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Abstract Background. Gluten-free diet continues being the most effective treatment of celiac disease but current
evidence on its nutritional characteristics and metabolic effects rises concerns. Objectives. To assess the total diet of
adult celiac patients and the contribution of gluten-free foods to it, in Chilean celiac patients. Methodology.
Sociodemographic and clinical characteristics were registered and a food frequency questionnaire including detailed
data about gluten-free foods was applied to 71 celiac patients older than 12 years of age receiving medical care at
INTA, University of Chile, in Santiago. Total food intake, dietary adequacy and diet nutritional quality was
calculated using descriptive statistics. Principal Findings. Of 71 patients, 81.6% were female, 93% were 19-65 years
of age and 65% were on GFD for 2 years or more. Nutritional status classified in underweight and
overweight/obesity in 2.9% and 35.7%, respectively. 2.8% patients declared to consume willingly gluten containing
bread. The whole diet was normocaloric, normoproteic, hyperlipidic and hypoglucidic (FAO/WHO); when
calculations were based for individuals’ requirements, 65% of cases consumed excess calories, proteins, and
carbohydrates. Gluten-free foods contributed to 17.7%, 11.6%, 11.5% and 23.9% of the total daily intake of calories,
protein, lipids, and carbohydrates, respectively. GFF were characterized by having a low protein content.
Conclusions. Although the whole diet appeared close to WHO/FAO recommendations when calculated as average
for the study group, 65% of participants consumed excess calories, proteins, lipids, and carbohydrates when
calculations were made on individual basis. There was neither moderate-severe undernutrition nor
overweight/obesity in the group studied. It is interesting that both the total diet quality and the nutritional status of
the celiac patients assessed were better than those described in the general local population.
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1. Introduction

Celiac disease (CD) has become one of the most common
autoimmune gastrointestinal diseases, affecting ~1% of
the population worldwide [1]. Neurological manifestations
of gluten sensitivity and dermatitis herpetiformis [2,3]
represent other manifestations associated with gluten
consumption; more recently, non-celiac gluten/wheat
sensitivity (NCG/WS) and wheat allergy are also
described and might be also increasing [4,5]. Until now,
the only effective treatment of CD is a strict lifelong
gluten-free diet (GFD) [6], which requires the exclusion
of foods naturally containing gluten and processed
products that contain it as ingredient or additive or are
contaminated during processing and distribution [7].
Gluten refers to a group of storage proteins present in
wheat, barley and rye (main components of common
foods, bread and pasta) and is the trigger of CD [8]. When
consumed by patients with celiac disease, gluten leads to

gastrointestinal and  extra-intestinal manifestations,
together with typical small intestine mucosal damage, in
genetically predisposed individuals [1]. An increasing
group of healthy population currently follows gluten-free
diet (GFD) as an option of healthy lifestyle or fear of toxic
gluten effects, without having a diagnosis justifying the
restrictive diet [9]. In this case, the diet is based on the
person’s choice and gluten-free foods do not provide
additional benefits to them [10], but they will experience
the effects of it.

Maintaining strict and permanent GFD is a challenge
for celiac patients, especially at school, at work and during
social interactions [11]. This is a challenge that includes
psychological issues and the need to have adequate
knowledge about what to buy and eat [12]. There are
many obstacles to maintain GFD, including availability,
cost, safety of gluten-free food and gluten cross-contamination
[11]. Unintentional gluten consumption is common, due to
the presence of gluten in many foods [13] that do not
declare it in the package labels. Also, it may be present as
a hidden ingredient, because of its technological properties
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is used as a flavor enhancer, thickener, emulsifier, filler
and fortifier, and may be hidden under the terms
“flavorings”, or hydrolyzed vegetable proteins [14]. For
these reasons, patients on GFD usually must spend some
time reviewing their daily options of diet and
environmental exposures [15], and often this lead to
experiencing anxiety and/or depression, especially in
social situations [13].

From the foods perspective, GFD is often deficient in
protein, fiber, iron and B vitamins [6,14,16] and may
favor nutrient deficiencies [17]. Additionally, there is
recent evidence suggesting that celiac patients on GFD
accumulate heavy metals [9], associated with higher
metalloprotein expression in enterocytes [13] and a recent
study describes that non-alcoholic fatty liver is more
frequent among persons on GFD [18]. Also, changes of
the intestinal microbiota with low Bifidobacterium and
high Enterobacteriaceae and Escherichia coli levels, have
been described in patients on GFD [19].

Most frequently, studies describe the quality of
gluten-free foods (GFF) (mainly breads and bakery
products) and the role they may play in patients’ diet and
health [10,20]. In this study, we set as objective to assess
the total daily consumption of foods, the nutritional
quality of the whole diet and the contribution of gluten-
free foods to daily diet, in Chilean celiac patients.

2. Materials and Methods

2.1. Study Group

Celiac patients older than 12 years of age, on GFD for
more than 6 months, diagnosed by blood antibodies and
duodenal biopsy [21,22], evaluated at the outpatient’s
clinic of INTA, University of Chile, were included.
Exclusion criteria were to suffer cognition impairment,
conditions that interfere with feeding patterns or food
intake and individuals on vegetarian or vegan diets. The
IRB of the INTA, University of Chile, approved the study
protocol.

2.2. General Data and Nutritional Status

Age, sex, years of schooling, socioeconomic level,
number of family members, year of diagnosis,
comorbidities, and duration of GFD were registered.
Weight and height were obtained, and BMI calculated.
Waist circumference was assessed in those participants
that accepted to be measured.

2.3. Foods Intake

A Food Frequency Questionnaire (FFQ) [23,24,25] was
adapted to discriminate gluten containing and gluten-free
foods/processed products, including foods consumed, their
brands, portions size and presence of gluten-free labels.
Food items were considered gluten-free when the package
declared the gluten-free status following the requirements
of the Ministry of Health, Chile. Items without an explicit
declaration were classified as gluten containing items.
Nutritional information registered included energy per

portion, energy (kcal) per 100 g and macronutrients
recorded in g per 100 g. Other nutrients like calcium, folic
acid, iron, niacin, omega-3 fatty acids, riboflavin and
thiamin were systematically sought in packages, but could
not be analyzed due to lack of information in all cases. A
list of consumed foods was built, and weekly consumption
calculated. Foods consumed were expressed as daily
portions of cereals, vegetables, fruits, dairy products (high,
medium and low fat), meat (high and low fat), legumes,
oils and fats, and foods with high content of fat or sugar.
Gluten-free processed foods/products were classified in 14
categories; bread, pasta, breakfast cereals, sweets, snacks
(salted), bakery products, chocolates, ice cream,
hamburgers, and food supplements. Based on this
information energy and macronutrients was calculated per
portion. For GFF, calculations were made using the mean
value that different brands declared.

2.4. Dietary Nutritional Quality

Based on the number of portions ingested and their
frequency of consumption, the total diet and the
contribution of GFF to it was calculated. Percentage of
adequacy against the Chilean National Food Guidelines
was assessed and compared with information available for
general Chilean population and the National Health
Questionnaire, ENS 2017 [26,27]. Adequacy of the diet
was classified into normal calories (90-110%), hypocaloric
(<90%) and hypercaloric (>110%). In addition, individual
requirements were calculated by age and sex [28] and the
actual intake was classified according these pre-defined
categories.

2.5. Statistical Analysis

Qualitative variables were expressed in absolute and
relative frequencies and compared by chi- square test.
Distribution of quantitative variables was tested by the
Shapiro Wilk’s test. Results were expressed as median
and interquartile rank. Analyses were carried out using
Stata 13.1; a P level <0.05 was considered statistically
significant.

3. Results

3.1. General Characteristics and Nutritional
Evaluation

Of 71 participants analyzed, 58 (81.6%) were female
and 93% were 19-65 years of age; 65% were active
workers with >15 years of schooling and 35.2%, 46.5%
and 18.3% belong to the low, medium and high
socioeconomic status, respectively. In 65% of cases,
participants were on GFD for 2 years or more and 62% of
patients reported additional diagnoses (mainly thyroiditis
16.9%, osteoporosis 23.9% and anemia 21.2%).
Comparison of the nutritional characteristics in the study
group against the national general population is shown in
Figure 1.

No morbid obese were detected, 52.8% patients had
cardiovascular risk.



18

International Journal of Celiac Disease

61,4% BMI Celiac patients
B BMI general population
39,8%
31,2%
215% 27,2%
8,5%
2,9% 1,3%
Underweight Normalweight Overweight Obesity

Figure 1. BMI in celiac patients and healthy population

3.2. Foods Consumed and Frequency of
Consumption

Table 1 shows foods consumption. Although all
patients were advised GFD, 2.8% declared to consume
voluntarily gluten containing bread; 35.2% consumed
non-traditional pseudo cereals at least once a week and
only 11.2% declared consuming gluten-free pasta (mainly
due to their high cost). White and red meats and legumes
were the main proteins consumed. Among gluten-free
foods, 53.6% declared consumption of gluten-free bread
daily and 35.1% gluten-free cereals at least once per week.
Ninety-three percent consumed 1-3 times weekly high
sugar gluten-free products.

Table 1. Foods consumed and frequency of total consumption

Food groups 1 per day 1-3 per week 4-6 per week 1-2 per month Never
n (%) n (%) n (%) n (%) n (%)
Milk (full) 6 (8.5) 5(7.0) 0 0 59 (83.1)
Yoghourt (full milk) 4 (5.6) 8 (11.3) 6 (8.5) 0 53 (74.6)
Cheese 0 (0.0) 26 (36.6) 13(18.3) 2(2.8) 24 (33.8)
Dairy Half-fat milk
Skim milk 14 (19.7) 12 (16.9) 8 (11.3) 0 30 (42.3)
Yoghourt (diet) 8(11.3) 14 (19.7) 10 (14.1) 0 38 (53.5)
Fresh cheese 1(1.4) 16 (22.5) 4 (5.6) 3(4.2) 47 (66.3)
) Fruits 7(9.9) 12 (16.9) 13 (18.3) 0 2(2.8)
\Flglg‘gfa‘t‘f‘les Fruit juice (natural) 3(42) 19 (26.8) 9(12.7) 1(14) 36 (50.7)
Vegetables 21(29.6) 9 (12.6) 18 (25.4) 0 0
Bread (White) 0 1(1.4) 0 1(1.4) 69 (97.2)
Gluten-free bread 19 (26.8) 13 (18.3) 13 (18.3) 1(1.4) 6 (8.4)
Sirs?gi S (Cvsirt%a%e’;f)""kfaﬁ) 0 0 0 1(14) 70 (98.6)
Cereals (breakfast) (gluten-free) 5(7.1) 19 (26.8) 4 (5.6) 2(2.8) 40 (56.3)
Biscuits (with wheat) 0 0 0 0 71 (100.0)
Biscuits (gluten-free) 8 (11.3) 32 (45.1) 9 (12.7) 4 (5.6) 14 (19.7)
Potatoes 5 (7.0) 53 (74.7) 9 (12.7) 0 3(4.2)
Cereals Rice 5(7.0) 32 (45.1) 28 (39.5) 0 1(1.4)
Pasta (gluten-free, n=10) 0 8 (100.0) 0 0 0
Quinoa/ Amaranth 1(1.4) 23 (32.4) 1(1.4) 10 (11.3) 37 (52.1)
Legumes 0 55 (77.5) 1(1.4) 34.2) 12 (16.9)
Meat (white) 1(1.4) 56 (78.9) 11 (15.5) 1(1.4) 0
zggitz Meat (red) 0 54 (76.0) 8 (11.3) 1(1.4) 8 (11.3)
legumes Fish 0 45 (63.4) 1(1.4) 9(12.7) 16 (22.5)
Eggs (n=62) 3(4.8) 29 (46.7) 21 (33.9) 1(1.6) 4 (6.5)
Ham & sausages 5(7.0) 23 (32.4) 14 (19.7) 2(2.8) 24 (33.9)
Mayonnaise & butter 12 (16.9) 30 (42.3) 11 (15.5) 4 (5.6) 9 (12.7)
Oils & fat Qil 61 (85.9) 1(1.4) 1(1.4) 0 0
Fat rich foods 19 (27.1) 22 (31.4) 20 (28.6) 2(2.8) 1(1.4)
Sugars Soda drinks (with sugar) 2(2.8) 14 (19.8) 5(7.0) 1(1.4) 47 (66.2)
Soda drinks (diet) 1(1.4) 18 (25.4) 1(1.4) 1(1.4) 49 (69.0)
Other sugary drinks 7(9.9) 7(9.9) 4 (6.6) 0 52 (73.2)
Other diet drinks 0 6 (8.5) 2(2.8) 0 60 (84.5)
Hotdogs 0 8 (11.3) 0 5(7.0) 58 (81.7)
Hamburgers 0 12 (16.9) 0 4 (5.6) 55 (77.5)
Wheat fried bread 0 3(4.2) 0 4 (5.6) 65 (91.6)
French fries (homemade) 0 30 (42.3) 1(1.4) 18 (25.3) 22 (31.0)
fcg'(‘)’;:“'free Snacks (salty) 0 25 (35.2) 1(14) 12 (16.9) 33 (46.0)
Candies 1(1.4) 23(32.4) 2(2.8) 2(2.8) 42 (59.3
Chocolate (gluten-free) 0 23 (32.4) 3(4.2) 14 (19.7) 31 (43.7)
Ice cream (gluten-free) 1(1.4) 22 (31.0) 0 8(11.3) 40 (56.3)
Gluten-free bakery 0 21 (29.6) 4 (5.6) 18 (25.4) 28 (39.4)
Tea 14 (19.7) 9 (12.7) 2(2.8) 0 10 (14.1)
Other Coffee 5(7.0) 6 (8.5) 4 (5.6) 2(2.8) 41 (59.2)
Spices 29 (40.9) 16 (22.5) 16 (22.5) 0 10 (14.1)
Supplements 9 (12.7) 1(1.4) 2(2.8) 0 59 (83.1)
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Table 2. Nutritional characteristics of gluten-free diet and its contribution to the total caloric value (given by all macronutrients)

Total energy, macronutrients and PTCI*

Nutritional Contribution of GFD to total diet?

Median and Interquartile Rank

Median and Interquartile Rank

Energy (Kcal/d) 2214.8 (1680- 2641) 376 (264.8- 510.2)
Gluten-free foods (%)? 17.7 (13.3- 21.3)
Proteins (g/d) 76.5 (62.1- 99.9) 8.2 (5.9-12.4)

P (%) 14.1 (12.3-15.7) 11.6 (7.3-15.8)
Lipids (g/d) 84.5 (60.9-107.2) 8.6 (5.9- 14.6)

L (%)* 35.6 (31.2- 39.4) 11.5 (8.5-15.7)
Carbohydrates (g/d) 263.4 (219.5 -328.4) 63.2 (43.2- 80.0)
CHO%* 49.2 (45.4- 54.8) 23.9 (18.5- 26.7)

'PTCI = percentage of each nutrient consumption in relation to total calorie intake, protein (P), lipid (L) and carbohydrate CHO. 2= percentage of

calories given by gluten-free foods to total calorie intake.

Table 3. Percentage of celiac patients failing to meet
recommendations of national alimentary guidelines, calculated based
on declared portions of food ingested daily

Recommended intake! patients (%)

Vegetables (3 portions/day)
Fruits (2 portions/day)

69 (97.2%)
28 (39.4%)

Vegetables & fruits (5 portions/day) 49 (69.0%)
Dairy products (3 portions/day)

(Skim Milk and half-fat milk) 63 (88.7%)
Fish (twice per week) 52 (73.2%)

Legumes (twice per week) 23 (31.4%)

* Comparison to Reference Nutritional Intake (RNI).

3.3. Diet Nutritional Quality

Table 2 shows the energy and macronutrients intake
and the gluten-free foods contribution to the total diet.
Comparisons of specific foodstuff against the National
Nutritional Guidelines showed that few were close to meet
recommendations (Table 3); for example, less than 3%
and 15% consumed at least three portions daily of
vegetables and dairy products, respectively. Legumes
consumption (68.6%) was the closest to recommendations
while for vegetables and fruits, only 31% declared
consuming 5 portions per day as suggested by WHO
[29,30].

<12years ®m12, <15years mz15years

70,6%
67,4%

50%

37,5%

29,4%

17,4%

0‘}6.

Hypoealoric

15,2%

= l

HNormal calories Hypercaloric*

* Statistical significance= P< 0.05.
Figure 2. Caloric intake by years of education

When each individual mean daily intake was compared
to his/her individual requirements, in 65% of the study
group the dietary intake was over 110% for calories,
proteins, lipids and carbohydrate individual requirement.

Analysis of the relation between caloric intake and
educational levels showed that the greater educational
level the higher caloric intake (P<0.05, Figure 2). Analysis
of macronutrients’ intake by nutritional status showed
differences only in the obese group, where individuals had
significantly higher frequency of hyperproteic intake
(P<0.05%).

3.4. Food Security

When asked how they chose what to buy, 89% of
patients declare to look for the gluten-free logo or a
statement explicitly declaring the gluten-free condition of
the product, while 11% based their decision by only
reading the ingredients appearing in the package. Despite
these answers, during the interview that collected FFQ
data, the stated behaviors proved correct only in 64.6% of
cases. In view of this discrepancy, we analyzed separately
the percentage of times that those most frequently
naturally gluten-free foods were consumed safely
(Table 4).

Table 4. Percentage of times of safe food consumption

Foods® Intake Safe? consumption
n (%) n (%)

Legumes (54)76.1 9 /54 (16.7)
Meat 70 (98.6) 52/70 (74.3)
Ham & sausages 48 (67.6) 39/48 (81.3)
Bakery 49 (69.0) 38 /49 (77.5)
Nuts 45 (63.4) 20/45 (44.4)
Spices 45 (63.4) 20/45 (44.4)
Tea 62 (87.3) 34/62 (54.8)
Coffee 30 (42.3) 4/30 (13.3)

! Eight most frequently consumed naturally gluten-free foods, which may
be contaminated during processing, distribution or preparation. Safe
consumption defined as looking for the gluten-free logo or a statement
explicitly declaring the gluten-free condition.

4. Discussion

The mean daily diet consumed by the participants
classified as hypoglucidic and hyperlipidic following
FAO/OMS (2003) criteria, but it was over 110% for
calories, proteins, lipids and carbohydrate in 65% of cases
when calculated according to each individual’s
requirements. Data on complete diet reported from

Slovenian celiac women and Spanish celiac men, also
describe their diets as hypoglucidic and hyperlipidic
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[31,32]. Our results are relevant considering that they refer
to the total diet consumed and not only the gluten-free
foods, as assessed by most studies [10,11,33]. For example,
Wau et al assessed breads and flour based on foods availability
[33]. Misbach et al reported consumption of bread and
gluten-free flours among celiac patients and apparently
healthy population [10] while Valitutti et al gluten-free
cereals consumed by celiac patients versus gluten
containing cereals consumed by non-celiac controls [11].
It is interesting that gluten-free foods, contributed
17.7% to the total dietary energy, with 11.6%, 11.5% and
63.2% corresponding to protein, lipids and carbohydrates,
respectively. Except for carbohydrates, results of this
study suggest that gluten-free foods do not have a
prominent influence in the celiac patient’s diet. Higher
cost of GFF may contribute to these findings, but
unfortunately, this protocol does not allow analyzing this
issue any further. The higher representation of
carbohydrates may be related to the high consumption of
bread described in Chile [34], where mean annual bread
consumption is described at 90-96 kg per person per year
[35]. Quantitative analysis of energy shows that while
total daily energy intake was 11% over recommendation
(2214 vs 2000 Kcal/day) [36], GFF contributed 16.9%
(376 kcal) to the total diet. This means that Chilean
women would consume 19.8% more energy than Spanish
women [37]. Protein intake represented 14.1% (76.5 g/day)
of total calorie intake, figure not different from that
reported for Chilean general population [38] and in
Spanish women [37]. GFF provided 10.7% of the total
daily protein intake, but it is relevant that these proteins
were of poor biologic quality, a characteristic also reported in
previous studies [10]. Gluten-free bread deserves an especial
comment. It provides a mean 2.4g protein per portion,
equivalent to 54.5% less protein than that provided by
gluten containing bread (data not shown). A recent study
in the UK describes that protein content was significantly
lower in gluten-free white and brown breads (p<0.001)
and pasta (p < 0.001) [13], which coincides with reports
from Australia that describe 32% and 52% less protein in
breads and pasta, respectively [33]. Mean daily lipid
intake was high (84.5 g/day or 35.6% of the total calorie
intake) and GFF corresponded to 8.6g/day, (11.5% of the
total calorie intake), which concurs with data by Churruca
[37] and Gonzalez in Spanish women and men, respectively
[32]. As for carbohydrate intake, if we consider that
FAO/WHO criteria define 55-75% of the total calorie
intake as adequate, our results classify as hypoglucidic
(49.2%), but they are 36.9% higher than Churruca’s
findings in Spain. In addition, although GFF represents
only 11.4% of the total calorie intake, this finding is
higher than in that of the Spanish study mentioned (3%).
Comparison against the national data available [26,27]
shows that dairy products are poorly consumed both by
celiac patients and healthy Chilean population, especially
defatted dairy products (21.8% and 44.1%, respectively).
Dairy consumption appears low too when compared with
data by Churruca [37] and Gonzalez [32]; this latter found
that 87% consumed dairy products and nearly half
fulfilled dietary recommendations. Fruits, legumes and
vegetables show higher consumption among celiac
patients when compared with general local population
data [32]. We may speculate that, being chronic patients,

celiac persons are under periodic medical control and this
may favor better education on nutrition. As expected, our
data differ in some aspects from some reported from other
countries [31,32,37], showing that diverse cultural dietary
habits indeed influence daily diets, including a gluten-free diet.

A limitation to this study is that due to lack of
nutritional information provided in package labels, only
sodium could be analyzed among the minerals and
vitamins section. Of the processed foods analyzed, only
hamburgers provided high sodium content (>400 mg per
portion), while biscuits, cereals, sweets, snacks,
chocolates and ice creams were low in sodium (< 35 mg
per portions) [39] (data not shown). As for gluten-free
breads, these contributed with a mean 255.6+£166,9mg
Na/day (320+ 71,7mg/100g), representing 50.7% less than
the mean sodium content in regular local breads (p<0.000)
[40]. These results concur with data by Missbach et al,
who found 388,4 + 206,4 mg /100g in gluten-free bread vs
581,9 + 290,3 mg/100 g in gluten containing breads
(p <0,05) [10]. Tres et al found sodium content of gluten-
free bread was higher and more variable than that present
in gluten containing bread. The values of this latter group
ranged from 0.34 to 0.57 g Na/100 g while in the former
these values ranged from 0.28 to 0.75g Na/100 g.
Interestingly, in the gluten-free group there were both the
highest and the lowest sodium contents [41].

It is relevant to emphasize our findings on the nutritional
status in the celiac group assessed. That 35.7% were
overweight defies the historical idea that celiac patients
are underweight. At the same time, when compared to the
general Chilean population (ENS 2016- 2017) [26,27],
patients show better nutritional status, with fewer cases
under and over nourished (Figure 1). These findings
contrast though with those published by Churruca et al
(2015), who described a higher proportion of eutrophic
patients, fewer cases with overweight and no obesity [37].
Taking waist circumference as an indicator of cardiovascular
risk, this risk appears lower than figures described nationwide
in the local general population (50% vs 73.8%); however,
this issue deserves attention considering that recently
published data describe that the frequency metabolic
syndrome tends to increase after one year on gluten-free
diet [42] and in this study duration of GFD was variable.

5. Conclusions

Results show that GFD, expressed as the mean for the
group assessed was nhormocaloric, normoproteic,
hyperlipidic and hypoglucidic (FAO/WHO); however,
when calculations were based for each individuals’
requirements, 65% of cases consumed excess calories,
proteins and carbohydrates.

Representation of gluten-free foods in the total diet was
less than expected (17.7%, 11.6%, 11.5% and 23.9% of
the total daily intake of calories, protein, lipids, and
carbohydrates, respectively).

GFF was characterized by having a low protein content.

Diet quality of celiac patients assessed was better than
that described in the country general population.

The nutritional status in celiac patients is better than in
the general population, with absence of moderate-severe
undernutrition and overweight/obesity.
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