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ABSTRACT

Background. Celiac disease is an autoimmune disease that affects about 1% of the European population and 0.3—1.3% of
the world’s population. The only method of treatment is introduction of a gluten-free diet.

Objective. The aim of the study was to assess the nutrition of adolescents with celiac disease and to assess their nutritional status.
Materials and methods. The study group comprised 24 patients with diagnosed celiac disease. The diagnosis was based on biopsy,
serological tests and, in some cases, genetic tests. Anthropometric measurements included height, which was respectively 161.9
+12.43 cm in boys and 163.6 £9.03 cm in girls, and body weight oscillating between 56.55 £16.24 kg for boys and 52.62 £10.92 kg
for girls. To assess the way of nutrition used an individually prepared questionnaire including an interview from the last 24 h. The
menus were analyzed using the Dieta 5d program. The statistical analysis of the data was made using Statistica 12 program.
Results. Gluten-free diet contributes to the occurrence of caloric deficiencies up to 36%. It was found inadequate intake
of dietary fiber, for girls 15.45 £9.84 g and 14.41 £4.73 g for boys. It has been observed too low intake of ingredients such
as calcium (565.65 £347.41 mg), magnesium (223.41 +73.84 mg), vitamin D (1.34 +1.28 ug) and E (5.05 £2.32 mg) as
well as potassium (2848.67 £1132.07 mg), iron (7.62 £2.05 mg), zinc (7.11 £2.41 mg) and thiamine (0.87 £0.38 mg). The
ingredients such as riboflavin, niacin, pyridoxine, cobalamin, and vitamins C and A were consumed in the right amount.
Conclusions. Incorrectly used gluten-free diet may contribute to the recurrence of the disease. Chronic inadequate intake
of fiber can lead to constipation. A deficiency of many nutrients can result in impaired development of the young organism
such as anemia, growth retardation or osteoporosis.
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STRESZCZENIE

Wprowadzenie. Celiakia nalezy do chorob autoimmunologicznych, ktora dotyka ok. 1% populacji Europy oraz 0,3-1,3%
populacji §wiatowej. Jedyna metoda leczenia jest zastosowanie diety bezglutenowe;.

Cel. Celem badania byta ocena sposobu zywienia nastolatkéw z chorobg trzewng oraz ocena ich stanu odzywienia.
Materialy i metody. Grupe badang stanowilo 24 pacjentdow ze zdiagnozowana chorobg trzewng. Diagnozg postawiono na
podstawie biopsji, badan serologicznych oraz w niektorych przypadkach badan genetycznych. Pomiary antropometryczne
obejmowaly wzrost, ktory wynosit odpowiednio 161,9 £12,43 cm u chlopcow oraz 163,6 +9,03 cm u dziewczat a takze
masg¢ ciala oscylujaca pomiedzy 56,55 +£16,24 kg u chtopcéw oraz 52,62 £10,92 kg u dziewczat. Do oceny sposobu zywienia
wykorzystano indywidulanie przygotowang ankiete obejmujaca wywiad z ostatnich 24 godzin. Jadlospisy analizowano za
pomoca programu dietetycznego Dieta 5d. Analize statystyczna wykonano w programie Statistica 12.

Wyniki. Dieta bezglutenowa wprowadzata niedobory kaloryczne siggajace nawet 36%. Stwierdzono niedostateczne spozycie bton-
nika pokarmowego wynoszace dla dziewczat 15,45 +9,84 g oraz 14,41 +4,73 g dla chtopcow. Zaobserwowano zbyt niskie spozycie
wapnia (565,65 £347,41 mg), magnezu (223,41 £73,84 mg), witamin D (1,34 £1,28 pg) i E (5,05 £2,32 mg) oraz kwasu foliowego
(190,8 £69,91 ng) a takze potasu (2848,67 +1132,07 mg), zelaza (7,62 £2,05 mg), cynku (7,11 £2,41 mg) i tiaminy (0,87 +0,38 mg).
W odpowiedniej ilosci byly spozywane takie sktadniki jak ryboflawina, niacyna, pirydoksyna, kobalamina oraz witaminy C i A.
Whioski. Nieprawidlowo prowadzona dieta bezglutenowa moze przyczyni¢ si¢ do wystapienia nawrotow choroby. Przewlekle
niedostateczne spozycie btonnika moze prowadzi¢ do wystapienia zapar¢. Nalezaloby wdrozy¢ suplementacj¢ witaminy D, wapnia
oraz magnezu a takze wzbogaci¢ diete w foliany oraz witaming E a takze potas, zelazo i cynk. Niedobor wielu sktadnikow odzywcezych
moze skutkowac zaburzeniami rozwoju mtodego organizmu takim jak niedokrwisto$¢, zatrzymanie wzrostu czy osteoporoza.
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INTRODUCTION

Celiac disease, also known as gluten enteropathy or
celiac disease, is an autoimmune disorder of the small
intestine with genetic background. It is associated
with changes in the intestinal mucosa characterized
by atrophy of the intestinal villi. This results in the
occurrence of many deficiencies caused by a reduction
in ability to absorb nutrients. The immune response is
triggered in response to the protein - gluten fraction, and
in particular to its prolamine - gliadin. Also prolamins
contained in rye (secalins) and in barley (hordeins)
and in oats (avenins) are responsible for causing an
abnormal reaction. However, 90% oat is a safe crop
for patients with celiac disease. Currently, the only
treatment option is the introduction of a gluten-free
diet [17, 40].

Celiac disease affects about 1% of the European
population and the incidence is still increasing [18].
In Poland, no records of patients are kept, however,
it is presumed that enteropathy may affect up to 1 in
100 people [21]. Over the years, celiac disecase was
considered a disease of childhood where the peak
incidence at the age of 5, and today more often seen
as a high incidence in adults aged 35-55 years [21].
Celiac disease twice as often occurs in women than in
men [13]. Symptoms of the disease are closely related
to both the patient’s age and duration of the disease or
symptoms from outside the digestive tract.

There are 4 types of celiac disease:

o Typical - especially in young children; villus
atrophy is observed, whereas the symptoms mainly
affect the gastrointestinal tract and are diarrhea
and bloating [16];

o Atypical - it is diagnosed most often in adolescents,
we also observe villus atrophy, and the prevailing
symptoms are outside the gastrointestinal tract;
often deficiencies of such elements as iron or vitamin
B12 are noted, as well as co-occurring osteoporosis,
chronic inflammation or infertility [35];

o Silent - characterized by asymptomatic course of
the disease, however, as in the above forms, villus
atrophy is also observed;

o Latent-normal intestinal mucosa and no symptoms
of the disease, however, there is a probability of
future celiac disease [16, 26].

In the course of enteropathy, symptoms such as
growth deficiency or delayed development, as well as
co-occurring liver diseases, are also observed. During
the diagnosis of children, even 26-57% of them have an
elevated level of aminotransferases [37]. Nonspecific
symptoms also include neurological disorders and the
occurrence of “brain fog”, which is characterised by
memory loss and decreased concentration [29].

Celiac diagnosis is based on specific serological
tests, including antibodies against endomysium and
anti-transglutaminase tissue [6, 15]. Serological tests
are used not only for diagnosis but also for subsequent
monitoring of compliance with a gluten-free diet [16].
The golden standard in the diagnosis of celiac disease
is the biopsy [11]. During the biopsy, 4-5 samples are
collected from several areas of the small intestine, thus
determining the size of changes that have occurred
in the mucosa. The severity of the symptoms will be
the greater the larger intestinal area is affected. The
Marsh scale is used for microscopic evaluation of
collected specimens. This scale consists of 6 grades
where 0 means no changes in the mucosa, while class
3 with subclasses abc associated with the presence of
lesion [9]. Genetic tests for the presence of HLA DQ2
/ 8 specific haplotypes for enteropathy are also used
for diagnostics. Doing these tests, in certain cases,
eg. the family load genotype, can prevent further
tested [15]. Gluten-free diet counts as elimination
diets. It mainly involves the conversion of common
cereals - wheat, barley and rye to those that naturally
do not contain harmful to the patients protein, which
is gluten or to those from which it was removed
through technological processes [24]. In the process of
introducing a patient to a gluten-free diet, the patient
should be appropriately educated as to preparing the
dishes. Particular attention should be given to the
possibility gluten contamination of the product during
processing in the kitchen [17]. A gluten-free product is
one in which the gluten content does not exceed 20 mg
per kg of product or one that does not naturally contain
this protein. A product with a very low gluten content
is the one where the value of this protein does not
exceed 100 mg per kg of product [4].

Recommendations regarding ingredients such as
fats, carbohydrates and protein are consistent with
those in a healthy diet model. Protein intake should
be approx. 15% of the daily ration, and its main
sources in the diet should be a dairy, meat, fish and
legumes. The fat content in the diet should be up to
30%, while carbohydrates should be around 50%. To
prevent possible deficiencies in the diet of patients, it
is necessary to ensure the right amount of vegetables
and fruits on the menu [34].

It was observed that inadequate consumption of
vitamins, such as folic acid, cobalamin or pyridoxine
is closely related to increased levels of homocysteine.
Equation of state of intestinal mucosa, and the use
of a gluten-free diet normalized homocysteine levels
[22].

To enrich the diet of patients and prevent the
occurrence of shortages, should include in the menu
naturally gluten-free pseudo-grains, which include
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amaranth, corn, millet, quinoa, tapioca, teff and rice.
These cereals are the source, among others amino
acids, calcium or B group vitamins [30].

Celiac disease is one of the most frequently occurring
genetically determined diseases, current data suggest
an increase in morbidity, especially among children
and adolescents. The only method of treatment is the
introduction of a strict gluten-free diet, which belongs
to the elimination diets and if not properly carried out,
can lead to numerous nutritional deficiencies. Children
and adolescents are a group of patients in whom it is
particularly important to ensure an adequate supply of
nutrients to ensure adequate growth and development.

The aim of the work was to show through analysis of
the nutrition and nutritional status of teenagers the biggest
health risk that could result from the use of a diet eliminating
gluten. In addition, the specific objectives included:

o analysis of the composition of menus and the way
of feeding young people

o analysis of nutritional status by anthropometric
methods

Table 1. Characteristics of the studied group

MATERIAL AND METHODS

The study group consisted of 24 patients of the
Gastroenterology Outpatient Clinic of the Independent
Public Clinical Hospital No. 1. prof. Tadeusz Sokotowski
of the Pomeranian Medical University in Szczecin.
The inclusion criteria was based on disease-positive
serology tests, intestinal biopsies (four-point) and in
some cases genetic tests (DQ2 and DQS8 and DQ2.5).
However, the exclusion criterion was age (below 10
and above 18 years of age). In the study group there
were 14 girls and 10 boys. The average age of patients
was 153 £ 1.45 and 14.6 £ 1.43. Anthropometric
measurements were also taken, including an increase
of 163.6 £ 9,027 cm in girls and 161.9 £+ 12.43 c¢cm in
boys, as well as a body weight of 52.62 + 10.92 kg
for girls and 56.55 + respectively. 16.24 kg for boys
(Table 1). Anthropometric measurements were
made by qualified hospital staff. The study was not
a medical experiment, it was completely non-invasive,
it was based on an interview, which was obtained by
the approval of the PUM Bioethical Committee No.
KB-0012/116/15. Interviews were carried out with the
written consent and in the presence of parents.

Girls Boys Average of the study
(average +SD) (average +SD) group P
Age (years) 15.46 +1.447 14.6 £1.430 15.04 £1.46 0.217
Weight (kg) 52.6+10.918 56.55 +£16.239 54.26 +13.21 0.485
Height (cm) 163.6 £9.027 161.9 £12.432 162.92 +£10.36 0.694
Body mass index (BMI) 19.5+2.74 21.7 £3.63 20.4+£3.23 0.575

The most frequently reported comorbidities
include type 1 diabetes, hypothyroidism, reflux, anemia
and asthma. A questionnaire including an interview
on the last 24 hours of consumption, belonging to
intelligence and quality-quantity methods was used
to assess the diet. Anthropometric measurements:
height, weight, age, were collected during the visit
to the nearest 0.5 cm and 0.5 kg. The questionnaire
included questions about the occurrence of allergies,
food intolerances, medications and supplements,
and physical activity of the child. In order to obtain
precise information on the size of portions of meals
consumed, the Photo Album of products and dishes
which is recommended by the Institute of Food and

Nutrition (IZZ) [38]. The obtained anthropometric
data such as height and body weight were analyzed
using centiles of the OLA and OLAF project
recommended by the Children’s Memorial Health
Institute (Figures 1 and 2). The analysis of menus
was made in the Dieta 5d program recommended by
the Food and Nutrition Institute. The obtained data
was compared to Nutrition Standards for the Polish
population, edited by Jarosz [12]. The results were
interpreted on the basis of norms consistent with the
average age of the entire group of 13-15 years. Data
were statistically analyzed in the program Statistica
12.
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RESULTS

Analysis of anthropometric data including
body mass index (BMI) and age were related to the
percentile charts separately for sex. 7 out of 14 girls
were within accepted as the norm, and 7 were below the
50 percentile, of which 3 have extreme underweight.
In the group of boys 7 were within 50 percentile, 1
was underweight while 2 boys were successively
overweight and obese. Evaluation of nutritional status
was related to the average age of the group, which
was 15.04 £ 1.46. The level of the average demand
for the group (estimated average requirement - EAR)
was used for this purpose. For components for which
this level has not been defined adopted adequate
intake level (Al). For the total carbohydrate content,
reference was made to the level of recommended RDA
consumption. In relation to energy, fat, saturated fatty
acids and cholesterol, the recommendations by the
Institute of Food and Nutrition were used.

Both in the group of boys and in the group
of girls, the energy consumption was lower than
the daily demand, which was implemented at the
level of 60-70% (Table 2). A significant excess was

observed for intakes of saturated fatty acids in the
two groups, despite low intakes of total fat. There was
also a relatively high cholesterol intake in the boys’
group. In both groups, fiber intake was significantly
below the recommended standards of consumption.
Both minerals and vitamins in both groups were lower
than the recommended value (Table 3). Daily demand
for calcium was only 46% for girls and 59% for boys
and for folates similarly 58% and 56%. Similarly,
magnesium intake in both groups remained at the
level of 70% in relation to the recommendations of
the Institute of Food and Nutrition. Other components
which are also present in quantities deficit is vitamin
E, D and thiamine. In addition, a deficiency of
components such as sodium, potassium, iron, zinc and
iodine was also observed (Table 3). In boys, lower
values of manganese and higher values of phosphorus
were noted. A reverse relationship was observed in
the group of girls. A statistically significant difference
between the groups was recorded in the consumption
of total protein and animal protein, with higher intakes
of protein was observed in boys. The percentage of
energy from both protein, fat and carbohydrates in
both groups was correct (Table 4).

Table 2. Comparison of the mean energy intake, cholesterol, fiber and nutrients

Factor EAR Girls Boys P
Energy (kcal) 2450/3000%* 1694.348 1928.268 NS
Lipids (g) - 56.371 58.675 NS
SFA (g) 11286:21(?3:‘ 24.518 23.917 NS
MUFA (g) - 18.171 20.431 NS
PUFA (g) - 5.871 5.735 NS
Cholesterol (mg) max. 300 293.954 311.181 NS
Carbohydrates (g) 130" 250.818 281.593 NS
Saccharose (g) 60 46.246 54.323 NS
Lactose (g) - 7.393 5.635 NS
Dietary fibre (g) 19%* 15.449 14.410 NS
Protein (g) 43/45% 59.237 79.819 0.032
Animal protein (g) - 43.975 63.123 0.039
Plant protein (g) - 13.621 14.230 NS

EAR — Estimate Average Requirement; NS - not statistically significant, * - with gender and age distinction - girls / boys; ** - including

guidelines for patients with celiac disease
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Table 3. Comparison of the average consumption of minerals and vitamins

Factor EAR Girls Boys P
Na (mg) 2552/2944%* 2062.815 2826.544 NS
K (mg) 3000 2756.099 2978.275 NS
Ca (mg) 1100 504.827 650.798 NS
P (mg) 1050 988.798 1238.091 NS
Mg (mg) 300/340%* 210.653 241.268 NS
Fe (mg) 8 7.52 7.765 NS
Zn (mg) 7.3/8.5% 6.757 7.603 NS
Cu (mg) 0.7 0.786 0.807 NS
Mn (mg) 1.6/2.2* 2.22 2.017 NS
Iodine (ng) 95 75.953 87.634 NS
Vitamin A (ug) 490/630%* 1326.444 1090.818 NS
Retinol (ng) - 291.845 322.249 NS
Beta-carotene (ug) - 6019.765 4412.423 NS
Vitamin E (mg) 8/10%* 4.746 5.468 NS
Thiamine (mg) 0.9/1.0* 0.797 0.971 NS
Riboflavin (mg) 0.9/1.1* 1.198 1.311 NS
Niacin (mg) 11/12* 16.923 22.488 NS
Vitamin B6 (mg) 1/1.1%* 1.727 2.115 NS
Vitamin C (mg) 55/65%* 111.643 97.38 NS
Folate (ng) 330 193.528 186.97 NS
Vitamin B12 (ug) 2 2.191 3.116 NS
Vitamin D (ug) 15 1.185 1.563 NS

NS - not statistically significant
* with a distinction between sex and age

Table 4. Comparison of the average percentage of energy
from nutrients

Reference range .

Factor %) Girls Boys
Protein (%) 10-20 14.239 | 16.774
Lipids % 20-35 29.752 | 26.438
Carbohydrates % 45-65 56.009 | 56.788

DISCUSSION

Celiac disease is an autoimmune disease affecting
up to 1/100 of the world’s population. This is one of
the most common forms of malabsorption. The only
form of treatment is the strict use of a gluten-free diet
[1, 41]. Alzaben et al. [1] in study showed that the
challenge for patients using a gluten-free diet is both
its cost, which can be up to 50% higher than the costs
of a traditional diet containing gluten and ensuring
adequate nutritional value. Also, meals outside the
home is a big problem for patients. In addition, there is

concern about contamination of naturally gluten-free
products at each stage of the production process, which
may contribute to the unconscious intake of harmful
protein and thus to symptoms [8, 19]. Ferster et al.
[8] noted in their study that the disadvantage reported
by parents was the labeling of food and especially the
presence of gluten in potentially gluten-free products.
In products, gluten is used as a cheaper substitute for
animal protein. A study conducted by Rilley et al. [32]
involving 142 children between the age of 13 and 19
years of age showed in some patients the appearance
of overweight and obesity, despite the normal values of
body weight in the diagnosis of the disease. However,
some patients with initially high body weight after
using a gluten-free diet reduced or even achieved
normal body weight.

In our own study it was shown that 70% of patients
are around 50 percentile, which indicates a general good
nutritional status. Similarly, in studies by Radlovic
et al. [31] 70% of respondents showed a beneficial
nutritional status after using a gluten-free diet. In
the present study, the percentage of energy intake of
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protein, fat and carbohydrates in both groups was
within the norm. The opposite results were obtained
in a study conducted by Mariani et al. [23] protein
and fat were consumed in excessive amounts, which
prevented malnutrition. However, as in our study,
the diet was low in fiber, iron and calcium. As in the
above study, patients consumed insufficient quantity
of fiber. Its content in the diet did not exceed 16 g/d
with recommendations for celiac disease of 20-35 g/d
[39]. The results of these tests correspond to the results
obtained by other authors [20]. Insufficient intake of
calcium reported in the present study, confirmed the
results of Zuccotti et al. [41] and Alzaben et al. [1],
also be carried out in pediatric patients. Ohlund et
al. [27] also observed low intake of this ingredient in
the diet of patients, however, despite this, the intake
was higher than in the healthy control group. Higher
intakes may be caused by food fortification or calcium
supplementation prescribed by a doctor.

The low intake of vitamin D observed in the study
and hypocalcemia lead to increased bone resorption.
Enteropathy predisposes to the appearance of
osteoporosis in the future. However, the bone mineral
density improves after the introduction of a gluten-free
diet, also the bone growth processes normalize [3].
Therefore, early diagnosis in children and exclusion
of gluten from the diet will enable them to achieve the
correct peak bone mass [31].

Low magnesium intake may predispose to
the development of behavioral disorders, growth
retardation, as well as cardiovascular dysfunction
[27]. The deficiencies of this element in the diet were
observed by Kautto et al. [14], and Balmatekin et al.
[2]. This study confirmed this relationship. Rujner et
al. [33] showed that this unbalanced diet results from
a deficiency of this element in both enteropathic and
healthy people.

Insufficient iron intake observed in the own study
may result in anemia with a deficiency of this element.
A gluten-free diet, although it improves the absorption
of nutrients, is still poor in iron. Kautto et al. found
low iron consumption mainly in boys [14, 25]. It is
believed that especially in the period of recovery in
people with enteropathy, intake values should be
interpreted referring to recommendations for healthy
people. Therefore, most studies of interpretation
based on the ratio of the EAR. Values for the content
of protein, carbohydrate and fat recommended for
patients are respectively 15%, 25-30% and 55% [10,
28].

The good sources of nutrients that are excluded
from the diet of patients with celiac disease are pseudo-
cereals. Teff can supplement the content of essential
amino acids as well as calcium, iron or magnesium as
well as dietary fiber [36]. Quinoa is a rich source of
folic acid. Rich in fiber are amaranth and buckwheat.

They also contain unsaturated fatty acids that support
the prevention of cardiovascular disease. A good
source of thiamine, iron and zinc is oats. However,
despite the lack of harm to patients, it is extremely
important to check the product designation, as it is
often contaminated with gluten on the production
line [5, 28]. Buckwheat is a source of antioxidants,
regulates blood cholesterol levels and is rich in many
nutrients [7]. Unfortunately, in our study we observed
little or no consumption of these products in the diet
of patients. The menu was dominated by potatoes and
white rice.

CONCLUSIONS

1. Incorrectly used gluten-free diet may be the cause
of recurrence of disease symptoms.

2. Celiac disease does not affect the occurrence of
malnutrition but contributes to the occurrence of
quality deficiencies.

3. Chronic insufficient intake of fiber may predispose
to constipation and complications associated with it.

4. The study group is exposed to osteoporosis and
growth disturbances due to calcium and vitamin
D deficiency.

5. The demonstrated deficiency of magnesium, zinc,
vitamin E and folic acid in food rations may affect
the occurrence of multi-system abnormalities.
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