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Abstract
Adherence to a gluten-free diet (GFD) is the only available treatment for gluten-related disorders, although a GFD may also be followed for
discretionary reasons. The main objectives of the present study were to (1) describe and test for differences in key nutrient intakes among
Canadians who follow a GFD compared with Canadians with no dietary exclusions and (2) describe additional dietary avoidances adhered
to by Canadians who avoid gluten. We conducted a secondary analysis of the cross-sectional 2015 Canadian Community Health Survey-
Nutrition Survey, which included a general health survey and 24-h dietary recall (n 20 487). Participants were categorised as those who avoid
dietary gluten and those who reported no avoidances. Key nutrient intakes were assessed, as a percentage of Dietary Recommended Intakes,
including fibre, B vitamins, vitaminD, Ca, Fe, Na and Zn, and compared between the two groups using t tests. Canadianswho avoided gluten had
significantly lower intakes of folate, vitamin B12, vitamin D, Fe, Na and Ca compared with those who did not avoid any food groups. However,
Canadianswho reported following aGFDwere significantlymore likely to use vitamin ormineral supplements in the past 30 d.More than 20%of
those who avoided gluten also avoided dairy products. Findings suggest that following a GFD places Canadians at risk for nutrient inadequacies,
particularly folate, Ca and vitamin D. Further research is required to further examine how multiple dietary avoidances among those who avoid
gluten may contribute to dietary inadequacies.

Keywords: Gluten-free diet: Diet quality: Nutrient intake: Secondary analysis: Dietary avoidances: Canadian Community Health
Survey: Cross-sectional studies

Over the past few years, the gluten-free diet (GFD) has increased
in popularity at a rate greater thanmay be expected based on the
prevalence of gluten-related disorders such as coeliac disease
(CD), wheat allergy and non-coeliac gluten sensitivity(1–3).
Individuals with irritable bowel syndromemay also avoid gluten,
though this may be due to co-occurrence of non-coeliac gluten
sensitivity(4). It has been suggested that the rise in adherence to
GFDhas been driven primarily by thosewho do not have gluten-
related disorders. The GFD has been widely promoted in popu-
lar culture, rising in popularity in part, due to mass media and
non-scientific reports of health and weight-loss claims(5,6), which
are not supported by scientific evidence(7).

We have previously reported that 1·9 % of Canadians self-
report following a GFD(8), defined as the complete elimination

of foods like wheat, barley, rye and triticale(9). While there are
no known direct adverse health effects of avoiding gluten unnec-
essarily or without recommendation, there may be social and
nutritional implications. Access to gluten-free (GF) products
may be limited, particularly in non-urban centres(10), despite
the documented improvement in the variety of GF products
available to Canadian consumers(11). The economic burden of
a GFD has been well-documented in the literature(10,12–15), with
commercially available GF products being significantly more
expensive than comparable products(16); this may act as a barrier
to dietary compliance, potentially contributing to clinical and
nutritional consequences.

Awareness of possible differences in nutrient intakes is impor-
tant when comparing dietary patterns and their associations with
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health and disease. Traditionally, nutrition therapy for those
avoiding gluten has mostly focused on food items to be excluded
from the diet(17). However, research suggests concern about the
nutritional profile ofGFproducts, as fewGFproducts are enriched
with the vitamins and minerals that gluten-containing grains are,
so they are usually lower in fibre and B vitamins(10,17–20).
Subsequently, individuals following a GFD may be susceptible
to nutritional inadequacies. Nutrient composition analysis of
packaged food products labelled ‘gluten-free’ compared with
comparable gluten-containing products found that the fibre, Fe
and folate content of GF pasta was significantly lower than regular
pasta(21). Therefore, following aGFDmay lead topossible nutrient
deficiencies due to low intakes.

Evidence also suggests that patients observing a GFD may
also be at risk for lowered intakes of Ca and vitamin D, though
for some this may be due to secondary lactose intolerance com-
monly attributed to the loss of lactase in individuals newly diag-
nosed with CD(22,23). In this way, multiple dietary avoidances
among those adhering to a GFD diet may further compromise
nutritional status, which may be compounded by impairments
to nutrient absorption(24). Therefore, it is important to examine
the occurrence of multiple dietary avoidances among those fol-
lowing a GFD and their nutritional implications. The objectives
of the present study were to (1) describe and test for differences
in key nutrient intakes, overall diet quality, supplement use and
BMI among Canadians who avoid dietary gluten compared to
Canadians with no dietary exclusions and (2) describe additional
dietary avoidances, such as meat, poultry, fish, shellfish, eggs or
dairy products, adhered to by Canadians who avoid gluten.

Materials and methods

Design

The present study utilised a cross-sectional design using data from
the 2015 Canadian Community Health Survey (CCHS) Nutrition
Survey. The 2015 CCHS used amultistage stratified cluster sample
that was nationally representative for age, sex, geography and
socio-economic status (n 20 487; response rate 61·6%)(25). The
main objectives of the 2015 CCHSwere to gather reliable, detailed
and timely information on the dietary intake and nutritional
well-being of Canadians and to inform future policies and health
guidelines. The CCHS consisted of both a general health survey
and 24-h dietary recall. The recall was used to estimate the distri-
bution of usual dietary intake in terms of foods, food groups,
nutrients and eating patterns among a representative sample of
Canadians. For our analysis, we excluded participants who were
pregnant (n 119) and breast-feeding (n 188), as well as partici-
pants <2 years old.

Ethics approval

The present study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and our secondary analysis
was approved by the Social Sciences and Humanities Research
Council of Canada (file: CISS-RDC-993902). Informed consent
was obtained fromall subjects/patients. All analysis for the present
studywas conducted at the Manitoba Research Data Centre and is

consistentwith Research Ethics Board requirements. All study out-
put and results were reviewed and vetted by Statistics Canada to
ensure disclosure avoidance prior to release.

Measures

The 24-h recall was administered by trained interviewers, asking
respondents about the various foods and beverages consumed in
the past 24 h, including types and amounts of foods consumed, eat-
ing occasion and time of consumption(25). For participants under
6 years of age, the questionnairewas answered by a parent or guard-
ian. For respondents aged 6–11 years old, the survey and 24-h recall
were completed by the child, with assistance by a proxy(26). Dietary
gluten avoidance was defined using self-reported responses to the
question ‘Doyou completely exclude anyof the following foods from
your diet? By completely exclude, we mean you never eat it on its
own or as part of a prepared dish’. Responses included meat (beef,
pork, lamb, etc.), poultry (chicken, turkey, duck, etc.), fish and shell-
fish, eggs, dairy products (milk, cheese, etc.) and gluten sources
(wheat, barley, triticale, etc.). Adherence to a GFD was defined as
an affirmative response to avoidance of gluten sources(26).
Participants who did not respond affirmatively to any avoidance
were categorised as having ‘no dietary avoidances’.

The Health Eating Index (HEI) is a tool that provides an indi-
cation of how well an individual’s diet aligns with recommenda-
tions for healthy eating andwas estimated using a version adapted
to Canada’s FoodGuide toHealthy Eating (2007)(27). Notably, HEI
is based on age group- and sex-specific dietary recommendations
and includes a number of component scores for food groups and
key nutrients, providing an HEI score out of 100. BMI is based on
measured height andweight, calculated as weight (kg) divided by
height (m2), and is reported here for adults (≥18 years old) only.

The Nutritional Supplement module as well as the Nutritional
SupplementDetailsmodule included questions such as: ‘In the past
month, that is, from one month ago to yesterday, did you take any
vitamins, minerals, fibre supplements, antacids, fish oils or other
oils?’(25) Possible answers to the question were yes, no, refusal to
answer and do not know. Respondents were also asked to identify
the supplements being used. If more than one supplement during
the past month was used, the respondent was asked to locate the
supplement container fromwhich theNatural ProductNumberwas
recorded, if available. If unavailable, the brand name was
recorded(25). These questions were used to classify respondents
into those who use supplements and those who did not(25).

Canadians following a GFD and those reporting no dietary
avoidances were described according to sex, age group, prov-
ince or region, household education, income adequacy and
race/ethnicity. Sex was dichotomised as male and female. Age
groups were categorised as 2–17 years old and ≥18 years old.
Region was grouped as British Columbia, the Prairies (Alberta,
Saskatchewan and Manitoba), Ontario, Quebec and the
Maritimes (New Brunswick, Newfoundland, Nova Scotia and
Prince Edward Island), as we have done previously(8). Highest
level of household education was categorised as less than sec-
ondary school graduation, some post-secondary and post-sec-
ondary graduation or diploma/equivalent. Household income
adequacy, as defined by Statistics Canada using total household
income and number of individuals in the household, was
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classified into four categories: lowest to lower-middle income
group, middle to upper-middle income group and highest
income group. Missing data for income were imputed by
Statistics Canada. Race/ethnicity was self-reported and dicho-
tomised as white, and Indigenous or racialised, based on the cat-
egorisations collected in the survey(26).

Statistical analyses

First, we estimated proportions, with standard error, for each
socio-demographic variable, according to dietary gluten avoid-
ance and no dietary avoidances. We used a χ2 test to test for
differences between the two groups for each of the demographic
variables, as well as self-reported use of nutrient supplements in
the past 30 d. Second, we estimated the proportion and 95 % CI
of the whole sample who avoided each of the exclusion groups
(i.e. meat, poultry, fish and shellfish, etc.). We did the same for
the sample who reported dietary gluten avoidance. Participants
who reported at least one avoidance were further grouped as
reporting < three or three or more total dietary avoidances
and compared between those reporting dietary gluten avoid-
ance and those not reporting dietary gluten avoidance.

Third, the 24-h dietary recall data were coded according to the
2015 Canadian Nutrient File(28), which includes GF foods, and
were used to estimate daily average nutrient intakes. We esti-
mated intakes of the following nutrients for both the sample avoid-
ing gluten and those reporting no avoidances: energy (kJ/d),
carbohydrate (g/d and percentage energy), saturated fat (percent-
age energy), folate (μg/d), vitamin B12 (μg/d), vitamin B6 (μg/d),
thiamin (mg/d), riboflavin (mg/d), vitamin D (μg/d), Ca (mg/d),
Fe (μg/d), fibre (g/d), Na (mg/d) and Zn (mg/d). These results
were then calculated as a percentage of the Dietary Reference
Intakes (DRI) for each respective nutrient to assess intake levels
based on the recommended reference values for healthy popula-
tions(29). The DRI, which include RDA, Adequate Intake, and
Tolerable Upper Intake Level, are recommended nutrient intakes
based on age and sex. In this way, nutrient intakes were standar-
dised according to age and sex. For fibre, this corresponds to an
Adequate Intake; for Ca, vitamin D, folate, vitamin B12, Fe and Zn,
this corresponds to the RDA and for Na, the Tolerable Upper
Intake Level. We also reported nutrient intakes in amounts per
4184 kJ (1000 kcal), given significant differences detected in
energy intake between the two groups. The normality of the dis-
tributions of nutrient intakes was examined through histograms,
means, medians, standard errors, interquartile range and kurtosis.
From these results, we were confident that distributions approxi-
mated normal distributions. As such, we used t tests to test for
differences in percentage DRI for each respective nutrient accord-
ing to dietary gluten avoidance. We also used t tests to test for
differences in mean HEI and BMI (for adults only).

All analyses were performed using PASW SPSS Statistics, IBM,
version 14 and STATA Statistical Analysis Software, RTI
International, version 15. All analyses applied the survey sampling
weights to account for the complex sampling design of the CCHS
using the bootstrap method with 500 sets of replication weights
supplied by Statistics Canada. Missing data were minimal, aside
from income, as previously described, and as such anymissing data
were ignored.

Results

As we have previously reported, 488 participants, or an esti-
mated 1·9 % of the Canadian population, report dietary gluten
avoidance(8). A higher proportion of Canadians who avoided
dietary gluten were women, at 64·2 %, as compared with
Canadians who reported no dietary avoidances, of which
48·9 % were women, respectively. Other than age group, no
other demographic or socio-economic variables were signifi-
cantly different between Canadians avoiding dietary gluten
and those reporting no dietary avoidances. BMI did not differ sig-
nificantly between adult Canadians avoiding gluten and those
without avoidances (Table 1).

Overall, 14·4 % of Canadians self-reported at least one dietary
avoidance. Over 1/5 of Canadians who reported avoiding gluten
also reported dairy products avoidance. Canadians who avoid
dietary gluten reported other food avoidances at a proportion
higher than the general Canadian population. Approximately
17 % of Canadians who avoided gluten also reported excluding
fish and shellfish from their diet, with similar numbers for egg
avoidance (Table 2). Among Canadians who report at least
one dietary avoidance of any kind (estimated at 14·4 % of the
population), 10·0 % report two ormore other dietary avoidances,
or at least three total avoidances. In comparison, 11·1 % of
Canadians who avoid gluten report two or more additional food
avoidances, other than gluten.

Compared with Canadians who reported no dietary avoid-
ances, those who avoided gluten had significantly lower intakes
of energy content (kJ/d) and carbohydrate (g/d), although
carbohydrate intake did not differ between the two groups when
expressed relative to total energy intake. When nutrient intakes
were expressed as a percentage of their respective DRI,
Canadians who avoided gluten had significantly lower intakes
of folate, vitamin B12, vitamin D, Fe, Na and Ca compared with
those who did not avoid any food groups. Expressed as an
amount per 4184 kJ (1000 kcal), only vitamin D intake was sig-
nificantly lower among those avoiding dietary gluten and only
fibre intake per 4184 kJ (1000 kcal) was significantly higher.
No significant difference was found between the HEI score of
both groups (Table 3). Post hoc analysis was conducted to
describe and test for differences in the same nutrient intakes
among Canadians avoiding dietary gluten and dairy products,
and those avoiding gluten but not dairy products (Table 4).
Vitamin D and Ca intakes were not significantly different
between the two groups, either as a percentage DRI or per
4184 kJ (1000 kcal).

Canadians who reported following a GFD were significantly
more likely to use vitamin or mineral supplements in the past
30 d (Table 1), with nearly 60 % of those who avoid gluten
reporting supplement use. Among those who reported any sup-
plement use, 83·9 % of dietary gluten avoiders reported taking a
supplement containing vitamin D in the last 30 d, compared with
74·0 % of those who report no avoidances (data not shown in
table). Furthermore, 63·7 % of those avoiding dietary gluten
reported taking a supplement containing vitamin B12 in the last
30 d, compared with 55·4 % of non-avoiders. Post hoc analysis
was conducted to describe and test for difference in nutrient
intake among Canadians avoiding gluten and reporting
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supplement use compared with gluten avoiders who do not
report supplement use (Table 5). Notably, supplements were
not considered in the estimation of nutrient intakes. HEI, or diet
quality, was significantly higher among those avoiding gluten
and reporting supplement use compared with those not report-
ing supplement use.

Discussion

Dietary patterns and nutritional intakes, as measured in the
present study, differed significantly between respondents adher-
ing to a GFD compared with those who reported no dietary
avoidances. Most notably, folate, Ca and vitamin D intakes were
significantly lower among those following a GFD and were the

only nutrients whose mean fell below their respective DRI for
those adhering to a GFD. As clinical data were not collected
as part of the present study, we are unable to comment on the
clinical relevance of these significantly lower intakes; further
research would be required.

We also report many co-existing dietary avoidances, which
occurred more frequently among those reporting a GFD com-
pared with the overall Canadian population. However, individ-
uals who avoid gluten are not any more likely to avoid multiple
other foods (i.e. three or more co-occurring avoidances) as com-
pared with Canadians who report any other dietary avoidance,
for example, people who avoid fish or eggs. As expected, the
most reported intersection occurred between gluten and dairy
products, consistent with previous findings. For example, in
newly diagnosed CD patients, secondary lactose intolerance is

Table 1. Demographic characteristics of Canadians who avoid dietary gluten and those with no reported dietary avoidances based on results from the
Canadian Community Health Survey, 2015
(Percentages and standard errors; mean values with their standard errors)

Characteristic (n, total survey)

Gluten avoidance
(n 488) No avoidance (n 16 778)

P*% SE % SE

Sex
Male (9744) 35·8 4·7 51·1 0·3 0·000
Female (10 733) 64·2 4·7 48·9 0·3

Age
2–17 years old (5839) 9·1 1·7 18·0 0·2 0·000
≥18 years old (14 267) 90·9 1·7 82·0 0·2

Province/region
Atlantic provinces (5308) 9·9 1·7 6·5 0·01 0·167
Quebec (3204) 18·2 3·1 23·6 0·3
Ontario (4228) 31·1 5·0 38·8 0·3
Prairies (5146) 21·5 2·9 18·0 0·2
British Columbia (2591) 19·3 4·3 13·1 0·2

Household education
<Secondary school (1780) 5·5 1·6 6·4 3·4 0·249
Post-secondary school (3754) 13·5 2·4 16·7 0·6
Post-secondary degree or diploma (14 903) 81·0 2·9 77·0 0·7

Race/ethnicity
White (16 127) 82·2 5·2 76·7 1·0 0·301
Indigenous or racialised (3369) 17·8 5·2 23·3 1·0

Household income adequacy
Low to low middle (1318) 5·2 1·7 5·7 0·4 0·052
Upper to upper middle (8496) 28·8 3·7 37·2 0·8
Highest (10 663) 66·1 4·0 57·1 0·9

Took a supplement within the past 30 d 59·9 5·0 44·3 0·8 0·011
BMI† (kg/m2)‡ 27·1 0·9 27·4 0·1 0·733§

* Results from χ2 test, unless otherwise noted.
† Based on measured height and weight.
‡ Respondents ≥18 years old.
§ Results based on t test.

Table 2. Self-reported dietary avoidances in the Canadian population and among those who report dietary gluten avoidance
(Percentages and 95 % confidence intervals)

Dietary avoidance type Overall prevalence 95% CI Prevalence among those who avoid dietary gluten 95% CI

Meat (beef, pork, lamb, etc.) 5·0 4·4, 5·6 13·2 4·6, 21·8
Poultry (chicken, turkey, duck, etc.) 2·6 2·2, 3·0 11·6 2·8, 20·4
Fish and shellfish 7·8 7·0, 8·6 17·2 9·0, 25·4
Eggs 2·0 1·6, 2·4 16·8 7·6, 26·0
Dairy products (milk, cheese, etc.) 2·1 1·7, 2·4 22·7 13·7, 31·7
Any dietary avoidance 14·4 13·4, 15·4 –
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common due to the loss of the enzyme lactase, caused by the
damage to intestinal mucosa inflicted by gluten ingestion(22,23).
However this may be temporary, as following a strict GFD, the
gut is able to heal, making lactose intolerance temporary in
many individuals(30). An observational study of patients with
non-coeliac gluten sensitivity also found that milk was more
often avoided by this group, compared with the control(31),
though reasons were not reported. Notably, gluten avoidance
is also a component of many elimination-based diets, including
the popular FODMAP diet (which assists in managing irritable
bowel syndrome symptoms), the Six Food Elimination Diet
(used to manage eosinophilic gastrointestinal disorders)(32,33)

and elimination of the top allergenic foods (wheat, cows’ milk,
soya, egg, tree nuts/peanuts and fish/shellfish). These diets
may partially account for the number of Canadians who follow
a GFD with additional dairy products, egg or fish/shellfish
avoidance. Finally, psychological factors also influence individ-
ual food choices and avoidances, including food neophobia,
which is common among those with alternative diets. Food
neophobia, or the fear of new foods, has been found to be rel-
evant for gluten avoiders, and specifically CD was a determi-
nant contributing to higher food neophobia levels in those
who follow GFD(34,35).

Concerns over the nutritional implications associated with
following a GFD have been established(19,21,36–38). Our results
confirm that Canadians following a GFD may be at risk for inad-
equate intakes of Ca and vitamin D, two nutrients integral to
bone health and development. Several surveys have previously
reported lower intakes of Ca and vitamin D among patients with
CD(17,39), increasing the risk of metabolic bone disease, osteopo-
rosis and bone fractures(40–42). While individuals avoiding gluten
are more likely to also avoid dairy products compared with the
general Canadian population, our results do not indicate signifi-
cantly different Ca or vitamin D intake according to whether or
not people also avoid dairy products. This suggests that lower
intakes of vitamin D and Ca among those avoiding gluten are
not necessarily attributable to dairy products avoidance.
Furthermore, Canadians who report no dietary avoidances also
report mean intakes of both Ca and vitamins D below their
respective DRI.

Those avoiding gluten also reported significantly lower per-
centage recommended intake for Fe and vitamin B12 compared
with those with no avoidances. However, the coexistence of glu-
ten and meat avoidance may partially account for significantly
lower Fe and vitamin B12 intakes among Canadians who follow
a GFD. Further research examining dietary sources of Fe and

Table 3. Estimated nutrient intakes from 24-h dietary recall according to self-reported dietary avoidances
(Mean values with their standard errors)

Dietary component

Dietary gluten avoidance
(n 488)

No dietary avoidances
(n 16 778)

P*Mean SE Mean SE

Healthy Eating Index (HEI) 57·4 1·6 58·0 0·2 0·667
Energy (kJ/d)† 7088·5 290·8 7837·9 56·5 0·013
Carbohydrate (g/d) 205·8 8·9 226·0 1·6 0·021
Carbohydrate (percentage energy) 48·3 1·2 48·5 0·1 0·874
Saturated fat (percentage energy) 10·4 0·5 10·6 0·1 0·732
Percentage DRI
Folate‡§ (μg) 96·3 5·6 121·1 1·1 0·000
Vitamin B12§ (μg) 148·5 13·1 191·1 2·8 0·000
Thiamin (mg) 135·8 6·2 151·7 1·3 0·071
Riboflavin (mg) 151·5 7·6 169·8 1·3 0·123
Vitamin D (μg) 57·1 7·9 79·0 1·3 0·012
Ca§ (mg) 68·5 4·1 78·9 0·8 0·031
Fe (μg) 116·2 6·9 134·4 1·1 0·011
Fibre|| (g) 131·1 7·7 118·4 1·1 0·123
Zn§ (mg) 113·7 5·4 118·3 1·0 0·494
Na¶ (mg) 109·4 7·1 120·9 1·1 0·093

Amount per 4184 kJ (1000 kcal)
Folate‡§ (μg) 238·3 27·8 239·1 1·5 0·977
Vitamin B12 (μg) 2·01 0·14 2·26 0·04 0·086
Thiamin (mg) 0·87 0·03 0·86 0·01 0·862
Riboflavin (mg) 1·09 0·05 1·06 0·01 0·463
Vitamin D (μg) 2·22 0·20 2·74 0·04 0·010
Ca (mg) 436·9 16·2 445·2 3·3 0·618
Fe (μg) 6·9 0·2 6·7 0·03 0·376
Fibre (g) 11·7 0·9 9·4 0·1 0·009
Zn (mg) 5·92 0·20 5·58 0·04 0·098
Na (mg) 1537·0 82·5 1477·9 9·1 0·480

DRI, Dietary Recommended Intake.
* t Test.
† To convert kJ to kcal, divide by 4·184.
‡ Dietary folate equivalent.
§ RDA, average daily level of intake sufficient to meet the nutrient requirements of nearly all (97–98%) healthy people.
|| Adequate Intake, the recommended average daily intake level assumed to ensure nutritional adequacy, established when evidence is insufficient to develop an RDA.
¶ Tolerable Upper Intake Level (UL), highest level of daily intake that is likely to pose no risk of adverse health effects to almost all individuals in the general population.
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vitamin B12 would be required to examine if additional avoid-
ances may be contributing; this analysis is beyond the scope
of the present study. Importantly though, both mean Fe and vita-
min B12 intakes were above 100 % of the DRI for those avoiding
gluten. Therefore, while Fe and vitamin B12 intake is significantly
lower among those avoiding gluten, intakes are not in a range
suggestive of high vulnerability to deficiency among most
Canadians avoiding dietary gluten. Clinical biomarkers neces-
sary to provide insight regarding deficiencies were not collected
by the CCHS and therefore not available for secondary analysis.

Given evidence of lower intakes of some nutrients, encour-
agingly, 59·9 % of Canadians who follow a GFD reported taking
a dietary supplement in the past month, with the majority taking
a supplement containing vitamin D. This suggests that the major-
ity of Canadians avoiding dietary gluten are aware of the poten-
tial risk of vitamin D deficiency and are trying to mitigate this.
Unfortunately, our post hoc results suggest those using supple-
ments are consuming a healthier diet to begin with and those
potentially in most need of dietary supplements were not using
them. This finding is in line with previous research from
Germany indicating that supplement users tend to be more
health conscious(43), and that among those using supplements,

fewer people use supplements to treat deficiencies than for pre-
vention or general wellness(43).

The lower intake of folate among Canadians avoiding gluten
may be related to the nutrient profile of GF cereal products.
Federal law requires manufacturers to add folic acid to wheat-
based breads, flours and cereals to prevent neural tube defects.
However, GF foods, which do not contain wheat, are not
required to be fortified with folic acid(44). Indeed, studies dem-
onstrate that these products contain lower amounts of folate
compared with their gluten-containing counterparts(18,44).
Given the purpose of folic acid fortification ofwheat-based prod-
ucts, women of child-bearing age, as well as during pregnancy,
may be especially vulnerable to inadequate intakes of folate sec-
ondary to dietary gluten avoidance(45,46).

Although GF diets may be lacking in fibre, due to the neces-
sary avoidance of many foods that are good sources of fibre (i.e.
whole grains), and low content of fibre in GF products(36), we did
not observe a significant difference in fibre intake between
groups according to percentage of recommended intake. In fact,
according to amount of fibre consumed per 4184 kJ (1000 kcal),
Canadians avoiding gluten consumed significantly more fibre
compared with Canadians reporting no dietary avoidances.

Table 4. Estimated nutrient intakes from 24-h dietary recall amongCanadians self-reporting dietary gluten avoidance according to self-reported dairy product
avoidance
(Mean values with their standard errors)

Dietary component

Dietary gluten and dairy
products avoidance

Dietary gluten avoidance
without dairy products

avoidance

P*Mean SE Mean SE

Healthy Eating Index (HEI) 61·5 5·2 56·2 1·5 0·332
Energy (kJ/d)† 6416·6 848·9 7291·0 269·9
Carbohydrate (g/d) 214·5 27·2 203·4 8·9 0·703
Carbohydrate (percentage energy) 55·7 2·6 46·1 1·1 0·001
Saturated fat (percentage energy) 8·1 0·9 11·1 0·6 0·004
Percentage DRI
Folate‡§ (μg) 110·9 13·6 92·1 6·2 0·206
Vitamin B12§ (μg) 111·7 23·2 159·3 15·1 0·088
Thiamin (mg) 128·2 15·3 135·4 6·6 0·661
Riboflavin (mg) 131·5 10·7 157·4 9·4 0·073
Vitamin D (μg) 46·4 8·8 60·3 10·0 0·297
Ca§ (mg) 60·5 8·9 70·8 4·5 0·296
Fe (μg) 132·4 22·8 111·5 6·4 0·384
Fibre|| (g) 177·1 21·9 117·6 6·1 0·009
Zn§ (mg) 116·2 14·7 113·0 5·9 0·840
Na¶ (mg) 104·0 14·4 110·8 7·8 0·671

Amount per 4184 kJ (1000 kcal)
Folate‡§ (μg) 342·1 105·3 207·8 9·5 0·202
Vitamin B12§ (μg) 1·7 0·3 2·1 0·2 0·174
Thiamin (mg) 0·95 0·07 0·85 0·03 0·181
Riboflavin (mg) 1·1 0·16 1·1 0·04 0·683
Vitamin D (μg) 2·1 0·3 2·2 0·2 0·766
Ca§ (mg) 443·4 28·0 435·0 19·5 0·810
Fe (μg) 8·1 0·4 6·6 0·2 0·001
Fibre|| (g) 18·0 2·7 9·8 0·4 0·004
Zn§ (mg) 6·8 0·5 5·6 0·2 0·029
Na¶ (mg) 1699·1 265·1 1489·3 77·6 0·462

DRI, Dietary Recommended Intake.
* t Test.
† To convert kJ to kcal, divide by 4·184.
‡ Dietary folate equivalent.
§ RDA, average daily level of intake sufficient to meet the nutrient requirements of nearly all (97–98%) healthy people.
|| Adequate Intake, the recommended average daily intake level assumed to ensure nutritional adequacy, established when evidence is insufficient to develop an RDA.
¶ Tolerable Upper Intake Level (UL), highest level of daily intake that is likely to pose no risk of adverse health effects to almost all individuals in the general population.
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One explanation may be that Canadians are finding other fibre-
rich GF alternatives to increase their fibre intakes, such as qui-
noa, amaranth or flours made with legumes or pulses to supple-
ment their diet(47). This suggests that Canadians may be aware of
the nutritional shortcomings of following a GFD and/or the food
industry may be increasing the fibre content of food products
advertised as GF accordingly. High consumer demand has
driven food manufacturers to expand and improve the formula-
tions and processing techniques used in their GF products(48,49).
Given the changing foodscape and research on the nutritional
shortcomings of the GFD, it seems pertinent to monitor the
GF food supply, as well as determine what food choices and
dietary patterns other than gluten avoidance are contributing
to these intakes. In particular, voluntary or mandatory fortifica-
tion of GF products with folic acid warrants consideration.

Our study has several limitations. The CCHS only included
data from the ten provinces, excluding people from the territo-
ries, living on First Nation reserves, settlements, full-time mem-
bers of the Canadian forces and individuals who are
institutionalised. This survey is also cross-sectional; thus, causal

inferences cannot be drawn. However, the very large and repre-
sentative sample size provides a benchmark for future analysis of
further CCHS nutrition surveys. Another limitation is that the
GFDwas self-reported, andwe cannot determine the proportion
of the sample that follows a GFD due to CD, non-coeliac gluten
sensitivity, wheat allergy or other reasons. Similarly, we cannot
determine the frequency of supplement use and therefore their
impact on nutritional adequacy. The small sample size of
Canadians who reported multiple dietary avoidances precluded
us from taking into account other differences between
Canadians following a GFD and those reporting no avoidances.
Further, the CCHS survey did not ask about other food avoid-
ances such as nuts or beans/pulses, for example, and people
avoiding these may have been included in the group reporting
no avoidances. Although calculating nutrient intakes as a per-
centage DRI allowed us to assess intakes in a way that standar-
dised nutrient requirements according to sex and age, we were
not able to complete models adjusting for other factors, such as
energy intake, sex, age or income adequacy, as analyses resulted
in unstable estimates. Lastly, we did not apply the National

Table 5. Estimated nutrient intakes from 24-h dietary recall amongCanadians self-reporting dietary gluten avoidance according towhether or not participants
self-report supplementation
(Mean values with their standard errors)

Dietary component

Self-reported supplementation
use* among those reporting
dietary gluten avoidance

Self-reported non-supplement
use* among those reporting
dietary gluten avoidance

P†Mean SE Mean SE

Healthy Eating Index (HEI) 60·1 2·0 53·4 2·3 0·025
Energy (kJ/d)‡ 7257·1 310·0 6846·3 566·1 0·530
Carbohydrate (g/d) 204·3 10·6 208·3 16·5 0·838
Carbohydrate (percentage energy) 46·3 1·3 51·1 2·2 0·056
Saturated fat (percentage energy) 10·9 0·7 9·7 0·8 0·275
Percentage DRI
Folate§ || (μg) 93·6 39·4 100·4 11·5 0·602
Vitamin B12|| (μg) 174·5 20·2 109·7 12·1 0·006
Thiamin (mg) 134·4 7·5 132·8 10·8 0·901
Riboflavin (mg) 164·7 11·8 131·9 8·2 0·025
Vitamin D (μg) 64·5 12·8 46·0 5·5 0·194
Ca|| (mg) 72·9 4·4 61·9 7·8 0·223
Fe (μg) 121·7 6·8 108·0 13·2 0·592
Fibre¶ (g) 138·2 11·6 120·6 8·1 0·220
Zn|| (mg) 126·0 7·5 95·5 6·2 0·002
Na** (mg) 106·2 6·5 113·8 14·6 0·627

Amount per 4184 kJ (1000 kcal)
Folate§|| (μg) 206·0 10·1 286·6 64·6 0·223
Vitamin B12|| (μg) 2·3 0·2 1·7 0·2 0·024
Thiamin (mg) 0·8 0·05 0·9 0·03 0·260
Riboflavin (mg) 1·1 0·1 1·1 0·1 0·561
Vitamin D (μg) 2·4 0·3 1·9 0·2 0·195
Ca|| (mg) 450·6 18·9 416·6 30·2 0·347
Fe (μg) 7·0 0·3 6·8 0·4 0·592
Fibre¶ (g) 19·3 1·6 16·9 1·1 0·682
Zn|| (mg) 6·2 0·2 5·5 0·4 0·085
Na** (mg) 1453·9 77·2 1661·1 168·3 0·265

DRI, Dietary Recommended Intake.
* Nutrients from supplements were not included in estimations of nutrient intakes. Nutrient intakes reported reflect amounts consumed from foods.
† t Test.
‡ To convert kJ to kcal, divide by 4·184.
§ Dietary folate equivalent.
|| RDA, average daily level of intake sufficient to meet the nutrient requirements of nearly all (97–98%) healthy people.
¶ Adequate Intake, the recommended average daily intake level assumed to ensure nutritional adequacy, established when evidence is insufficient to develop an RDA.
** Tolerable Upper Intake Level (UL), highest level of daily intake that is likely to pose no risk of adverse health effects to almost all individuals in the general population.
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Cancer Institute method to estimate usual intakes, as compared
with average intakes, which requires the inclusion of the second
dietary recall, due to the small sample who reported dietary glu-
ten avoidance(50).

Conclusions

Individuals avoiding dietary gluten are at risk for nutritional defi-
ciencies, which may be exacerbated by additional dietary avoid-
ances. Patients should be advised on the nutritional quality of GF
foods, particularly folic acid content and especially for women of
child-bearing age. Knowledge of the risk for nutritional deficits
associated with this dietary restriction is important for individuals
and their healthcare providers to inform their dietary decisions, as
well as for nutritional supplement use. Registered Dietitians
should evaluate the nutritional adequacy of GF diets and deter-
mine whether there are additional dietary avoidances among cli-
ents avoiding gluten, and the potential impact on diet quality.
Individuals with CD who have demonstrated evidence of recov-
ery should be advised to retrial consumption of dairy products.
Healthcare providers, including RegisteredDietitians, gastroenter-
ologists and primary care physicians, should provide guidance to
ensure individuals avoiding gluten meet their nutritional goals.
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