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ABSTRACT

Aim: This study aimed to evaluate the antioxidant intake of adult celiac patients and healthy individuals
based on their dietary records and responses to an antioxidant consumption frequency questionnaire.

Material and Method: This cross-sectional descriptive study was conducted between February and
June 2021 at the Association of Living with Celiac in Tiirkiye. A total of 32 adult celiac patients and
33 healthy individuals were included. Dietary intake data were collected using three-day food records
and a Food Frequency Questionnaire (FFQ). Total Antioxidant Status (TAS) was calculated from
dietary records (dietary TAS) and FFQ responses (FFQ TAS) based on the antioxidant content of
reported foods.

Results: The proportion of energy derived from fat was significantly higher in celiac patients
(p=0.001), whereas carbohydrate and fiber intakes were higher in healthy controls. Intakes of
thiamine, pyridoxine, folate, potassium, magnesium, phosphorus, and vitamin C were significantly
lower in celiac patients, while no significant differences were observed for vitamins A and E, selenium,
or zinc. Both dietary TAS and FFQ-derived TAS values were significantly higher in healthy individuals
compared to celiac patients (dietary TAS: p=0.031; FFQ TAS: p=0.027). A positive correlation was
observed between dietary TAS and zinc intake in celiac patients, and between dietary TAS and vitamin
A intake in healthy controls.

Conclusion: Celiac patients had significantly lower antioxidant intake compared to healthy
individuals. These findings underscore the need for further research to assess antioxidant status and
its long-term health implications in this population.

Keywords: Celiac disease, Antioxidants, Gluten-free diet, Food frequency questionnaire
OZET

Amag: Bu ¢calisma, yetiskin ¢olyak hastalarinin ve saglikl bireylerin antioksidan alimini, diyet kayitlar
ve antioksidan tiiketim sikligi anketine yanitlar: temel alarak degerlendirmeyi amaglanugstir.

Gereg ve Yontem: Kesitsel tanimlayici nitelikteki bu ¢alisma, Subat—Haziran 2021 tarihleri arasinda
Tiirkiye’'de Célyakla Yasam Dernegi’nde yiiriitiilmiistiir. Calismaya 32 yetiskin ¢olyak hastasi ve 33
saglikli birey dahil edilmigstir. Besin tiiketim verileri, ii¢ giinliik besin kayitlar: ve FFQ araciligiyla elde
edilmigstir. Toplam Antioksidan Durumu (TAS), bildirilen besinlerin antioksidan icerikleri esas
alimarak diyet kayitlar: (diyet TAS) ve FFQ yanitlart (FFQ TAS) iizerinden hesaplanmistir.

Bulgular: Colyak hastalarimin enerji alimlarinda yagdan gelen oran anlamli diizeyde yiiksek
bulunurken (p=0.001), saghkl bireylerde karbonhidrat ve posa alimlari daha yiiksek saptanmigstir.
Colyak hastalarimin tiyamin, pridoksin, folat, potasyum, magnezyum, fosfor ve C vitamini alimlar:
anlaml olarak diigiik bulunmug, A vitamini, E vitamini, selenyum ve ¢inko agisindan ise gruplar
arasinda farklilik gozlenmemistir. Hem diyet TAS hem de FFQ-TAS degerleri saglikli bireylerde ¢élyak
hastalarina kiyasla anlamli diizeyde yiiksek bulunmustur (diyet TAS: p=0.031; FFQ TAS: p=0.027).
Colyak grubunda diyet TAS ile ¢inko alimi, kontrol grubunda ise diyet TAS ile A vitamini alimi arasinda
pozitif iligki saptanmgtir.

Sonug: Colyak hastalarimin, saghkli bireylere kiyasla antioksidan alimimin anlamh diizeyde daha
diisiik oldugu saptanmistir. Bu popiilasyonda antioksidan durumunun ve uzun dénem saglhk
sonuglarinin arastirilmasi icin ileri ¢alismalara ihtiyag vardir.

Anahtar kelimeler: Colyak hastalig, Antioksidanlar, Glutensiz diyet, Gida Siklig1 Anketi
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INTRODUCTION

Celiac disease (CD) is an autoimmune disorder
characterized by specific serological and
histological findings triggered by gluten
consumption. Gluten-containing foods such as
wheat, barley, rye, and occasionally oats provoke
an immune-mediated response in genetically
predisposed individuals. CD is a growing public
health concern, with an increasing prevalence of
approximately 7.5% per year across diverse
populations (Fasano & Catassi, 2012; King et al.,
2020). The disease's pathogenesis is influenced by
genetic and environmental factors (Serena, Lima,
& Fasano, 2019).

The clinical presentation of CD varies
significantly, encompassing both gastrointestinal
and  extraintestinal ~ symptoms.  Classical

gastrointestinal manifestations include abdominal
pain, diarrhea, vomiting, and bloating (Rivera,
Assiri & Guandalini, 2013). However, adults with
CD often experience systemic symptoms such as
unintentional weight loss, osteoporosis, anemia,
dental enamel defects, and skin conditions—
primarily due to deficiencies in essential vitamins
and minerals (Rivera, Assiri & Guandalini, 2013;
Koehler, Wieser & Konitzer, 2014). Consistent
with these clinical manifestations, recent studies
have reported lower intakes of fiber, B-vitamins,
iron, calcium, vitamin D, and magnesium in
patients with CD (Suarez-Gonzalez, Bousofio-
Garcia, Jiménez-Trevifio, & Diaz-Martin, 2021,
Bianchi et al., 2024).

Oxidative stress is a key contributor to various
diseases, including diabetes, cardiovascular
disorders, atherosclerosis, and cancer. It arises
when reactive oxygen species (ROS) exceed the
body's antioxidant defenses, leading to cellular
damage (Pizzino et al., 2017). Inflammation,
exacerbated by increased ROS levels and
diminished antioxidant capacity, plays a
significant role in CD pathogenesis. Antioxidants,
both enzymatic and non-enzymatic, mitigate
oxidative damage (Moretti et al., 2018).

Primary dietary antioxidants include phenolic
compounds, tocopherols, ascorbic acid, and
carotenoids. Endogenous antioxidants such as
uric acid, hemoglobin, transferrin, and glutathione
also  contribute to  oxidative  balance
(Janciauskiene, 2020). Rich dietary sources of
antioxidants include oilseeds, cereals, legumes,
fresh and dried fruits, vegetables, and nuts
(Amarowicz, & Pegg, 2019; Hegazy, El-Sayed,
Ibrahim, & Abdel-Azeem, 2019).

A gluten-free diet (GFD) requires the complete
exclusion of gluten, a protein complex present in
food products from wheat, rye, barley, oats, spelt,
kamut or their hybridized strains (Melini, &
Melini, 2019). Currently, the only effective
treatment for CD is lifelong adherence to a strict
GFD (Mazzola et al., 2024; Noori et al., 2024).
However, eliminating gluten-containing grains—
key sources of dietary antioxidants—raises
concerns about potential deficiencies (Ghunaim et
al., 2024). Given the crucial role of dietary quality
in CD management and the limited research on
antioxidant intake among adult celiac patients,
this study aimed to evaluate their antioxidant
consumption patterns and compare them with
healthy individuals.

MATERIALS AND METHODS

Study Aim and Type

This is a cross-sectional descriptive study.
Study Population and Sample

This study was conducted at the Association of
Living with Celiac between February and June
2021. Participants were recruited through the
Association’s announcements and completed an
online questionnaire via Google Forms. Written
informed consent was obtained from all
participants prior to data collection. The study
population included adults aged 18—64 years.
Sample size calculations were performed using
G*Power 3.1 software. Based on a significance
level of a = 0.05, a power of B = 0.80, and an
effect size of 0.50 (Cohen’s d), a minimum of 30
participants per group was required. The effect
size was determined based on previous studies
investigating antioxidant intake in celiac patients
(Mahmud et al., 2015).

Inclusion criteria were being aged between 18 and
64 years, having a physician-confirmed diagnosis
of celiac disease with adherence to a gluten-free
diet for at least one year for the celiac group, and
absence of celiac disease with adherence to a
regular diet for the control group. Exclusion
criteria included the presence of diabetes mellitus,
cardiovascular disease, cancer, or any other
metabolic or chronic condition affecting food
intake; adherence to a gluten-free diet in the
healthy control group; pregnancy or lactation; and
incomplete or unreliable food records. During
recruitment, 42 celiac patients and 40 healthy
individuals initially responded. After applying the
exclusion criteria, 10 celiac patients (due to
incomplete records or comorbidities) and 7
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healthy individuals (incomplete records) were
excluded. Thus, the final analysis included 32
celiac patients and 33 healthy individuals. The
control group was selected from healthy
volunteers from the community (friends,
relatives, and acquaintances of patients).

Data Collection Tools

Demographic Information Form: Participants'
age, gender, education level, and other
sociodemographic characteristics were collected
using a structured demographic information form
developed by the research (Satia, Watters &
Galanko, 2009).

Food Frequency Questionnaire (FFQ): Dietary
intake data were assessed using a semi-
quantitative Food Frequency Questionnaire (FFQ)
developed by Satia, Watters & Galanko (2009),
which includes 82 food items rich in antioxidants.
The Turkish validity and reliability of this tool
were established by Oztag & Giines (2022). The
FFQ records the frequency of consumption (e.g.,
never, once per month, 1-2 times per week, once
per day) and portion size (small, medium, or large)
for each item. Antioxidant-rich foods such as
fruits and vegetables, commonly grown and
consumed in Tiirkiye, are particularly
emphasized. To ensure accurate portion
estimation, the Food Atlas for Tiirkiye (Giines &
Imeryiiz, 2008) was used. Participants were
informed in detail about how to complete both the
FFQ and the food records. A short instructional
text was included at the beginning of the
questionnaire, and portion-size examples were
provided with pictures from the Food Atlas.
Participants were also contacted by researchers
when clarification was required.

Food Records: Participants were also asked to
complete three-day food records, including two
weekdays and one weekend day, to provide a more
detailed picture of actual intake. Prior to data
collection, participants were given clear written
instructions, including examples of portion sizes
and household measures, and informed that the
aim was to capture typical intake patterns. These
records were analyzed to complement the FFQ and
assess  daily  variations in  antioxidant
consumption.

BeBiS Software and TAS Database: The
antioxidant content of consumed foods was
evaluated using the BeBiS software (Ebispro for
Windows, Stuttgart, Germany; Turkish Version,
BeBiS 8.2) and the TAS database developed by

Carlsen et al. (2010). This database includes total
antioxidant status (TAS) values for over 3100
foods from various countries, including Tiirkiye,
and expresses the values per 100 grams of each
food. Data obtained from both the FFQ and the
three-day food records were entered into the
software. The dietary antioxidant intake was then
calculated by multiplying the consumed amount of
each food item by its corresponding TAS value
from the Carlsen database.

Ethical Consideration

Ethics committee approval for this study was
obtained from a university’s clinical research
ethics committee (Date: 28.01.2021 and,
Approvel Number:8), and the study was
conducted in accordance with the principles of the
Declaration of Helsinki.

Data Analysis

All analyses were conducted using SPSS 20.0
(SPSS  Inc., Chicago, IL, USA). The
Kolmogorov—Smirnov test was used to assess
normality. Descriptive statistics (mean, standard
deviation, median, 25th and 75th percentiles)
were calculated. Between-group comparisons
were performed using the independent samples t-
test or Mann—Whitney U test, as appropriate.
Relationships between FFQ TAS and dietary TAS
were analyzed using Spearman’s correlation
coefficient. Statistical significance was accepted
atp <0.05.

RESULTS

Table 1 presents the demographic characteristics
of participants. The gender distribution was
comparable between groups, with a predominance
of female participants (84.4% among celiac
patients, 90.9% among healthy individuals).
Mean age was 31.7 & 8.0 years for celiac patients
and 29.7 + 7.0 years for healthy individuals. No
significant differences were observed in gender,
age, marital status, or occupation.

Table 2 summarizes the use of multivitamins,
vitamins, and minerals among participants. While
no significant difference was observed in
multivitamin use between celiac patients and
healthy controls, the use of vitamins and minerals
was significantly higher among celiac patients (p
=0.030).
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Table 1. Demographic Characteristics of Celiac Patients and Healthy Individuals

Celiac patients (#=32) Healthy individuals (»=33) p-value

Mean + SD Mean + SD
Age (year) 31.7+8.0 29.7+7.0 0. 536
Gender n % n %
Male 5 15.6 3 9.0
0.475
Woman 27 844 30 91.0
Marital Status
Married 15 452 9 27.3
0.168
Single 17 548 24 72.7
Occupation
Unemployed 8 25 4 12.0 0.284
Private sector 8 25 7 21.0
Public sector 7 21.9 8 24.0
Employee 3 9.4 1 3.0
Student 6 18.8 13 40.0

Calculated using Chi-square test. Calculated using Mann Whitney U (25.0-75.0 percentiles) test

Table 2. Use of Multivitamins, Vitamins, and Minerals among Celiac Patients and Healthy

Individuals

Celiac patients

Healthy p-value

(n=32) individuals (n=33)
Multivitamin Use n % n %
Not using 25 78.1 30 90.9 0.295
Once per week 3 9.4 2 6.1
At least once a week 4 12.5 1 3.0
Use of Vitamins and Minerals
Not using 19 59.4 29 87.9 0.030%*
Once per week 5 15.6 1 3.0
At least once a week 8 25.0 3 9.1

Chi-square test, *p < 0.05

The average daily energy and nutrient intakes of
the participants are presented in Table 3. No
significant differences were observed between

celiac patients and healthy controls in energy,
protein, or fat intake. However, the percentage of
energy from fat was significantly higher in celiac
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patients (p=0.001), while both carbohydrate
intake and the percentage of energy from
carbohydrates were significantly higher in healthy
individuals (p=0.004). Fiber intake was also
greater in healthy participants compared to celiac
patients (p= 0.000).

pyridoxine, folate, potassium, magnesium, and
phosphorus were significantly higher in healthy
individuals. Vitamin C intake was also greater in
healthy controls (p=0.005). In contrast, no
significant differences were found in vitamin A,
vitamin E, selenium, or zinc intakes between the

Regarding micronutrients, intakes of thiamine, groups.

Table 3. Comparison of Daily Energy and Nutrient Intakes Between Celiac Patients and Healthy
Individuals

Energy and Nutrient Intakes Celiac patients Healthy individuals (n=33) p-value

(n=32)

Energy (kcal/day) 868.26 (126.24-2375.60) 976.78 (620.25-2446.75) 0.72°

Protein (g/day) 39.63 +£15.82 46.93 +£16.93 0.77°

Protein (%of energy) 17.50 (10.00-26.00) 19.00 (10.00-24.00) 3.84°

Fat (g/day) 45.94 (7.86-107.93) 36.44 (20.06-122.57) 0.145°
Fat (%of energy) 44.34 +12.70 35.39+5.59 0.001*
Carbohydrate (g/day) 82.54 (1.16-304.21) 116.10 (63.30-272.74) 0.004°
Carbohydrate (%of energy) 38.21 £ 13.62 46.36 + 6.28 0.004°
Fiber (g/day) 10.58 =£5.28 15.71£5.90 0.000°
Thiamine (mg) 0.45 (0.05-1.19) 0.61 (0.38-1.74) 0.005°
Pyridoxine (mg) 0.76 (0.04-1.68) 0.82(0.55-2.38) 0.018°
Vitamin A (pg) 724.03 (2.93-6980.61) 817.55(340.61-5280.94) 0.865°
Vitamin C (mg) 64.65 +42.54 93.58£37.2 0.005*
Vitamin E (mg) 8.71 (1.42-28.12) 7.90 (2.43-80.03) 0.420°
Vitamin D (pg) 1.70 (.00-67.40) 2.72 (0.65-18.69) 0.027°
Folate (ng) 191.17 £ 81.38 234.05 +62.75 0.030?
Potassium (mg) 1409.76 (119.73-3249.97)  1711.05 (1035.23-3539.06)  0.016°
Magnesium (mg) 145.14 £ 60.21 190.53 £69.76 0.0077
Phosphorus (mg) 639.95 (67.60-1487.59) 797.85 (466.29-1895.85) 0.011°
Selenium (pg) 11.88+£9.28 13.21 +7.89 0.537%
Zinc (mg) 6.45+2.82 6.63 £2.68 0.796*

Data are presented as mean =+ standard deviation for normally distributed variables and median (minimum—maximum) for non-
normally distributed variables. a: Independent samples t-test and b: Mann—Whitney U test were used for group comparisons. p
< 0.05 was considered statistically significant.

Table 4 compares total antioxidant consumption
between the two groups. Healthy individuals had
significantly higher dietary TAS and FFQ TAS

levels compared to celiac patients (p=0.045).
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Table 4. FFQ TAS and Dietary TAS Levels in Celiac Patients and Healthy Individuals

Celiac patients (n=32)

Healthy individuals (»=33)

p-value

Median (Min-max)

Median (Min-max)

Dietary TAS
(mmol/day)
0.045*

1.80 (0.03-16.27)

1.83 (0.21-6.55)

FFQ TAS
(mmol/day)
0.001*

7.88 (1.27-25.53)

8.72 (0.99-32.76)

Mann Whitney U (25.0-75.0 percentiles) test, *p < 0.05 Abbreviation:TAS, Total Antioxidant Status; FFQ, Food Frequency Questionnaire

Table 5 presents correlations between TAS values
and antioxidant intake. A positive correlation was

found between zinc intake and FFQ TAS in celiac

patients (p=0.021) and between vitamin A intake
and dietary TAS in healthy individuals (p=0.032).

Table 5. Correlation Between Dietary TAS and FFQ TAS in Celiac Patients and Healthy

Individuals
Celiac patients Healthy individuals
(n=32) (n=33)
Dietary FFQ TAS Dietary TAS FFQ TAS
TAS
r 0.260 0.144 0.374 -0.202
A Vitamin (mcg/day)
P 0.151 0.430 0.032%* 0.260
r 0.245 0.078 0.234 -0.027
C Vitamin (mg/day)
P 0.177 0.672 0.190 0.883
r 0.059 0.192 0.307 -0.073
E Vitamin (mg/day)
D 0.747 0.291 0.082 0.686
r 0.107 -0.146 0.204 0.278
Lycopene
(mcg/day) y/] 0.560 0.426 0.254 0.117
r -0.111 -0.137 0.164 0.052
Lutein+zexanthin
(mcg/day) P 0.546 0.455 0.360 0.773
r 0.236 0.229 -0.307 -0.177
Carotone
(mg/day) y/] 0.193 0.208 0.082 0.326
r -0.215 -0.032 0.151 -0.025
Selenium
(mcg/day) D 0.237 0.861 0.400 0.891
r 0.405 0.085 0.256 0.069
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Zinc D 0.021* 0.645 0.151 0.704
(mg/day)
Spearman correlation, *p <0.05

DISCUSSION (Vici et al., 2016). However, these deficiencies

To date, little attention has been given to the
antioxidant intake of adult celiac patients in
comparison with healthy individuals. Although
the nutritional inadequacies of gluten-free diets
have been widely reported, the specific
contribution of antioxidants has remained largely
unexplored (Cardo, Garcia-Moral & Cebolla,
2021; Bianchi et al., 2024). In this study, dietary
TAS and FFQ-derived TAS values were assessed
using food consumption records and an
antioxidant consumption frequency questionnaire
completed by celiac patients and healthy
individuals. Previous studies have consistently
demonstrated that dietary antioxidant intake can
reduce the risk of various diseases (Colarusso et
al.,, 2017, Wang, Teng, Zhang, & Wu, 2024).
Notably, the consumption of antioxidant-rich
foods has been suggested to mitigate oxidative
stress and inflammation in celiac patients,
potentially improving their overall health and
quality of life (Piazza et al., 2023).

Most studies investigating antioxidant capacity in
celiac patients have focused on serum total
antioxidant capacity levels, particularly before and
after the adoption of a GFD (Piatek-Guziewicz et
al. 2017; Moretti et al., 2018). For instance, a
previous study reported significantly lower serum
TAC levels in individuals with celiac disease
compared to healthy controls (Ferretti et al.,
2012). Unlike these studies, the current research
did not measure plasma TAS levels. Instead, it
explored the relationship between questionnaire-
derived TAS values and dietary TAS values,
providing a novel perspective on antioxidant
intake patterns in celiac patients.

Adherence to a lifelong GFD remains the only
effective treatment for celiac disease. While a
GFD is associated with improved health
outcomes, extensive research over the past two
decades has highlighted its potential to cause
nutritional deficiencies and imbalances (Penagini
et al.,, 2013; Vici, Belli, Biondi & Polzonetti,
2016). Restrictive diets, including GFDs, often
lead to inadequate intake of both macronutrients
and micronutrients (Rybicka, 2108). Gluten-free
products, in particular, have been shown to contain
lower levels of key nutrients such as vitamins D,
E, and B12, iron, folate, magnesium, potassium,
and sodium compared to gluten-containing foods

can generally be mitigated through appropriate
supplementation strategies (Deora, Aylward,
Sokoro & El-Matary, 2017).

In this study, the percentage of energy from fat
was significantly higher in celiac patients,
whereas both carbohydrate and fiber intakes were
lower compared to healthy individuals. These
findings are consistent with previous studies
reporting increased fat consumption and reduced
intake of complex carbohydrates and dietary fiber
among individuals with celiac disease (Ting et al.,
2020; Cardo et al., 2021; van Megen et al., 2023).
The insufficient fiber intake is of particular
concern, as it may contribute to gastrointestinal
symptoms, impaired satiety regulation, and altered
gut microbiota composition (Cardo et al., 2021).

Celiac patients also showed significantly lower
intakes of thiamine, pyridoxine, folate, potassium,
magnesium, phosphorus, and vitamin C compared
to healthy controls, while no differences were
observed for vitamin A, vitamin E, selenium, and
zinc. These results are in line with previous reports
indicating that adherence to a gluten-free diet may
reduce the intake of B vitamins and minerals due
to limited consumption of fortified grains and
fiber-rich foods (Thompson, Dennis, Higgins,
Lee, & Sharrett, 2005; Cardo et al., 2021; van
Megen et al.,, 2023). In particular, the lower
vitamin C intake observed in our study aligns with
earlier findings (Barone et al., 2016; Unalp-Arida,
Liu, & Ruhl, 2022) and may have clinical
implications. Inadequate vitamin C could
potentially increase the risk of infections and
osteoporosis in  this  population (Habel,
Frankenfeld, Gallo, Moshfegh, & Slavin, 2017;
Bianchi et al., 2024). Overall, these findings
emphasize the importance of tailored dietary
counseling to improve the nutritional quality of
gluten-free  diets and prevent potential
micronutrient deficiencies.

The strength of this study lies in its rigorous
nutritional assessment, which was conducted by a
team of expert dietitians, ensuring the accuracy
and reliability of dietary data. However, there are
some limitations. First, a biochemical evaluation
of total antioxidant levels, such as plasma total
antioxidant status, was not performed, which
could have provided a more comprehensive
understanding of the antioxidant capacity in the
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study population. Second, the web-based nature of
the study may have affected the completeness and
accuracy of dietary records, as online self-reported
data are prone to recall bias and reporting errors.

CONCLUSION

This study highlights that celiac patients exhibit
lower antioxidant intake than healthy individuals.
To the best of our knowledge, this is one of the
first studies to evaluate antioxidant intake in adult
celiac patients using both dietary records and
FFQ-derived TAS wvalues. Given the role of
antioxidants in mitigating inflammation and
oxidative stress, interventions are needed to
optimize gluten-free diets. Strategies should focus
on fortifying gluten-free products and increasing
the consumption of antioxidant-rich foods, such as
quinoa, buckwheat, almond flour, and chickpeas.
Addressing these inadequacies may also reduce
the risk of comorbidities such as osteoporosis,
cardiovascular disease, and impaired immune
function in this population. Dietitians play a
crucial role in ensuring that gluten-free diets are
nutritionally adequate and balanced. Beyond
individual counseling, collaboration with the food
industry to develop antioxidant-enriched gluten-
free products could provide broader public health
benefits. Future research should incorporate
biochemical evaluations and longitudinal designs
to further explore the relationship between dietary
antioxidant intake and long-term health outcomes
in celiac patients.
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