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Abstract: Background: Celiac disease is an autoimmune disease that results from the interaction of genetic,
immune and environmental factors. According to 2020 ESPGHAN guidelines, an elimination diet (i.e.
excluding products that may contain gluten) is the basic method of treating celiac disease. Following a gluten-
free diet is extremely problematic and patients often make unconscious deviations from the diet. Objective: The
aim of the study was to asses the frequency of conscious diet mistakes and unconscious deviations from the
gluten-free diet in a group of patients with long-standing celiac disease and their impact on the frequency of
typical and atypical symptoms. Methods: The study included 38 patients, 30 women and 8 men with a verified
diagnosis of celiac disease. The effectiveness of the gluten-free diet was assessed in all participants. Blood was
collected to determine IgA anti tissue transglutaminase II antibodies and IgG antibodies against deamidated
gliadin peptides by ELISA. All survey participants provided data concerning current gastrointestinal and
systemic symptoms, bowel habits, comorbidities, dietary habits, physical activity and socioeconomic
conditions. Results: 25 patients (65.78%) declared strict adherence to the gluten-free diet. However, in this
group, 7 (18.4%) patients had significantly increased levels of anti-tTG antibodies (mean 82.3 RU/ml +78.9 SD
at N<20 RU/ml). Among the patients who consciously made diet mistakes, 6 (46.2%) demonstrated increased
levels of anti-tTG antibodies. The analysis did not reveal any difference between the frequency of intestinal
and extraintestinal symptoms in patients making diet mistakes and following the gluten-free diet. Conclusions:
More than half of celiac patients unconsciously or consciously make diet mistakes, which indicates an urgent
need to increase their education about the diet. Regardless of whether the gluten-free diet is followed, both
typical and atypical symptoms of the disease have been observed among celiac patients.

Keywords: celiac disease; gluten free diet gluten-free diet adherence

1. Introduction

Celiac disease is an autoimmune disease that results from the interaction of genetic, immune
and environmental factors. It is caused by an immune reaction induced by gluten and prolamin
derivatives in genetically predisposed individuals with specific histocompatibility antigens (HLA-
DQ2 or HLA-DQ8). After consuming products made from cereals rich in gluten, they are gradually
digested in the stomach, duodenum and small intestine. Contact of gluten degradation products with
the small intestinal mucosa leads to a complex immune response and, at a later stage, to the
production in the submucosa of characteristic antibodies against gliadin, deamidated gliadin
peptides, endomysium and tissue transglutaminase, which damage enterocytes and their stroma.
This reaction leads to further morphological changes in the duodenal mucosa. Initially, there comes
to crypt hyperplasia followed by gradual villous atrophy.

Characteristic intestinal symptoms of celiac disease are diarrhea (13-96%), abdominal pain (8-
90%), vomiting (26-33%), flatulence (5-10%) and fatty foul-smelling stools [1-4]. Extraintestinal
symptoms may be related to gastrointestinal distress, mainly due to malabsorption leading to
numerous disorders affecting most systems. The most common are weight loss (44-60%), growth
retardation in children (19-31%), anemia (3-30%), including anemia due to iron (40%), folic acid (20%)
and vitamin B deficiency (17%). Deficiency of fat-soluble vitamins A, D, E and K is more common
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in celiac individuals than in the general population. As a result, osteopenia (54%) and osteoporosis
(12%) are observed, mainly in the course of vitamin D deficiency (34%), as well as hypocalcemia
leading to tetany [5-9]. In the severe stage of the disease, which is currently extremely rare, features
of malnutrition, sarcopenia, IgA deficiency, total protein deficiency, hypoalbuminemia, peripheral
edema and ascites are observed [1,2,9-12]. In this group of patients, oral cavity pathologies were more
frequently confirmed, primarily dental enamel defects, caries and recurrent aphthous lesions [13-18].
Celiac women have a higher incidence of menstrual cycle disorders (absent, late or irregular
menstruation), infertility, multiple miscarriages, intrauterine growth restriction and low birth weight
children than the general population [19-21]. These patients, especially those untreated, develop
numerous neurological disorders such as gluten ataxia, progressive cerebellar ataxia, spinocerebellar
degeneration, epilepsy, restless legs syndrome, myopathy and peripheral neuropathy associated
with vitamin B1 and B12 deficiency as well as dementia [22-25].

Treatment of Celiac Disease

According to 2012 and 2020 ESPGHAN guidelines, an elimination diet (i.e. excluding products
that may contain gluten) is the basic method of treating celiac disease [26,27]. Consuming 10 mg of
gluten daily in patients with celiac disease should not cause disease exacerbation, although the daily
dose in some cases may be many times higher [28-31]. The certification standards allow for gluten
content of 20 ppm (20 mg/kg of product) in gluten-free products and 100 ppm in low-gluten products
[32]. However, in most cases, constant adherence to a gluten-free diet, especially among young
patients, leads to full recovery of the villi and resolution of the inflammatory infiltrate, despite the
presence of trace amounts of gluten contamination in food [33]. In adults, especially over the age of
60, histopathological changes may not undergo complete remission despite strict adherence to a
gluten-free diet [34,35].

Due to numerous difficulties that celiac patients encounter on a daily basis, it is necessary to take
into account not only fully conscious and intentional deviations from the gluten-free diet, but also
errors resulting from product contamination as well as simple dishonesty of manufacturers who do
not provide the full composition of food products, hiding behind trade secrets.

2. Purpose of the Study

Celiac disease is one of the most common autoimmune diseases of the gastrointestinal tract.
According to the pathophysiology of celiac disease, enterocytes are damaged during its course,
leading to a gradual villous atrophy and crypt hyperplasia. In patients diagnosed with celiac disease,
adherence to a gluten-free diet leads to regeneration of intestinal villi and to normalization of the
level of characteristic antibodies. Over the years, public awareness of the gluten-free diet and the
availability of products have improved significantly. Therefore, it is necessary to evaluate the current
effectiveness of the diet. To exclude regular, unconscious dietary errors, a detailed interview should
be conducted and the concentration of anti-transglutaminase antibodies should be assessed.
Following a gluten-free diet is extremely problematic and patients often make unconscious
deviations from the diet. Demonstration of common diet mistakes may be an important argument in
the discussion on the need to deepen research into new methods of reducing the immunogenic
gliadin concentration.

3. Aim

1. Assessment of the frequency of conscious diet mistakes in a group of patients with long-standing
celiac disease.

2. Assessment of the frequency of unconscious deviations from the gluten-free diet in patients with
celiac disease.

3. Assessment of the impact of deviations from the gluten-free diet on the frequency of typical and
atypical symptoms
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4. Material and Methods
Study and Control Groups

The study included 38 patients, 30 women and 8 men with a verified diagnosis of celiac disease.
The mean age of patients in the study group was 35.87 + 10.74 years. At the time of diagnosis, all of
them had symptoms that could indicate celiac disease, histology of duodenal mucosa samples
revealed Marsh grade 3 and confirmed the presence of HLA-DQ2 or DQ8 genes.

Antibody Concentration Among Patients Diagnosed with Celiac Disease

The effectiveness of the gluten-free diet was assessed in all participants. Blood was collected to
determine IgA anti tissue transglutaminase II antibodies and IgG antibodies against deamidated
gliadin peptides by ELISA (IBL International GMBH, Hamburg, Germany).

Survey Study

All survey participants provided data concerning current gastrointestinal and systemic
symptoms, bowel habits, comorbidities, dietary habits, physical activity and socioeconomic
conditions. Furthermore, the duration of the gluten-free diet, its adherence and the frequency of
deviations (conscious diet mistakes) were assessed.

Statistical Analysis

In the analyzed study, independent groups were compared. Nominal variables are presented as
percentages. To compare two nominal variables, the Chi? test with Yates' correction or the exact two-
tailed Fisher test was used, depending on the size of the study groups. Continuous variables were
tested for normality of distribution using the Shapiro-Wilk test. In the case of a normal distribution,
variables are presented as means and standard deviations. Student's t-test was used to compare
continuous variables in two groups of normal distribution. In the case of non-normal distribution,
continuous variables were reported as medians and interquartile ranges (IQR). Mann-Whitney U test
was used to compare two groups with non-normally distributed continuous variables. The level of
statistical significance was p<0.05.

Statistical analyses were performed using the Statistica 10 (Statsoft, Tulsa, USA).

5. Results
Evaluation of the Effectiveness of the Gluten-Free Diet Adherence

In the analyzed group of patients with celiac disease, 25 patients (65.78%) declared strict
adherence to the gluten-free diet. However, in this group, 7 (18.4%) patients had significantly
increased levels of anti-tTG antibodies (mean 82.3 RU/ml +78.9 SD at N<20 RU/ml). After taking into
account the group of patients who unconsciously made diet mistakes, strict adherence to the gluten-
free diet was confirmed in 47.4% of the study group (n=18). Of the 13 patients declaring dietary
deviations, two did not follow the gluten-free diet at all (Figure 1).

_5.26% W strictly follows the diet

-

18.42%

periodically allows non-compliance with

the diet
O unconsciously makes diet mistakes

Ocomplete non-adherence to the diet

47.37%

28.95%

Figure 1. Declared adherence to the gluten-free diet in Group.
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Analysis of Anti-Tissue Transglutaminase Antibody Levels and Their Impact on Reported Symptoms

Among the patients who consciously made diet mistakes, 6 (46.2%) demonstrated increased
levels of anti-tTG antibodies (Figure 2). The mean duration of gluten-free diet adherence, measured
in months, was shorter in the group of patients who periodically deviated from the diet than in the
group following the recommendations (49.8 months + 55.6 SD vs. 73.5 months + 99.1 SD).

50% 38%
24%
oo N |
following the diet making conscious diet
mistakes

Figure 2. Evaluation of the frequency of elevated levels of anti-tissue transglutaminase antibodies
(>20 UT/ml).

The analysis did not reveal any difference between the frequency of intestinal and extraintestinal
symptoms in patients making diet mistakes and following the gluten-free diet (Figure 3 and 4).
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Figure 3. Evaluation of the frequency of intestinal symptoms in patients with celiac disease (Group 1)
depending on the gluten-free diet adherence.
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Figure 4. Evaluation of the frequency of extraintestinal symptoms in celiac patients (Group 1)
depending on the gluten-free diet adherence.

6. Discussion

In the study group, only 65.78% of patients declared strict adherence to a gluten-free diet, 31.6%
declared occasional deviations from the diet, whereas 5.26% did not follow the diet at all, mainly due
to doubts regarding the diagnosis as well as the inconvenience of having to avoid certain foods.
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Moreover, among patients declaring a strict gluten-free diet, 28% were suspected of making diet
mistakes due to the detected elevated level of anti-tTG antibodies. Unconscious mistakes can be
explained by numerous product contaminations and incorrect or incomplete descriptions on food
labels. According to recent research, even in naturally gluten-free products, trace amounts of gluten
are detected due to contamination resulting from production processes. This problem concerns both
domestic [36-38] and foreign [39-42] products. Even in products with the crossed grain symbol, the
safe gluten concentration is often exceeded [36,43-45]. Manufacturers of naturally gluten-free
products omit information on the packaging about the possibility of gluten contamination during
production [46]. Patients often make unconscious diet mistakes and make minor deviations from the
diet, mainly during social gatherings and when eating meals in restaurants [47-49]. Improper
education and insufficient celiac patients knowledge about the disease and the gluten-free diet play
the main role in unconscious diet mistakes. In a survey conducted among 82 patients who had been
following the diet for at least 6 years, no one identified correctly the gluten content of all 17 foods and
only 30% identified at least 14 foods correctly [50]. Research points to insufficient knowledge as one
of the leading factors responsible for poor adherence to the gluten-free diet. This problem concerns
both patients and medical staff [51-53]. Moreover, a survey conducted on a group of 584 patients
with celiac disease showed that less than 30% of the respondents consciously make diet mistakes [54].
In numerous studies, the frequency of conscious dietary errors ranges from 5 to 42%, depending on
the country and the age of the study group [48,55-58]. One method of reducing errors was to provide
gluten-free products on prescription but no increase in the frequency of mistakes was observed after
their withdrawal [59]. In the analyzed Group 1, the mean time of gluten-free diet adherence was
shorter in the group making dietary errors than in the group following the recommendations (49.8
months + 55.6 SD vs. 73.5 months + 99.1 SD). Meanwhile, Kurpp et al., and Webb et al., showed that
patients diagnosed with celiac disease in adolescence or adulthood were more likely to follow dietary
recommendations than those diagnosed with celiac disease in their youth [60,61].

In the conducted study, the level of IgA anti-tTG antibodies was determined to assess the
compliance to gluten-free diet. In the study group, elevated levels of the above-mentioned antibodies
were found in 34.2% of patients, including 28% of patients following the diet and 46.2% of patients
deviating from it. In the study by Ferreira et al., 29% of patients who had been following a gluten-
free diet for years also had high levels of anti-tissue transglutaminase antibodies [62]. In turn, Glady$
et al., demonstrated elevated levels of IgA anti-tTG despite normal duodenal biopsy results in 27.3%
of the study participants. They confirmed the correlation between increased antibody levels and
dietary errors in two tests [63]. In studies conducted in celiac patients after gluten challenge, a
gradual, slow increase in antibodies was observed over many months or even years. This increase
concerned both the level of anti-tTG and anti-EMA antibodies but occurred mainly in patients
consuming significant amounts of gluten for a long time [64-67]. In some patients, no increase in
antibody levels was observed despite withdrawal from the gluten-free diet [68]. Also in the analyzed
Group 1, some of the patients declaring deviations from the diet did not develop anti-tTG or anti-
DGP antibodies again, which may be related either to short periods of deviations or, contrary to the
declarations, too low doses of gluten intake.

In the study by Bufler et al., high IgA anti-tTG titer correlated with the occurrence of dietary
deviations [69]. Bannister et al., also demonstrated a direct correlation between low antibody titers
and good adherence to the gluten-free diet [70]. Galli et al., observed a correlation between significant
changes in the intestinal mucosa and high antibody levels. Moreover, reintroduction of the gluten-
free diet was not only associated with their reduction, but in the group of patients in whom no
histopathological improvement was observed, persistent antibody positivity was confirmed [71].
Qureshi [72] also reached similar conclusions in his meta-analysis. On the other hand, the
consumption of foods containing small amounts of gluten, according to Selby et al., does not affect
the risk of long-term villous atrophy [73]. To sum up, some studies confirm the great importance of
antibodies in monitoring the gluten-free diet [74], but there is considerable controversy in this respect
[75]. Anumber of studies indicate the lack of full intestinal villous recovery and making dietary errors
while at the same time normalizing the level of anti-tissue transglutaminase antibodies [76-78]. This
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may be due to IgA deficiency [79], as well as to reactivity against other biomarkers such as
deamidated gliadin peptides or specific tissue transglutaminase epitopes [80]. For this reason, new
biomarkers are sought for effective monitoring of adherence to the gluten-free diet [81-83]. High
frequency of dietary errors in the study group, including unconscious mistakes, may result from
significantly more difficult contact with dietitians in Poland and the short duration of doctor
appointments. This may explain the patients’ uncertain and inadequate knowledge about their diet.
Furthermore, the presence of gluten in food declared as gluten-free cannot be ruled out with 100%
certainty due to the lack of actual legal consequences in the case of contaminated products.

Nowadays, when we encounter highly processed food on a daily basis, the gluten-free diet has
become an extremely demanding form of treatment. Patients must have knowledge of how to
properly read food labels and follow current product testing for gluten content at the same time,
taking into account the proper balance of the diet in terms of vitamins, minerals, and fiber [84]. This
reduces their quality of life [85]. Moreover, gluten-free products, compared to those containing
gluten, have a lower protein and fiber content as well as nutritional value than their gluten-containing
counterparts. Due to the consumption of large amounts of meat, the gluten-free diet is also rich in
saturated fats [86-89]. As the result, a poorly balanced gluten-free diet may lead to amino acid and
protein deficiency, vitamin deficiency (especially vitamin A, B1, B6, B12 and D), electrolyte deficiency
(especially iron, zinc, calcium and magnesium) and folic acid deficiency [90-93]. Moreover, gluten-
free products are many times more expensive than their gluten-containing counterparts and some
patients will be forced to limit their food intake or choose products of lower quality, which in many
cases may be an additional factor intensifying deficiencies [94-96].

In the analyzed Group 1, no correlation was found between the reported complaints and proper
adherence to the gluten-free diet. The lack of correlation between improper diet and the presented
symptoms may result from the need for some patients to consume large doses of gluten over a long
period of time. It should also be noted that the lack of a typical exacerbation of symptoms
immediately after gluten consumption makes it much more difficult to identify products that may
have been gluten-contaminated. In the study by Leffler et al., patients with confirmed celiac disease
received 7.5 grams of gluten for 28 days. Only 10% of the study participants developed symptoms
[97]. In the study by Pedoto et al., also only 3.6% of the study participants reported symptoms,
whereas 40.6% made diet mistakes [98]. However, in the study by Silvester et al., as many as 72% of
respondents declared discomfort after gluten consumption, mainly in the form of abdominal pain
(80%). This study did not correlate the relationship between the declared symptoms and the objective
increase in antibody titer [47]. However, regardless of the reported symptoms, the latest reports
indicate a significant reduction in the quality of life of patients with celiac disease who do not follow
the gluten-free diet [99]. The above studies may indirectly indicate a questionable correlation between
deviations from the gluten-free diet, especially when these deviations are short-lasting and the
presented symptoms but it undoubtedly affects the patients’ quality of life.

7. Summary

Celiac disease is a common autoimmune disease of the digestive tract. Currently, the only
available treatment method is a strict diet that completely excludes gluten. Due to difficulties in
adherence to the diet, appropriate education is necessary among patients to improve the effectiveness
of compliance with dietary recommendations. Further research and development of new treatment
techniques should also be considered.

8. Conclusions

1. More than half of celiac patients unconsciously or consciously make diet mistakes, which
indicates an urgent need to increase their education about the diet.

2. Regardless of whether the gluten-free diet is followed, both typical and atypical symptoms of
the disease have been observed among celiac patients.
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