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Abstract

The rising popular belief that gluten is unhealthy has led to growth in gluten avoidance in people without coeliac disease. Little information is
available on their dietary profiles and their dietary behaviours. 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 completed both a food exclusion questionnaire and an organic semi-quantitative FFQ (72
23 408). Food intake and organic food consumption ratios were compared using multivariable adjusted ANCOVA models. 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: adjusted OR (aOR)os 4. 01 organic food = 4-95; 95 % CI 370, 6-63
and aOR yrganic stores v. supermarkets = 1:82; 95 % CI 1-42, 2-33 for total avoiders. Our study highlights that individuals avoiding 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 behaviours of healthy people avoiding gluten.
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Initially, the gluten-free diet (GFD) is a medical response for peo-
ple with coeliac 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, includ-
ing 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®®1. The two
main motives reported for avoiding gluten among subjects
without CD are that gluten may trigger intestinal and/or extrain-
testinal symptoms and it is considered better for health. The first
group referred to non-coeliac gluten sensitivity population
also considered as population suffering from gluten-related dis-
orders"”. This disorder is characterised 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
GFD is beneficial and reduces their symptoms. For the second
group, media and celebrities, as well as high-level athletes, con-
tribute to the popularity of gluten avoidance by claiming its pos-
sible health benefits, including weight loss©7'®. 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®'V. However, so far, there is no scientific
consensus that gluten avoidance would be beneficial for the gen-
eral population®!?. In the meantime, the market of gluten-free
food has considerably grown: +28 % between 2004 and 20114%,
+34% between 2009 and 2014in the USA“Y and +10-4%
between 2014 and 2019 in Europe®?. In addition, gluten-free
product offer is particularly important in specialised organic
stores which generally offer a broader range of alternative prod-
ucts®?. One may ask whether gluten avoidance is associated

Abbreviations: CD, coeliac disease; CU, consumption unit; GFD, gluten-free diet; Org-FFQ, organic semi-quantitative FFQ.
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with other considered healthy food choices, in particular organic
food consumption. It is important to identify their behaviours to
be able to clearly determine their impact on health. In 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 sweet-
ened beverages. Christoph et al.*> also reported that individuals
considering organic products healthy were also four times more
likely to consider gluten-free food healthy, like those who favour
unprocessed products (six times more). However, in the present
study, organic and unprocessed products were evaluated
using a unique question concerning the importance for partici-
pants to eat organic (or unprocessed) food, with four modalities
of answers.

In addition, the role of organic food on health is not well doc-
umented 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 consump-
tion is accompanied by other healthy behaviours such as physi-
cal activity®®,
healthy, and some places of purchase are the same®”; thus,

However, organic foods are considered as

we hypothesise 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 sta-
tus. The design and methodology of the NutriNet-Santé study
have been previously described in detail elsewhere®®. At
inclusion in the cohort and yearly thereafter, participants com-
pleted 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 guide-
lines 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 com-
plete an optional questionnaire inquiring food exclusions and
their underlying motives. The questionnaire included three parts
relating to the exclusion of eighty-three 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 CD were excluded from the present
study. Participants were considered to have a CD if they
answered within the framework of the food exclusion question-
naire, ‘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.

Sociodemographic and lifestyle data. At baseline and yearly
thereafter, sociodemographic, anthropometric and lifestyle char-
acteristics 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®>3?). The
baseline questionnaires were pilot-tested and compared against
traditional assessment methods®®'-3? as well as clinical measure-
ment 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 14years represent
0-3 CU, following national statistics methodology and guidelines
of the French National Institute of Statistics and Economics
Studies®”. BMI (in kg/m? was calculated as the ratio of
weight:squared height and then classified following the WHO
guidelines.

Dietary data and organic food consumption. An optional
organic semi-quantitative FFQ (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 pho-
tographs came from a validated picture booklet®”. The fre-
quency 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 vali-
dated photographs. Then, consumptions were translated as daily

quantity.
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From the 264 food items, thirty-three 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 five-point ordinal scale ranging from
‘never’ to ‘always’. The modalities were weighted as follows:
0, 0-25, 0-50, 0-75 and 149, From the whole diet, we calculated
the average daily intake (in g/d). The contribution of organic
food consumption in the diet was then calculated by dividing
the total organic food intake (g/d) by the total food intake
(g/d), 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:energy requirement, estimated with the
Schofield equations according to sex, age and BMI®”. Energy
requirement, accounting for physical activity level, was com-
pared with energy intake. The ratio between energy intake
and energy requirement was calculated, and participants with
ratios below or above cut-offs 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(‘m). This
100-point score represents the average of two sub-scores: the
adequacy sub-score estimating the proportion of adequacy for
twenty-one 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 into five classes: hard discount, grocery
stores, shopping centres, markets and organic stores. Partici-
pants had to select a place of purchase for each food group
(across a maximum of thirty 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 num-
ber 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 (12 16 885). A total of 1002 persons had multiple pla-
ces with the same proportion of purchase. For these participants,
we considered shopping centres as the main place (the most
frequented place in the overall sample).

Statistical analysis

Sociodemographic, lifestyle characteristics and places of pur-
chase were described (using means, standard deviations or per-
centages) among total gluten avoiders, partial gluten avoiders
and gluten non-avoiders. P values referred to y? 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.
Micronutrient intakes were adjusted for energy intake using the
residual method“V. Consumption of thirty-three food groups,
macronutrients and micronutrients intake was reported as mean
values and 95% CI using an ANCOVA, adjusted for age and
sex, and for food groups for daily energy intake. Micronutrient
intakes were adjusted for energy intake using the residual
method“V. Contribution of organic foods to each food group
(ratios with their standard deviations) is also provided and was
adjusted for age, sex and total consumption of food group.

The proportion of total organic food consumption was cate-
gorised 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 GFD that
included all individuals avoiding gluten whether or not they fol-
lowed any other diets, (2) GFD only that included only partici-
pants 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 OR 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 (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 and high) and total daily energy
intake without alcohol.

Two multivariable polytomic logistic regression models were
also performed to assess the association between gluten avoid-
ance 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 fur-
ther 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 multi-
variable logistic regression models focusing on place of pur-
chase. 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 centres in principal analysis), we also per-
formed 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 statis-
tical significance, given the high number of statistical tests per-
formed and the large sample size. All statistical analyses were
performed using SAS software (version 9.4, SAS Institute Inc.).

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
(Fig. D including 499 total gluten avoiders, 2023 partial avoiders
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Fig. 1. Flow chart of the study. Org-FFQ, organic semi-quantitative FFQ.

and 20 946 non-avoiders. The percentage of participants avoid-
ing 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 smok-
ing 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 hav-
ing allergies. The percentage of individuals self-reporting aller-
gies increased along with the avoidance of gluten in the diet.
Gluten avoiders were also more likely to adhere to another spe-
cific diet, especially lactose-free diet, but also the vegetarian diets
or both.

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 pro-
tein intake but a higher proportion of vegetable protein relative
to total intake, a higher PUFA and MUFA intake as well as a lower
SFA intake. As regards, nutrient levels increased or decreased
along with the avoidance of gluten. Intake of total carbohydrates

,—%[ n 616 with coeliac disease ]

19999 did not complete the }

and complex carbohydrates was lower among individuals
avoiding gluten, while sugars and fibre 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 miner-
als, people avoiding gluten also exhibited a higher intake of Mg,
K, Cu and Fe. On the other hand, they showed a lower intake of
Ca, Na, P, Zn and haem-Fe. As for macronutrients, a gradient was
observed from total avoiders to non-avoiders or from non-
avoiders to total avoiders, as appropriate, except for Mg, Fe
and haem-Fe. Intake of Mg, Fe and haem-Fe was 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 < 0-0001).

Food intakes and level of organic food consumption

Individuals avoiding gluten (partial or total) showed a higher
consumption of foods mostly consumed as unprocessed (vege-
tables, fruits, legumes, fish, eggs, nuts and oils) and a lower con-
sumption of fatty and/or sweet processed foods (processed
meat, cookies, sweet, fast food, dressing and butter and sweet
beverages) compared with non-avoiders (Table 3). They also
exhibited a lower consumption of meat and dairy products
and higher consumption of their 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 individ-
uals avoiding gluten (1-5-2 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 prod-
ucts, bread and butter. Among gluten avoiders (total or partial),
food groups 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 with non-avoidance,
gluten avoidance was positively associated with a higher
consumption of organic foods (adjusted ORgs , o1 =481
(95% CI 4-09, 5-67) for partial gluten avoidance and adjusted
ORos 4. 01 =495 (95 % CI 3-70, 6-63) for total gluten avoidance).
Combining gluten avoidance and lactose-free diets was also
strongly associated with the consumption of organic products
(adjusted ORgs 4. o1 =9-22 (95 % CI 6-24, 13-64)).

Place of purchase of individuals avoiding gluten

Gluten avoiders purchased more often organic foods in special-
ised organic stores compared with non-avoiders (48 % of total
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Table 1. Sociodemographic and lifestyle characteristics according to gluten avoidance

(Percentages; mean values and standard deviations)

Non-avoiders Partial avoiders Total avoiders Total sample
(n 20 946) (%) (n2023) (%) (n 499) (%) P* (n 23 468) (%)
Sex
Men 2785 1943 18-64 <0-0001 26-93
Women 7215 80-57 81.36 73-07
Age (years)
18-39 13-46 890 9-02 <0-0001 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 0-1076 2.71
School secondary 31.97 33.86 3347 32:16
High education level 65-37 63-27 62-53 65-13
Employment status
Farmer 027 0-30 0-60 0-0007 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 1117 13.63 9.29
Student 074 0-30 1.20 072
Retired 42.28 40-78 41.08 4213
Income per household unit
<1200 € 8:03 885 1363 <0-0001 822
1200-2300 € 3441 36-97 37.27 34-69
>2300 € 44.91 389 33.07 4414
Refuse to declare 12.65 15.27 16-03 12.95
Smoking status
Never smoker 49-80 49-68 47.70 0-507 49.74
Former smoker 41.15 42.26 42-69 41.28
Occasional smoker 287 2.57 2:20 283
Regular smoker 6-18 5-49 741 6-14
Alcohol consumption
Non-consumers 4.48 6-23 12.02 <0-0001 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 0-0011 21.84
Medium 3921 37.62 35.07 38-99
High 38.73 42.81 43.09 3917
BMI (kg/m?)
Normal, <25 6458 69-11 72.55 <0-0001 65-14
Overweight, 25-30 25-51 20-71 1944 24.97
Obese, >30 991 1018 802 9-89
Declared other diets
Vegetarians 5.72 12.85 12.63 <0-0001 6-48
Lactose-free 4.40 17-00 23.45 589
Vegetarians + lactose-free 0-46 326 541 0-81
No dieting 8943 66-88 58.52 86-82
Declared food allergy
Yes 761 12.46 16-03 <0-0001 821
No 92-39 87-54 83.97 91.79
Average number of allergies if food allergy (= yes)
Mean 1-40 1-86 1.94 <0-0001 1.48
SD 0-83 1.27 1.33 0-94

* P values are based on the 4 test or the one-way ANOVA test as appropriate.

avoiders, 42 % of partial avoiders and 21 % of non-avoiders)
(Fig. 2). In non-avoiders, supermarkets were the main place of
purchase (53 %), followed by markets (23 %).

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 v. 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.
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Table 2. Nutritional intake profiles among total, partial and non-avoiders
(Mean values and 95 % confidence intervals)

Non-avoiders (n 20 946)

Partial avoiders (n 2023)

Total avoiders (n 499)

Energy/nutrients Mean 95% ClI Mean 95 % ClI Mean 95% ClI P*
Total energy intake including alcohol (kcal/d)t  2082.08 207299, 209116 2040-51 2013-61, 2067-42 2004-36 1951-04, 2057-68 0-0003
Total energy intake excluding alcohol (kcal/d)t 2005-51 1996-57,2014.45 196599 1939-52, 199247 1938.69 1886-22, 1991-15 0-0011
mPNNS-GS/{ 852 8:50-8-54 864 857, 8.71 855 841, 8.69 0-0041
PANDiett 66-1 66-00, 66-20 68-26 67-96, 68-57 69-78 69-17, 70-39 <0-0001
Fibre (g/d)§ 23.00 2288, 23-12 26-43 26-07, 26-78 2793 2722, 28-64 <0-0001
% of total energy intake excluding alcohol from:

Total carbohydrates 3985 3974, 39-96 39-18 38-85, 39-50 37-89 37-24, 38-53 <0-0001
Simple sugars 19.75 19.66, 19-85 19-99 19.72, 20-27 2114 20-59, 21-69 <0-0001
Complex carbohydrates 19-98 19-90, 20-07 19-05 18.79, 19-32 16-59 16-07, 17-11 <0-0001

Total lipids 40-79 40-68, 40-89 42.22 41.91, 42.53 44 43-38, 44-61 <0-0001
PUFA 6-51 6-48, 6-55 779 7-69, 7-90 861 8-40, 8-82 <0-0001
MUFA 15.95 15-89, 16-01 1719 17.01, 17-36 1866 18-31, 19-01 <0-0001
SFA 15.26 15.21, 15-32 141 13.94, 14.26 13-51 13-20, 13-83 <0-0001

Total proteins 18-99 18.93, 19-04 1825 18-09, 18-41 17.73 17-41, 1805 <0-0001

Plant proteins:total proteins ratio (%) 32-21 3200, 32-41 38-96 38-36, 39-57 42.00 40-80, 43-20 <0-0001

Micronutrients§

Vitamin Bg (mg/d) 2.08 2.077,2.084 226 224,228 242 2.38, 246 <0-0001

Vitamin By, (ug/d) 6-94 6-86, 7-01 7-01 678, 723 7-03 6-58, 7-48 0-7908

Vitamin C (mg/d) 149.23 148-04, 150-41 16317 159.66, 166-68 183-94 17698, 190-90  <0-0001

Vitamin D (pg/d) 314 311, 317 332 324, 3-40 3-46 3-30, 3-62 <0-0001

Vitamin E (mg/d) 1413 14.06, 14-21 16-39 16-17, 16-62 18.03 17.58, 1847 <0-0001

p-Carotene (ug/d) 4522.09 4478-51,4565-66 537722 5248-12,5506-33 6426-32 6170-48,6682:16 <0-0001

Retinol (pg/d) 59893  586-84, 611.02 604-49  568-68, 640-30 575.07  504-10, 646-04 0-7648

Folate (ug/d) 413-41 411-43, 415-39 4671 46125, 472-96 511.87  500-26, 523-47  <0-0001

Minerals§

Ca (mg/d) 114096 113620, 1145.73 1056-89 1042.77, 1071-01 1006-53 97855, 1034-51  <0-0001

K (mg/d) 3857-44 3845.18,3869-69 4004-87 3968-57,4041.17 4184.64 4112.70, 4256-58 <0-0001

Mg (mg/d) 49072 48868, 49276 52347  517-42, 529-52 52396  511.97,535:95  <0-0001

Na (mg/d) 2642.31 2634.-35, 2650-27 247870 2455.11,250229 226846 2221.71,2315.20 <0-0001

Cu (mg/d) 2.09 2.08, 2-11 238 2.34,2.42 246 2.38, 2.53 <0-0001

Fe (mg/d) 15-90 15.84, 15.95 17-00 16-84, 1717 17.02 16-69, 17-35 <0-0001

Haem-Fe (mg/d) 1.47 1.45,1.48 1-30 1.25,1-34 1.28 119,137 <0-0001

P (mg/d) 1517.84 1513.82,1521.85 1502-18 1490-28, 1514.08 1482.76 1459-18, 1506-34 0-0009

Zn (mg/d) 13-35 13-31, 13-39 12.99 12.87, 13-10 12.68 12-45, 12.90 <0-0001

mPNNS-GS, Modified French Programme National Nutrition Santé-Guideline Score; PANDiet, probability of adequate nutrient intake.

*P values are based on ANCOVA test adjusted for age and sex.
1 To convert kcal to kd, multiply by 4-184.

1 P values are based on ANCOVA test adjusted for total energy intake (without alcohol), age and sex.

§ Adjusted for total energy intake (without alcohol) using the residual method.

In contrast, the relationship between total gluten avoidance and
purchase in hard discount slightly increased. Sensitivity analyses,
replacing markets by shopping centres as the reference on 1002
exaequo data, showed similar results for the two models (online
Supplementary Table S1).

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 con-
suming more of organic food than partial avoiders. This contri-
bution 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: indi-
viduals without CD who avoid gluten are concerned by health

and adopt this behaviour considered healthier®*'V, In our

previous study, gluten avoiders reported as main motives are
physical well-being (26 and 39 % for total and partial avoiders)
and belief of a long-term health impact (22 and 28 %, respec-
tively) and the total avoiders also reported allergy and/or intol-
erance (20%)?Y. 1t 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 glu-

(2,9,12,13,15,16,25)

ten avoiders were more likely to be women' and to

report multiple food intolerances and allergie
(8,12,13,45)

SEBI21349 particy-
larly lactose intolerance

Sociodemographic characteristics and behaviours of
organic food consumers have been widely described in the
literature“*-%® We briefly reported them to identify concord-
ance and discordance with individuals avoiding gluten. Like
gluten avoiders, organic food consumers have been shown
to be more likely to be women®*4-50_We observed that glu-
ten avoiders in comparison with non-avoiders did not show
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Table 3. Comparisons of mean intakes of food groups (in g/d) and contribution of organic food according to gluten avoidance*
(Mean values and 95 % confidence intervals)

Non-avoiders (n 20 946) Partial avoiders (n 2023) Total avoiders (n 499)
Total intaket Organic:total ratiot Total intaket Organic:total ratiot Total intaket Organic:total ratiot

Food groups Mean 95 % ClI Mean 95 % ClI Mean 95% Cl Mean 95 % ClI Mean 95 % ClI Mean 95% ClI
Vegetables 25449 251.82,257-16 30-86 30-40,31-33 315-84 307-96,323-72 4385 4246,4523 38134 365-72, 396-95 46-82 44.08, 49-57
Soups 80-19 78.75, 81-64 3144 3091, 31-96 83.66 79-40, 87-92 45.30 43.73, 46-86 76-11 67-66, 84-57 47-69 44.59, 50-79

Fruit 26154 258.08,264-99 29-39 28.94,29-83 304-87 294.67,315-:07 4434 43.02,4566 35282 332:61, 373-03 48.73 46-11, 51-35

Fruit juice 86-97 85-29, 88-64 26-50 26-01, 26-98 76-36 71-41,81.31 3959 3815, 41.04 81.99 72-19, 91-80 37-68 34.82, 40-54

Nuts 3-03 291,314 24.01  23:51, 24.50 5.52 5.18, 5-86 40-60  39-13, 42-08 7-29 6-62, 7-97 44.21 41.29, 4713
Meat 65-46 64-71, 66-22 1835 17.96, 18-74 54.89 52.66, 57-12 2560 24-44,26-76 56-91 52-49, 61-33 26-81 24-51, 29-11
Poultry 21.87 21-53, 22-21 28-14  27-66, 28-62 21.78 20-78, 22-79 36-82  35-39, 38-24 21-26 19-26, 23-25 36-69 33-87, 39-51
Seafood 46-13 45.49, 46-76 14.87 14.52,15.22 50-04 48-17,51.92 20-85 19-82,21-89 52-41 48-69, 56-13 20-98 18-93, 23-04
Processed meat 31-68 31-30, 32-07 1552  15-16, 15-89 27-62 26-49, 28-74 23-63 22-56, 24-69 25-88 23-66, 28-11 25-53 23-42, 27-64
Legumes 1548 15-06, 15-90 2548  24.97, 26-00 21.99 2075, 23-22 42.45  40-91, 43-.99 2191 19-46, 24-36 46-38 43-34, 49-42
Potatoes and other tubers 23-61 23-30, 23-92 27-63 27-11,28-16 22.95 22.03, 23-88 41.25  39-71,42-80 23-66 21-83, 25-49 44.93 41.87, 47-98
Eggs 1078 10-61, 10-95 4826  47-67, 48-85 1236 11.85, 12.87 60-92 59-18, 62-66 14.58 13-56, 15-59 61-8 58-35, 65-25

Milk 61-54 59.55, 63-53 1116 10-76, 11-56 33-49 27-62, 39-36 1239  11.20, 13-57 31-48 19-85, 43-12 6-20 3-86, 8-55 o
Cheese 43-52 42.91, 44-14 1749 17-11,17.88 38.37 36-56, 40-17 30-03 28-89, 31-18 35-13 31.55, 38-72 30-21 27.94,3248 =
Dairy products 154.24  148-02, 15246 2456 24.05,25-06 110-32 10376, 116-87 3624 34.75, 37-74 81-36 68-37, 94-35 30-10 27-14, 33-05 §
Milky desserts 12.32 11.96, 1269 10-21 9-86, 10-56 8-89 7-81,9-97 1486 13-84, 15-89 7-79 5-65, 9-93 10-51 847,12.54
Dairy substitutes§ 18-99 17-71, 20-27 13-80 13-37,14-24 59-51 55.73, 63-29 27-56  26-27, 28-85 75-07 67-58, 82-55 30-62 28.07,3316 §
Bread 56-50 55-69, 57-31 1364 13-28, 13-99 39-12 36-73, 41-51 21.36  20-31, 22:41 31-61 26-87, 36-34 1882 16-74, 20-90 ;g-
Cereals|| 82-49 81-55, 83-42 25-09 24-60, 25-58 8117 78-42, 83-93 47-30  45-85, 48-74 76-84 71-38, 82-:30 532 50-33,56:06 2
Whole starchy food| 56-53 55.50, 57-57 29.27  28.77,29-77 64-99 61.93, 68-05 4640  44.92, 47-88 50-20 4413, 56-27 49.53 46-60, 5246 ©
Cookies™* 1015 9-92, 10-37 1261 12.25,12.97 9.03 8-36, 9-69 22.03 20-96, 23-10 7-07 5.75, 8-38 2115 19-03,2326 5
Sweetstt 50-89 50-37, 51-42 24.70  24-30, 25-11 48-39 46-84, 49-94 3869  37-49, 39-89 44-69 41.62, 47-76 46-36 43.97, 48.74 g'
Fast foods 3465 34-12, 35-17 1570 15-32, 16-08 31.96 30-41, 33-50 26-08 24-96, 27-20 25-53 22-46, 28-60 26-46 24.25,28-67 43
Snackstt 883 8-64, 9-01 16-36  15.95, 16-76 12.75 1219, 13-30 3069 29-49, 31-90 15-98 14.88, 17-09 35-81 3342,3819 3
Meat substitutes 351 332, 3.78 20-35 1980, 20-91 912 831, 9-92 3742  35.77,39-07 10-79 919, 12.39 37-14 33.87,40441 ©
Grains§§ 2:59 246, 2.72 2563 25.06, 26-19 5.54 515, 5-.94 3971  38.05, 41-37 7-61 6-83, 8-40 41.29 37-99, 44.58 g“
Oils 17-85 17-64, 18-06 3535 3479, 3590 21-81 21.18, 22:44 56-05 54-41,57-69 24.28 23-03, 25-52 58-69 55.45,61.93 &
Butter 679 6-69, 6-89 24.45  23.92, 24.97 5.70 5-40, 6-00 3948 37.92, 41.04 5-05 4.46, 5-63 3347 30-37, 36-56
Other fats|||| 301 2.94, 3.07 22.32  21.82,22-82 3.04 285, 3-24 39-32  37-84, 40-79 2.92 253, 3-30 43-57 40-65, 46-49
Dressing 720 7-08, 7-31 20-00 19:54, 20-45 6-19 5.85, 6-54 34.82 3348, 36-16 5-51 4.82, 6-20 36:70 34-05, 39-36
Non-alcoholic drinks|| 77167 764-45,77890 23-36 22.90,23-83 815.06 793-73,836:39 42.05 40-68,4343 81114 768-88, 853-41 46-69 43.96, 49-41
Soda 4211 40-59, 43-62 8-20 7-91, 8:50 34.08 29-60, 38-55 1171 10-83, 12.58 34-39 25.53, 43-26 11.04 931, 12.77
Alcohol beverages 128.92  126-79,131-04 1474 14.40,15.07 126-00 119.74,132:25 2349 22.50,2448 107-60 95-20, 119-99 25-00 23-04, 26-97

* All P values <0-0001.

1 P values are based on ANCOVA test adjusted for total energy intake, age and sex.

1 P values are based on ANCOVA test adjusted for age, sex and consumption of food group.
§ Including soya yogurt, plant-based cheese, vegan fresh cheese and soya milk.

|| Including pasta, white rice, muesli, semolina and cereals.

9l Including whole bread, whole-grain rice and whole-grain pasta.

** Including pastries, brioche and biscuits.

11 Including jam, honey, sugar, sweeteners, confectionery, chocolate and chocolate spread bars, cakes, brownies, pancakes and ice cream.
11 Including chips, popcorn, salted aperitif cakes, peanuts, almonds and pistachio nuts.

§§ Including sprouted seeds, bran and wheat germs.

|l Including mayonnaise, fresh cream and fresh plant cream.

111 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*
(Adjusted odds ratios (aOR) and 95 % confidence intervals)

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

Overall gluten avoidance (with or without any other diet (Ref. = no dieting)

Partial dieting 1 122 1.01,148 00432 1.52 1.26,1.82 <0-0001 247 2.08,2.93 <0-0001 481 4.09,567 <0-0001

Total dieting 1 089 061,130 05385 098 068,141 09045 166 119,231 0-0029 495 3.70,6-63 <0-0001
Giluten avoidance only (Ref. = no diet)

Partial dieting 1 114 092,142 02164 1.27 1.03,1.57 00238 219 1.81,2:66 <0-0001 399 3:32, 481 <0-0001

Total dieting 1 069 045,1.06 00926 075 049,115 0-1881 1.23 0-83, 1-80 0-3036 340 243,477 <0-0001
Giluten-free and lactose-free diet (Ref. = no diet)

Dieting 1 168 1.07,265 00257 253 165,389 <0.0001 412 274,620 <0-0001 922 6-24,13.64 <0-0001

Ref., reference.
* Model adjusted for age, sex, education level, occupational category, income, physical activity, smoking status, alcohol and total energy intake without alcohol.

Table 5. Multinomial logistic regression analysis showing the association between place of purchase and gluten avoidance
(Odds ratios and 95 % confidence intervals)

Non-avoiders (n 14 878) Partial avoiders (n 1608) Total avoiders (n 399)

Ref. OR 95 % ClI P OR 95 % ClI P

Model 1*

Supermarkets 1 Ref. Ref. Ref. Ref.

Hard discount 1 0-75 0-43, 1-29 0-30 213 1.07, 4.25 0-03

Grocery stores 1 141 0-83, 2-39 0-20 1.23 0-39, 3-93 0-72

Markets 1 0-90 0-77, 1.05 0-16 0-88 0-64, 1-21 042

Organic stores 1 2-64 2-35, 2.97 <0-0001 3-47 278, 4-34 <0-0001
Model 21

Supermarkets 1 Ref. Ref. Ref. Ref.

Hard discount 1 0-82 048, 1-43 0-49 2.53 1.26, 5-07 0-01

Grocery stores 1 1-23 0-72, 2-09 0-45 1-00 0-31, 3-20 0-99

Markets 1 0-87 075, 1.02 0-08 0-85 0-62, 1-17 0-32

Organic stores 1 1.71 1.51,1.95 <0-0001 1.82 1.42,2.33 <0-0001

Ref., reference.
*Model 1 adjusted for age, sex, education level, occupational category, income, physical activity and smoking status.
1 Model 2 adjusted for age, sex, education level, occupational category, income, physical activity, smoking status and consumption of organic food.

Total avoiders _ w

80 % 100 %

0% 20% 40 % 60 %

Fig. 2. Frequency of places of purchase of organic food according to gluten avoidance. [ll, Supermarkets;  , hard discount;

stores.

, grocery stores; N\, markets; [], organic

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®®5”  higher education level3%525% or
lower®>>9 Unlike our results about gluten avoiders, several

studies showed that organic food consumers had higher
and overall higher (50,57,58),
Nevertheless, we observed differences between total and
partial avoiders: partial gluten avoiders were more often
managerial staff than total avoiders and their income was

. 4 .
income®6:40 social  status

not low.
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Outside sociodemographic characteristics, individuals avoid-
ing gluten and organic food consumers exhibit many common
lifestyle and food behaviours. Many studies reported this healthy
lifestyle among organic food consumers“®350525%.60) In the present
study, we observed that individuals avoiding gluten had similar
behaviours: they were more likely to be physically active, to con-
sume less alcohol and to be less likely to present obesity.

Dietary behaviours of individuals avoiding gluten —
comparison with organic food consumers

Regarding food consumption and nutrient intake, individuals
avoiding gluten showed a comparable diet to organic food con-
sumers. 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, dairy products and
sweet beverages than non-avoiders8505859.6162) e also
observed that participants who avoid gluten were characterised
by a high intake of plant-based food. This feature was also
observed among organic food consumers®. Individuals avoid-
ing gluten presented similar nutrient profiles than those
observed in organic food consumers®®1-09: they had a lower
total energy intake, a higher proportion of energy from PUFA
and intake of fibre, and a smaller proportion of energy from satu-
rated 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 the present study, as previously reported among organic food
consumers®>°%3%63 we also observed 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 con-
sumption 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
behaviours: they had a higher consumption of vegetables and
fruits and a lower consumption of sugar-sweetened beverages
as well as a higher intake of fibre and lower intake of saturated
fat. Finally, they reported that individuals who value gluten-free
products not only value 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, con-
sume less alcohol, have a higher consumption of fruit and veg-
etables and a lower consumption of meat. It seems that people
without CD avoiding gluten may be a specific group of organic
food consumers. They are characterised by additional behav-
iours 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 thatin 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. First, the
participants enrolled in our study were volunteers in a nutrition
cohort and were probably more interested in nutritional issues
and had healthier lifestyle issues than the general population.
They exhibited particular characteristics when compared with
the general French population®%, As the food exclusion and
org-FFQ questionnaires were optional, participants excluding
food and high organic food consumers were certainly more will-
ing to fill in these questionnaires. However, the proportion of
non-consumers of organic food was similar to the national fig-
ures . Second, all data in this study were self-reported, which
may be prone to measurement errors and desirability bias®?”.
Third, 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 avoid-
ance led to a higher consumption of organic products, or if par-
ticipants 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 behaviours. 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 usual diet over the pre-
vious 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 characterisation of individuals without reported CD avoiding
gluten. These findings underline a strong positive correlation
between gluten avoidance and organic food consumption. It
appears that gluten avoidance for non-coeliac individuals is a
subset of organic food consumers who are often related to other
specific dietary practices (vegetarians) and to adoption of
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healthy behaviours. 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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