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of Symptomatic Celiac Disease 
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Purpose: To study whether breastfeeding and breastfeeding status during gluten introduction influences the age 

at diagnosis of celiac disease (CD). In addition to study, whether the timing of gluten introduction influences the age 

at diagnosis of CD.

Methods: It was a hospital based observational study. Total 198 patients diagnosed with CD as per modified European 

Society of Pediatric Gastroenterology, Hepatology and Nutrition (2012) criteria, aged between 6 months to 6 years 

were included. Detail history taken with special emphasis on breastfeeding and age of gluten introduction. Standard 

statistical methods used to analyze the data.

Results: Mean±standard deviation age of onset and diagnosis of CD in breastfed cases was 2.81±1.42 years and 

3.68 ±1.55 years respectively as compared to 1.84±1.36 years and 2.70±1.65 years respectively in not breastfed 

cases (p＜0.05). Those who had continued breastfeeding during gluten introduction and of longer duration had sig-

nificantly delayed onset of disease. The age at onset of CD was under one year in 40.42% of the cases, who had 

started gluten before 6 months of age compared to only 12.58% of those who had started gluten later (p＜0.001). 

The proposed statistical model showed that two variables, i.e., breast feeding status during gluten introduction and 

age at gluten introduction positively influencing the age at diagnosis of CD.

Conclusion: Delayed gluten introduction to infant's diet along with continuing breastfeeding, delays symptomatic 

CD. However, it is not clear from our study that these infant feeding practices provide permanent protection against 

the disease or merely delays the symptoms. 
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INTRODUCTION

Celiac disease (CD) is defined as an immune medi-

ated systemic disorder elicited by gluten and related 
prolamines in genetically susceptible individuals, 
characterized by the presence of a variable combina-
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tion of gluten-dependent clinical manifestations, a 
CD-specific antibodies, human leukocyte antigen 
(HLA)-DQ2 and HLA-DQ8 haplotypes, and enter-
opathy [1]. The CD is multifactorial in origin. The on-
set of the disease is an influence of genetic and envi-
ronmental factors. The main environmental factor is 
gluten. About 90-95% of the CD patients carry the 
HLA-DQ2 protein, the rest carries HLA-DQ8 protein. 
The prevalence of the HLA-DQ2 and HLA-DQ8 in the 
general population is 25-40% compared to 1% preva-
lence of CD showing that the presence of these geno-
types is necessary but not sufficient for the onset of 
the disease [2]. The answer lies in other genetic and 
environmental risk factors. Few studies have found 
that infant feeding practices, i.e., breastfeeding and 
age at gluten introduction, may influence the onset 
of CD [3-6]. In this study, we study the influence of 
breastfeeding and timing of gluten introduction on 
the age at diagnosis of CD.

MATERIALS AND METHODS

It was a hospital based observational prospective 
study done at the Department of Pediatrics, Swai 
Man Singh Medical College, Jaipur, from October 
2011 to September 2012. Swai Man Singh Medical 
College and Attached Hospital Ethics Committee ap-
proved the study.

Patient selection
Patients diagnosed with CD (new and follow up 

cases) attending the out patient department or admit-
ted in the hospital meeting the inclusion criteria: 1) 
diagnosed with symptomatic CD as per modified 
European Society of Pediatric Gastroenterology, 
Hepatology and Nutrition (ESPGHAN) criteria (2012) 
[1]; 2) aged between 6 months to 6 years of age; and 
3) giving informed written consent, were included in-
to the study. Detailed history collected with the help 
of pre-design questionnaire with special emphasis on 
duration of breastfeeding and age of gluten in-
troduction (from primary caretaker). Those who 
failed to answer the questionnaire and failed to meet 
the inclusion criteria excluded from the study. 

Patients examined clinically and routine inves-
tigations done. Data collected with the help of pre-de-
signed proforma. During the study period of 1 year, 
230 patients enrolled but 198 cases included in the 
study as per inclusion and exclusion criteria.

Definitions 
1. Exclusive breastfeeding 

Exclusive breastfeeding is defined as “an infant’s 
consumption of human milk with no supplementa-
tion of any type (no water, no juice, no nonhuman 
milk, and no foods) except for vitamins, minerals, 
and medications” [7]. 

2. Total breastfeeding duration

The duration of the period for which infants ex-
clusively or partially breastfed.

3. Timing of gluten introduction

The age of the infant at dietary gluten introduction 
to diet for the first time, i.e., the first month post-
partum during which time flour from wheat, rye, 
barley introduce. 

4. The age at diagnosis of CD

The age of the cases when the diagnosis of CD 
done as per modified ESPGHAN [1] criteria.

5. The age at onset of celiac diseases

The age of the cases when the first symptom re-
lated to CD was developed.

Statistical analysis 
Patients divided into two groups: 1) that were 

breastfed and 2) that were not breastfed at all. 
Breastfed children further assessed for exclusive 
breastfeeding and breastfeeding status during glu-
ten introduction: 1) breast feeding discontinued be-
fore the month of gluten introduction; 2) breast 
feeding continued in the month of gluten in-
troduction; or 3) breast feeding continued beyond 
the month of gluten introduction. Patients also div-
ided according to age at gluten introduction: 1) ＜6 
months and 2) ＞6 months. These groups studied to 
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Table 2. Distribution of Symptoms

Symptoms
Breast feeding 

Total (n=198) χ
2

Yes (n=185) No (n=13)

Weight loss 137 (74.05) 12 (92.30) 149 (75.25) 1.001
Abdominal distension 135 (72.97) 7 (53.85) 142 (71.71) 3.092
Abdominal pain 127 (68.65) 6 (46.15) 133 (67.17) 3.777
Chronic diarrhea 103 (55.68) 9 (69.23) 112 (56.57) 0.419
Pallor 84 (45.40) 7 (53.85) 91 (45.96) 0.310
Weakness 74 (40.00) 7 (53.85) 81 (40.91) 0.564
Anorexia 59 (31.89) 5 (38.46) 64 (32.32) 0.095
Vomiting 50 (27.03) 4 (30.77) 54 (27.27) 0.031
Steatorrhea 29 (15.68) 4 (30.77) 33 (16.67) 0.789
Pedal edema 31 (16.76) 1 (7.69) 32 (16.16) 0.313
Short stature 28 (15.14) 1 (7.69) 29 (14.65) 0.174

Values are presented as number (%).
Degree of freedom=1, p＞0.05, not significant. 

Table 1. Patients’ Descriptive Characteristics (n=198)

Characteristic Value 

Sex
  Female  74 (37.3)
  Male 124 (62.6)
Mean age at diagnosis (y) 3.62±1.5
Breastfeeding status, yes/no 185/13
Mean duration of total (mo) 11.7±8.1
Mean duration of 

exclusive breastfeeding (mo)
6.68±4.5

Mean age at gluten 
introduction (mo), yes/no

10.65±4.74/7.35±3.13

Mean age at onset of CD 
(y), yes/no

 2.81±1.42/1.84±1.36

Mean age at diagnosis of CD 
(y), yes/no

 3.68±1.55/2.70±1.65

Values are presented as number (%), mean±standard deviation,
or number only.

estimate the risk of infant feeding practices on the 
disease onset in the early years of life. Multiple linear 
regression analysis applied using the stepwise back-
ward elimination method to study the relationship 
between dependent and independent variables. An 
association of independent and dependent variables 
studied to identify possible auto-correlation, and 
multi-co-linearity. The models were proposed and 
tested for the risk stratification of CD. Mean age of 
diagnosis of CD compared with the help of unpaired 
t-test between the patient those were breastfed and 
not breast fed. PASW Statistics ver. 18.0 (IBM Co., 
Armonk, NY, USA) was used for all statistical 
analysis. 

RESULTS 

Table 1 enumerates the descriptive characteristics. 
Out of 198 cases, 185 had been breastfed as infants 
and 121 were exclusively breastfed for first 6 
months. The difference in boys and girls regarding 
breastfeeding was insignificant. There was no sig-
nificant difference in clinical presentation among 
various groups. The most common symptoms were 
weight loss, abdominal distension and chronic diar-
rhea (Table 2). Mean±standard deviation (SD) du-
ration of symptoms was 10.5±6.6 months. Out of 
198 cases, 30.30% (n=60) were diagnosed in the first 

2 years of life. Among cases, those were not breastfed 
(n=14), 64.29% (n=9) had onset of symptoms in 
first 24 months of age as compared to 26.36% in 
breast fed group (p＜0.01). In breastfed group, mean 
±SD age at diagnosis (3.68±1.55 years) was high-
er compared with other group (2.70±1.65 years) 
(p＜0.05). In breastfed children mean±SD age of 
gluten introduction was also (10.65±4.74 months) 
significantly higher as compared to other group 
(7.35±3.13 months) (p＜0.001). Those who dis-
continued breastfeeding before the month of gluten 
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Table 3. Relation of Breastfeeding Duration and Age at Diagnosis of CD with Breastfeeding Status during the Month of Gluten
Introduction 

Variable
Breastfeeding status during the month of gluten introduction (n=185)

Continued beyond (n=63) Continued (n=32) Discontinued (n=90)

Duration of breast feeding  (mo) 18.33±6.39 13.64±6.32 8.55±6.55
Age at diagnosis of CD (yr)  4.32±1.49  3.71±1.40  3.1±1.52

Values are presented as mean±standard deviation.
CD: celiac disease.
Continued beyond vs. Continued p＜0.05, Continued beyond vs. Discontinued p＜0.01, Continued vs. Discontinued p＜0.05.

Table 4. Relation between Age at Onset of Symptoms & Age 
at Gluten Introduction

Age at onset 
of symptoms

Age at gluten introduction (mo)
Total

＜6 ＞6 

≤12 mo 19/47 (40.42) 19/151 (12.58) 38/198

Values are presented as number (%).
χ

2=18.326, degree of freedom=1, p＜0.001.  

introduction had the youngest age at diagnosis of the 
disease (p＜0.05) and shorter duration of breast-
feeding (p＜0.01; Table 3).

The age at onset of CD was under one year in 
40.42% of the cases, who had started gluten before 6 
months of age as compared to only 12.58% of those 
who had started gluten after 6 months (p＜0.001). 
Thus, cases having gluten containing food in-
troduction to their diet before 6 months of age had 
early onset of disease (Table 4).

The result of multiple linear regression statistical 
analysis showed that only two independent varia-
bles, i.e., “Breastfeeding Status during the Gluten 
Introduction” and “Age at the Gluten Introduction” 
significantly positively influencing the age at diag-
nosis of CD (p=0.000) (Table 5 and Fig. 1). The pro-
posed model for risk stratification was tested and 
found statistically significant (ANOVA, F=18.842, 
p＜0.05). R square was 0.131, i.e., 13.1% of variance 
explained by the model. There was no significant au-
to-correlation between the independent variables 
(auto-correlation between the respondents using 
Durbin-Watson statistic test was 1.96). In addition, 
there was no multi-co-linearity among the in-
dependent variables (variance inflation factor found 
below 10.0 for each independent variable). The toler-
ance of the independent variables influencing the in-
dependent variable found to be below the tolerable 
limit.

DISCUSSION 

CD develops because of interaction between a diet-

ary trigger and a genetic makeup of the host, with 
the possible influence of other environmental co-
factors. The prevalence of the disease is increasing, 
possibly related to environmental factors and to in-
creasing awareness [8]. The true prevalence of the 
disease is difficult to estimate due to wide variable 
clinical presentation of the disease. The symptomatic 
disease is just the tip of iceberg with high rates of 
asymptomatic individuals. European studies have 
estimated pediatric CD prevalence at approximately 
1% [9,10]. In the last recent years, several epidemio-
logical studies have suggested that early infant feed-
ing practices may play an important role in the sub-
sequent development of CD in childhood [3,4]. The 
geographical differences in CD may relate to differ-
ent dietary patterns. In India, CD has high preva-
lence in high wheat-consuming northern states 
[11]. The incidence of CD is increasing in India [12].

Our study showed that breastfed children had old-
er age at the diagnosis of CD, but simultaneously the 
number of children that were not breastfed was 
small. In addition, the breastfed children had de-
layed gluten introduction as compared to non-brea-
stfed group. The result of multiple linear regression 
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Table 5. Showing Relation of Unstandardized Co-Efficient of Independent Variables “Breastfeeding Status during Gluten 
Introduction” and “Age at Gluten Introduction” and the Age at Diagnosis of Celiac Disease

Model

Coefficients

Unstandardized coefficients
Standardized 
coefficients t p

Co-linearity statistics

B Standard error Beta Tolerance Variation inflation factor 

(Constant) 25.027 3.539 7.072 0.000
Breastfeeding status 

during gluten introduction
4.906 1.240 0.264 3.957 0.000 0.994 1.006

Age at gluten introduction 0.963 0.262 0.245 3.679 0.000 0.994 1.006

Dependent variable: age at diagnosis in months.

Fig. 1. Normal P-P plot of regression standardized residual 
dependent variable: age at diagnosis in months. Error chart 
showing that observed values of dependant variables is very 
closely related supporting the goodness of the fit of the model.

showed that the breastfeeding status at the time of 
gluten introduction is positively influencing the age 
at diagnosis of CD i.e., continuing breast feeding 
during gluten introduction to an infant’s diet and ex-
tending it beyond delays the age at diagnosis of CD. 
There was no difference in timing of gluten in-
troduction among these groups. Radlovic et al. [3] 
concluded that longer breastfeeding significantly re-
duced the risk that CD would manifest in the first 
year of life (odds ratio, −0.655; 95% confidence in-
terval, 0.481-0.891; p=0.007). Mean age at diagnosis 
was significantly higher in infants, who had been 
breastfed at the time of gluten introduction (p＜0.029) 
[3]. Akobeng et al. [4] in a meta-analysis concluded 

that children being breastfed at the time of gluten in-
troduction had a 52% reduction in risk of developing 
CD. Many other studies also showed that breastfeed-
ing is protective for the CD [13-15]. All these studies, 
like ours, showed that continuing breastfeeding at 
the time of gluten introduction delayed the onset of 
the CD in early crucial years of rapid growth and 
development. However, it is not clear that breast-
feeding provides permanent protection or merely de-
lays the disease.

Our study also showed another variable, i.e., the 
age at gluten introduction in the infant’s diet is pos-
itively influencing the age at diagnosis of CD i.e., de-
layed gluten introduction was associated with a later 
onset of the disease. Early gluten introduction may 
be harmful, but it cannot be sure because this group 
has been breastfed for shorter duration and breast-
feeding had discontinued at time of gluten intro-
duction. In addition, the amount of gluten con-
sumed not measured. Norris et al. [6] concluded that 
the timing of gluten introduction to the infant diet is 
associated with the appearance of CD in children. 
However, Radlovic et al. [3] concluded there was no 
significant difference in age at diagnosis between in-
fants, who had started consuming gluten before the 
fourth month or later. 

We found in our study that delayed introduction 
of gluten after 6 months along with breastfeeding 
during gluten introduction provide protection against 
the symptomatic CD. This protective effect of breast 
feeding occurs via various mechanisms. Breast milk 
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significantly protects against a number of infections 
including gastroenteritis [16]. Infections of the gas-
trointestinal tract in early life could lead to increased 
permeability of the intestinal mucosa, allowing the 
passage of gluten into the lamina propria. Gut in-
fections, also known to increase tissue transglu-
taminase expression and this could favor the gen-
eration of deamidated gluten peptides, triggering CD 
in susceptible individuals [17]. Further, human milk 
IgA antibodies may diminish the immune response 
to ingested gluten by mechanisms such as agglutina-
tion of the antigen to immune complexes on the mu-
cosal surface so that uptake is prevented [17]. The 
immune modulating property of human milk may 
exert through its T-cell specific suppressive effect. 
Experiments on peripheral lymphocytes stimulated 
with phytohaemagglutinin, OKT3 and alloantigen 
suggest an inverse relation between breastfeeding 
and autoimmune disorders as CD [18]. In addition, 
human milk provides many bioactive factors, includ-
ing antimicrobial and anti-inflammatory agents, en-
zymes, hormones, and growth factors, many of 
which are involved in gut maturation and develop-
ment of the infant’s innate and acquired immunity 
[19,20]. 

The recent position paper by ESPGHAN [21] stated 
that the breastfeeding does not influence the risk of 
disease onset in childhood and breastfeeding at the 
time of gluten introduction is not protective against 
the disease. However, previous cohort and ob-
servational studies had shown positive influence and 
the recent randomized control trials do not address 
this issue directly. Also the earlier introduction of glu-
ten was associated with increased risk of CD in the 
early years of life, but the cumulative incidence was 
same when compared with delayed introduction of 
gluten. Szajewska et al. [22] in systemic review and 
meta-analysis also found that exclusive or any breast-
feeding, as well as breastfeeding at the time of gluten 
introduction, did not reduce the risk of developing CD 
during childhood. They concluded that the later diet-
ary gluten introduction was associated with later de-
velopment of celiac specific autoimmunity and CD 
during childhood [21,22]. They also found that con-

suming higher amount of gluten at weaning and dur-
ing the first 2 years of life might increase the risk of CD 
during childhood [21]. Our study showed that de-
layed introduction of gluten along with continuing 
breastfeeding was associated with delayed onset of 
CD. However, our study had certain limitations: 1) It 
was an observational study; 2) the sample size was 
small; 3) the amount of gluten consume was not 
measured; and 4) our study was subjected to recall 
bias. Therefore, the role of infant feeding practices in 
the expression of CD requires further investigation by 
large multi-center trials. In the light of current World 
Health Organization recommendations on early in-
fant feeding [23], it is necessary to highlight the fa-
vorable role of breastfeeding at the time of in-
troduction of new food antigens in the infant’s diet, 
including gluten, in order to develop the oral toler-
ance and prevention of the disease.

This study showed that breastfed children had 
older age at the diagnosis of CD. The age at gluten in-
troduction and the breastfeeding status at the time 
of gluten introduction to an infant’s diet positively 
influenced the age at diagnosis of CD, i.e., delayed 
gluten introduction to an infant’s diet while the in-
fant still being breastfed delayed the age at diagnosis 
of CD and the more prolonged breastfeeding was as-
sociated with a later onset of CD. Further studies are 
required to ascertain the role of infant feeding practi-
ces in expression of CD. 
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