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Abstract: Celiac disease (CD) may cause numerous nutrient deficiencies that a proper gluten-free
diet (GFD) should compensate for. The study group consists of 40 children, aged 8.43 years (SD 3.5),
on average, in whom CD was diagnosed on the basis of clinical symptoms, immunological and
histopathological results. The patients’ height, weight, diet and biochemical tests were assessed three
times: before diagnosis, after six months, and following one year of GFD. After one year, the patients’
weight and height increased but nutritional status (body mass index, BMI percentile) did not change
significantly. The children’s diet before diagnosis was similar to that of the general Polish population:
insufficient implementation of the dietary norm for energy, fiber, calcium, iodine, iron as well as
folic acid, vitamins D, K, and E was observed. Over the year, the GFD of the children with CD did
not change significantly for most of the above nutrients, or the changes were not significant for the
overall assessment of the diet. Celiac patients following GFD may have a higher risk of iron, calcium
and folate deficiencies. These results confirm the need for personalized nutritional education aimed
at excluding gluten from the diet, as well as balancing the diet properly, in patients with CD.
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1. Introduction

Celiac disease (CD) is a chronic, multifactorial autoimmune disease related to the
ingestion of gluten that affects the small bowel in genetically predisposed persons (muta-
tions in the human leukocyte antigen (HLA) DQ2 and/or DQ8 haplotype), which results
in a wide range of clinical symptoms, both gastrointestinal and extra-gastrointestinal [1,2].
Gluten in one’s diet causes progressive atrophy of the villi in the small intestine resulting
in an alteration in the absorption of nutrients; thus, leading to various deficiency states [3].
Although the disease has been known for a long time, it has been given a lot of attention
in recent years due to its increasing prevalence. There has been a substantial increase in
the numbers of new cases, partly due to better diagnostic tools and thorough screening of
individuals considered to be at high risk for the disorder [4]. In Europe, the histologically
confirmed prevalence is around 0.6%. and the serological screening of the general popula-
tion gave the result of 1%; in Poland, it is about 0.8–1% of the total population [5,6]. CD is
more common in white populations, especially in western and northern European regions.
The basis for the treatment of celiac disease is the strict compliance of a gluten-free diet
(GFD), which excludes all products containing gluten such as wheat, barley, rye, and all
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products derived from these grains, such as starch, flour, bread, pasta, etc. Oats, due to the
risk of gluten contamination, are also excluded from the diet.

Patients with newly diagnosed CD often have nutrient deficiencies, especially involv-
ing iron, calcium, zinc, folic acid, vitamin D, and other fat-soluble vitamins, as a result
of malabsorption following damage to the small intestine mucosa that occurs in celiac
disease. Strict adherence to the GFD facilitates regeneration of intestinal villi, enabling
proper absorption of nutrients [7]. However, some authors have reported an unbalanced
diet in terms of macro and micronutrients in celiac patients and, in this situation, nutritional
deficiencies associated with GFD are more so caused by the diet than the disease mech-
anism [7]. Improperly balanced GFD can make deficiencies worse rather than improve
them, which is extremely dangerous for children during their development.

Children with untreated celiac disease were usually shorter than their healthy peers,
which is a consequence of nutritional deficiencies [8]. CD individuals also have a higher
prevalence of underweight, as well as a lower presence of obesity, as compared to non-celiac
peers [8]. However, some patients on a gluten-free diet develop obesity. The incidence of
excess body weight in pediatric patients with celiac disease on a gluten-free diet ranges
from 9.4% to 21% [9,10]. The increasing prevalence of excess body weight in CD patients can
be explained by the global trend towards weight gain in the children general population,
but also inappropriate nutritional education of patients and their parents after diagnosis.
Unfortunately, there are not many studies on this topic. Our study aimed to assess the
change in diet and anthropometric parameters of CD patients during the first year of
adhering to the gluten-free diet.

2. Material and Methods
2.1. Study Design and Population

The study group consists of patients diagnosed and treated in the Department of
Pediatrics, Gastroenterology, and Nutrition, University Children’s Hospital in Krakow, in
the years 2019–2021. The inclusion criteria for the study were as follows: children and
adolescents aged 2–18 years in whom CD was newly diagnosed on the basis of clinical
symptoms, results of immunological tests, and histopathological pictures of biopsies taken
from the duodenum. When recruiting patients, we used the European Society Paediatric
Gastroenterology, Hepatology and Nutrition guidelines in force at the time when the study
began [2]. Parents or legal guardians of the children, as well as the patients over 16 years
of age, gave consent to participate in the study. The exclusion criteria were: age below 2
and above 18 years; confirmed infections or chronic diseases of the gastrointestinal tract
(e.g., inflammatory bowel disease); obesity, thyroid diseases; neoplastic diseases (especially
of the gastrointestinal tract); immunodeficiencies; lack of consent of the patient and/or legal
guardian for participation in the study. In all patients, Immunoglobulin A (IgA) deficiency
was excluded, the titer of antibodies to tissue transglutaminase in IgA class (TTG IgA)
and the coeliac-related genotype HLA DQ2/DQ8 (CeliacStrip; Operon) were assessed. An
enzyme-linked immunosorbent assay test (ELISA) was used to determine antibody titers,
with levels above 20 RU/mL considered as abnormal. All laboratory tests were performed
in a hospital laboratory in accordance with Good Laboratory Practice (GLP) rules and using
tests with In Vitro Diagnostics/Food and Drug Administration (IVD/FDA) certificates
intended for routine medical diagnosis and being part of the clinical protocol in specialized
laboratories of the University Children’s Hospital in Krakow. All patients underwent
gastroscopy with specimen collection, obtained from both the duodenum and the duodenal
bulb, for histopathological evaluation. The degree of villous atrophy was determined
using the Marsh–Oberhuber classification [11]. Once the diagnosis was confirmed, the
patients and their parents were instructed to follow a gluten-free diet. At 3 measurement
points, i.e., before diagnosis, after six months and after one year on the diet, the patients
were assessed for height and weight, laboratory tests were also taken, and their diet was
evaluated (Figure 1).
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Figure 1. Flowchart of study design.

2.2. Anthropometric Parameters

Body weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively,
using a stadiometer and a balance scale (SECA, Hamburg, Germany). As the standard of
reference, normal values from the local population were used. To assess the nutritional
status, body mass index (BMI) interpretations of OLAF percentile charts were used [12]. For
children younger than 6 years, World Health Organization (WHO) growth standards were
used. Underweight was defined as BMI −2 SD and lower, being overweight as BMI +1 SD,
obesity +2 SD and upper percentile for age and sex [13]. The BMI value was calculated
according to the formula: body mass (kg)/height (m2) [14].

2.3. Dietary Assessment

The quantitative assessment of the diet was made on the basis of the analysis of the
children’s food diaries for three days, two weekdays, and one weekend. This method
consists of carefully listing all products, meals, and drinks that are consumed during these
3 days, including a detailed description of the foods and beverages consumed, their amount
(portion size), brand (if relevant), and preparation (e.g., cooking method, the addition of
fat, recipe, ingredients, etc.). Data collected from each child included three food diaries at
three time points: before starting the gluten-free diet and after 6 and 12 months following
the GFD.

Parents received food diaries at the first visit with instructions on how to fill them in.
The completed diaries were returned at the follow-up visits.

2.4. Blood Parameters

Biochemical and immunological laboratory blood tests were taken at the beginning
and at each follow-up visit. Tests for fasting total cholesterol (CHOL; normal range:
2.95–5.57 mmol/L), high-density lipoprotein (HDL; normal range: 0.61–2.18 mmol/L),
low-density lipoprotein (LDL; normal range: 1.51–3.34 mmol/L), triglycerides (TG; normal
range: 0.5–2.19 mmol/L) and iron (normal range: 3.6–26 µmol/L), as well as TTG IgA, were
carried out in specialized laboratories of the University Children’s Hospital in Krakow
according to routine laboratory procedures designed for medical diagnosis in accordance
with GPL and IVD/FDA standards.
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2.5. Data Analysis

The Aliant calculator was used to evaluate the implementation of nutrition standards.
The software used for the nutrient analysis of the food records included the Polish National
Food and Nutrition Institute database. Dietary supplements were not included in the
nutrient calculations because only vitamin D was supplemented in the studied group. The
values of macro and micronutrients were referred to the Polish norm according to the age
and sex of the child [15]. To evaluate the prevalence of nutrient adequacy, Estimated Energy
Requirement (EER) for energy, Reference Intake (RI) for fats, saturated fats (SFA) and
carbohydrates, Adequate Intake (AI) for monounsaturated fats (MUFA), polyunsaturated
fats (PUFA) and cholesterol were used. Recommended Dietary Allowance (RDA) and AI
were used for micronutrients and vitamins.

All the collected data were analyzed statistically with the use of Statistica 13.0 software
(StatSoft). The Friedman test was used to compare the differences in the studied group with
repeated measures. Correlations between the change in percentiles for BMI and nutrient
intake were checked with the use of Spearman’s rank correlation. The significance level
was set to p < 0.05.

The study was conducted following the Declaration of Helsinki for medical re-
search [16] and with the positive approval of the Jagiellonian University Bioethics Commis-
sion (No. 1072.6120.82.2018).

3. Results

The study group included 40 children, 28 girls (70%) and 12 boys (30%) aged 7–17.5 years
old. The mean age of the children at the beginning of the study was 8.43 years (SD 3.5). The
body height changed by an average of 8 cm during the course of the year (p < 0.01) while
body weight increased, on average, by 4kg (p < 0.01). There was no significant increase in
BMI or BMI percentile after 6 months (accordingly ∆ = 0.08, ∆ = −0.42) and 12 months of
the study (accordingly ∆ = 0.32, ∆ = −0.05), cf. Table 1.

Table 1. Changes of anthropometric parameters in the studied group.

Variables Before Diet
X (SD)

After 6 Mon
X (SD)

After 12 Mon
X (SD) p-Value

Weight
(kg) 28.15 (2.64) 29.76 (2.38)

∆ = 1.61
32.34 (13.50)

∆ = 4.19 0.01

Weight
percentile 39.85 (8.61) 45.13 (33.66)

∆ = 5.48
47.68 (32.38)

∆ = 8.03 0.01

Height (cm) 127.88 (18.94) 131.39 (18.12)
∆ = 3.51

135.90 (17.90)
∆ = 8.03 0.01

Height
percentile 39.65 (32.18) 45.13 (33.66)

∆ = 5.48
47.68 (47.68)

∆ = 8.03 0.01

BMI (kg/m2) 16.36 (2.60) 16.44 (2.47)
∆ = 0.08

16.68 (2.78)
∆ = 0.32 0.15

BMI percentile 42.23 (27.93) 42.65 (25.38)
∆ = 0.42

42.28 (28.66)
∆ = −0.05 0.95

X—mean; SD values due to normal distribution; ∆ = change value; a p-value of less than 0.05 was considered
significant.
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At diagnosis, 67.5% of the children had proper BMI, 20% were underweight and 2.5%
were overweight. After six months, the number of children with normal BMI increased by
7.5%, the number of underweight and overweight children decreased accordingly by 2.5%
and 5%. The change in the BMI percentile for each child is presented in Figure 2.

After a year of the study, the percentage distribution of children in the three groups
(underweight, normal, overweight) was the same as at the beginning of the study (Figure 3).
There were no obese children in the study group at any point in time.

No statistically significant changes in biochemical parameters were observed except
for a significant increase in HDL cholesterol, cf. Table 2.
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The average amount of energy consumed before the introduction of GFD increased by
110.70 kcal after 6 months and by 144.54 kcal after 12 months (p = 0.02), but the percentage
of implementation EER norm did not change significantly after a half year and one year
of the study, 93.60% (21.11) vs. 96.53% (96.53) vs. 95.97% (21.00); p = 0.73. There was
no statistically significant increase in the consumption of fats, proteins, carbohydrates,
or fiber during the year of using the GFD, and the implementation of the norm for the
above-mentioned macronutrients did not change either. Significant changes were observed
for polyunsaturated fatty acids (PUFAs) and cholesterol. The percentage distribution of
energy from proteins, fats, and carbohydrates did not change significantly at subsequent
time points of the analysis (Table 3).

Table 2. Changes of biochemical parameters in the studied group.

Variables Before Diet
X (SD)

After 6 Mon
X (SD)

After 12 Mon
X (SD) p-Value *

CHOL
(mmol/L) 4.06 (0.68) 4.29 (0.93)

∆ = 0.23
4.30 (0.85)
∆ = 0.24 0.04

HDL
(mmol/L) 1.37 (0.32) 1.59 (0.42)

∆ = 2.22
1.53 (0.41)
∆ = 0.16 <0.01

LDL
(mmol/L) 2.40 (0.56) 2.50 (0.80)

∆ = 0.1
2.43 (0.77)
∆ = 0.33 0.98

TG
(mmol/L) 0.83 (0.37) 0.67 (0.21)

∆ = −0.16
0.73 (0.30)
∆ = −0.1 0.15

Fe
(µmol/L) 15.90 (6.99) 17.37 (6.63)

∆ = 1.47
17.20 (6.07)

∆ = 1.30 0.56

X—mean; SD values due to normal distribution; ∆ = change value; a p-value of less than 0.05 was considered
significant, * p-value referred to before diet and after 12 months; CHOL—Total Cholesterol; HDL—High-Density
Lipoprotein; LDL—Low-Density Lipoprotein; TG—Triglycerides; Fe—Iron.

Before diagnosis, most of the micronutrient intake followed the nutritional norms—
the exception was the low and very low implementation of the dietary norm for calcium,
iodine, iron, and selenium. No significant changes were observed after six months and
one year of using the diet in terms of the implementation of nutritional standards for
these ingredients. The percentage of implementation of the norm for zinc, iodine and
potassium increased statistically in the next measurement points and were, accordingly, for
zinc 114.08% (4.97) vs. 119.27% (35.84) vs. 129.51 (39.58), p < 0.01; iodine 13.23% (7.68) vs.
17.38% (8.77) vs. 15.79% (6.90), p < 0.01; potassium 119.68% (52.56) vs. 128.51% (56.75) vs.
137.88 (60.32), p = 0.02 (Table 4).

Concerning vitamins, low implementation of the nutritional norm was observed at the
beginning of the study for folic acid and vitamins D, E, and K. After one year of using the
GFD, the percentage of the implementation of nutritional standards did not change for any
of the vitamins, except vitamin D, for which a statistically significant rise was observed:
11.47% (6.19) vs. 14.30% (11.58) vs. 23.90% (53.91), p < 0.01; however, the implementation
of the norm was still very low. After six months and one year on the GFD, vitamin C
intake increased significantly (Table 5). No significant correlation was observed between
the change in BMI and nutrient intake percentiles.
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Table 3. Daily dietary intake and norm implementation of energy, macronutrients and fiber in the
studied group.

Intake Before X (SD) After 6 Mon
X (SD)

After 12 Mon
X (SD) p-Value *

Energy kcal/day 1440.59 (367.44) 1551.30 (384.14)
∆ = 110.71

1629.11 (368.09)
∆ = 188.52 0.02

Energy
% EER 93.60 (21.11) 96.53 (22.53)

∆ = 3.38
95.97(21.00)

∆ = 2.38 0.73

Protein
g/day 58.42 (16.04) 61.80 (16.47)

∆ = 6.2
64.03 (13.90)

∆ = 5.62 0.43

Protein
% RDA 111.17 (45.29) 105.22 (31.79)

∆ = −5.95
105.54 (30.21)

∆ = −5.63 0.55

Fats
g/day 54.83 (18.56) 58.97 (18.63)

∆ = 4.14
62.47 (17.99)

∆ = 7.63 0.19

Fats
% RI 106.57 (31.82) 111.15 (38.96)

∆ = 4.58
110.62 (30.30)

∆ = 4.06 0.79

SFA
g/day 20.80 (7.90) 23.31 (8.14)

∆ = 2.51
24.57 (7.57)

∆ = 3.77 0.28

SFA
% RI 160.39 (66.39) 179.60 (86.90)

∆ = 19.21
184.40 (86.13)

∆ = 24.01 0.79

MUFA
g/day 20.93 (8.04) 22.43 (7.84)

∆ = 1.51
24.16 (7.47)

∆ = 3.23 0.10

MUFA
% AI 125.04 (61.40) 122.33 (55.29)

∆ = −2.71
121.47 (43.17)

∆ = −3.57 0.79

PUFA
g/day 14.68 (29.89) 11.64 (26.17)

∆ = −3.04
8.39 (3.63)
∆ = −6.30 0.04

PUFA
% AI 83.38 (172.95) 75.46 (222.64)

∆ = −7.92
42.93 (17.38)
∆ = −40.45 0.01

Cholesterol 232.09 (95.68) 275.86 (123.56)
∆ = 43.77

281.93 (94.71)
∆ = 49.83 0.16

Cholesterol
% AI

77.36 (31.89) 91.96 (41.18)
∆ = 14.60

93.97 (31.57)
∆ = 16.61 0.04

Carbohydrates
g/day 189.65 (52.35) 204.23 (59.71)

∆ = 14.58
214.92 (51.68)

∆ = 25.27 0.01

Carbohydrates
% RI 86.12 (21.86) 88.68 (27.22)

∆ = 2.56
88.21 (20.10)

∆ = 2.09 0.37

Fiber g/day 14.39 (5.91) 15.08 (6.86)
∆ = 0.70

15.87 (4.41)
∆ = 1.49 0.06

Fiber
% AI 86.92 (35.41) 90.99 (41.61)

∆ = 4.07
98.63 (31.80)

∆ = 11.70 0.06

% Energy from
Protein 16.22 (2.33) 16.06 (2.59)

∆ = −13.35
15.72 (1.85)
∆ = −13.74 0.56

% Energy from
Fats 33.40 (7.26) 33.90 (6.54)

∆ = 1.18
34.11 (5.16)

∆ = 1.39 0.60

% Energy from
Carbohydrates 50.22 (7.63) 50.59 (7.03)

∆ = 0.51
50.50 (5.22)

∆ = 0.42 0.73

X—mean; SD values due to normal distribution. ∆ = change value; a p-value of less than 0.05 was considered sig-
nificant. * p-value referred to before diet and after 12 months; % EER—Percentage of implementation of Estimated
Energy Requirement norm; % RDA—Percentage of implementation of Recommended Dietary Allowance norm;
% RI—Percentage of implementation of Reference Intake; % AI—Percentage of implementation of Adequate
Intake norm; SFA—Saturated Fats; MUFA—Monounsaturated Fats; PUFA—Polyunsaturated Fats.
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Table 4. Daily dietary intake and norm implementation of micronutrients in the studied group.

Intake Before X (SD) After 6 Mon
X (SD)

After 12 Mon
X (SD) p-Value *

Sodium (mg) 1541.7 (615.6) 1732.0 (679.4)
∆ = 190

1725.6 (618.45)
∆ = 183 0.56

% AI 127.89 (49.13) 145.08 (56.70)
∆ = 17.2

143.12 (45.78)
∆ = 15.2 0.56

Potassium (mg) 2055.26 (687.85) 2901.67 (685.63)
∆ = 135.4

2335.84 (568.94)
∆ = 280 0.03

% AI 119.68 (6.19) 128.51 (56.75)
∆ = 8.80

137.88 (60.32)
∆ = 18 0.02

Calcium (mg) 537.13 (233.32) 616.16 (242.07)
∆ = 80.0

547.85 (202.03)
∆ = 10.72 0.43

% RDA 50.56 (23.60) 57.17 (21.59)
∆ = 6.60

50.72 (18.76)
∆ = 0.15 0.43

Phosphorus
(mg) 912.98 (290.83) 990.64 (277.64)

∆ = 77.67
1015.39 (233.23)

∆ = 102.41 0.26

% RDA 136.98 (61.84) 147.30 (57.28)
∆ = 0.29

149.54 (57.92)
∆ = 12.56 0.37

Magnesium
(mg) 197.27 (71.20) 214.01 (68.85)

∆ = 16.74
215.53 (49.49)

∆ = 18.26 0.52

% RDA 126.92 (69.23) 135.31 (57.75)
∆ = 8.39

135.04 (50.45)
∆ = 8.12 0.65

Iron (mg) 8.40 (3.01) 9.49 (4.65)
∆ = 1.10

7.97 (1.69)
∆ = −4.43 0.17

% RDA 79.29 (38.82) 90.55 (50.88)
∆ = 11.26

75.03 (32.76)
∆ = −4.26 0.25

Zinc (mg) 6.5 (0.92) 6.86 (1.75)
∆ = 0.35

7.48 (1.57)
∆ = 0.97 <0.01

% RDA 114.08 (44.97) 119.27 (35.84)
∆ = 5.19

129.51 (39.58)
∆ = 15.44 <0.01

Copper (mg) 0.77 (0.32) 0.80 (0.28)
∆ = 0.03

0.86 (0.24)
∆ = 0.09 0.08

% RDA 129.90 (67.77) 122.07 (59.28)
∆ = 3.17

148.59 (68.40)
∆ = 18.69 0.11

Manganese (mg) 2.53 (1.27) 2.20 (1.52)
∆ = −0.33

2.04 (0.76)
∆ = −0.49 0.66

% AI 163.66 (82.49) 141.38 (97.93)
∆ = −22.28

130.90 (50.92)
∆ = −32.76 0.73

Selenium (ug) 6.04 (7.62) 6.76 (6.81)
∆ = 0.72

5.42 (5.03)
∆ = −0.63 0.66

% RDA 18.86 (25.26) 19.28 (18.72)
∆ = 0.43

15.71 (15.10)
∆ = −3.14 0.58

Iodine (ug) 13.57 (6.74) 18.08 (8.20)
∆ = 4.53

16.53 (6.84)
∆ = 2.96 <0.01

% RDA 13.23 (7.68) 17.38 (11.58)
∆ = 4.16

15.79 (6.90)
∆ = 2.57 <0.01

X—mean; SD values due to normal distribution; ∆ = change value; a p-value of less than 0.05 was considered
significant. * p-value referred to before diet and after 12 months; % RDA—Percentage of implementation of
Recommended Dietary Allowance norm; % AI—Percentage of implementation of Adequate Intake norm.
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Table 5. Daily dietary intake and norm implementation of vitamins in the studied group.

Intake Before X (SD) After 6 Mon
X (SD)

After 12 Mon
X (SD) p-Value *

Vit. A (ug) 671.91 (377.25) 757.52 (349.38)
∆ = 85.61

778.96 (350.44)
∆ = 107.5 0.11

% RDA 131.69 (84.99) 146.72 (75.13)
∆ = 15.03

156.14 (96.25)
∆ = 24.45 0.11

Vit. D (ug) 1.72 (0.92) 2.15 (1.74)
∆ = 0.43

3.59 (8.09)
∆ = 1.88 <0.01

% AI 11.47 (6.19) 14.30 (11.58)
∆ = 2.83

23.90 (53.91)
∆ = 12.43 <0.01

Vit. E (mg) 6.15 (2.98) 6.29 (3.05)
∆ = 0.05

6.64 (2.94)
∆ = 0.50 0.25

% AI 87.01 (41.68) 88.26 (44.46)
∆ = 1.25

93.63 (42.99)
∆ = 6.62 0.41

Vit. K (ug) 4.88 (7.59) 4.13 (6.33)
∆ = −0.75

4.20 (4.75)
∆ = −0.68 0.71

% AI 8.43 (13.50) 7.11(10.72)
∆ = −1.32

7.23 (8.04)
∆ = −1.20 0.79

Vit. B1 (mg) 1.00 (0.48) 1.05 (0.41)
∆ = 0.05

1.15 (1.06)
∆ = 0.15 0.72

% RDA 116.48 (49.18) 128.47 (61.85)
∆ = 11.99

141.21 (153.78)
∆ = 24.73 0.76

Vit. B2 (mg) 1.28 (0.50) 1.50 (0.69)
∆ = 0.22

1.36 (0.37)
∆ = 0.07 0.46

% RDA 151 (58.42) 183 (109.41)
∆ = 31.72

163.91 (59.11)
∆ = 12.52 0.34

Vit. B3 (mg) 13.03 (5.54) 15.31 (6.63)
∆ = 2.99

14.41 (3.86)
∆ = 1.38 0.23

% RDA 118.43 (48.34) 143.84 (76.67)
∆ = 25.41

134.16 (44.89)
∆ = 15.74 0.23

Vit. B6 (mg) 1.49 (0.49) 1.73 (0.76)
∆ = 0.24

1.62 (0.41)
∆ = 0.13 0.61

% RDA 164.25 (62.34) 200.57 (121.88)
∆ = 36.32

184.80 (74.62)
∆ = 20.56 0.60

Folic acid (ug) 160.96 (60.03) 193.85 (83.69)
∆ = 32.90

188.89 (51.52)
∆ = 27.93 0.21

% RDA 58.20 (24.26) 71.76 (39.96)
∆ = 13.56

70.03 (26.80)
∆ = 11.83 0.21

Vit. B12 (mg) 2.53 (1.07) 2.96 (1.17)
∆ = 0.44

2.97 (1.37)
∆ = 0.44 0.09

% RDA 153.10 (72.94) 182.50 (90.06)
∆ = 29.41

180.05 (90.02)
∆ = 26.95 0.08

Vit. C (mg) 63.92 (36.48) 81.70 (53.98)
∆ = 17.79

93.21 (55.10)
∆ = 29.29 <0.01

% RDA 123.80 (75.58) 156.77 (102.89)
∆ = 32.98

179.73 (122.25)
∆ = 55.94 <0.01

X—mean; SD values due to normal distribution; ∆ = change value; a p-value of less than 0.05 was considered sig-
nificant. * p-value referred to before diet and 12 month; % RDA—Percentage of implementation of Recommended
Dietary Allowance norm; % AI—Percentage of implementation of Adequate Intake norm.
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4. Discussion

Celiac disease is most often associated with a deterioration of the nutritional status as
most studies indicate that, at the time of diagnosis, children are underweight and shorter
than their peers [8]. The elimination of the toxic factor, which is gluten, should enhance
the results of absorption and, consequently, provide an improvement in the nutritional
status [7]. In the study group, 22% of children at the beginning of the study were stunted
according to the WHO definition; after one year, this result dropped to 15%. Statistically
significant growth of height and height’s percentiles was observed [17].

Brambilla et al. compared 150 children under GFD from a median (IQR) time of
4.4 (4.2) years with 288 healthy children, matched for gender and age. The mean BMI of the
CD patients was significantly lower than that of the healthy children in the control group.
Following the introduction of a GFD, the number of children who were underweight
decreased significantly and the number of those who were overweight increased [9]. In our
study, the children grew significantly and increased their body weight, but not so much
that there was a significant improvement in their nutritional status expressed in BMI or
BMI percentiles, which may be the result of a negative energy balance. Children at the
beginning and after one year of the study consumed too few calories and did not meet
100% of the Estimated Energy Requirement.

In our study, we did not find relevant differences in the nutrient value of the diet of
children and adolescents before diagnosis and after one year of using GFD. According
to the macronutrient distribution profile, the observed patients followed a high-lipid,
high-protein, low-carbohydrate diet compared to the Polish Recommendation for lipids
(less than 35% of total energy) and proteins (between 10 and 15% of total energy) and
carbohydrates (between 50 and 60% of total energy) [15]. These results are consistent with
the results for the general Polish population [18–20]. Similar results in CD patients were
seen in the work of Bardella et al., in which the total energy intake was lower in celiac
patients than in the control group and they consumed more energy in the form of fats
compared to the levels of carbohydrates [21].

According to the dietary lipid profile, children and adolescents failed to meet the
recommendations, with a higher contribution of saturated fatty acids (SFAs) and monoun-
saturated fatty acids (MUFAs) to total energy intake and a lower contribution of PUFAs,
as compared to the guidelines. After one year of using GFD, the percentage of norm
implementation for PUFAs decreased by 40% and raised by 15% for cholesterol. Regarding
cholesterol intake, at any point in time, a higher intake than the recommended maximum
limit of 300 mg/day was not observed. The increase in dietary fat consumption has been
observed in many studies of children with CD [22–28]. High consumption of SFAs and
cholesterol, as well as low absorption of PUFAs, are common in the pediatric population in
Europe, and GFD may add an extra dose of lipids [29]. This state may be caused by the
consumption of gluten-free products, to which fats are often added to improve the taste
and increase the caloric value. In the study of Calvo-Lerma et al., gluten-free products
(GFP) were compared with their gluten-containing counterparts (GCC); it was observed
that bread (GFP) had higher total and saturated fat contents in which palm oil was the main
fat used [30]. High intake of SFAs is one of the causes of dyslipidemia, as well as cardiovas-
cular and liver diseases. The effect of GFD on nonalcoholic fatty liver disease (NAFLD)
and nonalcoholic steatohepatitis (NASH) and metabolic disorders in adult individuals
with CD is a matter of debate [31–33]. A recently published review found alterations of
the lipid profile suggesting that important changes happen in celiac patients on a GFD,
though the physiopathology of these conditions is unclear [34]. In our study, we did not
observe significant changes in lipid profiles after one year, except for HDL, which was
slightly raised.

Concerning carbohydrates, an increase in consumption by 25 g during the year of
dieting was observed; however, this increase was in line with the increase in demand
because no differences were observed in the implementation of nutritional norms for
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carbohydrates at the beginning and the end of the study, and the overall diet of children
was rather low in carbohydrates.

Insufficient intake of fiber was observed at the beginning of the study; however, during
the following GFD, a statistically insignificant change was observed. Gluten-free products
currently have a similar fiber content [29], but vegetables and fruits are also good sources
of fiber, of which intake is insufficient in the Polish children population [35]. Fiber is a
prebiotic that can be metabolized by microbes in the gastrointestinal tract and modulate
the microbiota. Studies by Cenit et al. have shown that patients with CD have a reduced
number of Bifidobacterium spp. and an increased number of Bacteroides spp. Changes in
the intestinal microbiota, however, are not completely normalized after the introduction of
GFD. Even a two-year GFD does not restore the composition of the bacterial flora to the
physiological state [36]. In other studies, the concentration of Bifidobacterium, Enterococcus,
and Lactobacillus and an increase in Klebsiella, Salmonella, Bacteroides, Staphylococcus, and
Shigella concentrations were shown in celiac patients [37,38]. Additionally, in the case of a
smaller number of Gram-positive bacteria, the colony of Bacteroides fragilis may grow, which
releases proteolytic enzymes causing the formation of toxic proteins from gluten [39].

The results of studies from different countries in different age groups have consistently
shown that celiac patients are at risk of various nutritional deficiencies. These deficiencies
are largely the result of damage to the intestinal mucosa and malabsorption, but during
the course of GFD, deficiencies are mainly caused by an improperly balanced diet. Dietary
complications in patients with CD on GFD can be caused by the poor nutritional value of
commercial gluten-free products, and a complicated selection of food products. Deficiencies
seen in celiac patients using GFD include fiber, iron, folic acid, niacin, vitamin B12, and
riboflavin [40,41]. In our study, we analyzed the adherence of actual food intake to the
recommended consumption for these nutrients. In children and adolescents with CD, we
found adequate consumption concerning the norms for most water-soluble vitamins, i.e.,
thiamine, riboflavin, pyridoxine, niacin, cobalamin and vitamin C. For these vitamins,
no change was observed during the year of following the GFD. Thus, there is no risk of
deficiency of these vitamins, at least in our study group. A much bigger problem is the
lack of adequacy of the nutritional norm for folic acid and fat-soluble vitamins such as
D, E, and K. Low intake of folic acid and vitamin K corresponds to low consumption of
vegetables, especially green ones, as indicated by studies by other authors, but this trend
applies to the entire pediatric population [35].

Vitamin D intake from food products was much lower than the recommendations for
children and adolescents, which is consistent with the results in the general population
regarding vitamin D deficiency [42]. The main source of vitamin D is radial skin biosyn-
thesis, not a diet. Due to the common lack of this vitamin in the pediatric population, all
children should be supplemented as recommended [43]. In our study group, all children
actually used vitamin D3 supplementation.

As shown by the results of studies in the population of Polish children, chronic
calcium deficiency is present in the diet of 51% of children [35,42]. Very low calcium
intake among children with celiac disease was observed in our study. This finding is also
confirmed by the results of other authors [41,44]. Vitamin D and calcium play a crucial
role in proper bone mineral density (BMD). Another important vitamin linked to the risk
of bone disorders is vitamin K2. It interacts with calcium and vitamin D and is essential
for the activation of osteocalcin. Moreover, vitamin K2 has been shown to inhibit bone
resorption by suppression of the prostaglandin E2 synthesis in osteoclasts [45,46]. Children
have the highest need for vitamin K since bone formation and development are most
intense during childhood and adolescence. Krzesiek et al. observed a reduction in BMD in
40% of children diagnosed with CD and in 75% of patients with newly diagnosed CD [47].
With regard to these results and nutritional deficiency, there is a need for early assessment
of bone mineral density (BMD) to treat bone abnormalities in celiac patients since bone
disorders are well documented [48–50]. Perhaps mandatory supplementation of GFD with
calcium and vitamin K2, not only vitamin D, needs to be considered for such patients.
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Low adherence to the iron norm concerning low serum iron levels is worrying, es-
pecially since there has been no significant increase in iron intake and adequate increase
in serum iron levels during the year of the diet. The children in our study were not sup-
plemented with iron, so this result reflects the real level of intake. In the studies of other
authors, too low iron intake is also observed and, if we take into account the fact that
people with celiac disease often develop anemia, this nutrient should be under special
control [39].

5. Conclusions

The results of our study revealed that there is no risk of deficiency of water-soluble
vitamins, except for folic acid, but special attention should be given to the correct supply of
vitamin D, K and E. The low intake of key nutrients for child development, such as calcium,
iron and iodine, observed before the diagnosis, did not improve after the introduction
of GFD. There was also no significant change in the implementation of the norm for
energy in children following GFD. Taking into account the increased energy needs due to
inflammation and the healing process, some CD children on GFD may have a negative
energy balance. These results confirm the need for personalized nutritional education
focused not only on excluding gluten from the diet but also reducing nutritional deficiencies
by selecting foods rich in nutrients when a deficiency in the diet is observed. If integration
with the diet is not enough, administration of supplements may be the correct way, after
evaluating the initial blood level to determine the right dosage of supplementation. The
strength of this study is that the changes were assessed over time by analyzing the children’s
diet, anthropometric and biochemical parameters at three time points. Regarding the
weaknesses, the method of food tracking (food diary) has a limitation in the form of an
underestimated or overestimated portion size by the respondent, which may distort the
actual nutrient intake. The second limitation is that the follow-up of the patients of the
study was only one year.
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18. Falkowska, A.; Stefańska, E.; Ostrowska, L. Assessment of the diet of children aged 10–12 with various levels of nutrition.

Endokrynol. Otył. Zab. Przem. Mat. 2011, 7, 222–228. (In Polish)
19. Merkiel-Pawłowska, S.; Chalcarz, W. Gender differences and typical nutrition concerns of the diets of preschool children—The

results of the first stage of an intervention study. BMC Pediatr. 2017, 17, 207. [CrossRef]
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