoiders

Total avoiders

(n 18 420) (n1661) (n 375)
OR (reference) OR 95 % Cl P OR 95 % Cl P
Model 1*
Healthy dietary pattern
Qi 1 Reference Reference Reference Reference Reference
Q2 1 1.88 1-60, 221 <0-0001 363 213, 6-19 <0-0001
Q3 1 2.05 1.74, 2.42 <0-0001 358 2.09, 6-14 <0-0001
Q4 1 1.32 1-10, 1-58 0-0025 331 1.92, 5-69 <0-0001
Q4 1 3-30 2.82, 3-86 <0-0001 14.38 882, 2343 <0-0001
Traditional dietary pattern
Qi 1 Reference Reference Reference Reference Reference
Q2 1 079 0-67, 0-94 0-0060 1-018 071, 1-46 0-9232
Q3 1 1.57 1.35, 1-83 <0-0001 117 0-82, 1-69 0-3904
Q4 1 1.09 092, 1-29 0-3120 1.39 0-98, 1.98 0-0659
Q4 1 1.67 1-43,1-95 <0-0001 1.43 0-997, 2.05 0-0522
Unhealthy snack dietary pattern
Qi 1 Reference Reference Reference Reference Reference
Q2 1 074 0-63, 0-86 <0-0001 0-68 0-51, 0-92 0-0107
Q3 1 0.72 0-62, 0-83 <0-0001 0-32 0-23, 0-46 <0-0001
Q4 1 0-38 0-31, 0-45 <0-0001 0-32 0-23, 0-46 <0-0001
Q4 1 0-89 0-78, 1-03 0-1154 048 0-34, 0-66 <0-0001
Model 2t
Healthy dietary pattern
Qi 1 Reference Reference Reference Reference Reference
Q2 1 1.92 1.62, 2.28 <0-0001 3.76 218, 6-48 <0-0001
Q3 1 212 1.79, 2.52 <0-0001 3-60 206, 6-28 <0-0001
Q4 1 1.39 1-16, 1-68 0-0005 2.87 1.63, 5-04 0-0002
Q5 1 3.73 3:16, 4-40 <0-0001 14.44 862, 2419 <0-0001
Traditional dietary pattern
Q1 1 Reference Reference Reference Reference Reference
Q2 1 0-79 0-66, 0-93 0-0047 114 079, 1-64 0-5014
Q3 1 1.59 1.361, 1-85 <0-0001 1.42 0-98, 2-05 0-0653
Q4 1 1.06 0-89, 1-27 0-4981 2.00 1.38, 288 0-0002
Q4 1 1.46 1.22,1.75 <0-0001 2-46 1.65, 3-66 <0-0001
Unhealthy snack dietary pattern
Qi 1 Reference Reference Reference Reference Reference
Q2 1 0-69 0-59, 0-81 <0-0001 0-61 0-45, 0-84 0-0022
Q3 1 0-63 0-54, 0-74 <0-0001 0-24 017, 0-35 <0-0001
Q4 1 0;30 0-24, 0-37 <0-0001 0-21 0-14, 0-31 <0-0001
Q4 1 0-58 0-48, 0-69 <0-0001 0-24 017, 0-35 <0-0001
Q, quartile.

* Model 1 adjusted for age and sex.

1 Model 2 adjusted for age, sex, education level, occupational category, income, physical activity, smoking status, alcohol, total energy intake without alcohol and number of 24-h

records.

In this study, people avoiding gluten-valued unprocessed foods
and had a higher consumption of fruit and vegetables. This point
is also in accordance with the health-related motives advanced
by the participants.

Our study was subject to some limitations. First, participants
enrolled in our study were volunteers in a nutrition cohort and
had probably higher health consciousness and interest in nutri-
tional issues than the general population. This may lead to
particular characteristics, in particular, a healthier food profile,
when compared with the general French population>?,
In addition, the optional nature of the questionnaire on food
exclusions may have exacerbated this selection bias, and this
can result in an overestimated prevalence of individuals exclud-
ing foods. To counteract this issue, all analyses were weighted
on the national census data. Second, data collection was based
on self-reported questionnaires which are prone to measure-
ment errors. A third limit concerns the list of motives in the

questionnaire which were the same for different types of selec-
tive diet and were not specific to gluten. In particular, different
gastro- and extra-intestinal symptoms related to gluten con-
sumption were not assessed. Fourth, food exclusion question-
naires did not collect information about the date of beginning
a gluten-free avoidance and dietary records did not take into
account gluten-free products. Hence, it was not possible to know
when a person declared eating a product (i.e. bread) if it was glu-
ten-free or not. Taking dietary records into account over a 2-year
period preceding the questionnaire may seem inappropriate and
a shorter period could have been chosen, because we have no
information on their date of beginning of avoidance. However, it
would not be representative of a person’s dietary habits. As food
consumption presented large differences between people
avoiding gluten and those do not avoid it, this limitation should
have low impact on our results, and if it was the case, the
differences would probably be even underestimated. Finally,
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our study was cross-sectional, and because of a potential
reverse-causality, participants who adopted a healthy diet may
be more likely to avoid gluten.

Our study had also important strengths. First, to the best of
our knowledge, this was the first study evaluating the socio-
demographic characteristics and dietary profile of people who
avoid gluten within such a large sample from the general pop-
ulation, and especially in a French sample. Second, given the
large sample size of the NutriNet-Santé cohort, and because par-
ticipants are interested in nutritional issues, we had an access toa
large population of gluten avoiders. This led to a high statistical
power and to have a variety of DP. Third, the variety of available
data allowed to control for confounding factors. Fourth, all analy-
ses were weighted on national data to be more representative of
the French population. Then, we used validated tools to assess
dietary data, using repeated and detailed dietary records®!3?,
All these data allowed us to describe the sociodemographic
and nutritional characteristics, as well as the lifestyle of people
who avoid gluten. Indeed, previous studies were generally lim-
ited to sociodemographic characteristics and motives. Finally,
we used a questionnaire including a very large number of food
exclusions, not specific to gluten, unlike some studies#16-1)
allowing a comprehensive depicting.

Conclusion

The present study is the first to provide a comprehensive
description of dietary pattern related to gluten avoiding among
persons without CD. More research is needed to confirm the
association between healthy dietary pattern and gluten avoid-
ance taking into account accurate data about nutrient composi-
tion of gluten-free foods as well as intake of non-nutritional
components. Finally, further longitudinal studies are required
to assess the long-term health effects of avoiding gluten among
people without CD.
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