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ABSTRACT

The rising popular belief that gluten is detrimental for health has led to growth in gluten
avoidance in people without celiac disease. Little information is available on their dietary
profiles and their behavior regarding other specific dietary-related features. Our aim was to
compare the consumption of organic foods between gluten avoiders and non-avoiders, and
their places of food purchase. We described their sociodemographic and dietary profiles. The
study population included participants of the NutriNet-Santé cohort who both completed a
food exclusion questionnaire and an organic semi-quantitative food frequency questionnaire
(n=23,468). Food intake and organic food consumption ratios were compared using
ANCOVA models adjusted for age, sex and energy intake. Associations between gluten
avoidance and organic food consumption as well as places of food purchase were investigated
with multivariable logistic regression. Participants avoiding gluten were more likely to be
women and had a healthier dietary profile. Organic food consumption was higher among
gluten avoiders (48.50% of total diet for total avoiders, 17.38% for non-avoiders). After
adjustments for confounders, organic food consumption and purchase in organic stores were
positively associated with gluten avoidance: aOR g5 vs Q1 organic food=4.95, 95% CI1=3.70-6.63
and aOR  organic stores vs supermarkets—1.82, 95% Cl=1.42-2.33 for total avoiders. Our study
highlights that individuals who avoid gluten are high organic consumers and frequently
purchase their foods in organic stores which propose an extended offer of gluten-free food.
Further research is needed to determine the underlying common motivations and the

temporality of the dietary behaviors of healthy people avoiding gluten.
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INTRODUCTION

Initially, the gluten-free diet (GFD) is a medical response for people with celiac disease (CD),
a systemic autoimmune disorder for which GFD is the only available effective treatment. This
diet involves excluding foods that contain the protein gluten, including wheat barley and rye.
Its prevalence is estimated at 0,8% in Western countries™. However, in the last decade, the
adherence to a GFD has considerably increased, outside a diagnosis of CD®™®. Indeed, many
studies have reported that people who avoid gluten today are mostly healthy people®®®. The
two main motives reported for avoiding gluten among subjects without celiac disease are that
gluten may trigger intestinal and/or extraintestinal symptoms, and that gluten is considered
better for health. The first group referred to non-celiac gluten sensitivity population (NCGS)
also considered as population suffering from gluten-related disorders“”. This disorder is
characterized by symptoms related to gluten, but no biomarkers have been identified and the
diagnosis is mainly based on self-declaration. For these people, following a gluten-free diet is
beneficial and reduces their symptoms. For the second group, media, and celebrities, as well
as high-level athletes, contribute to the popularity of gluten avoidance by claiming its possible
health benefits, including weight loss®"®. Indeed, studies investigating motives related to
gluten avoidance have shown that one quarter to one third of avoiders put forward the belief
of a health benefit® Y. However, so far, there is no scientific consensus that gluten avoidance
would be beneficial for the general population®*®. In the meantime, the market of gluten-free
food has considerably grown: +28% between 2004 and 2011%%, and +34% between 2009 and
2014 in the USA® and +10.4% between 2014 and 2019 in Europe®?. In addition, gluten-
free product offer is particularly important in specialized organic stores who generally offer a
broader range of alternative products®. One may ask whether gluten avoidance is associated
with other considered healthy food choices, in particular organic food consumption. It is

important to identify their behaviors to be able to clearly determine their impact on health. In
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previous studies, including ours®*?, it has been shown that individuals avoiding gluten adopt
an overall healthier food profile with greater consumption of fruits and vegetables, and fewer
sweetened beverages. Christoph et al.?® also reported that individuals considering organic
products healthy were 4 times more likely to consider also gluten-free food healthy, like those
who favor unprocessed products (6 times more). However, in this study, organic and
unprocessed products were evaluated using a unique question concerning the importance for
participants to eat organic (or unprocessed) food, with 4 modalities of answers.

In addition, the role of organic food on health is not well documented and definition greatly
varied in the literature. Some authors used more or less accurate question about frequencies
while other quantitatively estimated organic food consumption. Their consumption reduces
exposure to pesticides, and some studies show better nutritional intake, but often their
consumption is accompanied by other healthy behaviors such as physical activity®®.
However, organic foods are considered as healthy and some places of purchase are the
same®®”) thus we hypothesize that gluten avoiders may also be organic food consumers.

The aim of the present study was therefore to compare the consumption of organic products

(as a whole and by food group) in individuals (partially or totally) avoiding gluten or not, and

their places of food purchases of organic food.

MATERIALS AND METHODS

Study population

Participants are adult volunteers from the NutriNet-Santé study, a web-based observational
prospective open cohort study launched in May 2009 in France. This study aims to investigate
the relationship between nutrition and health, as well as the determinants of dietary patterns
and nutritional status. The design and methodology of the NutriNet-Santé study have been

previously described in detail elsewhere®. At inclusion in the cohort and yearly thereafter,
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participants completed a set of self-administered questionnaires on dietary intake, health and
anthropometric, sociodemographic and lifestyle characteristics. Participants were also
regularly invited to complete optional complementary questionnaires.

Ethics

The NutriNet-Santé study is conducted according to the guidelines from the Declaration of
Helsinki and was approved by the ethics committee of the French Institute for Health and
Medical Research (IRB Inserm no. 0000388FWA00005831) and by the National Commission
on Informatics and Liberty (CNIL no. 908450 and no. 909216). All subjects signed an
electronic informed consent. This study is registered in ClinicalTrials.gov (NCT03335644).
Data collection

Definition of participants with gluten free-diet

Between September and December 2016, participants were asked to complete an optional
questionnaire inquiring food exclusions and their underlying motives. The questionnaire
included three parts relating to the exclusion of 83 types of foods, specific diets and their
motivations, and allergies. In this questionnaire, the following question was asked: « Do you
exclude products containing wheat/barley/rye/oats (gluten) from your diet? » and the possible
responses were « yes totally/yes partially/no ». Three groups were defined: total avoiders,
partial avoiders or non-avoiders.

Participants reporting a celiac disease (CD) were excluded from the present study.
Participants were considered to have a CD if they answered within the framework of the food
exclusions questionnaire, « yes » to the question « Do you have a celiac disease? » and if they
reported a medical diagnosis or other type of “diagnosis” on questions «Diagnosed by a
general practitioner, a specialist, a dietician?» or when they reported a CD in whichever

yearly health questionnaire.
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Sociodemographic and lifestyle data

At Dbaseline and yearly thereafter, sociodemographic, anthropometric and lifestyle
characteristics were collected. These characteristics included sex, age, height, weight,
education level, occupational category, monthly income, smoking status and physical activity
(measured by the International Physical Activity Questionnaire®*%). The baseline
questionnaires were pilot-tested and compared against traditional assessment methods®**? as
well as clinical measurement for anthropometric data®®. The monthly income per household
unit was calculated by dividing monthly income by consumption units (CU) where the first
adult in the household represents 1 CU, other persons older than 14 years represent 0.5 CU,
and other persons younger than 14 years represent 0.3 CU, following national statistics
methodology and guidelines of the French National Institute of Statistics and Economics
Studies (INSEE)®". Body Mass Index (BM1) (in kg/m2) was calculated as the ratio of weight
to squared height and then classified following the WHO guidelines .

Dietary data and Organic Food Consumption

An optional organic food semi-quantitative frequency questionnaire (Org-FFQ) was proposed
to the cohort participants (June - December 2014). This questionnaire is originally based on
an original validated FFQ® and has been described elsewhere®®. Participants were asked to
report their frequency of consumption and portion sizes over the past year for 264 food and
beverage items. The portion sizes for each food consumed were estimated according to
standard measurements (e.g., home containers, grams displayed on the package or
photographs available via the interactive interface). These photographs came from a validated
picture booklet®”. The frequency of consumption referred to usual consumption over the past
year on an increasing scale including yearly, monthly, weekly or daily units, as suitable.
Participants had to provide only one answer and selected an average portion size using

validated photographs. Then consumptions were translated as daily quantity.
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From the 264 food items, 33 food/beverage groups were designed on a nutritional basis.

To estimate the level of organic food consumption in the diet, participants indicated for each
item how often the consumption was organic through a 5-point ordinal scale ranging from
« never » to « always ». The modalities were weighted as follows: 0, 0.25, 0.50, 0.75 and 1,
respectively®®. From the whole diet, we calculated the average daily intake (in g/day). The
contribution of organic food consumption in the diet was then calculated by dividing the total
organic food intake (g/day) by the total food intake (g/day), excluding water. This ratio was
multiplied by 100 to obtain the contribution of organic food consumption as a percentage of

weight. Nutrient intakes were estimated using a published nutrient database®®

. Only
participants with a plausible energy intake were included in the analyses, the over-reporters
and under-reporters were excluded. They were identified by a ratio of energy intake to energy
requirement, estimated with the Schofield equations according to sex, age and BMI®?.
Energy requirement, accounting for physical activity level, was compared with energy intake.
The ration between energy intake and energy requirement was calculated and participants
with ratios below or above cutoffs previously identified (below 0.35 or above 1.93) were
excluded. To assess the adherence to the nutrient-based French recommendations, the
probability of adequate nutrient intake (PANDiet) was computed“?. This 100-point score
represents the average of two sub-scores: the adequacy sub-score estimating the proportion of
adequacy for 21 items for which the usual intake should be above a reference value,
multiplied by 100, and the moderation sub-score corresponding to the proportion of adequacy
for six items for which the usual intake should not exceed a reference value, multiplied by
100.

Place of food purchase

Place of purchase for each organic food was collected from an optional questionnaire on

consumer attitudes and motives (July 2014 - January 2015). Places of purchase were grouped
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into 5 classes: hard discount, grocery stores, shopping centers, markets and organic stores.
Participants had to select a place of purchase for each food group (across a maximum of 30
food groups). Then, for each place, the proportion of purchase has been calculated: the
number of responses for each place was summed and divided by the number of total
responses. Next, the purchase place with the highest proportion was considered as the main
place of purchase. Since this questionnaire was optional, analyses were performed on a sub-
sample (N=16,885). A total of 1,002 persons had multiple places with the same proportion of
purchase. For these participants, we considered shopping centers as the main place (the most
frequented place in the overall sample).

Statistical analysis

Sociodemographic, lifestyle characteristics and places of purchase were described (using
means, SDs or percentages) among total gluten avoiders, partial gluten avoiders and gluten
non-avoiders. P-values referred to chi-square test or one-way ANOVA test, depending on the
type of variable.

Macronutrients were assessed by computing the percentage of energy intake from
carbohydrates, lipids, and proteins. Micronutrients intakes were adjusted for energy intake
using the residual method®". Consumption of 33 food groups, macronutrients and
micronutrients intake were reported as mean values and 95% Confidence Intervals (CI) using
an analysis of covariance (ANCOVA), adjusted for age and sex, and for food groups for daily
energy intake. Micronutrients intakes were adjusted for energy intake using the residual
method®Y. Contribution of organic foods to each food group (ratios with their SDs) are also
provided and were adjusted for age, sex and total consumption of food group.

The proportion of total organic food consumption was categorized into quintiles to assess the
association between the type of diet and organic food consumption. With regard to gluten-free

avoiding, three categories were considered: 1) overall gluten-free diet that included all
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individuals avoiding gluten whether or not they followed any other diets, 2) gluten-free diet
only that included only participants who avoided gluten but did not follow any other diet and
3) participants who followed both gluten-free and lactose-free diets. A multivariable
polytomic logistic regression model was performed. Adjusted Odds Ratios (aOR) with their
95% CI are presented. The model was adjusted for age, sex, education level (no diploma or
primary studies/secondary studies/higher educational level), occupational category (9 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) and total daily energy intake without alcohol.

Two multivariable polytomic logistic regression models were also performed to assess the
association between gluten avoidance and place of purchase of organic foods. The first model
was adjusted for sociodemographic confounding factors, namely age, sex, education level,
occupational category, income level, smoking status and physical activity. The second model
was further adjusted for organic food consumption to more clearly determine the role of
gluten avoidance in the choice of place of purchase. Sensitivity analyses were performed
using multivariable logistic regression models focusing on place of purchase. In order to
ensure that the choice of the main place of purchase for people who had more than one did not
influence the model (shopping centers in principal analysis), we also performed the same set
of analysis using markets as the main place of purchase for these individuals.

Two-sided tests and a p value <0.0001 were used for statistical significance, given the high
number of statistical tests performed and the large sample size. All statistical analyses were

performed using SAS software (version 9.4, SAS Institute, Inc., Cary, NC, USA).

€7E€€00025% 1 12000S/£101°0L/BJ0"10p//:5d1Y *Swi1/2103/610 36pLiquIed Mmm//:sd1iy 3e d|ge|ieAe ‘asn Jo swiidl 240D abpriquied ay3 03 193[gns ‘90:6€:1L 38 0Z0Z 320 £0 UO ‘9SN0jNo] - IyYNI 2103/6.10°26pliquued mmm//:sd1iy woly papeojumoq


https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114520003323

Accepted manuscript

RESULTS

Sample selection

Of the initial 121,266 participants who received the optional questionnaire on food
exclusions, a total of 34,781 completed it. Within this sample, we excluded participants who
reported a diagnosed CD, with missing sociodemographic data and living overseas, and those
who did not completed the Org-FFQ. The final sample available for analysis included 23,468
individuals (Figure 1) including 499 total gluten avoiders, 2,023 partial avoiders, and 20,946
non-avoiders. The percentage of participants avoiding gluten in this study was 10.75%, 2.13%
of whom totally excluded gluten.

Sociodemographic and individual characteristics

Table 1 presents sociodemographic and lifestyle characteristics of the participants according
to the gluten avoidance, as well as for the whole sample. Participants avoiding gluten were
more likely to be women, between 55 and 64 years old, single, non-employed, physically
active, to have lower monthly income per household unit, to be low alcohol consumers and to
present less obesity. No difference regarding education level and smoking status was observed
across the gluten avoidance groups.

Partial and total avoiders showed some differences: partial avoiders were more frequently in
the age group between 40 and 64 years. Total avoiders were less likely to be managerial staff
or to belong to an intermediate profession than partial and non-avoiders. Partial avoiders did
not have a lower income per household unit, but they were in the middle class.

Participants avoiding gluten were more likely to report having allergies. The percentage of
individuals self-reporting allergies increased along with the avoidance of gluten in the diet.
Gluten avoiders were also more likely to adhere to another specific diet, especially lactose-

free diet, but also the vegetarian diets or both.
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Nutritional characteristics

Table 2 presents nutrient intake across gluten avoidance groups. First, total energy intake
decreased as gluten is avoided. Individuals avoiding gluten also exhibited a lower overall
protein intake but a higher proportion of vegetable protein relative to total intake, a higher
polyunsaturated fatty acid (PUFA) and monounsaturated fatty acid (MUFA) intake as well as
a lower saturated fatty acid intake. As regards nutrients, levels increased or decreased along
with the avoidance of gluten. Intake of total carbohydrates and complex carbohydrates were
lower among individuals avoiding gluten while sugars and fiber intake was higher. Partial
avoiders had an intake of simple sugars lower than total avoiders, but similar to non-avoiders.
Regarding micronutrients, gluten avoiders exhibited healthier nutritional profiles with, for
instance, higher intake of C, D, E vitamins and folate. For minerals, people avoiding gluten
also exhibited a higher intake of magnesium, potassium, copper and iron. On the opposite,
they showed a lower intake of calcium, sodium, phosphorus, zinc, and heme-iron. As for
macronutrients, a gradient was observed from total avoiders to non-avoiders or from non-
avoiders to total avoiders, as appropriate, except for magnesium, iron and heme-iron. Intake
of magnesium, iron and heme-iron were no different between total and partial avoiders.
Concerning the adherence to the French nutritional references, gluten avoiders exhibited
healthier dietary patterns with a higher PANDiet score (total avoiders > partial avoiders >
non-avoiders, p<.0001).

Food intakes and level of organic food consumption

Individuals avoiding gluten (partial or total) showed a higher consumption of foods mostly
consumed as unprocessed (vegetables, fruits, legumes, fish, eggs, nuts, oils) and a lower
consumption of fatty and/or sweet processed foods (processed meat, cookies, sweet, fast food,
dressing and butter and sweet beverages) compared to non-avoiders (Table 3). They also

exhibited a lower consumption of meat and dairy products and higher consumption of their
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substitutes than non-avoiders. Specifically, partial avoiders had a higher consumption of
whole starchy food and soups, and lower consumption of fruit juices. However, snacks
products were largely consumed by individuals avoiding gluten (1.5 to 2 times more).

The proportion of organic food in the diet was significantly higher among people avoiding
gluten. Overall, 48.50% of total avoiders and 40.04% of partial avoiders consumed more than
50% of products coming from organic production in their diet, compared with 17.38% of non-
avoiders (data not tabulated).

Individuals avoiding gluten consumed a higher proportion of organic foods for most food
groups compared with non-avoiders except for dairy products. Partial avoiders differed from
total avoiders by a higher proportion of organic food for dairy products, bread and butter.
Among gluten avoiders (total or partial), food group for which the contribution of organic
food exceeded 40% for both groups were eggs, fruits, vegetables, legumes, nuts, potatoes,
whole starchy food, cereals, oils and non-alcoholic drinks (coffee, tea, chocolate, except
soda).

Table 4 shows the association between exclusion diets and consumption of organic foods.
Compared to non-avoidance, gluten avoidance was positively associated with a higher
consumption of organic foods (aOR gs vs 1= 4.81 (95% CI: 4.09, 5.67) for partial gluten
avoidance and aOR g5 vs g1= 4.95 (95% ClI: 3.70, 6.63) for total gluten avoidance). Combining
gluten avoidance and lactose-free diets was also strongly associated with consumption of
organic products (aOR gsvsg1= 9.22 (95% CI: 6.24-13.64)).

Place of purchase of individuals avoiding gluten

Gluten avoiders purchased more often organic foods in specialized organic stores compared
with non-avoiders (48% of total avoiders, 42% of partial avoiders and 21% of non-avoiders)
(Figure 2). In non-avoiders, supermarkets were the main place of purchase (53%), followed

by markets (23%).
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Adjusted models for sociodemographic factors between gluten avoidance and organic food
place of purchase showed that individuals purchasing mostly in organic stores were more
likely to avoid gluten [organic stores vs supermarkets: OR= 2.64 (95% CI: 2.35, 2.97) for
partial gluten avoiders, and OR= 3.47 (95% CI: 2.78, 4.34) for total gluten avoiders] (Table
5). A positive association was also observed between total gluten avoiders and organic food
purchase in hard discount. Other food purchase place showed no association with gluten
avoidance.

Further adjustment for total organic food consumption showed similar but attenuated
association for organic stores. In contrast, the relationship between total gluten avoidance and
purchase in hard discount slightly increased. Sensitivity analyses, replacing markets by
shopping centers as the reference on 1,002 exaequo data, showed similar results for the two
models (Table Supplemental 1).

DISCUSSION

The present study is one of the first to consider the association between the contribution of
organic food in the diet among a large sample of individuals and the avoidance of gluten
using detailed dietary data. We found a marked positive association between gluten avoidance
and contribution of organic food to the diet. A gradient was also observed with total avoiders
consuming more of organic food than partial avoiders. This contribution was higher for all
types of products, except milk and dairy products. These results appear consistent with the
motives reported by individuals avoiding gluten, including health: individuals without celiac
disease who avoid gluten are concerned by health and adopt this behavior considered
healthier®”**Y. In our previous study, gluten avoiders reported as main motives physical
well-being (26% and 39% for total and partial avoiders), belief of a long-term health impact

(22% and 28%, respectively) and the total avoiders also reported allergy and/or intolerance
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(20%)®@. It seems that gluten avoidance, like the consumption of organic food“***, belongs
to a global attitude for a healthy diet.

Sociodemographic profiles of gluten avoiders

Our study is concordant with previous works showing that gluten avoiders were more likely

(2,9,12,13,15,16,

to be women %) and to report multiple food intolerances and allergies®®'2134%),

particularly lactose intolerance®'2*%4%),
Sociodemographic characteristics and behaviors of organic food consumers have been widely

described in the literature®®

. We bDriefly reported them to identify concordance and
discordance with individuals avoiding gluten. Like gluten avoiders, organic food consumers
have been shown to be more likely to be women®®“6-%9 We observed that gluten avoiders in
comparison with non-avoiders did not show any difference concerning education level and
they were older than non-avoiders (between 55 and 64 years old). Studies investigating
organic food consumers showed heterogeneous results regarding age and education level:
younger® or older’®*%_ higher education level®®>2> or lower®>*®). Unlike our results about
gluten avoiders, several studies showed that organic food consumers had higher income®¢4®
and overall higher social status®®*"*®. Nevertheless, we observed differences between total
and partial avoiders: partial gluten avoiders were more often managerial staff than total
avoiders and their income was not low.

Outside sociodemographic characteristics, individuals avoiding gluten and organic food
consumers exhibit many common lifestyle and food behaviors. Many studies reported this
healthy lifestyle among organic food consumers®8°0°25°%0) " |n this study, we observed that
individuals avoiding gluten had similar behaviors: they were more likely to be physically
active, to consume less alcohol and to be less likely to present obesity.

Dietary behaviors of individuals avoiding gluten — comparison with organic food

consumers
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Regarding food consumption and nutrient intake, individuals avoiding gluten showed a
comparable diet to organic food consumers. As individuals avoiding gluten in our study,
organic food consumers had a much higher consumption of vegetables, fruits, legumes, fish
and nuts and a much lower consumption of meat, processed meat, sweet and fatty products,

505859.61.62) \nje also observed that

dairy products and sweet beverages than non-avoiders“®
participants who avoid gluten were characterized by a high intake of plant-based food. This
feature was also observed among organic food consumers®®. Individuals avoiding gluten
presented similar nutrient profiles than those observed in organic food consumers®®-6?): they
had a lower total energy intake, a higher proportion of energy from PUFA and intake of fiber,
and a smaller proportion of energy from saturated fat and intake of protein. Like organic food
consumers, they presented a better nutritional diet quality: the PANDiet score was highest
with a gradient for more gluten avoidance. In this study, as previously reported among

organic food consumers®%°8°9%3)

, we observed also a higher proportion of individuals
reporting to be vegetarians among gluten avoiders compared with individuals who do not
avoid it.

The contribution of organic food in the diet of gluten avoiders was higher for all products,
except milk because its overall consumption was low. Organic food consumers reported the
same trends in food groups®®: the most popular organic food groups were eggs in first, fruits
and vegetables, whole starchy foods and oils, and the least popular were meat and dairy
products.

The data of this study are in accordance with ones of a recent US study about people who
value gluten-free products®. In this study, individuals who value gluten-free products had

healthy behaviors: they had a higher consumption of vegetables and fruits and a lower

consumption of sugar-sweetened beverages as well as a higher intake of fiber and lower
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intake of saturated fat. Finally, they reported that individuals who value gluten-free products
value also organic food, but also unprocessed food and local food.

Many characteristics are shared by people avoiding gluten and organic food consumers: they
are physically active, consume less alcohol, have a higher consumption of fruit and vegetables
and a lower consumption of meat. It seems that people without celiac disease avoiding gluten
may be a specific group of organic food consumers. They are characterized by additional
behaviors of food exclusion.

Place of purchase

The analysis of place of purchase showed that nearly half of the gluten avoiders bought
organic food in organic stores against about 20% for non-avoiders. This association between
gluten avoidance and purchase in organic stores remained even after adjustment for total
consumption of organic food. To the best of our knowledge, no study investigated the place of
purchase of products among people avoiding gluten. In fact, we had no information on the
main reasons for this choice: specifically, we were not able to identify whether gluten
avoiders purchase their organic food in organic stores because they prefer organic food and
then buy gluten-free foods due to the large offer, or if they choose to buy gluten-free foods in
organic stores due to large offer and thus also consumed organic foods. Surprisingly, we also
observed an association between total gluten avoidance and purchase in hard discount which
may be explained by the fact that in our study, the total gluten avoiders were more likely to
have a lower income.

Strengths and limitations

Several limitations of this study should be mentioned. Firstly, the participants enrolled in our
study were volunteers in a nutrition cohort and were probably more interested in nutritional
issues and had healthier lifestyles issues than the general population. They exhibited particular

characteristics when compared to the general French population®®®. As the food exclusion
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and orgFFQ questionnaires were optional, participants excluding food and high organic food
consumers were certainly more willing to fill in these questionnaires. However, the proportion
of non-consumers of organic food was similar to the national figures®®. Second, all data in
this study were self-reported, which may be prone to measurement errors and desirability
bias®”. Thirdly, no information was available on the consumption of gluten-free substitutes
and their specific nutritional values in our sample. This lack might lower estimations of
nutrient intakes in gluten avoiders. Finally, due to the cross-sectional design of our study, we
were not able to determine whether gluten avoidance led to a higher consumption of organic
products, or if participants who had a high consumption of organic products were more likely
to avoid the gluten.

This study also showed important strengths. The first was its large sample size, which
provides an access to a wide diversity of dietary behaviors. It also allowed for control of
potential effects of confounding factors. A further strength was the use of a Org-FFQ: it was
based on a validated FFQ which had shown relative validity and reproducibility®®, and it
included a very large range of foods (264 items) enabling to estimate of usual diet over the
previous year. The use of the Org-FFQ enabled to provide detailed data and allowed to assess
the proportion of organic foods per type of food and in the whole diet. This strength is major
because the only study which related gluten avoidance and organic food was only based on

the perception of foods rather than actual consumption®®.

In conclusion, the present study provides new insights into the characterization of individuals
without reported celiac disease avoiding gluten. These findings underline a strong positive
correlation between gluten avoidance and organic food consumption. It appears that gluten
avoidance for non-celiac individuals is a subset of organic food consumers, that is often
related to other specific dietary practices (vegetarians) and to adoption of healthy behaviors. It
would be important to take this thought into account in future studies. Future research is
needed to better understand the relationship between gluten avoidance and organic food

consumption.
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Figure 1. Flowchart of the study.
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Table 1. Sociodemographic and lifestyle characteristics according to gluten avoidance.
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Partial Total
Non avoiders ~ avoiders avoiders Total sample
(n=20,946) (n=2,023) (n=499) p* (N=23,468)
% % % %
Sex
Men 27.85 19.43 18.64 <. 0001 26.93
Women 72.15 80.57 81.36 73.07
Age
18-39 13.46 8.90 9.02 <.0001 12.97
40-54 24.25 26.25 22.24 24.38
55-64 25.49 29.26 32.46 25.96
65+ 36.90 35.59 36.27 36.69
Educational level
No diploma or primary school 2.66 2.87 4.01 1076 2.71
School secondary 31.97 33.86 33.47 32.16
High education level 65.37 63.27 62.53 65.13
Employment status
Farmer 0.27 0.30 0.60 .0007 0.28
Craftsman, shopkeeper 1.36 1.98 1.80 1.42
Employee 11.51 11.32 11.82 11.50
Manual worker 0.70 0.89 0.40 0.71
Intermediate profession 13.72 13.25 11.82 13.64
Managerial staff 20.41 20.02 17.64 20.32
Non-employed 9,00 11.17 13.63 9.29
Student 0.74 0.30 1.20 0.72
Retired 42.28 40.78 41.08 42.13
Income per household unit
<1,200 euros 8.03 8.85 13.63 <.0001 8.22
1,200-2,300 euros 34.41 36.97 37.27 34.69
>2,300 euros 4491 38.9 33.07 44.14
Refuse to declare 12.65 15.27 16.03 12.95
Smoking status
Never smoker 49.80 49.68 47.70 507 49.74
Former smoker 41.15 42.26 42.69 41.28
Occasional smoker 2.87 257 2.20 2.83
Regular smoker 6.18 5.49 7.41 6.14
Alcohol consumption
Non consumers 4.48 6.23 12.02 <.0001 4.79
Low consumers 47.50 47.95 50.50 47.61
Heavy consumers 48.01 45.82 37.47 47.60
Physical activity level
Low 22.06 19.57 21.84 .0011 21.84
Medium 39.21 37.62 35.07 38.99
High 38.73 42.81 43.09 39.17
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Body mass index

Accepted manuscript

Normal, <25 64.58 69.11 72.55 <.0001 65.14
Overweight, 25-30 25.51 20.71 19.44 24.97
Obese >30 9.91 10.18 8.02 9.89
Declared other diets

Vegetarians 5.72 12.85 12.63 <.0001 6.48
Lactose-free 4.40 17.00 23.45 5.89
Vegetarians + lactose-free 0.46 3.26 5.41 0.81
No dieting 89.43 66.88 58.52 86.82
Declared food allergy

Yes 7.61 12.46 16.03 <.0001 8.21
No 92.39 87.54 83.97 91.79
Average number of allergies if

food allergy (=yes), mean (SD) 1.40 (0.83) 1.86 (1.27) 1.94 (1.33) <.0001 1.48 (0.94)

*p Values are based on the 2 test or the one-way anova test as appropriate.

SD: Standard deviation.
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Table 2. Nutritional intake profiles among total, partial and non- avoiders.

Energy / Nutrients

Non-avoiders

(n=20,946)

mean (95% CI)

Partial avoiders

(n=2,023)

mean (95% CI)

Total avoiders

(n=499)

mean (95% CI)

Total energy intake
including alcohol (kcal/d)

Total energy intake

excluding alcohol (kcal/d)

MPNNS-GS/**

PANDiet**

Fiber (g/d)?

% of total energy intake

excluding alcohol from:

Total carbohydrates
Simple sugars
Complex carbohydrates

Total lipids

Polyunsaturated fatty
acid

Monounsaturated fatty
acid

Saturated fatty acid
Total proteins
Plant proteins/total proteins
ratio (%)
Micronutients 2

Vitamin B6 (mg/d)

Vitamin B12 (ug/d)

Vitamin C (mg/d)

Vitamin D (ug/d)

2,082.08 (2,072.99-
2,091.16)

2,005.51 (1,996.57-
2,014.45)
8.52 (8.50-8.54)
66.1 (66.00-66.20)

23.00 (22.88-23.12)

39.85 (39.74-39.96)
19.75 (19.66-19.85)
19.98 (19.90-20.07)
40.79 (40.68-40.89)
6.51 (6.48-6.55)
15.95 (15.89-16.01)
15.26 (15.21-15.32)
18.99 (18.93-19.04)

32.21 (32.00-32.41)

2.08 (2.077-2.084)
6.94 (6.86-7.01)
149.23 (148.04-

150.41)

3.14 (3.11-3.17)

2,040.51 (2,013.61-
2,067.42)

1,965.99 (1,939.52-
1,992.47)
8.64 (8.57-8.71)
68.26 (67.96-68.57)

26.43 (26.07-26.78)

39.18 (38.85-39.50)
19.99 (19.72-20.27)
19.05 (18.79-19.32)
42.22 (41.91-42.53)
7.79 (7.69-7.90)
17.19 (17.01-17.36)
14.1 (13.94-14.26)
18.25 (18.09-18.41)

38.96 (38.36-39.57)

2.26 (2.24-2.28)

7.01 (6.78-7.23)

163.17 (159.66-
166.68)

3.32 (3.24-3.40)

2,004.36 (1,951.04-
2,057.68)

1,938.69 (1,886.22-
1,991.15)
8.55 (8.41-8.69)
69.78 (69.17-70.39)

27.93 (27.22-28.64)

37.89 (37.24-38.53)
21.14 (20.59-21.69)
16.59 (16.07-17.11)
44 (43.38-44.61)
8.61 (8.40-8.82)
18.66 (18.31-19.01)
13.51 (13.20-13.83)
17.73 (17.41-18.05)

42.00 (40.80-43.20)

2.42 (2.38-2.46)

7.03 (6.58-7.48)

183.94 (176.98-
190.90)

3.46 (3.30-3.62)

.0003

.0011

.0041

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

.7908

<.0001

<.0001
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Vitamin E (mg/d)

Beta-Carotene (ug/d)

Retinol (ug/d)

Folate (ug/d)

Minerals »

Calcium (mg/d)

Potassium (mg/d)

Magnesium (mg/d)

Sodium (mg/d)

Copper (mg/d)

Iron (mg/d)

Heme-iron (mg/d)

Phosphorus (mg/d)

Zinc (mg/d)

* p Values are based on ANCOVA test adjusted for age and sex.
** p Values are based on ANCOVA test adjusted for total energy intake (without alcohol),

age and sex.
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14.13 (14.06-14.21)

4,522.09 (4,478.51-
4,565.66)

598.93 (586.84-
611.02)

413.41 (411.43-
415.39)

1,140.96 (1,136.20-
1,145.73)

3,857.44 (3,845.18-
3,869.69)

490.72 (488.68-
492.76)

2,642.31 (2,634.35-
2,650.27)

2.09 (2.08-2.11)
15.90 (15.84-15.95)
1.47 (1.45-1.48)
1,517.84 (1,513.82-
1,521.85)

13.35 (13.31-13.39)

16.39 (16.17-16.62)

5,377.22 (5,248.12-
5,506.33)

604.49 (568.68-
640.30)

467.1 (461.25-
472.96)

1,056.89 (1,042.77-
1,071.01)

4,004.87 (3,968.57-
4,041.17)

523.47 (517.42-
529.52)

2,478.70 (2,455.11-
2,502.29)

2.38 (2.34-2.42)
17.00 (16.84-17.17)
1.30 (1.25-1.34)
1,502.18 (1,490.28-
1,514.08)

12.99 (12.87-13.10)

18.03 (17.58-18.47)

6,426.32 (6,170.48-
6,682.16)

575.07 (504.10-
646.04)

511.87 (500.26-
523.47)

1,006.53 (978.55-
1,034.51)

4,184.64 (4,112.70-
4,256.58)

523.96 (511.97-
535.95)

2,268.46 (2,221.71-
2,315.20)

2.46 (2.38-2.53)
17.02 (16.69-17.35)
1.28 (1.19-1.37)
1482.76 (1 459.18-1
506.34)

12.68 (12.45-12.90)

a adjusted for total energy intake (without alcohol) using the residual method.

<.0001

<.0001

.7648

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

.0009

<.0001
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Table 3. Comparisons of mean intakes of food groups (in grams/day) and contribution of organic food according to gluten avoidance.

Food groups

Non-avoiders
(n=20,946)

Total intake**
mean (95% CI)

Organic/total ratio *
mean (95% CI)

Partial avoiders
(n=2,023)

Total intake**
mean (95% CI)

Organic/total ratio *
mean (95% CI)

Total avoiders
(n=499)

Total intake**
mean (95% CI)

Organic/total ratio *
mean (95% CI)

Vegetables
Soups

Fruit

Fruit juice

Nuts

Meat

Poultry
Seafood
Processed meat

Legumes

Potatoes and other
tubers

Eggs

Milk

Cheese

Dairy products
Milky desserts
Dairy substitutes ?
Bread

Cereals ®

Whole starchy
food ¢

Cookies ¢
Sweets ©
Fast foods

254.49 (251.82-257.16)

80.19 (78.75-81.64)

261.54 (258.08-264.99)

86.97 (85.29-88.64)
3.03 (2.91-3.14)
65.46 (64.71-66.22)
21.87 (21.53-22.21)
46.13 (45.49-46.76)
31.68 (31.30-32.07)
15.48 (15.06-15.90)

23.61 (23.30-23.92)
10.78 (10.61-10.95)
61.54 (59.55-63.53)
43.52 (42.91-44.14)

154.24 (148.02-152.46)

12.32 (11.96-12.69)
18.99 (17.71-20.27)
56.50 (55.69-57.31)
82.49 (81.55-83.42)

56.53 (55.50-57.57)
10.15 (9.92-10.37)
50.89 (50.37-51.42)
34.65 (34.12-35.17)

30.86 (30.40-31.33)
31.44 (30.91-31.96)
29.39 (28.94-29.83)
26.50 (26.01-26.98)
24.01 (23.51-24.50)
18.35 (17.96-18.74)
28.14 (27.66-28.62)
14.87 (14.52-15.22)
15.52 (15.16-15.89)
25.48 (24.97-26.00)

27.63 (27.11-28.16)
48.26 (47.67-48.85)
11.16 (10.76-11.56)
17.49 (17.11-17.88)
24.56 (24.05-25.06)
10.21 (9.86-10.56)
13.80 (13.37-14.24)
13.64 (13.28-13.99)
25.09 (24.60-25.58)

29.27 (28.77-29.77)
12.61 (12.25-12.97)
24.70 (24.30-25.11)
15.70 (15.32-16.08)

315.84 (307.96-323.72)

83.66 (79.40-87.92)

304.87 (294.67-315.07)

76.36 (71.41-81.31)
5.52 (5.18-5.86)
54.89 (52.66-57.12)
21.78 (20.78-22.79)
50.04 (48.17-51.92)
27.62 (26.49-28.74)
21.99 (20.75-23.22)

22.95 (22.03-23.88)
12.36 (11.85-12.87)
33.49 (27.62-39.36)
38.37 (36.56-40.17)

110.32 (103.76-116.87)

8.89 (7.81-9.97)
59.51 (55.73-63.29)
39.12 (36.73-41.51)
81.17 (78.42-83.93)

64.99 (61.93-68.05)
9.03 (8.36-9.69)
48.39 (46.84-49.94)
31.96 (30.41-33.50)

43.85 (42.46-45.23)
45.30 (43.73-46.86)
44.34 (43.02-45.66)
39.59 (38.15-41.04)
40.60 (39.13-42.08)
25.60 (24.44-26.76)
36.82 (35.39-38.24)
20.85 (19.82-21.89)
23.63 (22.56-24.69)
42.45 (40.91-43.99)

41.25 (39.71-42.80)
60.92 (59.18-62.66)
12.39 (11.20-13.57)
30.03 (28.89-31.18)
36.24 (34.75-37.74)
14.86 (13.84-15.89)
27.56 (26.27-28.85)
21.36 (20.31-22.41)
47.30 (45.85-48.74)

46.40 (44.92-47.88)
22.03 (20.96-23.10)
38.69 (37.49-39.89)
26.08 (24.96-27.20)

381.34 (365.72-396.95)

76.11 (67.66-84.57)

352.82 (332.61-373.03)

81.99 (72.19-91.80)
7.29 (6.62-7.97)
56.91 (52.49-61.33)
21.26 (19.26-23.25)
52.41 (48.69-56.13)
25.88 (23.66-28.11)
21.91 (19.46-24.36)

23.66 (21.83-25.49)
14.58 (13.56-15.50)
31.48 (19.85-43.12)
35.13 (31.55-38.72)
81.36 (68.37-94.35)
7.79 (5.65-9.93)
75.07 (67.58-82.55)
31.61 (26.87-36.34)
76.84 (71.38-82.30)

50.20 (44.13-56.27)
7.07 (5.75-8.38)
44.69 (41.62-47.76)
25.53 (22.46-28.60)

46.82 (44.08-49.57)
47.69 (44.59-50.79)
48.73 (46.11-51.35)
37.68 (34.82-40.54)
44.21 (41.29-47.13)
26.81 (24.51-29.11)
36.69 (33.87-39.51)
20.98 (18.93-23.04)
25.53 (23.42-27.64)
46.38 (43.34-49.42)

44.93 (41.87-47.98)
61.8 (58.35-65.25)
6.20 (3.86-8.55)
30.21 (27.94-32.48)
30.10 (27.14-33.05)
10.51 (8.47-12.54)
30.62 (28.07-33.16)
18.82 (16.74-20.90)
53.2 (50.33-56.06)

49.53 (46.60-52.46)
21.15 (19.03-23.26)
46.36 (43.97-48.74)
26.46 (24.25-28.67)
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Snacks ¢
Meat substitutes

8.83 (8.64-9.01)
3.51 (3.32-3.78)

Grains ¥ 2.59 (2.46-2.72)
Oils 17.85 (17.64-18.06)
Butter 6.79 (6.69-6.89)
Other fats ™ 3.01 (2.94-3.07)
Dressing 7.20 (7.08-7.31)
Non-alcoholic

drinks ? 771.67 (764.45-778.90)

Soda 42.11 (40.59-43.62)
Alcohol beverages  128.92 (126.79-131.04)

16.36 (15.95-16.76)
20.35 (19.80-20.91)
25.63 (25.06-26.19)
35.35 (34.79-35.90)
24.45 (23.92-24.97)
22.32 (21.82-22.82)
20.00 (19.54-20.45)

23.36 (22.90-23.83)
8.20 (7.91-8.50)
14.74 (14.40-15.07)
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12.75 (12.19-13.30)
9.12 (8.31-9.92)
5.54 (5.15-5.94)

21.81 (21.18-22.44)
5.70 (5.40-6.00)
3.04 (2.85-3.24)
6.19 (5.85-6.54)

815.06 (793.73-836.39)

34.08 (29.60-38.55)

30.69 (29.49-31.90)
37.42 (35.77-39.07)
39.71 (38.05-41.37)
56.05 (54.41-57.69)
39.48 (37.92-41.04)
39.32 (37.84-40.79)
34.82 (33.48-36.16)

42.05 (40.68-43.43)
11.71 (10.83-12.58)

126.00 (119.74-132.25) 23.49 (22.50-24.48)

15.98 (14.88-17.09)
10.79 (9.19-12.39)
7.61 (6.83-8.40)
24.28 (23.03-25.52)
5.05 (4.46-5.63)
2.92 (2.53-3.30)
5.51 (4.82-6.20)

811.14 (768.88-853.41)

34.39 (25.53-43.26)

107.60 (95.20-119.99)

35.81 (33.42-38.19)
37.14 (33.87-40.41)
41.29 (37.99-44.58)
58.69 (55.45-61.93)
33.47 (30.37-36.56)
43.57 (40.65-46.49)
36.70 (34.05-39.36)

46.69 (43.96-49.41)
11.04 (9.31-12.77)
25.00 (23.04-26.97)

All p values <.0001.

* p Value are based on ANCOVA test adjusted for age, sex and consumption of food group.
** p Value are based on ANCOVA test adjusted for total energy intake, age and sex.

» Including soya yoghurt, vegetal-based cheese, vegan fresh cheese and soya milk.
b Including pasta, white rice, muesli, semolina and cereals.

¢ Including whole bread, wholegrain rice and wholegrain pasta.

d Including pastries, brioche, biscuit.

¢ Including jam, honey, sugar, sweeteners, confectionery, chocolate and chocolate spread bars, cakes, brownies, pancakes and ice cream.
¢ Including chips, popcorns, salted cakes aperitif, peanuts, almonds and pistachio nuts.
K Including sprouted seeds, bran and wheat germs.

m Including mayonnaise, fresh cream and vegetal fresh cream.

1 Including coffee, tea, chicory, hot chocolate and water.
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Table 4. Multinomial logistic regression analysis showing the association between consumption of organic foods and diet practices.

Quintiles of organic consumption (part in the diet)
Q1 Q2 Q3 Q4 Q5
Ref. aOR 95% ClI p aOR 95% ClI p aOR 95% ClI p aOR 95% ClI p

Overall Gluten avoidance (with or
without any other diet (Ref.=No dieting)

Partial dieting 1 1.22 1.01-1.48 .0432 152 1.26-1.82 <.0001 247 2.08-293 <.0001 4.81 4.09-5.67 <.0001
Total dieting 1 0.89 0.61-1.30 .5385 0.98 0.68-1.41 9045 166 1.19-2.31 .0029 4.95 3.70-6.63 <.0001
Gluten avoidance only

(Ref.=No diet)

Partial dieting 1 1.14 0.92-142 2164 127 1.03-1.57 .0238 219 1.81-266 <.0001 3.99 3.32-4.81 <.0001
Total dieting 1 0.69 0.45-1.06 .0926 0.75 0.49-1.15 1881  1.23  0.83-1.80 .3036 3.40 2.43-4.77 <.0001
Gluten-free and lactose-free diet (Ref.=No diet)

Dieting 1 1.68 1.07-265 .0257 253 1.65-3.89 <.0001 412 274-620 <.0001 9.22 6.24-13.64  <.0001

Model adjusted for age, sex, education level, occupational category, income, physical activity, smoking status, alcohol and total energy intake
without alcohol.
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Figure 2. Frequency of places of purchase of organic food according to gluten avoidance.

0% 20% 40% 60% 80% 100%

W Supermarkets Hard discount M Grocery stores ™ Markets 0O Organicstores
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Table 5. Multinomial logistic regression analysis showing the association between place of
purchase and gluten avoidance.

avNo?dne;rs Partial avoiders Total avoiders
(n=14,878) (n=1,608) (n=399)
Ref. OR 95% ClI p OR 95% CI p

Model 1
Supermarkets 1 Réf. Réf. Réf. Réf.
Hard discount 1 0.75  0.43-1.29 .30 213  1.07-4.25 .03
Grocery stores 1 141 0.83-2.39 .20 1.23 0.39-3.93 12
Markets 1 0.90 0.77-1.05 .16 0.88 0.64-1.21 A2
Organic stores 1 264  2.35-2.97 <.0001 347 2.78-4.34 <.0001
Model 2
Supermarkets 1 Réf. Réf. Réf. Réf.
Hard discount 1 0.82  0.48-1.43 49 253  1.26-5.07 01
Grocery stores 1 1.23  0.72-2.09 45 1,00  0.31-3.20 .99
Markets 1 0.87 0.75-1.02 .08 0.85 0.62-1.17 .32
Organic stores 1 171 151-1.95 <.0001 182  1.42-2.33 <.0001

Model 1 adjusted for age, sex, education level, occupational category, income, physical

activity and smoking status.

Model 2 adjusted for age, sex, education level, occupational category, income, physical
activity, smoking status and consumption of organic food.
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