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HIGHLIGHTS
e Early gluten exposure does not impact the celiac disease development in children.
e There is an indirect link between breastfeeding, gluten exposure and celiac disease.
e Gastrointestinal infections have an effect on the disease.

e The protective effect of late gluten introduction is still a hypothesis.

Abstract: This study investigated the relationship between food introduction and celiac disease develop-
ment. This bibliographic review was conducted from May to June 2023 and covered publications from 2013
to 2023. The Virtual Health Library (VHL) and PubMed databases were used, with the following search terms:
“Celiac Disease,” “Gluten enteropathy” (with the Boolean operator “OR”), “Infant,” “Preschooler” (also using
the Boolean operator “OR”) and “Food Introduction.” A total of 28 articles were found and, after careful anal-
ysis, only 6 met the inclusion and exclusion criteria. These articles addressed topics such as the relationship
between dietary patterns and the risk of celiac disease, the prevalence of the disease in children born before
and after the epidemic in Sweden, the feasibility of introducing allergens and their relationship with breast-
feeding, and the implications of introducing gluten into the diet and early weaning in celiac disease. The
results of the study highlight the importance of further research into this topic to develop possible methods of
prevention and intervention in the manifestation process of celiac disease. From the bibliographic review, it
was possible to identify the variables that imply the development of celiac disease and refute the hypotheses
of the direct influence of the early introduction of gluten in the diet on the manifestation of the disease.
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Introducing food to a baby is a significant step in their development. It marks the beginning of their tran-
sition from solely consuming breast milk or formula to gradually incorporating solid foods. The World Health
Organization (WHO) recommends introducing solid foods around the age of 6 months, according to their
guidelines published in 2023 [1]. However, the ideal age for this transition is not the only important factor to
consider. Exposing the child to a variety of flavors, textures, and nutrients during this process promotes a
healthy acceptance of new foods [2]. Moreover, the early and gradual introduction of allergenic foods into the
baby's diet has been studied extensively as a way to prevent allergies [3] and other immunological reactions,
such as those experienced by celiac patients.

Celiac disease is a chronic autoimmune disorder that affects the mucosa of the small intestine. This
condition is triggered by the consumption of gluten, a type of protein found in wheat, barley, and rye grains.
Only individuals with a genetic predisposition are affected by this condition [4]. The key genetic determinants
are the HLA 1l genes DQA and DQB, which are highly variable and located in the major histocompatibility
complex on chromosome 6.

This genetic disorder is considered to be the most common, with a prevalence of 0.5% to 1% in many
populations [5]. Its diagnosis can be complicated due to the variety of symptoms that patients may experi-
ence. These symptoms are not only associated with gastrointestinal issues, such as chronic diarrhea, con-
stipation, abdominal pain, and malabsorption of nutrients, but can also occur outside of the intestine, such
as headaches, fatigue, osteoporosis, growth retardation, infertility, and even depression [6]. To manage
symptoms and potential complications, the only effective approach post-diagnosis is complete avoidance of
gluten in the patient's diet [7]. Additionally, as exposure to gluten can trigger the disease in those genetically
predisposed, there are ongoing studies looking at the role of food introduction in this process.

In light of these factors, the purpose of this review is to examine research on the introduction of food and
its guidance in relation to the development of celiac disease in infants.

MATERIAL AND METHODS

This study is categorized as a narrative literature review, which involves a process of selecting, synthe-
sizing, summarizing, and interpreting the literature that has been published across various platforms, such
as electronic journals and books. It is important to note that this process may be subject to the author's
subjectivity. This type of study aids in consolidating a particular area of knowledge and provides fresh per-
spectives on the subject, both theoretically and contextually [8].

Between May and June 2023, data was collected from the Virtual Health Library (BVS) and PubMed
databases. The search terms used were "Celiac Disease" and "Gluten Enteropathy" using the "OR" operator,
as well as "Infant" and "Preschool" also using the "OR" operator, and "Food Introduction”. Inclusion criteria
included articles published in English from 2013 to 2023, of the types of clinical trials, randomized controlled,
and cohort studies. Literature reviews were excluded.

After selecting articles that met the criteria, the stages of exploratory and selective reading were followed,
with an emphasis on materials that fit the objectives of the study. Analysis of selected texts involved interpre-
tive reading and writing.

For individual publication analysis, a script was developed that considered the authors, year of publica-
tion, objective, design, methods, results and conclusions.

RESULTS

After conducting searches, 28 articles were found. The inclusion and exclusion criteria were applied,
resulting in the selection of 6 articles for data analysis (Figure 1). The selected articles include prospective
cohort studies, randomized clinical trials, observational cohort studies, cross-sectional screening, and popu-
lation-based randomized controlled trials covering different topics related to food introduction instructions and
the development of celiac disease. One of the articles evaluates the effect of gluten consumption on celiac
disease development in children aged 11 to 36 months. Two articles investigate the effect of early gluten
introduction on the disease's development, with one analyzing the relationship between childhood dietary
patterns and celiac disease risk. One article looks at the prevalence of celiac disease in children born at
different times in Sweden and the relationship with infant feeding. Another article examines the feasibility of
introducing allergenic foods to breastfed children compared to those who received exclusive breastfeeding
for up to 6 months. Finally, one article studied the relationship between infant feeding, hospitalization, HLA
allele, rotavirus vaccination status, and celiac disease autoimmunity, as shown in Chart 1.
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Identified articles in database
n=28

Number of articles selected after applying the inclusion criteria
n=16

Number of articles selected after reading the title, abstract and
subject
n=14

Articles included in this review

n=~6

Figure 1. Flowchart of the steps taken to select articles.

Chart 1. Articles that were identified in the Virtual Health Library (VHL) and Pubmed databases, according to their
authors, year of publication, objective, design, method, results and conclusions.
Author/Publication year - Crespo-Escobar et al. (2017) [9]

Objectives - The aim is to test whether consuming high doses of gluten during childhood increases the likelihood of
developing celiac disease. The data used for this evaluation comes from the PreventCD trial study.

Design and methods - A study involving 715 children from 5 European countries with celiac-related genes exam-
ined their gluten intake from 11 to 36 months. Infants were given 100 mg gluten/day or a placebo from 4 to 6
months, gradually increasing until 10 months, then unrestricted. The aim was to assess the impact of post-10-
month gluten consumption

Results - At 10 months, children from different countries showed significant variations in gluten consumption (P <
0.001). However, within the same country, there was no difference in gluten intake between those who developed
celiac disease and those who didn't (P > 0.05). Factors like country, gender, intervention group, and gluten consump-
tion pattern didn't influence celiac disease risk. Interaction between HLA risk group and gluten pattern was mostly
insignificant, except for DQ2.2/DQ7 haplotype which had higher risk (HR: 5.81; 95% CI: 1.18, 28.74; P = 0.031).

Conclusion - Most children with genetic risk from various European countries do not develop Celiac Disease due
to gluten consumption patterns and the amount of gluten consumed between 11-36 months of age, regardless of
their HLA genotypes.

Author/Publication year - lvarsson et al., (2013) [10]

Objectives - To investigate and compare the total prevalence of celiac disease in two 12-year birth cohorts and
relate the results to infant feeding observed in each cohort.

Design and methods - The ETICS screening study occurred in two phases with 13,279 children from distinct birth
cohorts: 1993 epidemic-born and 1997-born. Previously reported and confirmed cases were taken into account.
Blood samples were collected and tested for serological markers, with positive results leading to referrals for small
bowel biopsies. Adolescent feeding practices were examined for both cohorts. Prevalence comparisons were pre-
sented as prevalence ratios.

Results - Out of every 1000 people, 29 in 1993 and 22 in 1997 had celiac disease. Those born in 1997 had a lower
risk of having celiac disease than those born in 1993 (prevalence ratio: 0.75; 95% confidence interval: 0.60-0.93; P
= 0.01). The cohorts had different infant feeding practices, particularly in the amount of dietary gluten introduced to
infants during ongoing breastfeeding.

Conclusion - The decreased prevalence of celiac disease among 12-year-olds suggests a potential strategy for
preventing the disease. Medical research supports the gradual introduction of gluten-containing foods starting at 4
months of age, ideally while continuing to breastfeed.
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Author/Publication year - Vriezinga et al., (2014) [11]

Objectives - To investigate the hypothesis that the introduction of gluten in the diet of children aged 4 to 6 months
would reduce the risk of celiac disease.

Design and methods - A randomized, double-blind, placebo-controlled dietary intervention study involved 944
HLA-DQ2 or HLA-DQS8 positive children with a celiac-related first-degree relative. In the study, 475 participants re-
ceived 100 mg of active gluten daily from 16 to 24 weeks of age, while 469 received a placebo. They measured
anti-transglutaminase type 2 and antigliadin effects. The study's objective was to ascertain the occurrence of bi-
opsy-confirmed celiac disease by age 3.

Results - The analysis focused on 80 children, median age 2.8 years, with 59% girls. Among them, 77 were biopsy-
confirmed for celiac disease, and 3 were diagnosed based on 2012 diagnostic criteria to avoid underestimation.
Celiac disease incidence at age 3 was 5.2%, similar in gluten and placebo groups. Rates of antibodies were alike in
both groups. Celiac development wasn't notably affected by breastfeeding (exclusive or continued during gluten in-
troduction) or the intervention's impact.

Conclusion — A study conducted on high-risk children showed that introducing gluten to them between 16 to 24
weeks of age did not increase the risk of developing Celiac Disease by the age of 3.

Author/Publication year - Perkin et al., (2016) [12]

Objectives - To determine the feasibility of early introduction of multiallergenic foods for exclusively breastfed in-
fants from 3 months of age and the effect on breastfeeding performance.

Design and methods - A randomized controlled trial was conducted on a population basis. The group that followed
the early introduction guidelines (EIG) maintained breastfeeding while gradually introducing six allergenic foods:
cow's milk, peanuts, boiled egg, egg yolk, sesame, white fish (cod), and wheat. The standard introduction group, on
the other hand, adhered to British infant feeding recommendations by exclusively breastfeeding for approximately
six months and not introducing any foods before the age of six months.

Results - A total of 1303 infants were included in the study. The early introduction group (EIG) consumed each of
the 6 foods 2 to 3 times per week at 5 months of age, while the standard introduction group did not consume any of
them (P < 0.001 for all comparisons). By 6 months of age, less than 5% of EIG infants had not been introduced to
allergenic foods. However, achieving the strict intake target established by the protocol was challenging for 42% of
EIG participants. Both groups had higher breastfeeding rates than what is typically seen among matched mothers in
the UK government data (P < 0.001 at 6 and 9 months of age).

Conclusion - Introducing certain types of allergenic foods before a baby is 6 months old appears to be possible
without impacting breastfeeding. This has significant implications for developing strategies to prevent food allergies.

Author/Publication year - Lionetti et al., (2014) [13]

Objectives - To investigate the relationship between the risk of developing celiac disease, the age at which gluten
is introduced into a child's diet, and the child's early eating pattern.

Design and methods - The study involved 832 newborns with a first-degree relative having celiac disease. Ran-
domly divided into two groups, Group A introduced gluten at 6 months, while Group B did so at 12 months. HLA
genotype was determined at 15 months, and celiac disease was screened at various intervals up to 10 years, in-
cluding intestinal biopsies for positive cases. The study's goal was to establish celiac autoimmunity and overt celiac
disease prevalence among 5-year-old children.

Results - Among the 707 participants remaining in the study for 36 months, 553 with standard or high-risk HLA
genotypes completed it. At age 2, a higher percentage of children in group A had celiac autoimmunity and overt celiac
disease compared to group B, with significant differences (16% vs. 7%, P=0.002) for autoimmunity and (12% vs. 5%,
P=0.01) for overt disease. However, by age 5, the differences between the groups became insignificant for both
autoimmunity (21% in group A and 20% in group B, P=0.59) and overt disease (16% and 16%, P=0.78). At age 10,
children with high-risk HLA faced a notably higher risk of celiac autoimmunity (38% vs. 19%, P=0.001) and overt
celiac disease (26% vs. 16%, P=0.05) compared to standard-risk HLA. Other factors like breastfeeding didn't show
associations with celiac disease development.
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Conclusion - Delaying the introduction of gluten and breastfeeding did not affect the likelihood of developing celiac
disease in at-risk individuals, but it was linked to a later onset of the disease. The presence of a high-risk HLA gen-
otype was a significant indicator of the disease.

Author/Publication year - Kemppainen et al., (2017) [14]

Objectives - To investigate temporal associations between caregiving and the development of celiac disease auto-
immunity, and to examine the effects of HLA alleles, rotavirus vaccination status, and infant feeding.

Design and methods - A study monitored 6,327 at-risk children aged 1 to 4 in the US and Europe for HLA celiac
disease. They were tested for tissue transglutaminase until March 31, 2015. Parents reported on their child's health
every three months since birth. The study analyzed factors like complications, rotavirus vaccination, gluten introduc-
tion timing, breastfeeding, and celiac disease autoimmunity risk using proportional hazards models.

Results - During the study, 13,881 gastrointestinal infections (GIE) and 79,816 respiratory infections were identified.
Among 6,327 children, 11.6% (732) developed celiac disease autoimmunity. GIE increased the celiac disease auto-
immunity risk by 33% over 3 months (hazard ratio [RR], 1.33; 95% confidence interval [Cl], 1.11-1.59). Winter-born
children introduced to gluten before 6 months faced a 2-fold risk (RR, 2.08; 95% ClI, 1.46—-2.98), while those without
HLA-DQ?2 alleles breastfed less than 4 months had a 10-fold risk (RR, 9.76; 95% CI, 3.87—24.8). However, rotavirus-
vaccinated children introduced to gluten before 6 months showed a reduced risk (RR, 0.57; 95% CI, 0.36—0.88).

Conclusion - Children genetically prone to celiac disease face elevated celiac autoimmunity risk with gastrointesti-
nal infections. Multiple factors like HLA genotype, childhood gluten intake, breastfeeding, and rotavirus vaccination
influence this risk. This underscores the intricate interplay of infections, genetics, diet, and celiac disease causes in
childhood

DISCUSSION

Celiac disease is a complex condition influenced by genetic, environmental, and immunological factors.
Environmental triggers such as exposure to gluten, the age at which it's introduced, breastfeeding, intestinal
microbiota, and gastrointestinal complications, particularly viral infections, can all contribute to its develop-
ment. The age at which infants are introduced to gluten in their diet is becoming increasingly important to
study as it may impact the development of the autoimmune condition in predisposed patients. We can better
guide prevention and intervention strategies for at-risk infants and children by identifying an ideal age for
gluten introduction and ingested amount. This need for research has arisen due to estimates that approxi-
mately 30% of the world's population carries human leukocyte antigen genes, mainly HLA-DQ2, yet only 1%
of the population develops celiac disease. Environmental factors are believed to play a significant role in this
difference [9].

Between 1984 and 1996, Sweden experienced a high rate of celiac disease. As a result, the country
revised its recommendations for introducing gluten into infants' diets. In 1984, the consumption of gluten
began at 6 months of age and almost doubled in quantity. However, in 1996, the protocol changed, and
gluten was introduced for 4 months alongside breastfeeding. A study was carried out on children born during
these two periods, and it was observed that children born in 1997 had lower rates of celiac disease than
those born in 1993. This led to the conclusion that the early introduction of gluten and breastfeeding pre-
vented the development of the disease in children up to 12 years old. This evidence was widely accepted
and supported by several authors. [10]. However, the studies that supported this theory were later disproven
due to unreliable data. This was due to the limitations of the continuous variables used and the lack of infor-
mation regarding the amount of gluten consumed by different age groups [9].

There has been a long-standing belief that the early introduction of gluten in a child's diet is linked to
celiac disease. However, a recent study of 715 children at high risk for celiac disease from 5 European
countries (Germany, Hungary, Italy, Spain, and Holland) found no direct correlation between the amount of
gluten consumed during the first months of life and the development of the disease. The study analyzed
gluten intake between 11 and 36 months of age and the pattern of daily gluten intake (MDGI) in relation to
the development of celiac disease up to the age of 6. Surprisingly, the countries with the highest MDGI rates
did not have the highest number of celiac cases, nor did the countries with the lowest gluten consumption
have the lowest number of cases. For example, Spain had the lowest daily gluten consumption for children
up to two years yet did not have the lowest number of cases in the same age group. In contrast, Hungary
had the highest consumption but a lower number of cases than Spain [9].

A similar discovery was made in another study involving 944 children who tested positive for HLA-DQ2
or HLA-DQ8 and had at least one first-degree relative with celiac disease. The children were divided into two
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groups, one receiving a placebo and the other receiving 100mg of immunologically active gluten per day from
the 4th to 6th month of life. The study analyzed the diagnosis of celiac disease in these children when they
reached 3 years old, and the results showed that gluten intervention did not affect the frequency of disease
development. The study also evaluated the idea that breastfeeding could protect against the development of
celiac disease. It concluded that there was no correlation between the duration of breastfeeding and the
onset of the condition, regardless of whether it was exclusive or not [11]. Additionally, the EAT study [12]
refuted the belief held by some mothers that offering allergenic foods to infants would harm the reception of
breast milk and lead to a shorter duration of breastfeeding.

According to studies conducted by Crespo-Escobar and coauthors (2017) [9] and Vriezinga and
coauthors (2014) [11], there is no direct link between early gluten exposure and the development of celiac
disease. However, they have discovered interesting facts that reveal a specific genotype's susceptibility to
the condition. Those who are positive for HLA DQ2.2/DQ7 are at a higher risk of developing celiac disease
when exposed to high levels of gluten. This genotype is more susceptible to external factors, as per Crespo-
Escobar and coauthors (2017) [9]. Vriezinga and coauthors (2014) [11] have also identified that the influence
of early introduction of gluten in the development of celiac disease in girls was related to a higher prevalence
of homozygous HLA-DQ2 genotypes among them, which makes them more vulnerable to environmental
factors. Both studies have concluded that there is a difference in celiac disease occurrence between males
and females, with female children having a higher frequency.

A different study contradicted the belief that introducing gluten early on leads to celiac disease. Instead,
it suggested delaying gluten intake to potentially prevent the onset of the disease. This approach aims to
maintain the baby's health during a critical period of development. The study was conducted by Lionetti and
coauthors in 2014 [13] and relates to the review by Pinto-Sanchez and coauthors (2016) [15], which deter-
mines the impossibility of making recommendations regarding the consumption of gluten when introducing
food to infant, as the available data are not robust enough. This work points out the lack of evidence to
consider that early exposure to gluten increases the risk of developing the disease, but discusses the hy-
pothesis that late introduction has this role, concluding that more studies are needed to elucidate the con-
founding factors.

Kemppainen and coauthors (2017) [14] explored the relationship between breastfeeding and the intro-
duction of gluten in an infant's diet in the development of celiac disease. These two factors play a role in the
link between gastrointestinal infections and the onset of the celiac condition. In the TEDDY study, it was
found that gastrointestinal infections occurring 3 months before seroconversion can induce celiac disease in
individuals who are predisposed to it, especially those who are local carriers of non-HLA-DQ2 and breastfed
for less than 4 months. Breastfeeding helps modulate this bond due to the passive immunization function of
the child. Immunoglobulins A coat the intestinal mucosa and neutralize infectious agents, reducing the
chance of contracting compatibility, especially viral infections, which can lead to celiac autoimmunity. Fur-
thermore, early weaning increases the risk of gastrointestinal disorders and celiac disease. The interruption
of breastfeeding is closely linked to the early introduction of gluten, and both factors cause modulating effects
on gastrointestinal disorders. Additionally, the interval between exposure to gluten and gastrointestinal infec-
tion by rotavirus, considered the main trigger for celiac disease, influences the development of this autoim-
mune condition.

After conducting a thorough review, it has been discovered that recent studies on the topic at hand are
lacking. Despite diligent searches for scientific literature and careful examination of the material found, there
are still many unanswered questions. For instance, Szajewska and coauthors (2016) [16] have noted that
there is insufficient data to determine the best recommendations for introducing gluten into infants' diets, as
well as whether breastfeeding can aid in preventing celiac disease. Additionally, it is unclear whether there
is any difference in the risk of developing the disease between children who were exclusively breastfed and
those who were given formula. This is an important area for further research, as colostrum's role in the for-
mation of intestinal microbiota [17] is closely related to celiac disease's pathogenesis [7].

CONCLUSION

After conducting a bibliographic review, it has been determined that the early introduction of gluten does
not impact the development of celiac disease in predisposed children. The idea that a late introduction of
gluten may offer some protection is still unproven, as has the hypothesis that late exposure may increase the
risk of developing the disease. Additionally, simultaneous breastfeeding and gluten introduction do not delay
or decrease the risk of developing autoimmunity, as previously believed.

However, there is an indirect connection between breastfeeding, gluten introduction, and celiac disease
manifestation during the food introduction stage. This link is due to the effect that the gastrointestinal infec-
tions have on the disease, which has not yet been fully understood.
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It is essential to conduct new studies on this topic to clarify the relationship between gluten introduction
delay and celiac disease and to explain the connection with gastrointestinal infections. By advancing
knowledge on this topic, it may be possible to provide forms of prevention and intervention in the process of
developing celiac disease.
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