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Abstract
Celiac disease (CD) is a permanent auto-immune en-
teropathy, triggered in genetically predisposed indi-
viduals by the ingestion of dietary gluten. Gluten is 
the alcohol-soluble protein component of the cereals 
wheat, rye and barley. CD is a multifactorial condition, 
originating from the interplay of genetic and environ-
mental factors. The necessary environmental trigger is 
gluten, while the genetic predisposition has been iden-
tified in the major histocompatibility complex region 
on chromosome 6p21, with over 90% of CD patients 
expressing HLA DQ2 and the remaining celiac patients 
express DQ8. The fact that only about 4% of DQ2/8-
positive individuals exposed to gluten develop CD, has 
led to the recognition that other genetic and environ-
mental factors are also necessary. In the last few years, 
several epidemiological studies have suggested that the 
timing of the introduction of gluten, as well as the pat-
tern of breastfeeding, may play an important role in the 

subsequent development of CD. Here, we present and 
review the most recent evidences regarding the effect 
of timing of gluten introduction during weaning, the 
amount of gluten introduced and simultaneous breast-
feeding, on the development of CD.
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INTRODUCTION
Celiac disease (CD) is a permanent auto-immune enter-
opathy, triggered in genetically predisposed individuals 
by the ingestion of  dietary gluten. Gluten is the alcohol-
soluble protein component of  the cereals wheat, rye 
and barley. It is composed of  2 major protein fractions: 
glutenin and gliadin; most of  the toxic activity exerted by 
gluten in CD is due to gliadin. 

CD is an increasingly recognized condition; its true 
prevalence is, however, difficult to ascertain, because 
many (arguably the majority) of  affected people are 
asymptomatic or show mild symptoms and signs[1,2]. 

CD is a multifactorial condition, originating from 
the interplay of  genetic and environmental factors. The 
necessary environmental trigger is gluten, while the ge-
netic predisposition has been identified in the major his-
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tocompatibility complex region on chromosome 6p21, 
with over 90% of  CD patients expressing HLA DQ2 
(DQA1*05/DQB1*02) or in the trans position in HLA-
DR5/DR-7 heterozygous patients. The remaining celiac 
patients express DQ8 (DQA1*0301/DQB1*0302). 
While these haplotypes confer the highest genetic risk 
for CD, the fact that only about 4% of  DQ2/8 positive 
individuals exposed to gluten develop CD, has led to 
the recognition that other genetic factors are also neces-
sary[3]. In the last few years, significant advances have 
been made leading to the identification of  6 regions that 
harbor genes controlling immune responses in relevant 
biological pathways. So far, 7 additional candidate genes 
have been uncovered that are considered as plausible 
contributors to the development of  CD[4,5].

In the last few years, several epidemiological studies 
have suggested that the timing of  the introduction of  
gluten into the diet, as well as the pattern of  breastfeed-
ing, may play an important role in the subsequent devel-
opment of  CD. 

THE ROLE OF GLUTEN-WHEN
The attractive hypothesis that the age at first introduc-
tion of  gluten in predisposed individuals could influence 
the onset of  CD relies upon the fact that at some point 
in time during development, humans appear to lose their 
ability to develop oral tolerance to newly introduced an-
tigens[6]. On the other hand, early introduction of  solid 
foods (i.e. before the intestinal immune system reaches a 
certain level of  maturation) may lead to development of  
intolerance[7]. 

In reality, the results of  most older studies had sug-
gested that the age at first introduction of  gluten would 
not affect the development of  CD, while it would modi-
fy the onset of  symptoms[8].

A decrease of  the incidence of  biopsy-proven CD 
following a change in weaning practices was first report-
ed at the end of  1970s among the pediatric population 
of  West Somerset, England[9]. The authors noticed that 
the incidence of  CD declined from 1:1228 to 1:4168 fol-
lowing the recommendations to avoid both the addition 
of  cereals to bottle feeds and the introduction of  gluten 
before 4 mo of  age. The cohort of  children considered 
in this study was quite small and it was a retrospective 
analysis; additionally, the overall incidence of  CD re-
ported appears markedly low compared to the present 
knowledge of  the epidemiology of  CD. In spite of  these 
limitations, that work gave the first support to the role 
of  age at first exposure to gluten in the development of  
CD. 

Much stronger epidemiological evidence about the 
role of  timing of  solid introduction on the development 
of  CD came from a recent 10-year observational study 
that investigated the age at first introduction (before  
3 mo of  age, between 3 and 7 mo and at 7 mo or later) 
of  gluten-containing cereals in a group of  1560 chil-
dren at risk of  CD or type 1 diabetes (positivity to 

HLA-DR3, -DR4 or a first-degree relative with type 1 
diabetes) in relation to the subsequent risk of  develop-
ing CD autoimmunity (CDA)[10]. CDA was defined as 
positive tissue transglutaminase antibody (tTG Ab) on 
2 or more consecutive visits or a positive tTG Ab and 
a small bowel biopsy consistent with CD. The results, 
generated as part of  a larger effort within the so-called 
DAISY project, showed that, out of  51 children who de-
veloped CDA, those exposed to gluten in the first 3 mo 
of  age had a 5-fold increased risk of  CDA compared 
to those exposed at 4 to 6 mo [hazard ratio (HR), 5.17; 
95% confidence interval (CI): 1.44-18.57]; and those 
who received gluten for the first time at 7 mo of  age 
or after showed a slightly increased hazard ratio com-
pared with those exposed at 4-6 mo (HR, 1.87; 95% CI: 
0.97-3.60). These results seem to confirm the existence 
of  a “window” period, during which the first exposure 
to gluten should occur in order to minimize the risk of  
subsequent development of  CD. Perhaps the biggest 
limitation of  the DAISY study is the lack of  data on the 
amount of  gluten ingested. Although the authors specu-
lated that the children that received gluten after 7 mo 
consumed a higher amount of  gluten on its introduc-
tion, this remains speculative.

THE ROLE OF GLUTEN-HOW MUCH 
The epidemic of  CD among Swedish children observed 
in the mid 80s suggests that the amount of  gluten in-
gested during weaning can play a pivotal role in the 
development of  CD. After 1982, Sweden experienced a 
quite unique epidemic of  CD in children under 2 years 
of  age, with the annual incidence increasing 4-fold to 
200-240 cases/100 000 inhabitants per year, followed 
from 1995 by a sharp decline to the previous level 
of  50-60 cases[11,12]. Such a trend was not observed in 
nearby countries (i.e. Denmark and England), where, in 
contrast, a decline in the incidence of  CD was noticed in 
the same period. This epidemic pattern was later related 
to new dietetic guidelines (later changed for this reason) 
that resulted in gluten being introduced to infants after 
they had been weaned from the breast, and in addition 
(due to concomitant, unrelated reasons) larger amounts 
of  gluten were also given at that time.

To make the story even more complex, came the ob-
servation from analysis of  the data of  the Swedish CD 
epidemic, that the overall prevalence of  CD diagnosed 
by serological screening (EMA) was not different in the 
group of  children born in 1996-1997 compared with 
those born in 1992-1993[13]. This finding indicated that 
the amount of  gluten introduced during weaning might 
affect the development of  symptomatic CD, but does 
not protect the children from being affected by sub-
clinical or silent forms of  the disease. 

Finally, follow-up studies of  that same cohort of  
children born during the epidemic[14] showed that the 
increased risk of  developing CD carries on with time, as 
the prevalence of  this condition in 12-year-old children 
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(thus born during the epidemic) has been reported to be 
as high as 3%[14].

The regional differences in the epidemiology of  CD 
in India also give support to the hypothesis that the 
amount of  gluten plays an important role in the onset of  
CD. CD is reported frequently in high wheat-consuming 
states in Northern India and quite rarely in the Southern 
States, where rice is the staple food[15].

THE ROLE OF BREASTFEEDING
The protective effect of  breastfeeding on the develop-
ment of  food allergy has been long suspected. Indeed, 
the majority of  the studies on the specific protective 
effect of  breastfeeding on the development of  CD, al-
though having very different methodologies and popu-
lation selection, found a negative correlation between 
the duration of  breastfeeding and the development of  
CD[16-18]. A rigorous meta-analysis reviewed all the obser-
vational epidemiological studies dealing with the effect 
of  breastfeeding on development of  CD and found that 
children being breastfed at the time of  gluten introduc-
tion had a 52% reduction in risk of  developing CD, 
compared to their peers who were not breastfed at the 
time of  gluten introduction [pooled odds ratio (OR), 
0.48; 95% CI: 0.40-0.59][19].

The same author proceeded to estimate how many 
cases of  CD could be prevented in the UK by assum-
ing higher rates of  breastfeeding, to conclude that if  all 
babies were breastfed at the time of  gluten introduction, 
this would result in the prevention of  more than 2500 
cases of  CD per year[20]!

The observation of  the Swedish experience also gave 
some clues about the protective role of  breastfeeding on 
CD. The Swedish children that were breastfed at the first 
exposure to gluten, even with high amounts, showed a 
lower risk of  developing CD than those who were for-
mula fed (OR, 0.59; 95% CI: 0.42-0.83), and the risk was 
reduced further if  they continued to be breastfed after-
wards (OR, 0.36; 95% CI: 0.26-0.51)[21,22].

Surprisingly, the data generated in the context of  the 
DAISY project previously mentioned[8] did not provide 
evidence on the protective role of  prolonged breastfeed-
ing. The authors themselves pointed out this discrepancy, 
ascribing it to the different methodology - the DAISY 
study was prospective and focused on high risk children, 
whereas all the previous studies were retrospective and 
included the general pediatric population. 

In spite of  all the evidence outlined, some crucial 
issues remain unanswered: (1) Does breastfeeding at 
the first exposure to gluten offer a permanent protec-
tion against CD or does it only delay its appearance? (2) 
Are those children breastfed during the introduction of  
gluten more likely to develop extraintestinal (“atypical”) 
CD? A series of  162 celiac children enrolled at the Uni-
versity of  Chicago showed that children breastfed at the 
time of  gluten introduction were just as likely to develop 
intestinal as extra-intestinal symptoms, whereas children 

who were not breastfed when weaned with gluten had a 
much higher chance of  showing intestinal symptoms[6]; 
and (3) What is the mechanism underlying the protective 
role of  breastfeeding towards the development of  CD? 
Presently one can only speculate on 4 possible ways: (a) 
breast milk contains substances with immunomodula-
tory activity on the intestinal mucosa, within the idio-
typic network; (b) children that are breastfed at gluten 
introduction during weaning receive lower amounts of  
gluten, even on a pro/kg body weight basis; (c) breast-
feeding prevents gastrointestinal infections, a known 
contributing factor in the pathogenesis of  CD; or (d) the 
absence of  possible multiple contemporary associations 
with other solids and nutrients.

ESPGHAN RECOMMENDATIONS   
On the basis of  the above described epidemiological 
data, the European Society for Paediatric Gastroenterol-
ogy, Hepatology and Nutrition (ESPGHAN) Committee 
recommended avoidance of  both early (< 4 mo) and 
late (> 7 mo) introduction of  gluten and introduction of  
small amounts of  gluten gradually while the child is still 
breastfed[23]. This temporary window allows the possibil-
ity of  modulating the mucosal immune response, with 
progressively decreasing breastfeeding and maturation 
of  the gastro-intestinal system[22].

CONCLUSION
There remain several open questions about the role of  
early feeding practices on the development of  CD, in-
cluding the role of  additional genetic factors, the type of  
gluten introduced, and, certainly not least, the role played 
by the microbiota. It appears that celiac children, even in 
remission, have a composition of  microflora that differs 
from healthy controls[24]. It is likely that CD may be the 
end result of  an intricate interplay by all of  these factors. 
The challenge is for us to tease out their roles and under-
stand the specific mechanisms that ultimately lead to CD, 
in order to achieve the ambitious goal of  its prevention. 
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