1 &2 ; -
N nutrients HVI\D\Py

Article
Patterns of Ultra-Processed Food Consumption in a Gluten-Free
Diet: A Target for Nutritional Intervention

1,2 3

Teresa Nestares , Maria Jiménez-Muiioz °"/, Marta Flor-Alemany 400, Marta Herrador-Lopez 5Q,

Lara Bossini-Castillo ®7-*(, Irene Zapata-Martinez (", Victor Manuel Navas-Lépez °

and Rafael Martin-Masot 2/5-8

Departamento de Fisiologia, Facultad de Farmacia, Universidad de Granada, 18071 Granada, Spain;
nestares@ugr.es

Instituto de Nutricién y Tecnologia de los Alimentos “José Mataix Verdd” (INYTA), Centro de Investigacion
Biomédica (CIBM), Universidad de Granada, 18071 Granada, Spain; rafammgr@gmail.com

Pediatric Unit, Hospital la Serrania, 29400 Ronda, Spain; mariajmnzm@gmail.com

Department of Nutrition and Food Science, Campus of Melilla, University of Granada, 52001 Melilla, Spain;
floralemany@ugr.es

Seccién de Gastroenterologia y Nutricién Infantil, Hospital Regional Universitario de Mélaga,

29010 Mélaga, Spain; herradorlopezm@gmail.com (M.H.-L.); victor.navas@gmail.com (V.M.N.-L.)
Departamento de Genética, Instituto de Biotecnologia, Centro de Investigacién Biomédica (CIBM),
Universidad de Granada, 18071 Granada, Spain

Reproduccién Humana y Enfermedades Hereditarias y Complejas (IBS-TEC14), Terapias Avanzadas y
Tecnologias Biomédicas, Instituto de Investigacién Biosanitaria de Granada (ibs. GRANADA),

18012 Granada, Spain

Departamento de Farmacologia y Pediatria, Facultad de Medicina, Universidad de Mélaga,

29071 Mélaga, Spain; irenezapata365@uma.es

Correspondence: Ibossinicastillo@ugr.es

Abstract

Background/Objectives: Celiac disease (CD) is a complex multifactorial disorder driven
by genetic susceptibility and environmental triggers, with ultra-processed foods (UPFs)
acting as potential disruptors of immune homeostasis. This study aimed to character-
ize the patterns and temporality of UPF consumption in a pediatric population with CD
to provide evidence-based insights that can optimize the nutritional quality of a gluten-
free diet (GFD) beyond mere gluten avoidance. Methods: A total of 128 children aged
5-14 years were enrolled, comprising a baseline cohort of 48 children newly diagnosed
with CD (pre-GFD), 88 patients who had followed a GFD for at least 6 months (post-
GFD), including 44 participants from the pre-GFD cohort prospectively re-evaluated after
12 months and 44 additional patients with established GFD adherence and a control group
of 36 healthy children (CTRL). Dietary intake was assessed using three-day 24 h recalls.
Food processing levels were determined using the NOVA classification system, and ad-
herence to the Mediterranean Diet was evaluated via the KIDMED index. Results: At
baseline, UPFs (NOVA 4) were the primary daily energy source for both celiac patients
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processed foods (NOVA 3; p = 0.025). Compared to healthy controls, post-GFD patients
exhibited significantly lower Vitamin D intakes (4.6 &= 9.4 vs. 6.2 £ 12.3 ug/day; p = 0.008),
meeting only 30.8% of the reference intake. Both groups presented inadequate intakes of
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a high, deeply ingrained consumption of UPFs that mirrors healthy controls and persists
12 months after starting a GFD. While the GFD alters meal processing dynamics, it fails to
resolve baseline micronutrient insufficiencies and is associated with lower dietary vitamin
D intake, highlighting the urgent need for targeted nutritional interventions that focus on
whole food quality rather than just gluten elimination.

Keywords: celiac disease; children; ultraprocessed foods; gluten-free diet

1. Introduction

Celiac disease (CD) is included in the group of complex or multifactorial diseases, i.e.,
those caused by the interaction of genetic and environmental factors [1]. Thus, subjects
genetically susceptible to CD can experience a loss of oral tolerance to gluten at any time in
their life without the cause currently being known [2]. Nevertheless, there are factors in the
spotlight, such as intestinal dysbiosis, which are known to induce the alteration of tight
junctions in the epithelium and increase permeability, allowing gluten peptides to enter the
lamina propria, and facilitating an immune response [3].

Interestingly, the interaction between feeding practices and subsequent induced
changes in the composition of the gut microbiota appear to play a role in the develop-
ment of CD [3]. Thus, in a situation of intestinal homeostasis, there is tolerance or an
absence of immune response to dietary proteins [4]. However, environmental factors that
alter this microbiota and, therefore, intestinal homeostasis, can affect immune function,
leading to proinflammatory reactions, to antigens that would otherwise be innocuous,
and to the development of chronic inflammation [5]. In this regard, current diets based
on processed and ultra-processed foods (UPFs) have been hypothesized to contribute
to intestinal dysbiosis, promoting a proinflammatory response, an increase in intestinal
permeability, and susceptibility to autoimmune diseases, such as CD, in individuals with a
genetic predisposition [6].

The fundamental pillar of CD treatment is strict compliance with a gluten-free
diet (GFD), whose nutritional adequacy in celiac children who follow it is a matter of
controversy [7,8]. The need for the GFD to be, in addition to gluten-free, nutritionally ade-
quate is already well established, although there is a scarcity of evidence-based guidelines
on the dietary management of CD through the GFD beyond safety [8]. Moreover, our
recent studies are revealing new aspects of the role of this diet, when adequate, on the
evolution of the disease, such as its immunomodulatory and anti-inflammatory effect [9,10].
Therefore, in children with CD and even in those with genetic susceptibility to CD, dietary
monitoring and control are especially important to avoid those components of the GFD
that may promote the immune and inflammatory response related to the disease, as is the
case of UPFs [11]. To this end, and once we are aware of their high consumption [12,13],
we consider it of great interest to know what the dietary habits related to the consumption
of UPFs are in order to combat them.

Childhood is a fundamental stage for health in adulthood. Moreover, dietary habits
acquired in childhood and adolescence prevail in adulthood. Therefore, a more detailed
characterization of modifiable factors, such as diet quality, is of clinical and public health
interest. Therefore, the objective of this work has been to study the temporality of UPF
consumption in a pediatric population with CD to understand a pattern that allows us to
implement an effective strategy to improve the diet quality of this population group and
not limit ourselves to gluten avoidance.
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2. Materials and Methods
2.1. Study Design and Participants

A total of 128 children aged 5-14 years were enrolled in the study. Participants were
recruited between March 2023 and September 2025, and CD diagnosis was made based
on the criteria from the European Society of Pediatric Gastroenterology, Hepatology, and
Nutrition (ESPGHAN) [14].

The study sample comprised three distinct clinical groups: (1) a cohort of 48 chil-
dren newly diagnosed with CD evaluated at baseline before initiating a GFD (pre-GFD),
(2) 88 children with CD who had followed a GFD for at least 6 months (post-GFD), includ-
ing 44 participants from the newly diagnosed cohort who were reassessed after 12 months
and 44 additional patients with established GFD adherence (3) a control group consisting
of 36 healthy children (CTRL). These children presented with minor symptoms related
to chronic functional constipation, according to the Rome IV criteria [15], or other non-
gastrointestinal issues.

For the established GFD group, a minimum diet duration of six months was required
to ensure that participants had completed the initial dietary adaptation period and had
established relatively stable food-selection and family dietary routines. The inclusion
criteria for the control group were age between 5 and 14 years, absence of serum IgA
anti-transglutaminase (tTG) antibodies, normal weight for their age, no gastrointestinal
disorders in the previous year and a normal appetite. Exclusion criteria for both groups
included liver or kidney diseases, acute or chronic inflammation, inflammatory bowel
disease, diabetes, chronic asthma and the use of dietary supplements with antioxidant
properties. Additionally, patients with obesity (as defined by the International Task Force
criteria) [15,16] and those refusing to sign the informed consent were excluded.

Written informed consent was obtained from all parents. The study was conducted
according to the guidelines of the Declaration of Helsinki, and approved by Comité de
Etica de la Investigacién (CEIC) Provincial de Mélaga (Ref. 1875-N-22) on 30 May 2023.

2.2. Clinical and Socio-Demographics Characteristics

Participants’ clinical and socio-demographic characteristics (i.e., age, household com-
position, parents’ marital status, educational level and smoking habit) were assessed by the
same group of researchers.

2.3. Anthropometric Measures

Anthropometric characteristics (weight, height) were assessed in the control and
the celiac subjects. Height was measured to the nearest 5 mm using a stadiometer (Seca
22, Hamburg, Germany). Body weight was measured using the same mechanical bal-
ance (Seca200, Hamburg, Germany). Height and weight were used to calculate the BMI
(weight [kg]/height [m]?).

2.4. Dietary Assessment

Dietary intake was assessed using a 24 h recall over three days, including one non-
working day. Parents or guardians recorded the food and beverages consumed by the
children during the different meals (breakfast, morning snack, lunch, afternoon snack,
dinner), noting quantities and brands. Household measurements were converted to grams
using an equivalence table. The data were analyzed using the Evalfinut 2.0 software,
which includes the Spanish food composition database (BEDCA, accessed on 30 September
2025) [17] and the United States Department of Agriculture database (FoodData Central,
accessed on 30 September 2025) [18]. Both were supplemented with nutritional information
from gluten-free products. The program calculated energy intake, the proportion of macro
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and micronutrients, and the adequacy of intake according to age, physical activity and
BMI recommendations.

Then we proceeded to classify foods according to the NOVA classification, the most
frequently used method to examine diets according to food processing, which has been
employed in many studies conducted in several countries [19]. It is also recognized and
used by international bodies including PAHO, WHO and FAO [20,21]. NOVA is a food
classification based on the extent and purpose of industrial food processing, which divides
foods into four groups: unprocessed and minimally processed foods, processed culinary
ingredients, processed foods and ultra-processed foods [22]. This last category comprises a
group of industrial formulations that are manufactured using several ingredients and a
series of processes. The three-day food records were analyzed in order to classify the foods
as unprocessed or minimally processed, culinary ingredients, processed and ultraprocessed
foods based on the NOVA classification [22]. The total dietary energy intake was calculated
for each individual. Subsequently, the energy (kcal/day) and percentage of calories (%
of the total daily energy intake) derived from each category of the NOVA classification
food item was calculated. All diaries were analyzed by the same trained nutritionist
using the data were analyzed using the Evalfinut version 2.0 software, which includes the
BEDCA [17]. The specific composition of gluten and gluten-free UPF (from labels) were
introduced in the software when calculating dietary balance. The mean of the three-day
food records was employed in the present analyses.

Moreover, the Mediterranean Diet Quality Index in Children and Adolescents
(KIDMED) survey was employed to assess adherence to the Mediterranean diet (MD) [23].
This index is determined by a 16-point questionnaire that assesses various dietary habits.
Each answer is scored according to whether it is consistent with habits associated with the
Mediterranean dietary pattern, and scores are added up to quantify the total index of the
subject’s adherence to the MD. The KIDMED index ranges from 4 (no adherence to the MD)
to 12 (complete adherence to the MD).

2.5. Data Analyses

The baseline characteristics of the study sample were described using descrip-
tive statistics (mean =+ standard deviation) for quantitative variables and the percent-
age of participants (1, %) for categorical variables. The Chi-square test and Wilcoxon
rank-sum test were used to explore differences in categorical and continuous baseline
variables, respectively.

A one-way analysis of covariance (ANCOVA) after adjustment for age and sex was
employed to assess differences in total energy intake between celiac patients and healthy
controls. After controlling for age and sex, and with additional adjustment for total energy
intake (kcal/day), ANCOVA was used to assess macro- and micronutrient intakes, reference
intake percentages (% RI) and daily or meal-specific energy contributions from NOVA food
processing categories between groups. The same adjusted ANCOVA approach was utilized
to evaluate correlations between socioeconomic monthly income and NOVA categories. For
longitudinal analysis within the celiac cohort (n = 41), Linear Mixed-Effects Models (LMM)
adjusted for age, sex, and total energy intake were applied to compare dietary evolution
from baseline to the 12-month follow-up.

R software (version 4.5.2) was used to analyze the data, and the statistical significance
was set at p < 0.05.
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3. Results
3.1. Baseline Sociodemographic and Clinical Characteristics

The experimental groups consisted of 36 healthy controls and 88 patients with CD.
No significant differences were observed regarding sex distribution (p > 0.9), number
of siblings (p = 0.6), or monthly income (p > 0.9). However, significant disparities were
found in residential distribution, with the control group being predominantly rural (69%
vs. 33%; p = 0.017). Regarding anthropometric markers, the CD group was significantly
younger (9.0 & 3.2 vs. 12.4 & 2.5 years; p = 0.029) and exhibited a higher BMI (18.5 £ 2.8 vs.
17.1 4 3.1 kg/m?; p = 0.025) compared to controls. No significant differences were found
for height or weight (Table 1).

Table 1. Sociodemographic and Anthropometric Characteristics.

. . Overall CD CTRL
Characteristic ne14l nogsl 0361 p-Value 2
Sex >0.9
Female 83 (67%) 59 (67%) 24 (67%)
Male 41 (33%) 29 (33%) 12 (33%)
Siblings (nr.) >0.9
0 13 (11%) 10 (12%) 3 (9.4%)
1 73 (63%) 52 (62%) 21 (66%)
2 20 (17%) 14 (17%) 6 (19%)
3 9 (7.8%) 7 (8.3%) 2 (6.3%)
4 1 (0.9%) 1(1.2%) 0 (0%)
Monthly Income 0.057
€0-999 4 (3.5%) 4 (4.8%) 0 (0%)
€1000-1499 13 (11%) 10 (12%) 3(9.4%)
€1500-2499 47 (41%) 38 (46%) 9 (28%)
€2500-3499 32 (28%) 19 (23%) 13 (41%)
€3500-4999 13 (11%) 10 (12%) 3 (9.4%)
€5000+ 6 (5.2%) 2 (2.4%) 4 (13%)
Residence 0.017
Rural 56 (48%) 34 (40%) 22 (69%)
Village 37 (32%) 32 (38%) 5 (16%)
City 24 (21%) 19 (22%) 5 (16%)
Age (years) 9.2 (3.2) 9.0 (3.2) 12.4 (2.5) 0.029
BMI (kg/m2) 17.9 (3.0) 18.5 (2.8) 17.1 3.1) 0.025
Weight (kg) 37 (13) 40 (12) 35 (14) 0.052
Height (cm) 142 (16) 144 (14) 139 (18) 0.2

1 11 (%); Mean (SD). 2 Pearson’s Chi-squared test; Wilcoxon rank sum test. Abbreviations: CD, celiac disease;
CTRL, healthy controls; BMI, body mass index; SD, standard deviation.

3.2. Baseline Nutritional Intake and Mediterranean Diet Adherence

Nutritional analysis showed no significant differences in total energy intake
(1806.7 £ 351.2 vs. 1850.7 & 460.0 kcal/day; p,4j = 0.256) or macronutrient distribution
(protein, total fat, and carbohydrates) between groups. Although unadjusted analyses
initially suggested lower iron (p = 0.034) and sodium (p = 0.046) intake in the Celiac group,
these differences were no longer significant after adjusting for age, sex, and total energy
intake (p,4j > 0.1) (Table S1). Similarly, no significant disparities were found in the intake of
vitamins (A, B-group, C, D, and E) or other minerals after adjustment. Both groups showed
comparable levels of adherence to the Mediterranean Diet, with mean scores of 6.3 2.1
for controls and 6.4 + 2.2 for celiac patients (p,4; = 0.078).
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3.3. Baseline Food Processing Levels (NOVA)

Ultra-processed foods (NOVA 4) were the predominant energy source in both groups,
accounting for 57.3% of daily energy in celiac patients (Table 2). While daily distribution
was similar, meal-specific differences were observed; celiac patients consumed significantly
less energy from processed foods (NOVA 3) during breakfast compared to controls (3.2%
vs. 11.4%; pagj = 0.007). Notably, the energy contribution of UPFs was highest during the
afternoon snack (81.9%) and breakfast (74.1%) for the celiac group (Table 2).

Table 2. Daily and Meal-Specific Energy Distribution by NOVA Food Processing Categories.

Characteristic nCISI;Ll P’:E:E:SF ]1:) p-unadj 2 p-adj 3

Daily Intake NOVA 1 (%) 23.1 (12.3) 24.5 (12.8) 0.7 0.850
Daily Intake NOVA 2 (%) 7.5 (5.7) 6.9 (5.1) 0.7 0.654
Daily Intake NOVA 3 (%) 12.3(7.2) 11.3 (7.8) 0.4 0.953
Daily Intake NOVA 4 (%) 57.1 (14.1) 57.3 (16.0) 0.6 0.965
Breakfast Intake NOVA 1 (%) 9.1 (19.3) 16.2 (27.7) 0.2 0.362
Breakfast Intake NOVA 2 (%) 5.4 (8.6) 6.6 (9.2) 04 0.128
Breakfast Intake NOVA 3 (%) 11.4 (15.9) 3.2(7.4) 0.020 0.007
Breakfast Intake NOVA 4 (%) 74.1 (29.9) 74.1 (28.0) 0.8 0.558
Morning Snack Intake NOVA 1 (%) 19.3 (26.6) 11.5 (18.4) 0.074 0.908
Morning Snack Intake NOVA 2 (%) 10.7 (17.8) 7.6 (12.8) 0.7 0.479
Morning Snack Intake NOVA 3 (%) 9.8 (17.4) 13.5 (20.3) 0.5 0.544
Morning Snack Intake NOVA 4 (%) 54.7 (35.3) 65.1 (33.4) 0.2 0.652
Lunch Intake NOVA 1 (%) 42.4 (23.0) 43.4 (24.3) 0.8 0.280
Lunch Intake NOVA 2 (%) 11.9 (12.2) 10.8 (12.1) 0.6 0.906
Lunch Intake NOVA 3 (%) 16.7 (14.7) 20.3 (18.9) 0.5 0.152
Lunch Intake NOVA 4 (%) 29.1 (19.7) 25.6 (19.2) 0.4 0.919
Afternoon Snack NOVA 1 (%) 7.3 (13.3) 10.2 (14.5) 0.5 0.161
Afternoon Snack NOVA 2 (%) 3.2(8.7) 3.5(7.8) >0.9 0.583
Afternoon Snack NOVA 3 (%) 4.9 (9.9) 2.1(6.2) 0.2 0.195
Afternoon Snack NOVA 4 (%) 81.8 (23.2) 81.9 (21.4) 0.8 0.336
Dinner NOVA 1 (%) 21.7 (20.4) 30.0 (20.8) 0.037 0.101
Dinner NOVA 2 (%) 4.6 (6.7) 5.0 (8.2) >0.9 0.283
Dinner NOVA 3 (%) 11.5 (13.9) 12.9 (17.2) 0.7 0.611
Dinner NOVA 4 (%) 62.1 (23.4) 52.0 (23.9) 0.060 0.170

1 Mean (SD). 2 Kruskal-Wallis rank sum test. 3 p-adjusted calculated via ANCOVA adjusted for age, sex, and total
energy intake (kcal/day). Abbreviations: CTRL, healthy controls; GFD, gluten-free diet; SD, standard deviation.

3.4. Longitudinal Evolution of Nutritional Intake (12-Month GFD)

Longitudinal analysis of celiac patients (1 = 41) revealed a remarkably stable nutri-
tional profile after 12 months on a gluten-free diet (Figure 1). No significant changes
were observed in total energy intake, macronutrient distribution, or Mediterranean Diet
adherence (6.2 at both time points). Regarding micronutrients, a significant increase in
Vitamin B6 intake was identified (0.9 £ 0.4 vs. 1.1 £ 0.5; p,g; = 0.034). Although unadjusted
data suggested an increase in total sugar consumption (p = 0.044), this trend did not reach
statistical significance after adjusting for age, sex, and total energy intake (pgs; = 0.125).
No other significant disparities were found in mineral or vitamin adequacy during the
follow-up period (Figure 1).
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Standardized Longitudinal Changes in Nutrient Intake
12-Month Follow-Up vs Baseline in New Celiac Participants

T
Energy Intake 4 : @ P =0.087
Protein 4 -—:—0—- P =0.624
Total Fat 4 ————t P=0.871
|
Saturated Fat 4 — P =0.631
Cholesterol < : @ P=0.719
Carbohydrates 4 —_—— P =0.156
]
Total Sugar A —_— P=0.125
Fiber 1 ————— P=0.239
Fiber (% PRI)- -—{—o—- P =0.475
Vitamin A 4 L 2 P =0.324
|
Vitamin A (% PRI) 4 —— P=0.317
Vitamin B6 - ———— P=0.034
Vitamin B6 (% PRI) 4 &.—' P =0.058
Vitamin B12 4 @ P =0.750
|
Vitamin B12 (% PRI) 4 @ P=0.879
Vitamin C - —_—— P =0.439
Vitamin C (% PRI) 4 —— P =0.870
I
Vitamin D 4§ — P=0.719
Vitamin D (% PRI) 4 . 4 : P =0.752
Vitamin E - L : P =0.082
Vitamin E (% PRI) A L 2 P=0.172
|
Iron A — P=0.510
Iron (% PRI) ——— P =0.668
Calcium A L 2 : P =0.288
Calcium (% PRI) A L 2 P =0.537
|
Potassium 4 —_— P=0.782
Potassium (% PRI) 4 '—:.—' P=0.478
Sodium . 4 4 P =0.144
]
Folate 4 —_— P=0.163
Folate (% PRI) 4 —_— P =0.668
Magnesium A -—Q—f—- P =0.538
Magnesium (% PRI) 4 L 4 P=0.777
|
Zinc @ P =0.942
Zinc (% PRI) 4 ————— P =0.867
Mediterranean Diet Score 4 ? P =1.000
t T T
0 1 2

Standardized Mean Difference (SD units)

Figure 1. Standardized longitudinal changes in nutrient intake and Mediterranean Diet Score
(12-month follow-up vs. baseline). Data are presented as Standardized Mean Differences (SMD)
in units of standard deviation with 95% confidence intervals (CI). p-values were calculated using
Linear Mixed-Effects Models (LMM) adjusted for sex, age, and (for nutrients) total energy intake.
This standardization allows for the direct visual comparison of nutrients measured in different units.
PRI: Population Reference Intake based on EFSA guidelines.

3.5. Evolution of Meal Patterns and Food Processing

After 12 months on a GFD, celiac patients significantly reduced their daily intake of
culinary ingredients (NOVA 2: 9.2 vs. 6.4%; p,4; = 0.029) and processed foods (NOVA
3: 13.3% vs. 9.8%; pugj = 0.025). While daily consumption of ultra-processed foods
(NOVA 4) showed an upward trend, it did not reach statistical significance (54.6% to
58.9%; pagj = 0.173).

At breakfast, consumption of unprocessed foods (NOVA 1) decreased markedly (21.1%
t0 9.0%; pagj = 0.018). In contrast, a significant reduction in processed foods (NOVA 3) was
observed during mid-morning snacks (pg4; = 0.046) and afternoon snacks (Pagj = 0.010).
Additionally, the use of culinary ingredients (NOVA 2) during lunch and dinner decreased
significantly (p,4; < 0.05) over the follow-up period (Figure 2).
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Longitudinal Changes in NOVA Intake

12-Month Follow-Up vs Baseline in New Celiac Participants

T
|
Daily Intake NOVA 1 (%) r—ll—o—c P =0.260
Daily Intake NOVA 2 (%) 4 i-.-ql P =0.029
|
Daily Intake NOVA 3 (%) !—.—I: P =0.025
Daily Intake NOVA 4 (%) 4 l-;—.—l P=0.173
|
Breakfast Intake NOVA 1 (%) +———@— : P =10.018
Breakfast Intake NOVA 2 (%) 4 l—|.—l P=0.616
|
Breakfast Intake NOVA 3 (%) 4 l—.-ILI P =0.186
Breakfast Intake NOVA 4 (%) 4 : 4 P =0.099
|
Morning Snack Intake NOVA 1 (%) A l—f—.—l P =0.454
Morning Snack Intake NOVA 2 (%) l—.—;—| P =0.288
Morning Snack Intake NOVA 3 (%) 4 !—.—‘: P =0.046
Morning Snack Intake NOVA 4 (%) A : L 2 P =0.758
I
Lunch Intake NOVA 1 (%) A D—H—l P =0.283
Lunch Intake NOVA 2 (%) 4 I—.—QI P =0.042
Lunch Intake NOVA 3 (%) !—.—%-! P=0.131
Lunch Intake NOVA 4 (%) 4 nﬂl—.—i P=0.180
|
Afternoon Snack NOVA 1 (%) '_|._| P =0.924
Afternoon Snack NOVA 2 (%) 4 D—l.—l P=0.768
|
Afternoon Snack NOVA 3 (%) 4 —— : P=0.010
Afternoon Snack NOVA 4 (%) I—;—.—l P =0.465
|
Dinner NOVA 1 (%) 4 I—IL.—I P=0.514
Dinner NOVA 2 (%) 4 l—.—l: P =0.032
|
Dinner NOVA 3 (%) 4 I—IL.—I P=0.413
Dinner NOVA 4 (%) 4 D—er—i P =0.829

]
0 25 50
Adjusted Mean Difference (95% CI)

Figure 2. Longitudinal Changes in NOVA Food Classification and Daily Distribution in Celiac
Patients. Data are expressed as adjusted mean differences with 95% confidence intervals (CI). p-
values were calculated using Linear Mixed-Effects Models (LMM) adjusted for sex, age, and total
energy intake. NOVA 1: Unprocessed or minimally processed foods; NOVA 2: Processed culinary
ingredients; NOVA 3: Processed foods; NOVA 4: Ultra-processed foods.

3.6. Comparison Between Patients with Established GFD and Healthy Controls

The comparative analysis between post-GFD (n = 88) and CTRLs (1 = 36) is shown
in Table 3. Post-GFD celiac patients exhibited a significantly lower intake of Vitamin D
(4.6 =94 vs. 6.2 £+ 12.3 ug/day; p,4; = 0.008), reaching 30.8% of the RI compared to 41.7 in
controls (p,4j = 0.009).

A marginal trend towards higher total sugar consumption was observed in the celiac
group (pagj = 0.057). No significant differences were found in macronutrient distribution
or Mediterranean Diet adherence (KIDMED score: 6.3 in both groups). Although unad-
justed data suggested lower intakes of iron and sodium in celiac patients (p < 0.05), these
associations disappeared after adjusting for age, sex, and total energy intake (p,4; > 0.05).
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Table 3. Comparative analysis of nutritional intake between celiac patients with established gluten-
free dietary patterns (n = 88) and healthy controls (1 = 36).

Characteristic nC;F?I’{(iLl PZS:SSFP p-unadj 2 p-adj 3
Energy Intake (kcal/day) 1806.7 (351.2) 1839.4 (408.1) 0.9 0.223
Protein (g) 76.6 (17.9) 77.4 (23.8) >0.9 0.284
Total Fat (g) 599.2 (196.3) 673.9 (220.7) 0.2 0.391
Saturated Fat (g) 24.4 (7.4) 24.9 (9.1) >0.9 0.539
Cholesterol (mg) 230.8 (111.7) 217.2 (116.4) 0.5 0.898
Carbohydrates (g) 817.5 (213.0) 791.6 (200.3) 0.5 0.192
Total Sugar (g) 39.8 (22.4) 40.6 (19.5) 0.8 0.057
Fiber (g) 11.9 (4.3) 13.2 (5.6) 0.2 0.243
Fiber (% RI) * 67.9 (23.1) 76.5 (34.3) 0.3 0.159
Vitamin A (ug retinol eq) 332.1 (281.2) 329.3 (291.4) 0.7 0.418
Vitamin A (% RI) * 75.4 (70.7) 72.1 (70.0) 0.7 0.337
Vitamin B6 (mg) 1.0 (0.4) 1.1 (0.5) 0.6 0.093
Vitamin B6 (% RI) * 94.9 (50.4) 100.2 (72.3) 0.8 0.163
Vitamin B12 (ug) 2.9 (2.0) 3.0(2.9) 0.5 0.541
Vitamin B12 (% RI) * 111.5 (82.7) 108.7 (98.5) 0.4 0.380
Vitamin C (mg) 46.6 (35.2) 54.9 (39.5) 0.2 0.233
Vitamin C (% RI) * 94.2 (81.5) 111.2 (104.5) 0.4 0.269
Vitamin D (ug) 6.2 (12.3) 4.6 (9.4) 0.6 0.008
Vitamin D (% RI) * 41.7 (81.9) 30.8 (62.6) 0.6 0.009
Vitamin E (mg tocoferol) 4.2 (2.9) 4.0 (2.4) 0.9 0.820
Vitamin E (% RI) * 40.7 (29.5) 37.9 (22.6) >0.9 0.841
Iron (mg) 6.3 (3.5) 5.4 (3.5) 0.029 0.787
Iron (% RI) * 58.4 (33.0) 50.7 (37.6) 0.029 0.877
Calcium (mg) 428.6 (210.0) 373.7 (245.7) 0.2 0.397
Calcium (% RI) * 46.6 (40.5) 34.8 (24.7) 0.087 0.440
Potassium (mg) 1481.8 (574.0) 1487.0 (669.0) 0.8 0.093
Potassium (% RI) * 78.3 (43.1) 76.5 (52.1) 0.4 0.099
Sodium (mg) 1419.4 (772.0) 1193.0 (810.5) 0.036 0.108
Folate (p1g) 97.3 (39.8) 100.1 (49.2) >0.9 0.410
Folate (% RI) * 45.0 (17.8) 47.0 (30.5) 0.7 0.235
Magnesium (mg) 123.2 (54.9) 120.6 (61.3) 0.6 0.188
Magnesium (% RI) * 52.2(28.1) 494 (30.1) 0.3 0.302
Zinc (mg) 4.2 (1.5) 4.0 (2.0) 0.2 0.580
Zinc (% RI) * 52.1(24.5) 48.2 (29.6) 0.2 0.298
Adherence to Mediterranean Diet 6.3 (2.1) 6.3 (2.1) 0.6 0.082

1 Mean (SD). 2 Kruskal-Wallis rank sum test. 3 p-adjusted calculated via ANCOVA adjusted for age, sex, and
total energy intake (kcal/day). * RI: Reference Intake based on EFSA guidelines. Abbreviations: CTRL, healthy
controls; GFD, gluten-free diet; RI, reference intake; SD, standard deviation.

3.7. Comparative Analysis of Dietary Patterns (NOVA) Between Established GFD and Controls

Daily energy intake from ultra-processed foods (NOVA 4) exceeded 57% in both
groups, with no significant differences (p,q; = 0.847, Table 4). However, during breakfast,
post-GFD celiac patients consumed significantly fewer processed foods (NOVA 3) than
CTRLs (3.1 & 8.4% vs. 11.4 £ 15.9%; pagj = 0.008), while NOVA 4 intake remained
similarly high (>74%). Regarding dinner, initial differences in NOVA 1 and NOVA 4
reached only marginal significance or disappeared after adjustment (p,q; = 0.078 and
Padj = 0.143, respectively).
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Table 4. Distribution of daily and occasion-specific energy intake according to NOVA groups:
Comparison between patients with established gluten-free diet (1 = 88) and healthy controls (1 = 36).

Characteristic r(l:zlézﬁ PZS:SSFP p-unadj 2 p-adj 3
Daily Intake NOVA 1 (%) 23.1(12.3) 245 (12.1) 0.6 0.832
Daily Intake NOVA 2 (%) 7.5(5.7) 6.7 (5.2) 0.4 0.722
Daily Intake NOVA 3 (%) 12.3 (7.2) 10.6 (7.8) 0.094 0.791
Daily Intake NOVA 4 (%) 57.1 (14.1) 58.3 (14.7) 0.4 0.847
Breakfast Intake NOVA 1 (%) 9.1 (19.3) 13.4 (25.3) 0.5 0.454
Breakfast Intake NOVA 2 (%) 5.4 (8.6) 5.8 (10.0) >0.9 0.197
Breakfast Intake NOVA 3 (%) 114 (15.9) 3.1(8.4) 0.002 0.008
Breakfast Intake NOVA 4 (%) 74.1 (29.9) 76.5 (30.3) 0.8 0.711
Morning Snack Intake NOVA 1 (%) 19.3 (26.6) 10.6 (17.9) 0.027 0.998
Morning Snack Intake NOVA 2 (%) 10.7 (17.8) 7.2 (12.0) 0.5 0.524
Morning Snack Intake NOVA 3 (%) 9.8 (17.4) 9.2 (17.4) 0.6 0.868
Morning Snack Intake NOVA 4 (%) 54.7 (35.3) 64.0 (34.8) 0.2 0.701
Lunch Intake NOVA 1 (%) 42.4 (23.0) 41.0 (23.0) 0.9 0.165
Lunch Intake NOVA 2 (%) 11.9 (12.2) 10.7 (12.3) 0.5 0.885
Lunch Intake NOVA 3 (%) 16.7 (14.7) 18.0 (17.6) 0.8 0.202
Lunch Intake NOVA 4 (%) 29.1(19.7) 30.4 (20.3) 0.8 0.535
Afternoon Snack NOVA 1 (%) 7.3 (13.3) 11.8 (19.7) 0.6 0.226
Afternoon Snack NOVA 2 (%) 3.2(8.7) 3.3(7.7) 0.9 0.604
Afternoon Snack NOVA 3 (%) 4.9 (9.9) 2.5(6.8) 0.13 0.261
Afternoon Snack NOVA 4 (%) 81.8 (23.2) 79.0 (26.8) 0.7 0.310
Dinner NOVA 1 (% 21.7 (20.4) 31.8 (21.4) 0.007 0.078
Dinner NOVA 2 (% 4.6 (6.7) 4.2 (6.7) 0.8 0.305
Dinner NOVA 3 (% 11.5 (13.9) 12.6 (15.0) 0.6 0.526
Dinner NOVA 4 (%) 62.1 (23.4) 51.4 (23.6) 0.020 0.143

! Mean (SD). 2 Wilcoxon rank sum test. 3 p-adjusted calculated via ANCOVA adjusted for age, sex, and total
energy intake (kcal/day). Abbreviations: CTRL, healthy controls; GFD, gluten-free diet; SD, standard deviation.

4. Discussion

This study shows the contribution of UPFs to the diet of children with CD, paying
particular attention to when these foods are consumed during the day and how intake
changes during the first year after starting a GFD. Our main finding is that UPFs were the
leading source of daily energy intake not only in children with CD, but also in healthy
controls, accounting for more than half of total energy intake in both groups. However,
this contribution was not evenly distributed across meals. Breakfast and afternoon snacks
were the most affected eating occasions, with UPFs providing approximately three quarters
and more than 80% of energy intake, respectively. This pattern indicates that the dietary
challenge in pediatric CD goes beyond gluten exclusion and also involves the overall quality
of the GFD, the structure of daily meals and the specific moments of the day in which
less healthy choices tend to concentrate. These findings may have important implications
for dietary counseling in pediatric celiac disease. Rather than focusing exclusively on
overall daily UPFs intake, nutritional interventions could target specific eating occasions
where UPFs consumption is concentrated. Future studies should identify the individual
ultra-processed products that contribute most to energy intake at each meal, particularly
during breakfast and afternoon snacks, in order to design more precise and effective dietary
interventions aimed at improving the quality of the GFD.

Some studies point to the consumption of (ultra-processed) gluten-free products as
the cause of certain micronutrient deficiencies in the celiac diet [24]. However, the results of
our study go further, the consumption of UPFs and the consequent deficiency in the intake
of important micronutrients, is common to both celiac children and healthy controls.
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Regarding the role of the GFD, the results show that, after 12 months following a GFD,
there is no substantial modification regarding the nutritional profile or composition of their
diet, not even in the Mediterranean diet score, meaning that, apparently, they continue
to maintain their dietary habits. Although there is a clear increase in the consumption
of simple sugars (34.5 vs. 43.0 g/day, p = 0.044) which, although it loses significance
when adjusted for confounding variables, remains striking. Celiac children, who already
consumed more sugars than healthy ones, have increased their consumption even further
with the GFD, which could aggravate the pathophysiology of the disease. This higher
consumption of simple sugars with the GFD has also been described for Spanish celiac
children by Babio et al. [12] and may be due to the incorporation into their diet of gluten-free
products, rich in these carbohydrates [25].

Despite the apparent stability of the nutritional profile, mentioned above, after
12 months on a GFD (Figure 2), celiac subjects do change the foods in their diet, decreasing
the use of culinary ingredients (NOVA 2: 9.2 vs. 6.4%; pyg; = 0.029) and processed foods
(NOVA 3: 13.3% vs. 9.8%; pagj = 0.025) in favor of fresh foods and UPFs (54.6% to 58.9%;
Pagj = 0.173). This makes sense since, the greater use of fresh foods is logical and characteris-
tic of the GFD, and the higher consumption of UPPFs is due to replacing foods that naturally
contain gluten with their gluten-free alternatives, which are industrially manufactured
products. This higher consumption of UPFs after 12 months of GFD may have contributed
to the higher consumption of simple sugars in celiac children (Table 3) compared to healthy
children (p,4; = 0.057), coinciding with what was observed by Babio et al. [12].

Our results show that children following a GFD had a lower dietary vitamin D intake
than healthy controls (30.8% RI celiacs vs. 41.7% RI controls p,4; = 0.009) (Table 3) and other
micronutrients, such as vitamin B5 (12.2% and 15.3% RI), D (30.8% and 41.7%), and E (37.9%
and 40.7% RI) and iron (50.7% and 58.4% RI), although these do not reach significance.
These deficiencies have been reported by other authors [12].

It is important to highlight the impact of deficient vitamin D concentrations on in-
flammatory and autoimmune pathologies, where they are associated with higher disease
activity. This relationship stems from the fact that the active metabolites of this hormone
play a crucial role in reducing inflammation and driving immunomodulation. In its bi-
ologically active form, vitamin D binds to the vitamin D receptor (VDR) expressed on
both innate and adaptive immune cells, thereby regulating the transcription of immune-
response genes. Specifically, vitamin D shifts gene expression away from pro-inflammatory
molecules (such as IL-1, IL-8, IL-12, TNFq, interferon-y, and TLR-2 and 4) toward anti-
inflammatory cytokines (such as IL-4, IL-5, and IL-10), while promoting regulatory pheno-
type in macrophages and regulatory T and B cells [26].

Both experimental groups have folate intakes below 50% of the Rls. In the case of
celiac subjects, other authors have pointed out that the absence of regulations mandating
the folic acid fortification of gluten-free cereals contributes to insufficient folic acid intake
among children suffering from CD [27].

Regarding the nutritional profile and composition of the diet at the time of diagnosis,
when both experimental groups are following a gluten-containing diet (Table S1), there is
no statistically significant difference between them, consistent with the findings of other
authors [28]. Both groups (celiac and healthy) present intakes well below the recommended
levels for several key nutrients, such as vitamins B5, E, and D, as well as iron (Fe), calcium
(Ca), magnesium (Mg), and zinc (Zn) [29], which has already been described by other
authors [30]. No differences were found in the Mediterranean diet score either. Notably, the
high consumption of simple sugars among the children (around 40 g/day) stands out; this
intake is slightly higher in the celiac group and may be associated with dietary patterns
potentially relevant to disease development, although causality cannot be inferred.
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The anthropometric results (Table 1) show a higher BMI in celiac children (18.5 £ 2.8
vs. 17.1 £ 3.1 kg/m?; p = 0.025), a finding that becomes even more significant when
considering the age difference between the two groups (19.0 & 3.2 vs. 12.4 & 2.5 years;
p = 0.029), given that the WHO growth reference Z-scores are age- and sex-dependent [31].
This places the celiac group on the borderline of overweight (above 19 kg/m? for this
age range), whereas the control group remains clearly within the normal weight range
(15.5-21.5 kg/m? for this age range). This trend has been previously described in celiac
children treated with a GFD [32].

However, some limitations should be acknowledged. First, dietary intake was as-
sessed using family-completed 24 h food records, which may be affected by recall bias,
misreporting or underreporting, despite the use of records from three non-consecutive
days. Nevertheless, these records were subsequently reviewed by nutritionists prior to
analysis. Second, the sample size, particularly for subgroup comparisons and longitudinal
analyses, may have limited the statistical power to detect small but clinically relevant
differences. Although the analyses were adjusted for sex, our sample size did not allow for
robust sex-stratified analyses. Future studies should assess potential sex-related differences
in UPF consumption. Third, the control group differed from the celiac group in age and
residential distribution; although these variables were considered in the adjusted analyses,
residual confounding cannot be completely excluded. Furthermore, the inclusion of pa-
tients with different durations of GFD adherence may have introduced some heterogeneity
within the post-GFD group. Although GFD adherence was routinely monitored in the
clinical cohort using fecal gluten immunogenic peptide testing, individual GIP results
were not incorporated into the analyses of the present study. Regarding socioeconomic
factors, family income and residential setting were considered, the absence of a more
detailed socioeconomic characterization may also have limited our ability to account for
socioeconomic influences. Physical activity, sun exposure, and serum 25(OH)D concen-
trations were not assessed; therefore, the findings reflect dietary vitamin D intake rather
than vitamin D status. In addition, although the NOVA classification is widely used to
assess the degree of food processing, it does not fully capture differences in nutritional
quality among products within the same processing category. Foods classified within
the same NOVA category may differ substantially in nutrient composition, food matrix
characteristics, and overall healthfulness. Consequently, the degree of processing alone
may not fully reflect dietary quality. Therefore, the findings of the present study should
be interpreted as reflecting patterns of food processing and meal-specific consumption
rather than the overall nutritional adequacy of the diet. Nevertheless, because the primary
objective of this study was to characterize the temporal distribution and dietary sources
of ultra-processed foods in children with CD following a GFD, the NOVA classification
provided an appropriate and widely accepted framework for addressing the research
question. Future studies should combine processing-based classifications with nutrient
profiling systems and dietary quality indices to provide a more comprehensive assessment
of dietary quality in pediatric celiac populations. Finally, this study focused on dietary
intake and did not include biological markers of inflammation, microbiota composition
or immune activation. Therefore, any mechanistic interpretation regarding the potential
inflammatory or immunomodulatory implications of ultra-processed food consumption
should be considered indirect and hypothesis-generating.

These findings reinforce the need for long-term nutritional follow-up in children with
CD, not only to ensure adherence to the GFD, but also to assess diet quality and make
recommendations regarding dietary habits.
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5. Conclusions

In conclusion, our findings show that the GFD, when not accompanied by structured
nutritional guidance, may fail to improve the dietary quality of children with CD and
may contribute to the persistence of an already high consumption of UPFs. Although
gluten withdrawal remains the cornerstone of treatment, a dietary pattern largely based
on ultra-processed gluten-free products may limit the broader nutritional and potentially
immunomodulatory benefits expected from a well-balanced GFD. This is particularly
relevant given the lower vitamin D intake observed in children with established gluten-
free dietary habits and the high contribution of UPFs at breakfast and afternoon snack.
Thus, the management of pediatric CD should move beyond the simplistic prescription
of “gluten-free diet” as a mere exclusion strategy. Gluten-free dietary treatment should
be accompanied by individualized nutritional education and periodic dietary monitoring,
aimed not only at preventing gluten exposure but also at improving overall diet quality, re-
ducing ultra-processed food consumption and promoting naturally gluten-free, minimally
processed foods. Breakfast and afternoon snacks represent especially relevant windows
for intervention.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/nu18132173/s1, Table S1: Nutritional Intake and Mediter-
ranean Diet Adherence.

Author Contributions: Conceptualization, T.N. and R.M.-M.; methodology, T.N. and RM.-M,;
validation, TN., RM.-M. and M.J.-M.; formal analysis, M.E-A.; investigation, RM.-M., M.].-M.
and M.H.-L.; resources, T.N., RM.-M. and VM.N.-L.; data curation, RM.-M., M.].-M. and M.H.-L.;
writing—original draft preparation, TN., RM.-M., M.].-M., M.H.-L.,, VM.N.-L., L.B.-C. and I.Z.-M.
and M.E-A; writing—review and editing, TN., RM.-M., M.]-M., M.H.-L.,, VM.N.-L,, LB.-C., L.Z.-M.
and M.E-A.; project administration, T.N. and R.M.-M.; funding acquisition, T.N. and R.M.-M. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Regional Government of Andalusia, Excellence Research
Project No P21_00101.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the local ethical committee (Comité de Etica de la
Investigacién (CEIC) Provincial de Malaga, Ref. 1875-N-22) on 30 May 2023.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to due to data protection restrictions and ethical constraints.

Acknowledgments: The authors thank the patients for their participation in the current study. Maria
Jiménez-Muifioz acknowledges the Ph.D. Program “Nutricién y Ciencias de los Alimentos” from the
University of Granada. While preparing this work, the authors employed ChatGPT-40 and Gemini
(version 3.5 Flash) to improve the language and readability. After utilizing these tools, the authors
thoroughly reviewed and revised the content as necessary and accepted full responsibility for the
final work.

Conflicts of Interest: The authors declare no conflicts of interest.

1.  Martin-Masot, R.; Diaz-Castro, J.; Moreno-Fernandez, J.; Navas-L6pez, V.M.; Nestares, T. The Role of Early Programming and

Early Nutrition on the Development and Progression of Celiac Disease: A Review. Nutrients 2020, 12, 3247. [CrossRef]
2. Catassi, C.; Kryszak, D.; Bhatti, B.; Sturgeon, C.; Helzlsouer, K.; Clipp, S.L.; Gelfond, D.; Puppa, E.; Sferruzza, A.; Fasano, A.
Natural History of Celiac Disease Autoimmunity in a USA Cohort Followed since 1974. Ann. Med. 2010, 42, 530-538. [CrossRef]

[PubMed]

https://doi.org/10.3390/nu18132173


https://www.mdpi.com/article/10.3390/nu18132173/s1
https://doi.org/10.3390/nu12113427
https://doi.org/10.3109/07853890.2010.514285
https://www.ncbi.nlm.nih.gov/pubmed/20868314
https://doi.org/10.3390/nu18132173

Nutrients 2026, 18,2173 14 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Verdu, E.F,; Galipeau, H.J.; Jabri, B. Novel Players in Coeliac Disease Pathogenesis: Role of the Gut Microbiota. Nat. Rev.
Gastroenterol. Hepatol. 2015, 12, 497-506. [CrossRef] [PubMed]

Pabst, O.; Mowat, A.M. Oral Tolerance to Food Protein. Mucosal Immunol. 2012, 5, 232-239. [CrossRef] [PubMed]

Belkaid, Y.; Hand, T.W. Role of the Microbiota in Immunity and Inflammation. Cell 2014, 157, 121-141. [CrossRef] [PubMed]
Davis-Richardson, A.G.; Triplett, EW. A Model for the Role of Gut Bacteria in the Development of Autoimmunity for Type 1
Diabetes. Diabetologia 2015, 58, 1386-1393. [CrossRef] [PubMed]

Nestares, T.; Martin-Masot, R.; Labella, A.; Aparicio, V.A.; Flor-Alemany, M.; L6pez-Frias, M.; Maldonado, J. Is a Gluten-Free Diet
Enough to Maintain Correct Micronutrients Status in Young Patients with Celiac Disease? Nutrients 2020, 12, 844. [CrossRef]
[PubMed]

Luque, V.; Crespo-Escobar, P.; Hard Af Segerstad, E.M.; Koltai, T.; Norsa, L.; Roman, E.; Vreugdenhil, A.; Fueyo-Diaz, R.; Ribes-
Koninckx, C. Gluten-Free Diet for Pediatric Patients with Coeliac Disease: A Position Paper from the ESPGHAN Gastroenterology
Committee, Special Interest Group in Coeliac Disease. . Pediatr. Gastroenterol. Nutr. 2024, 78, 973-995. [CrossRef] [PubMed]
Martin-Masot, R.; Herrador-Lépez, M.; Navas-Lopez, V.M.; Carmona, ED.; Gonzélez-Mufioz, S.; Lopez-Isac, E.; Nestares, T.;
Bossini-Castillo, L. Single-Cell TCR Sequencing Uncovers Remodeling of the Immune Repertoire After a Short-Term Gluten-Free
Diet in Pediatric Celiac Disease. Int. J. Mol. Sci. 2025, 26, 8927. [CrossRef] [PubMed]

Martin-Masot, R.; Correa-Lépez, N.; Herrador-Lépez, M.; Navas-Lopez, V.M.; Carmona, ED.; Nestares, T.; Bossini-Castillo,
L. Immunomodulatory Effects of a Short-Term Gluten-Free Diet on Pediatric Celiac Disease: Findings from a Single-Cell
Transcriptomics Study. J. Nutr. Biochem. 2025, 146, 110063. [CrossRef] [PubMed]

Nestares, T.; Martin-Masot, R.; Flor-Alemany, M.; Bonavita, A.; Maldonado, J.; Aparicio, V.A. Influence of Ultra-Processed Foods
Consumption on Redox Status and Inflammatory Signaling in Young Celiac Patients. Nutrients 2021, 13, 156. [CrossRef] [PubMed]
Babio, N.; Alcdzar, M.; Castillejo, G.; Recasens, M.; Martinez-Cerezo, F.; Gutiérrez-Pensado, V.; Masip, G.; Vaqué, C.; Vila-Marti,
A.; Torres-Moreno, M.; et al. Patients With Celiac Disease Reported Higher Consumption of Added Sugar and Total Fat Than
Healthy Individuals. J. Pediatr. Gastroenterol. Nutr. 2017, 64, 63-69. [CrossRef] [PubMed]

Martin-Masot, R.; Labella, A.; Baena-Garcia, L.; Flor-Alemany, M.; Lépez-Frias, M.; de la Higuera, M.; Maldonado, J.; Nestares, T.
Time Following a Gluten-Free Diet, Ultra-Processed Food Consumption and Quality of Life in Children with Celiac Disease. Appl.
Sci. 2022, 12, 11680. [CrossRef]

Husby, S.; Koletzko, S.; Korponay-Szabd, I.; Kurppa, K.; Mearin, M.L.; Ribes-Koninckx, C.; Shamir, R.; Troncone, R.; Auricchio, R,;
Castillejo, G.; et al. European Society Paediatric Gastroenterology, Hepatology and Nutrition Guidelines for Diagnosing Coeliac
Disease 2020. J. Pediatr. Gastroenterol. Nutr. 2020, 70, 141-156. [CrossRef] [PubMed]

Zeevenhooven, J.; Koppen, L].N.; Benninga, M.A. The New Rome IV Criteria for Functional Gastrointestinal Disorders in Infants
and Toddlers. Pediatr. Gastroenterol. Hepatol. Nutr. 2017, 20, 1-13. [CrossRef] [PubMed]

Cole, T.J.; Bellizzi, M.C.; Flegal, KM.; Dietz, W.H. Establishing a Standard Definition for Child Overweight and Obesity
Worldwide: International Survey. BMJ 2000, 320, 1240-1243. [CrossRef] [PubMed]

Base de Datos BEDCA. Available online: https://www.bedca.net/bdpub/ (accessed on 30 September 2025).

USDA FoodData Central. Available online: https://fdc.nal.usda.gov/ (accessed on 30 September 2025).

Moubarag, J.-C.; Batal, M.; Louzada, M.L.; Martinez Steele, E.; Monteiro, C.A. Consumption of Ultra-Processed Foods Predicts
Diet Quality in Canada. Appetite 2017, 108, 512-520. [CrossRef] [PubMed]

Ultra-Processed Food and Drink Products in Latin America: Trends, Impact on Obesity, Policy Implications; Pan American Health
Organization: Washington, DC, USA, 2019.

FAO Guidelines on the Collection of Information on Food Processing Through Food Consumption Surveys; Food and Agriculture
Organization of the United Nations: Rome, Italy, 2015.

Monteiro, C.A.; Moubarac, J.-C.; Cannon, G.; Ng, S.W.; Popkin, B. Ultra-Processed Products Are Becoming Dominant in the
Global Food System. Obes. Rev. 2013, 14, 21-28. [CrossRef] [PubMed]

Serra-Majem, L.; Ribas, L.; Ngo, J.; Ortega, R.M.; Garcia, A.; Pérez-Rodrigo, C.; Aranceta, J. Food, Youth and the Mediterranean
Diet in Spain. Development of KIDMED, Mediterranean Diet Quality Index in Children and Adolescents. Public Health Nutr.
2004, 7, 931-935. [CrossRef] [PubMed]

Gonzélez, M.P; Ballestero-Fernandez, C.; Fajardo, V.; Achén, M.; Garcia-Gonzalez, A Alonso-Aperte, E.; Ubeda, N. Gluten-Free
Product Contribution to Energy and Macronutrient Intakes in Spanish Children and Adolescents with Celiac Disease. Foods 2022,
11, 3790. [CrossRef] [PubMed]

Samaniego Vaesken, M.d.L.; Ubeda Martin, N.; Martinez, M.; Achén y Tufién, M.; Alonso Aperte, E.; Gonzalez Gonzdlez,
M.P; Fajardo Martin, V. Base de Datos de Composicién de Alimentos Sin Gluten Certificados (SINGLUTEN-2019); Universidad San
Pablo-CEU: Madrid, Spain, 2019.

Hysa, E.; Gotelli, E.; Campitiello, R.; Paolino, S.; Pizzorni, C.; Casabella, A.; Sulli, A.; Smith, V.; Cutolo, M. Vitamin D and Muscle
Status in Inflammatory and Autoimmune Rheumatic Diseases: An Update. Nutrients 2024, 16, 2329. [CrossRef] [PubMed]

https://doi.org/10.3390/nu18132173


https://doi.org/10.1038/nrgastro.2015.90
https://www.ncbi.nlm.nih.gov/pubmed/26055247
https://doi.org/10.1038/mi.2012.4
https://www.ncbi.nlm.nih.gov/pubmed/22318493
https://doi.org/10.1016/j.cell.2014.03.011
https://www.ncbi.nlm.nih.gov/pubmed/24679531
https://doi.org/10.1007/s00125-015-3614-8
https://www.ncbi.nlm.nih.gov/pubmed/25957231
https://doi.org/10.3390/nu12030844
https://www.ncbi.nlm.nih.gov/pubmed/32245180
https://doi.org/10.1002/jpn3.12079
https://www.ncbi.nlm.nih.gov/pubmed/38291739
https://doi.org/10.3390/ijms26188927
https://www.ncbi.nlm.nih.gov/pubmed/41009495
https://doi.org/10.1016/j.jnutbio.2025.110063
https://www.ncbi.nlm.nih.gov/pubmed/40803542
https://doi.org/10.3390/nu13010156
https://www.ncbi.nlm.nih.gov/pubmed/33418957
https://doi.org/10.1097/mpg.0000000000001251
https://www.ncbi.nlm.nih.gov/pubmed/27128207
https://doi.org/10.3390/app122211680
https://doi.org/10.1097/mpg.0000000000002497
https://www.ncbi.nlm.nih.gov/pubmed/31568151
https://doi.org/10.5223/pghn.2017.20.1.1
https://www.ncbi.nlm.nih.gov/pubmed/28401050
https://doi.org/10.1136/bmj.320.7244.1240
https://www.ncbi.nlm.nih.gov/pubmed/10797032
https://www.bedca.net/bdpub/
https://fdc.nal.usda.gov/
https://doi.org/10.1016/j.appet.2016.11.006
https://www.ncbi.nlm.nih.gov/pubmed/27825941
https://doi.org/10.1111/obr.12107
https://www.ncbi.nlm.nih.gov/pubmed/24102801
https://doi.org/10.1079/phn2004556
https://www.ncbi.nlm.nih.gov/pubmed/15482620
https://doi.org/10.3390/foods11233790
https://www.ncbi.nlm.nih.gov/pubmed/36496597
https://doi.org/10.3390/nu16142329
https://www.ncbi.nlm.nih.gov/pubmed/39064771
https://doi.org/10.3390/nu18132173

Nutrients 2026, 18,2173 15 of 15

27.

28.

29.

30.

31.

32.

Cyrkot, S.; Anders, S.; Kamprath, C.; Liu, A.; Mileski, H.; Dowhaniuk, J.; Nasser, R.; Marcon, M.; Brill, H.; Turner, ] M.; et al.
Folate Content of Gluten-Free Food Purchases and Dietary Intake Are Low in Children with Coeliac Disease. Int. ]. Food Sci. Nutr.
2020, 71, 863-874. [CrossRef] [PubMed]

Kautto, E.; Ivarsson, A.; Norstrom, F; Hogberg, L.; Carlsson, A.; Hornell, A. Nutrient Intake in Adolescent Girls and Boys
Diagnosed with Coeliac Disease at an Early Age Is Mostly Comparable to Their Non-Coeliac Contemporaries. J. Hum. Nutr. Diet.
2014, 27,41-53. [PubMed]

Ortega, R.M.; Requejo, A.M.; Navia, B.; L6pez-Sobaler, A.M.; Aparicio, A. Ingestas Diarias Recomendadas de Energia y Nutrientes
para la Poblacion Espafiola; Departamento de Nutricién, Universidad Complutense de Madrid: Madrid, Spain, 2019.

Caruso, R; Pallone, F; Stasi, E.; Romeo, S.; Monteleone, G. Appropriate Nutrient Supplementation in Celiac Disease. Ann. Med.
2013, 45, 522-531. [CrossRef] [PubMed]

de Onis, M.; Onyango, A.W.; Borghi, E.; Siyam, A.; Nishida, C.; Siekmann, J. Development of a WHO Growth Reference for
School-Aged Children and Adolescents. Bull. World Health Organ. 2007, 85, 660—-667. [CrossRef] [PubMed]

Nestares, T.; Martin-Masot, R.; de Teresa, C.; Bonillo, R.; Maldonado, J.; Flor-Alemany, M.; Aparicio, V.A. Influence of Mediter-
ranean Diet Adherence and Physical Activity on Bone Health in Celiac Children on a Gluten-Free Diet. Nutrients 2021, 13, 1636.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/nu18132173


https://doi.org/10.1080/09637486.2020.1734545
https://www.ncbi.nlm.nih.gov/pubmed/32126832
https://www.ncbi.nlm.nih.gov/pubmed/23701396
https://doi.org/10.3109/07853890.2013.849383
https://www.ncbi.nlm.nih.gov/pubmed/24195595
https://doi.org/10.2471/blt.07.043497
https://www.ncbi.nlm.nih.gov/pubmed/18026621
https://doi.org/10.3390/nu13051636
https://www.ncbi.nlm.nih.gov/pubmed/34068001
https://doi.org/10.3390/nu18132173

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Clinical and Socio-Demographics Characteristics 
	Anthropometric Measures 
	Dietary Assessment 
	Data Analyses 

	Results 
	Baseline Sociodemographic and Clinical Characteristics 
	Baseline Nutritional Intake and Mediterranean Diet Adherence 
	Baseline Food Processing Levels (NOVA) 
	Longitudinal Evolution of Nutritional Intake (12-Month GFD) 
	Evolution of Meal Patterns and Food Processing 
	Comparison Between Patients with Established GFD and Healthy Controls 
	Comparative Analysis of Dietary Patterns (NOVA) Between Established GFD and Controls 

	Discussion 
	Conclusions 
	References

