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1  | INTRODUC TION

Coeliac disease (CD) occurs because of interaction between 
both environmental (gluten) and genetic factors (HLA and non-
HLA genes), and the distribution of these two components can 
guide to identify the areas of the world at risk for CD.1 During 
the very early part of the evolution, men led a nomadic life and 
obtained food by hunting, fishing and collecting fruits and veg-
etables. Therefore, we can infer that CD did not exist during the 
Palaeolithic age, as the diet of hunter-gatherers consisted of only 
meat, vegetables and fruits, and was gluten free by its origin. 

About 10,000 years ago in a region of South Western Asia, called 
the “Fertile Crescent” including Southern Turkey, Lebanon, Syria, 
Palestine and Iraq, the local community started cultivating wild 
grains due to the special environmental conditions created by 
the flooding. In the Fertile Crescent, some tribes changed their 
lifestyle from nomadic to a stable settlement because land culti-
vation permitted them to store food.2 The first wheat varieties, 
that were successfully domesticated, were Einkorn and Emmer 
wheat.3 The progressive spread of agriculture from the East to 
Europe stimulated the population growth (as a result of the in-
creasing availability of food) and local migratory activity.4 While 
there might have been patients with CD after the cultivation 
started, CD, was originally described in 19th century principally 
in children by Samuel Gee in England and by Christian Herter in 
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Summary
Coeliac disease is an immune-mediated disease caused by ingestion of gluten in ge-
netically susceptible individuals. Coeliac disease has been thought to affect mainly 
people of European origin but subsequently many studies revealed that it affects 
people living in North America, Oceania, South America, Asia as well as Africa. The 
global pooled seroprevalence and prevalence of biopsy-confirmed coeliac disease are 
1.4% and 0.7% respectively. The pooled incidence rates in women and men are 17.4 
(95% CI: 13.7-21.1) and 7.8 (95% CI: 6.3-9.2) per 100 000 person-years respectively. 
The systematic reviews, based on many population-based data, suggest that both 
the prevalence and the incidence of coeliac disease has increased over past three 
decades, which may be attributable not only to an increase in the detection rate 
(improvement in diagnostic tests, simplification of diagnostic criteria and increase in 
awareness about the disease) but also because of modernisation and globalisation 
related changes in the dietary practices including increase in the use of convenience 
food and dietary gluten. In addition to genetic factors, while there are many environ-
mental risk factors, including age at the first introduction of gluten, breastfeeding, 
caesarean section, exposure to antibiotics and gut microbiome; the amount of gluten 
ingestion during early part of life, however, has been shown to increase the risk of 
coeliac disease, and this is relevant from the point of view of primary prevention. In 
this review, we have reviewed and summarised the literature, up till year 2021, re-
lated to the global and continent-wise epidemiology and risk factors associated with 
coeliac disease.
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the United States. Until the mid-20th century, CD was known as 
Gee-Herter disease. In the modern era, the population migration 
is rather rapid and there is a constant mixing of different ethnic 
groups all over the world.2,5,6

The journey of CD from its first description by Samuel Gee to 
a great breakthrough discovery of wheat being its cause, based 
on diligent clinical observation and clinical enquiry of five young 
patients, by Willem Karel Dicke has been very inspiring.7,8 CD is 
a unique disease in the sense that the treatment of the disease 
has been discovered decades before understanding or unravel-
ling of its pathophysiology. While the introduction of gastroin-
testinal endoscopic techniques in 1970s for taking biopsies from 
the intestinal mucosa and identification of two human leucocyte 
antigen (HLA) molecules (HLA-DQ2 and HLA-DQ8) in late 1980s 
led to the understanding of the pathology and pathophysiology 
of CeD, the discovery of serologic tests such as anti-endomysial 
antibody (EMA), anti-tissue transglutaminase antibody (IgA tTG 
Ab) or anti-deamidated gliadin peptide antibody (anti-DGP Ab) 
has not only allowed screening of high-risk group for CD, but also 
made it possible to estimate its true prevalence in the general 
population.9-14

2  | GLOBAL EPIDEMIOLOGY OF CeD

2.1 | Epidemiology of CeD

Initial epidemiological studies conducted in 1950, when the diagno-
sis of CD was based entirely on the presence of typical gastroin-
testinal symptoms, showed a cumulative prevalence of 1 in 8000 in 
England and 1 in 4000 in Scotland.15 With the availability of more 
specific tests for malabsorption, advent of Crosby capsule for intes-
tinal biopsies, and an increase in awareness about CD, the preva-
lence of CD increased in 1970s to 1 in 450 in Ireland, Scotland and 
Switzerland.16,17

2.2 | Modern epidemiology of CD

The foundation of modern era of epidemiology of CD was laid in 
1996 in Italy when Catassi et al.18 reported the results of a large 
population-based serological screening of 17 201 healthy Italian 
schoolchildren aged 6-15  years. This study brought two impor-
tant facts: first, the prevalence of undiagnosed CD was 4.7/1000 
(95% CI 3.7-5.9), that is, 1 in 210 subjects. Second, the overall 
prevalence of CD, including those who were already diagnosed 
with CD earlier, was 5.4/1000 (95% CI 4.5-6.4), that is, 1 in 184 
subjects. More interestingly, only one in seven was diagnosed 
previously as CD, suggesting that a larger number of subjects 
remained clinically undiagnosed. This landmark serology-based 
study catalysed the exploration of epidemiology of CD in differ-
ent parts of the world.

2.3 | The global burden of CD

A real-time assessment of the prevalence of CD is denoted via se-
roprevalence (proportion of people having a positive anti-tTG Ab 
and /or anti-endomysial Ab) and prevalence of biopsy-confirmed CD  
(proportion of individuals with villous abnormalities of modified 
Marsh grade 2 or more along with a positive serological test).

2.3.1 | Global seroprevalence of CD

A systematic review and meta-analysis of population-based studies, 
including 275 818 subjects has shown that the pooled global sero-
prevalence of CD in the general population is 1.4% (95% CI 1.1%-
1.7%).19 The seroprevalence varies from continent to continent, and 
the highest seroprevalence has been reported in the Europe and 
the Asia (Table 1). Furthermore, the seroprevalence also varies from 
country to country, the highest being in Algeria, Czech Republic, 
India, Israel, Mexico, Saudi Arabia, Sweden, Portugal and Turkey and 
lowest in Estonia, Germany, Iceland, Libya, Poland, Republic of San 
Marino and Spain.19

2.3.2 | Global prevalence of biopsy-confirmed CD

The same systematic review and meta-analysis of population-based 
studies has further shown that the global pooled prevalence of biopsy-
confirmed CD is 0.7% (95% CI 0.5%-0.9%).19 On stratification of 
countries into quintiles based on the prevalence of biopsy-confirmed 
CD, countries with the highest prevalence (76-100th quintile) are 
Argentina, Egypt, Hungary, Finland, India, New Zealand and Sweden; 
and the countries with the lowest prevalence (0-25th quintile) include 
Brazil, Germany, Republic of San Marino, Russia and Tunisia.

Most population-based epidemiological studies to assess the 
prevalence of CD are based on a positive coeliac serological test, 
and the diagnosis in all seropositive patients has not been confirmed 
by intestinal mucosal biopsies, which likely is the explanation of the 
differences in the population-based seroprevalence and prevalence 
of biopsy-confirmed CD.19-22 Therefore, the estimated prevalence 
based on prevalence of biopsy-confirmed CD may be an underesti-
mation of the true prevalence. Furthermore, the population-based 
prevalence data are still not available from many countries and thus 
the presently observed prevalence data may not reflect the real global 
prevalence of CD.

2.4 | Continent-wise prevalence of CD

2.4.1 | Prevalence of CD in Europe

Most of the initial studies on the prevalence of CD were from 
European countries such as Italy, the United Kingdom and Finland. 
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In the first multinational European study, 29  212 subjects from 
Finland, Germany, Italy and the United Kingdom were screened 
for CD, and the overall prevalence was estimated to be 1.0%.23 
Consistent with this, two recent meta-analyses have estimated 
the prevalence of biopsy-proven CD in Europe to be around 0.7-
0.8%.19,24 However, a regional variation has been noted with higher 
prevalence reported from northern Europe (1.6%) compared to 
eastern (0.98%), southern (0.69%) and western (0.60%) Europe.24 
For example, the prevalence of CD in northern European nations of 
Sweden, Finland and Denmark is around 2%-3%, much higher than 
that reported in other European nations.23,25,26 Several recent stud-
ies indicate that the prevalence of CD in various European nations 
is on the rise. In a recent Italian study of over 4500 children, the 
prevalence was found to be 1.58% which was significantly higher 
than the that observed in 1990s.27 Similarly, a recent German study 
including 2363 children,28 the seroprevalence of CD was found to 
be 1.57%, much higher than the seroprevalence of 0.3%-0.8% re-
ported in previous studies.29,30

2.4.2 | Prevalence of CD in America (North 
America and South America)

Among North American countries, population-based screening stud-
ies are available from the United States, Canada and Mexico. While 
CD has been considered to be an uncommon disease in the United 
States in earlier decades, based on the results of a population-based 

prevalence study Fasano, et al in 2003 reported that 1 in 133 
Americans having CD.20 In a recent study including 22 277 persons 
aged 6 years or older, who participated in the National Health and 
Nutrition Examination Survey 2009-2014, the prevalence of CD 
(based on positive anti-tTG Ab followed by positive AEA) in the 
United States has been reported to be 0.7% (95% CI, 0.5-0.9%), with 
1% (95% CI, 0.7-1.2%) among non-Hispanic whites.31,32 Although the 
prevalence appears to have increased fivefold between 1974 and 
1989 (see below).33 Choung et al found a stable prevalence of CD 
at 0.7% between 2009-2010 and 2013-2014.32 A recent study in a 
Canadian general population for the first time reported a seropreva-
lence of CD to be 0.88%.34 Finally, the prevalence of CD in a Mexican 
general population appears to be similar to that in the United States 
and Canada with a reported prevalence (based on positive anti-
tTG Ab followed by AEA positivity) as 0.7%.35,36 Unfortunately, 
the population-based studies estimating the prevalence of biopsy-
proven CD in general population in Canada and Mexico are lacking 
and further studies are needed.

CD is well known in those South American countries, such as Brazil 
and Argentina, that are populated by individuals of European origin.37 
Several large population-based studies from Brazil have reported the 
prevalence of biopsy-proven CD to be 0.2-0.4%.38-41 Similarly, the 
prevalence of biopsy-proven CD of 0.6% was reported in a Argentinian 
general population.37 Although large population-based studies es-
timating the prevalence of biopsy-proven CD are not available from 
other South American countries, CD has been well reported in high-
risk populations from several other South American countries such 

Incidence and prevalence Seroprevalence
Prevalence of Biopsy-
confirmed coeliac disease

Prevalence

Globala 1.4% (95% CI 
1.1-1.7)

0.7% (95% CI 0.5-0.9)

Continent wise

Europe 1.3 (95% CI 1.1-1.5)a 0.8(95% CI 0.6-1.1)a

0.74b (In children and 
adolescence)

North Americaa 1.4 (95% CI 0.7-2.2) 0.5

South Americaa 1.3 (95% CI 0.5-2.5) 0.4 (95% CI 0.1-0.6)

Africaa 1.1 (95% CI 0.4-2.2) 0.5 (95% CI 0.2-0.9)

Asiac 1.2 (95% CI 0.8-1.7) 0.61 (95% CI 0.4-0.8)

Oceaniaa 1.4 (95% CI 1.4-1.8) 0.8 (95% CI 0.2-1.7)
0.6(95% CI 0.001-20)bh

Incidence rated

Male 7.8 (95% CI: 6.3-9.2) per 100 000 person-years

Female 17.4 (95% CI 13.7-21.1) per 100 000 person-years

Children 21.3 (95% CI: 15.9-26.7) per 100 000 person-years

Adults 12.9 (95% CI: 7.6-18.2) per 100 000 person-years

aSingh et al19

bRoberts et al24

cAshtari et al.61

dKing et al82

TA B L E  1   Prevalence and incidence of 
coeliac disease
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as Chile,42 Colombia43 and Venezuela.44 Taken together, a systematic 
review of the studies from South America, the pooled seroprevalence 
and prevalence of biopsy-confirmed CD has been reported to be 1.3% 
(95% 0.5-2.5) (11 studies and 20245 subjects screened) and 0.4% (0.1-
0.6) (5 studies and 16 550 subjects) respectively.19

2.4.3 | Prevalence of CD in Oceania

As in the European countries, a population-based study from 
Australia including 3011 subjects showed the seroprevalence and 
prevalence of biopsy-confirmed CD to be 1 in 251 and 1 in 430 re-
spectively.45 A similar population-based study from New Zealand 
including 1064 subjects has shown the prevalence to be 1.1%.46

2.4.4 | Prevalence of CD in Africa

An African population originally living in Western Sahara, the 
Saharawi of Arab-Berber origin, has been reported to have the high-
est prevalence of CD in the world. In a study involving 989 Saharawi 
children, a prevalence has been found to be 5.6%, which is almost 
five times higher than in most European countries.47 Postulated rea-
sons for the high prevalence in this population have been attributed 
to the level of consanguinity in this population, higher frequencies 
of HLA-DQ2 and -DQ8 genotypes in their general population, and 
consumption of higher quantity of gluten by them.

Although the data on the prevalence of CD are not available from 
most of the African countries, a systematic review of available data 
has suggested that the pooled seroprevalence (7 studies and 15,775 
subjects) and prevalence of biopsy-confirmed CD (four studies and 
7902 subjects) in African continent are 1.1% (95% CI 0.4-2.2) and 
0.5% (95% CI 0.2-0.9) respectively.19 The prevalence of CeD in a few 
of the African countries has been reported to be 0.5% in Egypt,48 
0.8% in Libya49 and 0.6% in Tunisia.50 However, there is a lack of data 
on prevalence from sub-Saharan Africa.

2.4.5 | Prevalence of CD in Asia

Asia is a large continent and it is divided geographically into five 
regions namely South Asia, East Asia, Southeast Asia, Central Asia 
and Western Asia. Due to the heterogeneity of the population, 
their genetic makeup, economic conditions and the dietary hab-
its, the epidemiology of CD is different in different parts of Asia. 
Until recent times, CD has been considered to be a rare disease 
in Asia and patients presenting with diarrhoea and malabsorption 
were diagnosed usually as having tropical sprue.51 After the wide-
spread availability of serological tests, multiple screening studies 
have been performed in many Asian countries such as Turkey, Iran, 
Israel, Jordan and India and almost all of them summarily show that 
CD is not an uncommon disease and it most often remains under-
diagnosed in Asia.52

4.5.1 | South Asia
Among all the Asian countries, CD is well known in India. It has 
been recognised mainly in the northern part of India, where wheat 
is the staple diet and a population-based study including 2879 
subjects showed the prevalence to be 1.04% (1 in 96).21 Later, a 
pan-India study including 23  331 healthy adults from three dif-
ferent regions of India, showed a regional variation in prevalence. 
While the age-adjusted seroprevalence of CD in Northern, North-
Eastern regions were 1.23%, 0.87%, respectively, it was only 
0.10% in the Southern region, showing Northern and Southern 
region gradients.53

4.5.2 | East Asia
The epidemiology of CD in China, the largest country, has not been 
explored until recent years, except for a small case series. In a cross-
sectional study including 19  778 Chinese adolescents and young 
adults (age 16-25  years) from 27 geographic regions in China has 
shown that that more than 2% (2.19%) of them have at least one 
of the serological tests positive including 1.8% for IgG anti-DGP Ab 
and 0.36% for IgA anti-tTG Ab.54 The prevalence of people with a 
positive coeliac antibody has been 12 times higher in the Northern 
provinces, such as Shandong, Shaanxi and Henan, where wheat is 
the staple diet.54 In another recent study, including 2277 in-patients 
with gastrointestinal symptoms in four major ethnic groups of 
Xinjiang Uyghur Autonomous Region of China, the seroprevalence 
and prevalence of biopsy-confirmed CD have been reported to be 
1.27% (95% CI, 0.81%-1.73%) and 0.35% (95% Cl, 0.11%-0.59%) 
respectively.55 Interestingly, among 246 patients with diarrhoea-
predominant irritable bowel syndrome in China, 2.85% were re-
ported to have CD.56

In another study from Guangdong Province, China, Zhou 
et al screened 1390 high-risk population of CeD and observed 
that 13 of 1390 (0.94) individuals were seropositive for CD.47 
They also conducted a meta-analysis of 18 studies from China, 
and reported seroprevalence in the general Chinese population 
and high-risk population to be 0.27% (95% CI 0.02%-0.71%) and 
8.3% (95% CI 4.9%-12.5%) (odds ratio 7.2, 95% CI 4.06-13.04) 
respectively. The prevalence of biopsy-confirmed CeD in high-
risk Chinese populations is 4.4% (95% CI 1.5%-8.5%). The sero-
prevalence is reported to be higher in northern China than that 
in southern China.57 These preliminary studies have established 
the foundation for the exploration of the exact prevalence and 
regional geographical differences in the prevalence of CeD in 
China.

While the population-based prevalence of CD remains unex-
plored in Japan, initial studies have demonstrated that CD is un-
common in Japan. In 2018, Fukunaga et al described only two 
biopsy-confirmed patients with CD in a study of 2055 subjects in-
cluding 2008 asymptomatic individuals and 47 adults with chronic 
abdominal symptoms.58 The low prevalence is attributable to low 
frequency of the HLA-DQ2/DQ8 haplotype and a lower dietary 
consumption of gluten in Japan, although the dietary exposure to 
gluten has been increasing in Japan.59,60



     |  S7MAKHARIA et al.

4.5.3 | South East Asia
In a pilot study, including 562 young healthy volunteers from 
Malaysia, the seroprevalence of CD has been reported to be 
1.25% (95% CI 0.78%-1.72%).61 Similarly, in a study including 1961 
Vietnamese children, the seroprevalence, based on anti-tTG Ab, has 
been found to be 1%, but none of them was positive for EMA.62

4.5.4 | Western Asia
CD has been reported from many countries of Western Asia. A sys-
tematic review conducted on 22,340 participants from 12 Arabic 
countries indicated a wide variation in the prevalence of CeD in their 
general population, highest (3.2%) being in Saudi Arabia and the low-
est (0.1%) in Tunisia.63 Another systematic review and meta-analysis 
of 63 studies including 36 833 participants from Iran has reported 
the seroprevalence and prevalence of biopsy-confirmed CD to be 
3% (95% CI: 0.03-0.03) and 2% (95% CI: 0.01-0.02) respectively.64

4.5.5 | Central Asia and Russia
Savvateeva et al in a review of publications (in both English and 
Russian language) between 2000 and 2014 and summarised that the 
prevalence of CD in children has increased in the last few decades 
and it is at least 0.6%, with significant inter-regional variations. The 
carrier frequency of HLA-DQ2/DQ8 haplotypes in the Russian pop-
ulation, especially in the western region, seems to be comparable to 
that in Europe.65

Summarising the prevalence studies from Asian Pacific region, 
a recent systemic review and meta-analysis has shown that the 
pooled seroprevalence of CD among low-risk groups is 1.2% and 
that of biopsy-confirmed CD is 0.61% (Table 1).66 Furthermore, the 
authors also segregated and reported that the prevalence in the mid-
dle east (Iran, Turkey, Saudi Arabia, Israel and Jordan), south-east 
Asia (India, Malaysia and Egypt) and Eastern Asia. The pooled sero-
prevalence and prevalence of biopsy-confirmed CD in the Middle 
East region and South-East region of Asia are 1.6% (95% CI 1.2-2.1) 
and 0.6% (95% CI 0.4-0.8); and 2.6% (95% CI 0.3-7.2) and 0.8% (0.4-
1.4), respectively, which are quite similar to that reported from many 
European countries. Interestingly, the seroprevalence is found to be 
lowest (0.06%; 95% CI 0.03-0.09%) in the East-Asian countries.66

2.5 | Prevalence of CD over time

An increase in the prevalence of CD over time has been well docu-
mented in studies including many countries including Italy, Finland 
and the United States. An analysis of serial serum samples obtained 
from the same cohort of individuals at two different time points, 
15 years apart has indicated that the prevalence has increased five-
fold between the years 1974 and 1989 in the United States.33 In Italy, 
the prevalence in children increased from 0.88% in 1993-1995 to 
1.58% in 2015-2016.27 Singh et al in a systematic review and meta-
analysis also reported an increase in prevalence of biopsy-confirmed 
CD over time from 0.6% in 1991 to 2000 to 0.8% between 2001 and 
2016.19 (Table 2).

2.6 | Variations in the prevalence of CD as per age, 
gender and geographical distribution

2.6.1 | Children vs adults

While CD was described originally in paediatric patients and be-
lieved to be a disease of children only, but it has been realised that 
it can be diagnosed at any age group including elderly.19 Such di-
agnoses do not necessarily indicate late discovery of longstanding 
CD; they could result from de novo loss of tolerance of gluten in 
adulthood.

A systematic review including 43 studies has reported the 
prevalence of biopsy-confirmed CD in the paediatric and adult pa-
tients. The pooled prevalence of biopsy-confirmed CD is higher in 
children in comparison to that in adults (0.9% vs 0.5%). While the 
prevalence is higher in children, the absolute number of patients 
with CeD globally and in each country, is likely to be higher in the 
adult age group because of much higher proportion of adults in 
any country compared to children in that country.19 (Table 2).

2.7 | Men vs women

As with many other autoimmune diseases, CD is more common in 
women as compared to men. Several population-based studies from 
all around the world indicate a significantly higher prevalence among 
women compared to men.21,33,37,67

2.8 | Geographical location

A higher prevalence of many autoimmune diseases such as multiple 
sclerosis, rheumatoid arthritis and inflammatory bowel disease has 
been reported at higher geographical latitudes.68-70 The associations 
between the autoimmune diseases and the latitude have been linked 
to less solar exposure and resultant vitamin D deficiency in them. In 
a systematic review involving 128 studies, with 155 prevalence es-
timates representing 40 countries, the prevalence of CD has been 

TA B L E  2   Epidemiological characteristics of coeliac disease 
(CD)19,24,53,82

•	 Both the incidence and prevalence are increasing globally
•	 Globally 40-60 million people are affected by CD
•	 A difference between seroprevalence and prevalence of biopsy-

confirmed CD has been observed
•	 CD is more common in children than in adults
•	 CD is more common in women than in men
•	 There are differences in the prevalence in different continents
•	 Even in the same continents, there are differences in the country-

specific prevalence and incidence
•	 The data on the prevalence are not available from many 

countries, especially Asian and South African countries
•	 A difference in the population prevalence has been noted the 

Northern and Southern part of the same country such as India
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reported to be higher at higher latitudes of 51° to 60° (relative risk of 
1.62) and 61° to 70° (relative risk 2.30), in comparison to prevalence 
at latitudes of 41° to 50° as reference level.71 In this study, when lati-
tudes were categorised into intervals of 10° latitudinal increments, the 
prevalence of CD increased incrementally at latitude higher than 400.

Likewise, the prevalence of CD can vary widely among coun-
tries despite geographic proximity. In India, it is more common in 
Northern part of India compared with that in the Southern part of 
India.53 Similarly, a difference in prevalence has been observed in 
two adjacent countries such as a prevalence of 1.4% in Finland com-
pared with only 0.6% of people in the adjacent Russian Karelia de-
spite of no significant differences in compatible HLA haplotypes.72

2.9 | Racial and ethnic differences in the 
prevalence of CD

There are many studies which suggest that there are racial and 
ethnic differences in the prevalence of CD.73 In a racially and eth-
nically stratified national study, CD seroprevalence was highest in 
the non-Hispanic whites (1.08%) and it was much lower in Mexican-
Americans (0.23%), other Hispanics (0.38%) and non-Hispanic blacks 
(0.22%).73 Similarly, in an analysis of duodenal biopsies from 454,885 
patients from a nationwide pathology database, Krigel reported that 
among subjects undergoing duodenal biopsy, the prevalence of CD 
was significantly lower in South Indian, East Asian and Hispanic 
when compared to other Americans. Also, the prevalence among 
Middle-Eastern and Jewish patients was not significantly differ-
ent when compared with other Americans. Finally, in this database, 
North Indian patients identified with ancestry in the Punjab region 
had a significantly higher prevalence of CD on duodenal biopsy com-
pared to all other North Indian patients.74 Interestingly, the finding 
of low CD prevalence among Hispanics and Mexican-Americans is 
in contrast with high prevalence reported in other countries such as 
Mexico, Argentina and Brazil. Ethnic differences in the seropreva-
lence have been reported from several other countries.75,76 In a 
cross-sectional study of over 4000 Dutch children, western ethnic-
ity was associated with 6.9-fold higher odds of coeliac autoimmun-
ity compared to those with non-western ethnicity.76 Similarly, in a 
database study from Israel, CD was significantly lower in people of 
African, Asian and former Soviet Union origin.75

3  | INCIDENCE OF CD

The incidence of CD is generally expressed as a rate, that is, the 
number of new diagnosed patients with CD per 100 000 subjects 
over 1 year in a defined population. While there are multiple reports 
on the incidence of CD from Europe, North America and Oceania, 
population-based studies on incidence are lacking from Africa, Asia 
and Latin America.

With better awareness about the clinical polymorphism of CD 
and increasing use of serological tests in the clinical practice, the 

incidence of CD has greatly increased in many western countries 
during the last decades.77,78 For instance, 20 times more patients 
were diagnosed in the United Kingdom during 2010-2014, than 
that during 1975-1979.79 In the United States (Olmsted County, 
Minnesota), the overall age- and sex-adjusted incidence has in-
creased from 11.1 per 100 000 persons/year in 2000-2001 to 17.3 
in 2008-2010.79

In a nationwide population-based cohort study 1990-2015 based on 
duodenal biopsy showing villous atrophy, the mean age-standardised 
incidence rate during the study period has been found to be 19.0 per 
100  000 person-years (95% CI 17.3-20.8). The incidence reached a 
peak in 1994 for both sexes and a second higher peak in 2002-2003 
for females and in 2006 for males. The lifetime risk of developing CD is 
estimated to be 1.8% (2.3% in females and 1.4% in males).80

Not only in the Europe and North America, temporal trends show 
a steady increase in CD autoimmunity incidence between the years 
2007-2015. Thus, the incidence of CeD autoimmunity increased 
from 25.4 per 100 000 in 2007 to 52.3 per 100 000 person-years 
in 2015 (Incidence rate ratio of 2.06, 95% CI 1.81-2.26).81 Overall, 
there is paucity of population-based studies reporting of incidence 
of CD from many parts of the world except for the a few countries.

In a recent systematic review and meta-analysis, King et al. re-
ported the differences in incidence of CD before and that after the 
year 2000. The pooled average annual incidence has been estimated 
to be rising by 7.5% (95% CI: 5.8-9.3) per year over the past several 
decades.82 The systematic review showed that the pooled incidence 
of CD in women and men is 17.4 (95% CI: 13.7-21.1) and 7.8 (95% 
CI: 6.3-9.2) per 100 000 person-years respectively. Children specific 
incidence of CD is higher (21.3 per 100 000 person-years) in compar-
ison to that of the adults (12.9 per 100 000 person-years).82 (Table 1).

In another systematic review and meta-analysis of incidence 
of CD in children in Europe showed a large increase in the inci-
dence across Europe and it has reached 50 per 100 000 person-
years in Scandinavia, Finland and Spain.24 The median age at 
diagnosis of CD has increased from 1.9  years before 1990 to 
7.6 years since 2000.24

As discussed above, while the incidence rates for CD are increas-
ing in many countries such as the United Kingdom,79 the United 
States83 and New Zealand,84 the incidence rate in Finland and 
Sweden has reached the peak and it is stabilising.85,86 This increase 
in incidence is not likely only due to improvement in the rate of diag-
nosis and increase in the awareness of the disease among physicians 
but also due to changes in our environment and eating practices.33,87 
(discussed below).

The epidemiological characteristics of CD are summarised in 
Table 3.

4  | MALIGNANCY IN PATIENTS WITH CD

A Swedish population-based cohort of individuals hospitalised with 
CD or dermatitis herpetiformis showed an increased risk of malig-
nancy, especially lymphomas (standardised incidence ratio 6).88 
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The risk, however, decreased on follow-up. Another study from 
Sweden showed that most of the risk of gastrointestinal cancers in 
patients with CeD is within 1 year of the diagnosis.89 Additionally, 
patients with type 2 refractory CD are at higher risk of developing 
enteropathy-associated T-cell lymphoma (EATL) (~50% after 5 years 
of RCD 2 diagnosis).90,91

5  | MORTALIT Y A SSOCIATED WITH CD

Several large population-based studies have reported a 1.2- to 
2-  fold increase in mortality risk with CD. In a recent retrospective, 
population-based cohort study of 49 829 patients with CD diagnosed 
during 1969-2017, overall mortality was still found to be increased in 
patients compared with controls (hazard ratio of 1.21, 95% CI 1.17, 
1.25).92 In this study, the increased mortality risk was still present in pa-
tients diagnosed during the years 2010-2017 suggesting that despite 
improved awareness, active case finding, and widespread availability of 
GFD, patients with CD continue to have a small but significant increase 
in mortality risk compared with general population. The increased mor-
tality risk in patients with CD appears to be diminished in the years 
after diagnosis suggesting the beneficial effect of GFD on mortal-
ity.92,93 Although some studies have shown that the long-term mortal-
ity risk is restricted to only those diagnosed in childhood,93 others have 
found that the mortality risk is increased across all age groups.92 The 
increased mortality in CD appears to be in part due to the increased 
risk of non-Hodgkin’s lymphoma. However,  increased mortality risk 
due to cardiovascular as well as respiratory causes has also been ob-
served.92 The exact aetiology of this increased respiratory and cardio-
vascular related mortality is not clear, but chronic inflammation and 
increased susceptibility to pneumococcal infections might play a role.92

6  | RISK FAC TORS FOR CD

CD occurs because of interaction between genetic (HLA and non-
HLA genes) and environmental factors.94 While exposure to gluten 

in a genetically predisposed individual is essential for occurrence of 
CD, there are, however, other risk factors such as non-HLA related 
genes and epigenetic factors, infant feeding (amount of gluten, age 
of introduction of gluten, breastfeeding), mode of delivery, child-
hood infections, antibiotic exposure and gut microbiota that do 
play a role in the pathophysiology of CD. (Table 3). The data from 
the Swedish twin registry (107 000 twins out of whom 513 had CD) 
predict that HLA and non-HLA genetics explain 68% of the risk of 
CD and environmental factors explain 32% of the risk, assuming that 
everyone in the population consumes gluten.95

6.1 | Wheat, barley and rye

In the evolutionary process, the genome of wheat has changed from 
diploid (14 chromosomes) to hexaploid genome (42 chromosomes).96 
The genome of the most ancient wheat is diploid and it is named as 
AA, BB and DD. These grass-like wheat species had a very low seed 
yield and their seed dropped easily. Natural hybridisation between 
two of these diploid species led to birth of the tetraploid, Triticum 
species, having AABB genome. Finally, around 4000 BC, natural 
hybridisation between T. turgidum (dicoccum) carrying the AABB 
genome and a wild diploid species Aegilops tauschii carrying the D 
genome led to origin of bread wheat (Triticum aestivum). The intro-
duction of the D genome in the wheat improved the bread-making 
properties of the wheat.97,98

The protein content of wheat grains varies between 8% and 17% of 
its total mass. Gluten comprises of 78%-85% of the total wheat endo-
sperm protein. Gluten proteins can be divided into two main fractions 
according to their solubility in aqueous alcohols: the soluble gliadins and 
the insoluble glutenins. Gliadins are mainly monomeric proteins with 
molecular weights (MWs) around 28 000-55 000 and they are classified 
according to their different primary structures into alpha, beta, gamma 
and omega type. Glutenin consists of glutenin subunits of high (MW 
67 000-88 000) or low MW (MW 32 000-35 000), that are connected 
by intermolecular SS bonds. The aggregation between gliadins and glu-
tenins is facilitated by the non-covalent bonds such as hydrogen bonds, 
ionic bonds and hydrophobic bonds and they provide the structural and 
physical properties of the wheat flour dough. Glutenins confer elasticity, 
while gliadins mainly confer viscous flow and extensibility to the gluten 
complex. Thus, gluten is responsible for most of the viscoelastic proper-
ties of wheat flour dough, and it is the main factor dictating the use of 
wheat in the making of bread and pasta.99

Gliadins and glutenins have a unique amino acid composition 
with a high content of proline (15%) and glutamine (35%). Moreover, 
they contain domains with numerous repetitive sequences rich in 
these amino acids. The incomplete digestion of gliadins by the di-
gestive tract enzymes leads to the generation of peptides, many of 
which are immunogenic for patients with CD.3,99

Over the past five decades, several changes in the pattern of wheat 
consumption have been observed including an increase in per capita 
consumption of wheat, an increase in the use of gluten in food process-
ing and an increase in the consumption of processed foods. Furthermore, 

TA B L E  3   Risk factors for coeliac disease

Essential factors Risk factor modifiers

Gluten Amount of gluten ingestion
Timing of gluten introduction 

during weaning
Gluten processing by gut 

microbiota

Genetic MHC gene: 
HLA-DQ2, HLA-DQ8

Non-HLA genes
Epigenetic factors

Breastfeeding
Childhood infection
Use of antibiotics in childhood
Gut microbiota
Socioeconomic status
Caesarean section
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an increase in CD-related T-cell stimulatory epitopes has also been ob-
served in wheat. It is conceivable that these changes in the wheat con-
sumption pattern and increase in T-cell stimulatory epitopes in wheat 
may be the reasons for an increase in the incidence of CD world over.100

6.2 | Genetic risk factors

CD is considered to be a polygenic disease with a complex non-
Mendelian pattern of inheritance, involving both MHC and non-MHC 
genes. The strong genetic predisposition for CD is demonstrated by 
concordance rate of 80% in monozygotic twins and 20% in dizygotic 
twins.101,102 Furthermore, the prevalence of CD in the first-degree 
relatives of patients with CD has been reported to vary from 1.6 to 
38%.103-105 A systematic review and meta-analysis have shown that 
7.5% of first-degree relatives and 2.3% of second degree relatives 
have CD.88 The risk of CD is 1 in 7 in sisters,1 in 8 in daughters, 1 in 13 
in sons, 1 in 16 in brothers, 1 in 32 in mothers and 1 in 33 in fathers.106

6.2.1 | HLA genes

The most dominant genetic risk factors that predispose to CD are the 
genotypes encoding the HLA class II molecules, HLA-DQ2 (encoded 
by HLA-DQA1*0501 and HLA-DQB1*02) and HLA-DQ8 (encoded 
by HLA-DQA1*0301 and HLA-DQB1*0302).107,108 About 90%-95% 
of individuals with CeD carry the DQ2 heterodimer encoded either 
in cis or in trans, and/or DQ8.109 Deamidated gliadin peptides have 
a high binding affinity to HLA-DQ2 and HLA-DQ8 molecules, which 
explains the immunogenicity of gluten in carriers of HLA-DQ2 and 
HLA-DQ8.110

The HLA-DQ2 heterodimer is frequently found in white popu-
lations in western Europe, North America (20-30%), northern and 
western Africa, middle east Asia, Northern India and central Asia, 
whereas HLA-DQ8 is more prevalent in Latin America and Southern 
part of India. One of the highest prevalence of CD has been ob-
served in Saharawi population of Arab-Berber origin and this has 
been attributed to higher frequencies of HLA-DQ2 in them.111

More importantly, most of those people having these alleles will 
never develop CD. In a large prospective observational study in-
volving 6403 infants with HLA-DQ2/-DQ8 haplotype, 12% and 5%, 
of the children at a median follow-up of 5 years, developed coeliac 
autoimmunity (serology positive) and CD (mucosal biopsies show-
ing villous atrophy or anti-tissue tTG Ab 10 times over the cut-off 
value) respectively.112 In the follow-up study of the same group of 
children after a median follow-up of 9 years, 18% and 7% of them 
developed coeliac autoimmunity and CD, respectively. Furthermore, 
a person with HLA-DQ2 homozygosity is at five times higher risk 
of developing CD than someone with a single HLA-DQ2 and a 
correlation has been found between homozygosity for the genes 
encoding HLA-DQ2 molecule and the development of serious com-
plication such as refractory CD and EATL, which implies a gene-dose 
effect.113,114

6.2.2 | Non-HLA genes

While HLA molecules play very significant role in the pathogenesis of 
CD, only HLA related factors are not sufficient to explain the occur-
rence of the disease in ~3% of all individuals harbouring HLA-DQ2 
or DQ8 haplotype.115 Sequencing of the human genome opened the 
possibility of mapping genetic variants and analysing their associa-
tion with complex diseases. Many additional genetic loci, outside the 
HLA region, have been found to be associated with CD,116-118 the 
relative risk of each of these other non-HLA genes is small. These 
non-HLA variants are mainly single nucleotide polymorphism (SNP) 
and they are located both in the coding and non-coding regions of 
the DNA. The SNPs in the encoding region such as MMEL1, SH2B3, 
IRAK1 and NCF2CeD play important roles in adaptive immune re-
sponse, immune cell signalling, T-cell maturation and cell differentia-
tion.117 In addition, genes related to mucosal integrity (PARD3 and 
MAGI2), epithelial function, and even metabolism are also associated 
with CD risk. GWAS has also identified risk variants in the region 
harbouring the IL2 and IL21 genes. IL-2 is involved in T-cell activa-
tion and proliferation while IL-21 enhances B-cell, T-cell and NK-cell 
proliferation.115

Interestingly, the presence of both HLA and non-HLA alleles 
has been found to favour the occurrence of CD. The risk of devel-
oping CD increased sixfold in the presence of 13 non-HLA alleles 
along with typical HLA genes, compared to those with zero to five 
alleles.119

6.2.3 | Epigenetic factors

Currently, emerging evidences suggest a high impact of non-protein-
coding genes on the gene expression and disease risk.120 These epi-
genetic variations may be playing a role in the pathogenesis of CD. 
MicroRNAs (miRNAs) are short non-coding RNAs that regulate gene 
expression at the post-transcriptional level and play a key role in the 
pathogenesis of autoimmune and gastrointestinal diseases. There is 
evidence to suggest that many miRNAs are dysregulated in intesti-
nal biopsies of patients affected by CD. miRNAs such as miR-31-5p, 
miR-192, miR-194, miR-449a and miR-638 have been reported to be 
dysregulated in patients with CD and may affect many important 
cellular functions such as Wnt signalling, cell proliferation and dif-
ferentiation, and adherent junction pathways.121 These epigenetic 
variations in patients with CD can explain individual variability in the 
phenotype of CD and in depth studies are required to further ex-
plore this area.

6.3 | Other environmental risk factors which might 
influence the incidence of CD

A steady rise in the incidence of autoimmune disorders as well as 
allergic disorders concomitant with a decrease in the incidence of 
infective illnesses, as observed during the past few decades, have 
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been attributed to the hygiene hypothesis.122,123 Chronic infections 
acquired during childhood induce immune tolerance to various ex-
trinsic antigens by stimulating regulatory immune cells. Helminthic 
infections have been shown to regulate and modulate the immune 
system of the host in such a way to suppress Th1-induced immune 
response in the hosts. Therefore, eradication of helminthic infection 
in a cleaner environment leads to a release of helminthic infection-
induced suppression of Th1 immune response and thus a surge in 
Th1-induced diseases.124

There are factors other than hygiene hypothesis that also may 
predispose an individual to develop CD. Some of these factors in-
clude age at the introduction of wheat during weaning, amount of 
gluten ingestion in the early part of life, breastfeeding and infections 
during the early childhood. (Table 3).

6.3.1 | Age at the introduction of gluten

The timing of exposure to gluten in infancy has been proposed to be 
a risk modifier of development of CD. Introduction of solid food to 
infants before certain degree of maturation of the intestinal immune 
system may lead to development of intolerance to food proteins. As 
for infants at risk of developing food allergies, there are evidences 
that suggest that introducing solid foods before 3 month of life is 
detrimental and it should be avoided. Therefore, infant feeding prac-
tices, particularly regarding the introduction of gluten, have been 
the focus of primary prevention strategies.

The Swedish epidemic of CD (1984-1996) arose as a conse-
quence of change in the infant feeding formula.125 From 1985 to 
1987, the annual incidence rate in children below 2 years of age in-
creased fourfold to 200-240 cases per 100 000 person-years, and 
by 1995, a sharp decline to the previous level of 50-60 cases per 
100 000 person-years was observed in Sweden. The prevalence 
of CD was almost fourfold higher in this birth cohort compared 
with that in infants born after the epidemic, in which commer-
cial feeding formula was introduced gradually while continuing 
breastfeeding.125 It was later observed that during that time the 
manufacturers of commercial infant food had increased the gluten 
content of commercial infant food and hence the infants were ex-
posed to high quantity of gluten inadvertently. This assumption is 
also supported by a recent 10-year observational study in which 
the investigators explored the right age for the introduction of 
solid food in the development of CD. The investigators introduced 
gluten-containing cereals before 3 months of age, between 3 and 
7 months and at 7 months or later in a cohort of 1560 children at 
risk of CD or type I diabetes for development of CD autoimmu-
nity or CD. Of 51 children who developed CD autoimmunity in 
the cohort, those exposed to gluten in the first 3 months of age 
had a fivefold higher risk of CD autoimmunity compared to those 
exposed at 4-6  months (hazard ratio, 5.17; 95% CI; 1.44-18.57); 
and those who received gluten for the first time at 7 months of 
age or after showed a slightly increased hazard ratio compared 

with those exposed at 4-6 months (hazard ratio 1.87; 95% CI 0.97-
3.60).126 Along with the experience of Swedish epidemic, the re-
sults of this study suggested an existence of a “window period,” 
during which solid food or gluten should be introduced in order to 
minimise the risk of subsequent development of CD.

A recent growing body of evidence, however, challenges the 
notion that solid food (including gluten-containing foods) should be 
introduced beyond the sixth month of life.127,128

For the primary prevention of CD, the age of first introduction of 
gluten in infants was further explored in randomised trials.25,129,130 
In a multinational, multicentre randomised trial, 944 infants were 
randomly assigned to groups given low-dose daily gluten or pla-
cebo at age 4  months, followed by full introduction of gluten at 
age 6 months in both groups. The prevalence of CD was 12.1% at 
5  years, with no significant difference between groups.130 In an-
other multicentre trial conducted throughout Italy, 533 infants 
were randomly assigned to groups that were introduced to gluten 
at age 12 months or at age 6 months. By the age 10 years, 16.8% 
developed CD, with no significant difference between groups in 
disease development, apart from a slightly delayed risk in the 12-
month group.129 The results of these randomised trials overturned 
longstanding beliefs, based on observational studies, that the timing 
of gluten exposure affected the risk of development of CD. A sys-
tematic review and meta-analysis by the PREVENTCD group also 
showed a similar rates of CD in high-risk children irrespective of in-
troduction of gluten at age of 4, 6 or 12 months.128 These results 
led to liberalisation of feeding recommendations by the European 
Society for Paediatric Gastroenterology, Hepatology, and Nutrition, 
which issued guidelines that advised introducing gluten any time be-
tween 4 and 12 months.131

6.3.2 | Amount of gluten ingestion in early 
part of life

Furthermore, rather than timing of introduction of gluten at the time 
of weaning, three studies recently have shown that ingestion of a 
larger quantity of gluten at weaning is associated with a higher risk 
of developing CD in future.112,132,133 In a cohort study by the TEDDY 
(The Environmental Determinants of Diabetes in the Young) study 
group, Aronsson, et al reported an association between gluten in-
take during the first 5 years of life with the incidence of CeD autoim-
munity and CeD in 6605 at high-risk children.112 Overall, ingestion 
of higher quantity of gluten during the first 5 years after birth was 
associated with an higher risk of CD autoimmunity and CD. The 
post-hoc analysis, that focused on dietary gluten intake at the age 
of 2  years, revealed that the daily gluten consumption of as little 
as 2 g (equivalent to one slice of bread) is associated with an higher 
risk of development of CD autoimmunity or CD.112 The risk further 
increased with each gram of gluten. Two other cohort studies also 
confirmed that children consuming higher amount of gluten have a 
higher risk of developing CD.132,133
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6.3.3 | Breastfeeding

The protective effect of breastfeeding on the development of food 
allergic disorders has been proposed for a long time.134,135 While 
several studies have described protective effect of breastfeeding 
on the development of CD,136-138 others have not confirmed such 
an association.126,129,130,139,140 Studies as early as in 1950s have 
shown a delay in the onset of diarrhoea by increasing the duration of 
breastfeeding in patients of CD. Moreover, a significant correlation 
has been reported between the duration of breastfeeding and the 
age at the diagnosis of CD suggesting that breastfeeding delays the 
onset of CD.126 Furthermore focussing on two other factors namely 
duration of the breastfeeding and the introduction of gluten at the 
time of breastfeeding, various studies have provided contradicting 
results. A systematic review, by PREVENTCD group in 2015, has 
shown that there is neither a relationship between breastfeeding 
and the future development of CD, nor between duration of breast-
feeding and the appearance of the disease.128

6.3.4 | Childhood infections, gut microbiota and 
antibiotics

3.4.1 | Childhood infections
Episodes of gastroenteric infection during infancy such as those 
with reovirus or rotavirus have been proposed to be the predispos-
ing factors for future development of CD.141 It is known that colo-
nisation of intestinal microbiota in the early part of life is essential 
not only for normal physical growth and development but also for 
maturation of the immune system.142,143 Several mechanisms in-
cluding immunomodulation and disruption of the mucosal barrier 
have been proposed to explain an association of CD with childhood 
infection.144-153 In an Italian study, gastrointestinal infections requir-
ing hospitalisation and antibiotic usage during first year of the life 
have been found to be associated with CD (incidence rate ratio of 
2.04[1.30-3.22], 1.24[1.07-1.43]).154 TEDDY group of investigators 
has recently reported that the childhood gastrointestinal infection, 
not respiratory infections, is associated with increased risk of coe-
liac autoimmunity in genetically susceptible individuals (hazard ratio 
1.33).155 Furthermore, a systemic review and meta-analysis includ-
ing 19 observational studies has shown that any infection in child-
hood is associated with a 37% increase in the odds of developing CD, 
particularly among those requiring hospitalisation.156

3.4.2 | Gut microbiome
Not everyone with risk factors such as ingestion of gluten and ge-
netic susceptibility develop CD. Modification of immunogenic 
peptides by secretion of gluten-degrading enzymes by the intesti-
nal microbiota has been proposed to be one of the factors for the 
risk. Human gastrointestinal tract has bacteria secreting proteolytic 
enzymes that degrades gluten or degrade immunogenic peptides 
such as mer-33 peptide, suggesting a protective role of gut microbi-
ome.157 Exclusively breastfed and vaginally delivered infants, at high 

risk of developing CD (family history of CD and HLA-DQ2/-DQ8 
positive), have higher proportions of Firmicutes and Proteobacteria 
and lower proportions of Actinobacteria in their gut compared with 
those infants at low risk (HLA-DQ2/DQ8 negative).158 Pseudomonas 
obtained from patients with CD produces elastase enzyme that de-
grades gluten into immunogenic peptides. Hence, not only might gut 
microbiota protect individuals from developing CD, but the peptides 
secreted by specific intestinal bacteria also synergises with gluten to 
induce more severe inflammation.159,160

A study “Coeliac Disease Genomic, Environmental, Microbiome, 
and Metabolomic Study” (CDGEMM) is being conducted in the 
United States, Italy and Spain and likely to throw more light on the 
role of gut microbiota in patients with CD.161

3.4.3 | Antibiotic exposure
Additionally, exposure to antibiotics during early life can modulate 
the gut microbiota and antibiotic exposure has been associated with 
an increased risk of CD. In a systemic review and meta-analysis in-
cluding six observational studies on exposure to antibiotics was also 
associated with 20% increase in the risk of CD (odds ratio, 1.2; 95% 
CI: 1.04-1.39; P < 0.001).156

3.4.4 | Socioeconomic factors
An epidemiological survey including school children, having similar 
genetic susceptibility and gluten intake, living in a prosperous area 
of Finland and in an adjacent unprivileged region of Russia, has sug-
gested that worse socioeconomic conditions might protect against 
the development of CD.72 Several European studies also have shown 
that children living in more socioeconomic deprived areas are less 
likely to be diagnosed with CD.162-164 High maternal education has 
also been linked to an increased risk of CD in the offspring.154 On the 
contrary, no substantial association has been observed between the 
socioeconomic status and the occurrence of CD.164

Similarly, in a US study from tertiary care centre, black race 
and public insurance were both individually associated with 90 % 
decreased odds of having appropriate work-up for CD among pa-
tients presenting with iron deficiency anaemia and/or chronic diar-
rhoea.165 Furthermore, coeliac patients with lower income also had 
worse CD-related health and greater symptoms. In another study 
including over 300 patients, those with low income had six times 
odds of greater symptoms compared with those with high income.166

There are more questions than answers on the environmen-
tal risk factors for CD. Hopefully, many ongoing cohort studies 
including TEDDY, PREVENT CD and “Coeliac Disease Genomic, 
Environmental, Microbiome, and Metabolomic Study” (CDGEMM) 
will throw more light on environmental risk factors, some of which 
may be explored for the primary prevention of CeD.161,167

7  | CONCLUSIONS

While CD is now a global disease and affects approximately 40- 60 
million people worldwide, there still are regions, such as many Asian 
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countries, from where population-based prevalence estimates are 
not available. Despite an increase in the awareness about its high 
prevalence of CD and wide clinical presentations, majority of pa-
tients with CD still remains undiagnosed, misdiagnosed or experi-
ence a significant delay in the diagnosis. There is not only a need to 
detect undiagnosed patients by increasing the awareness about CD 
among the general population and healthcare professionals, but also 
the establishment of infrastructure including diagnostic facilities and 
gluten-free food supply chain.

ACKNOWLEDG EMENTS
We acknowledge the financial support from Department of 
Biotechnology, Indian Council of Medical Research and Department 
of Science and Technology for providing financial grants for studies on 
coeliac disease. We do appreciate the support from Research Section 
of our institution for facilitating the research on coeliac disease.

Declaration of personal interests: None.

AUTHORSHIP
Guarantor of the article: None.

Author contributions: Govind K Makharia was involved in design-
ing of the concept, review of the literature, summarising of the of 
literature, drafting of the manuscript, critical review of the man-
uscript final approval and overall guarantor of the content manu-
script. Ashish Chauhan and Prashant Singh were involved in review 
of the literature, summarising of the of literature, drafting of the 
manuscript and final approval. Vineet Ahuja was involved in de-
signing of the concept, critical review of the manuscript and final 
approval.

DATA AVAIL ABILIT Y S TATEMENT
Data sharing not applicable - no new data generated, or the article 
describes entirely theoretical research

ORCID
Govind K. Makharia   https://orcid.org/0000-0002-2474-2194 
Vineet Ahuja   https://orcid.org/0000-0002-5474-9709 

R E FE R E N C E S
	 1.	 Lindfors K, Ciacci C, Kurppa K, et al. Coeliac disease. Nat Rev Dis 

Primer. 2019;5:3. doi:10.1038/s4157​2-018-0054-z
	 2.	 Cataldo F. Celiac disease in the developing countries: a new 

and challenging public health problem. World J Gastroenterol. 
2007;13:2153. doi:10.3748/wjg.v13.i15.2153

	 3.	 Spaenij-Dekking L, Kooy-Winkelaar Y, van Veelen P, et al. Natural 
variation in toxicity of wheat: potential for selection of nontoxic va-
rieties for celiac disease patients. Gastroenterology. 2005;129:797-
806. doi:10.1053/j.gastro.2005.06.017

	 4.	 Harlan JR, Zohary D. Distribution of wild wheats and barley. Science. 
1966;153:1074-1080. doi:10.1126/scien​ce.153.3740.1074

	 5.	 Rostami K, Malekzadeh R, Shahbazkhani B, Akbari MR, Catassi 
C. Coeliac disease in Middle Eastern countries: a challenge for 
the evolutionary history of this complex disorder? Dig Liver Dis. 
2004;36:694-697. doi:10.1016/j.dld.2004.05.010

	 6.	 Gee SJ. On the celiac affection. St Bartholomew’s Hosp Rep. 
1888;24:17-20.

	 7.	 Losowsky MS. A history of coeliac disease. Dig Dis. 2008;26:112-
120. doi:10.1159/00011​6768

	 8.	 Yan D, Holt PR, Dicke W. Brilliant clinical observer and translational 
investigator. Discoverer of the toxic cause of celiac disease. Clin Transl 
Sci. 2009;2:446-448. doi:10.1111/j.1752-8062.2009.00167.x

	 9.	 Crosby WH, Army US, Kugler HW. Intraluminal biopsy of the small 
intestine: the intestinal biopsy capsule. Am J Dig Dis. 1957;2:236-
241. doi:10.1007/BF022​31100

	 10.	 Sollid LM, Markussen G, Ek J, Gjerde H, Vartdal F, Thorsby E. 
Evidence for a primary association of celiac disease to a particular 
HLA-DQ alpha/beta heterodimer. J Exp Med. 1989;169:345-350. 
doi:10.1084/jem.169.1.345

	 11.	 Kivel RM, Kearns DH, Liebowitz D. Significance of antibodies to 
dietary proteins in the serums of patients with nontropical sprue. 
N Engl J Med. 1964;271:769-772. doi:10.1056/NEJM1​96410​08271​
1504

	 12.	 Chorzelski TP, Sulej J, Tchorzewska H, Jablonska S, Beutner EH, 
Kumar V. IgA class endomysium antibodies in dermatitis herpeti-
formis and coeliac disease. Ann N Y Acad Sci. 1983;420(1 Defined 
Immun):325–334. 10.1111/j.1749-6632.1983.tb222​20.x

	 13.	 Dieterich W, Ehnis T, Bauer M, et al. Identification of tissue 
transglutaminase as the autoantigen of celiac disease. Nat Med. 
1997;3:797-801. doi:10.1038/nm079​7-797

	 14.	 Korponay-Szabó IR, Vecsei Z, Király R, et al. Deamidated gliadin 
peptides form epitopes that transglutaminase antibodies recog-
nize. J Pediatr Gastroenterol Nutr. 2008;46:253-261. doi:10.1097/
MPG.0b013​e3181​5ee555

	 15.	 Davidson LSP, Fountain JR. Incidence of the sprue syndrome; with 
some observations on the natural history. Br Med J. 1950;1:1157-
1161. doi:10.1136/bmj.1.4663.1157

	 16.	 van Stirum J, Baerlocher K, Fanconi A, Gugler E, Tönz O, Shmerling 
DH. The incidence of coeliac disease in children in Switzerland. 
Helv Paediatr Acta. 1982;37:421-430.

	 17.	 Mylotte M, Egan-Mitchell B, McCarthy CF, McNicholl B. Incidence 
of coeliac disease in the west of Ireland. BMJ. 1973;1:703-705. 
doi:10.1136/bmj.1.5855.703

	 18.	 Catassi C, Fabiani E, Rätsch IM, et al. The coeliac iceberg in Italy. 
A multicentre antigliadin antibodies screening for coeliac dis-
ease in school-age subjects. Acta Paediatr Oslo Nor. 1992(Suppl. 
1996);412:29–35. 10.1111/j.1651-2227.1996.tb142​44.x

	 19.	 Singh P, Arora A, Strand TA, et al. Global prevalence of celiac 
disease: systematic review and meta-analysis. Clin Gastroenterol 
Hepatol. 2018;16:823-836.e2. 10.1016/j.cgh.2017.06.037

	 20.	 Fasano A, Berti I, Gerarduzzi T, et al. Prevalence of celiac disease 
in at-risk and not-at-risk groups in the United States: a large multi-
center study. Arch Intern Med. 2003;163:286-292.

	 21.	 Makharia GK, Verma AK, Amarchand R, et al. Prevalence of celiac 
disease in the northern part of India: a community based study: 
celiac disease in India. J Gastroenterol Hepatol. 2011;26:894-900. 
doi:10.1111/j.1440-1746.2010.06606.x

	 22.	 Ben Hariz M, Kallel-Sellami M, Kallel L, et al. Prevalence of celiac disease 
in Tunisia: mass-screening study in schoolchildren. Eur J Gastroenterol 
Hepatol. 2007;19:687-694. doi:10.1097/MEG.0b013​e3281​33f0c1

	 23.	 Mustalahti K, Catassi C, Reunanen A, et al. The prevalence of ce-
liac disease in Europe: results of a centralized, international mass 
screening project. Ann Med. 2010;42:587-595. doi:10.3109/07853​
890.2010.505931

	 24.	 Roberts SE, Morrison-Rees S, Thapar N, et al. Systematic review 
and meta-analysis: the incidence and prevalence of paediatric co-
eliac disease across Europe. Aliment Pharmacol Ther. 2021;54:109-
128. doi:10.1111/apt.16337

	 25.	 Myléus A, Ivarsson A, Webb C, et al. Celiac disease revealed in 
3% of Swedish 12-year-olds born during an epidemic. J Pediatr 
Gastroenterol Nutr. 2009;49:170-176. doi:10.1097/MPG.0b013​
e3181​8c52cc

https://orcid.org/0000-0002-2474-2194
https://orcid.org/0000-0002-2474-2194
https://orcid.org/0000-0002-5474-9709
https://orcid.org/0000-0002-5474-9709
https://doi.org/10.1038/s41572-018-0054-z
https://doi.org/10.3748/wjg.v13.i15.2153
https://doi.org/10.1053/j.gastro.2005.06.017
https://doi.org/10.1126/science.153.3740.1074
https://doi.org/10.1016/j.dld.2004.05.010
https://doi.org/10.1159/000116768
https://doi.org/10.1111/j.1752-8062.2009.00167.x
https://doi.org/10.1007/BF02231100
https://doi.org/10.1084/jem.169.1.345
https://doi.org/10.1056/NEJM196410082711504
https://doi.org/10.1056/NEJM196410082711504
https://doi.org/10.1111/j.1749-6632.1983.tb22220.x
https://doi.org/10.1038/nm0797-797
https://doi.org/10.1097/MPG.0b013e31815ee555
https://doi.org/10.1097/MPG.0b013e31815ee555
https://doi.org/10.1136/bmj.1.4663.1157
https://doi.org/10.1136/bmj.1.5855.703
https://doi.org/10.1111/j.1651-2227.1996.tb14244.x
https://doi.org/10.1016/j.cgh.2017.06.037
https://doi.org/10.1111/j.1440-1746.2010.06606.x
https://doi.org/10.1097/MEG.0b013e328133f0c1
https://doi.org/10.3109/07853890.2010.505931
https://doi.org/10.3109/07853890.2010.505931
https://doi.org/10.1111/apt.16337
https://doi.org/10.1097/MPG.0b013e31818c52cc
https://doi.org/10.1097/MPG.0b013e31818c52cc


S14  |     MAKHARIA et al.

	 26.	 Crawley C, Sander SD, Nohr EA, et al. High prevalence of ce-
liac disease among Danish adolescents – a population-based 
study. J Pediatr Gastroenterol Nutr. 2021;23:85-90. doi:10.1097/
MPG.00000​00000​003247

	 27.	 Gatti S, Lionetti E, Balanzoni L, et al. Increased prevalence of celiac 
disease in school-age children in Italy. Clin Gastroenterol Hepatol. 
2020;18:596-603. doi:10.1016/j.cgh.2019.06.013

	 28.	 Händel N, Mothes T, Petroff D, et al. Will the real coeliac dis-
ease please stand up? Coeliac disease prevalence in the German 
LIFE Child Study. J Pediatr Gastroenterol Nutr. 2018;67:494-500. 
doi:10.1097/MPG.00000​00000​002052

	 29.	 Henker J, Lösel A, Conrad K, Hirsch T, Leupold W. Prävalenz der 
asymptomatischen Zöliakie bei Kindern und Erwachsenen in der 
Region Dresden. DMW – Dtsch Med Wochenschr. 2002;127:1511-
1515. doi:10.1055/s-2002-32757

	 30.	 Laass MW, Schmitz R, Uhlig HH, Zimmer KP, Thamm M, Koletzko 
S. The prevalence of celiac disease in children and adolescents in 
Germany. Dtsch Aerzteblatt Online. 2015;17:553-560. doi:10.3238/
arzte​bl.2015.0553

	 31.	 Rubio-Tapia A, Ludvigsson JF, Brantner TL, Murray JA, Everhart 
JE. The prevalence of celiac disease in the United States. Am J 
Gastroenterol. 2012;107:1538-1544. doi:10.1038/ajg.2012.219

	 32.	 Choung RS, Unalp-Arida A, Ruhl CE, Brantner TL, Everhart JE, 
Murray JA. Less hidden celiac disease but increased gluten avoid-
ance without a diagnosis in the United States: findings from the 
National Health and Nutrition Examination Surveys From 2009 to 
2014. Mayo Clin Proc. Published online December 5, 2016:S0025-
6196(16)30634-6. 10.1016/j.mayocp.2016.10.012

	 33.	 Catassi C, Kryszak D, Bhatti B, et al. Natural history of celiac dis-
ease autoimmunity in a USA cohort followed since 1974. Ann Med. 
2010;42:530-538. doi:10.3109/07853​890.2010.514285

	 34.	 Jamnik J, Villa CR, Dhir SB, Jenkins DJA, El-Sohemy A. Prevalence 
of positive coeliac disease serology and HLA risk genotypes in 
a multiethnic population of adults in Canada: a cross-sectional 
study. BMJ Open. 2017;7. doi:10.1136/bmjop​en-2017-017678

	 35.	 Remes-Troche JM, Ramírez-Iglesias MT, Rubio-Tapia A, Alonso-
Ramos A, Velazquez A, Uscanga LF. Celiac disease could be a 
frequent disease in Mexico: prevalence of tissue transgluta-
minase antibody in healthy blood donors. J Clin Gastroenterol. 
2006;40:697-700. doi:10.1097/00004​836-20060​9000-00007

	 36.	 Remes-Troche JM, Nuñez-Alvares C, Uscanga-Dominguez LF. 
Celiac disease in Mexican population: an update. Am J Gastroenterol. 
2013;108:283-284. doi:10.1038/ajg.2012.408

	 37.	 Gomez JC, Selvaggio GS, Viola M, et al. Prevalence of ce-
liac disease in argentina: screening of an adult population in 
the La Plata area. Am J Gastroenterol. 2001;96:2700-2704. 
doi:10.1111/j.1572-0241.2001.04124.x

	 38.	 Pratesi R, Gandolfi L, Garcia SG, et al. Prevalence of coeliac dis-
ease: unexplained age-related variation in the same population. 
Scand J Gastroenterol. 2003;38:747-750. doi:10.1080/00365​52031​
0003255

	 39.	 Alencar ML, Ortiz-Agostinho CL, Nishitokukado L, et al. Prevalence 
of celiac disease among blood donors in São Paulo: the most 
populated city in Brazil. Clin Sao Paulo Braz. 2012;67:1013-1018. 
doi:10.6061/clini​cs/2012(09)05

	 40.	 Gandolfi L, Pratesi R, Cordoba JC, Tauil PL, Gasparin M, 
Catassi C. Prevalence of celiac disease among blood do-
nors in Brazil. Am J Gastroenterol. 2000;95:689-692. 
doi:10.1111/j.1572-0241.2000.01847.x

	 41.	 Pereira MAG, Ortiz-Agostinho CL, Nishitokukado I, et al. 
Prevalence of celiac disease in an urban area of Brazil with predom-
inantly European ancestry. World J Gastroenterol. 2006;12:6546-
6550. doi:10.3748/wjg.v12.i40.6546

	 42.	 Araya M, Mondragón A, Pérez-Bravo F, et al. Celiac disease 
in a Chilean population carrying Amerindian traits. J Pediatr 

Gastroenterol Nutr. 2000;31:381-386. doi:10.1097/00005​176-
20001​0000-00010

	 43.	 Velasco-Benítez CA, Ruíz-Extremera Á, Matallana-Rhoades AM, 
Giraldo-Lora SC, Ortíz-Rivera CJ. Prevalence of markers of ce-
liac disease in Colombian children with diabetes mellitus type 
1. Colomb Medica Cali Colomb. 2018;49:273-279. doi:10.25100/​
cm.v49i3.3650

	 44.	 Parra-Medina R, Molano-Gonzalez N, Rojas-Villarraga A, et al. 
Prevalence of celiac disease in Latin America: a systematic review 
and meta-regression. PLOS ONE. 2015;10:e0124040. doi:10.1371/
journ​al.pone.0124040

	 45.	 Hovell CJ, Collett JA, Vautier G, et al. High prevalence of coeliac 
disease in a population-based study from Western Australia: a 
case for screening? Med J Aust. 2001;175:247-250.

	 46.	 Cook HB, Burt MJ, Collett JA, Whitehead MR, Frampton CM, 
Chapman BA. Adult coeliac disease: prevalence and clini-
cal significance. J Gastroenterol Hepatol. 2000;15:1032-1036. 
doi:10.1046/j.1440-1746.2000.02290.x

	 47.	 Catassi C, Ratsch IiM, Gandolfi L, et al. Why is coeliac disease en-
demic in the people of the Sahara? The Lancet. 1999;354:647–648. 
10.1016/S0140​-6736(99)02609​-4

	 48.	 Abu-Zekry M, Kryszak D, Diab M, Catassi C, Fasano A. Prevalence 
of celiac disease in Egyptian children disputes the east–west 
agriculture-dependent spread of the disease. J Pediatr Gastroenterol 
Nutr. 2008;47:136-140. doi:10.1097/MPG.0b013​e3181​5ce5d1

	 49.	 Alarida K, Harown J, Ahmaida A, et al. Coeliac disease in Libyan 
children: a screening study based on the rapid determination of 
anti-transglutaminase antibodies. Dig Liver Dis. 2011;43:688-691. 
doi:10.1016/j.dld.2011.01.002

	 50.	 Bdioui F, Sakly N, Hassine M, Saffar H. Prevalence of celiac disease 
in Tunisian blood donors. Gastroenterol Clin Biol. 2006;30:33-36. 
doi:10.1016/s0399​-8320(06)73075​-5

	 51.	 Baker SJ, Mathan VI. Tropical enteropathy and tropical sprue. Am J 
Clin Nutr. 1972;25:1047-1055. doi:10.1093/ajcn/25.10.1047

	 52.	 Makharia GK, Catassi C. Celiac disease in Asia. Gastroenterol Clin 
North Am. 2019;48:101-113. doi:10.1016/j.gtc.2018.09.007

	 53.	 Ramakrishna BS, Makharia GK, Chetri K, et al. Prevalence of adult 
celiac disease in India: regional variations and associations. Am J 
Gastroenterol. 2016;111:115-123. doi:10.1038/ajg.2015.398

	 54.	 Yuan J, Zhou C, Gao J, et al. Prevalence of celiac disease autoimmu-
nity among adolescents and young adults in China. Clin Gastroenterol 
Hepatol 2017;15:1572-1579.e1. 10.1016/j.cgh.2017.04.025

	 55.	 Zhou C, Gao F, Gao J, et al. Prevalence of coeliac disease in Northwest 
China: heterogeneity across Northern Silk road ethnic populations. 
Aliment Pharmacol Ther. 2020;51:1116-1129. doi:10.1111/apt.15737

	 56.	 Kou GJ, Guo J, Zuo XL, et al. Prevalence of celiac disease in adult 
Chinese patients with diarrhoea-predominant irritable bowel 
syndrome: a prospective, controlled, cohort study. J Dig Dis. 
2018;19:136-143. doi:10.1111/1751-2980.12587

	 57.	 Zhou WY, Liu XY, Wang MM, et al. Prevalence of celiac disease 
in China: meta-analysis and serological survey in high-risk popula-
tions. J Dig Dis. 2021;22:645-655. doi:10.1111/1751-2980.13049

	 58.	 Fukunaga M, Ishimura N, Fukuyama C, et al. Celiac disease in non-
clinical populations of Japan. J Gastroenterol. 2018;53:208-214. 
doi:10.1007/s0053​5-017-1339-9

	 59.	 Hokari R, Higashiyama M. Extremely low prevalence of celiac dis-
ease in Japan: eternal silence or just the calm before the storm? 
JGH Open. 2020;4:554-555. doi:10.1002/jgh3.12352

	 60.	 Saito S, Ota S, Yamada E, Inoko H, Ota M. Allele frequencies and 
haplotypic associations defined by allelic DNA typing at HLA class 
I and class II loci in the Japanese population: allelic DNA typing 
in the Japanese population. Tissue Antigens. 2000;56:522-529. 
doi:10.1034/j.1399-0039.2000.560606.x

	 61.	 Yap TWC, Chan WK, Leow AHR, et al. Prevalence of serum ce-
liac antibodies in a multiracial Asian population—a first study 

https://doi.org/10.1097/MPG.0000000000003247
https://doi.org/10.1097/MPG.0000000000003247
https://doi.org/10.1016/j.cgh.2019.06.013
https://doi.org/10.1097/MPG.0000000000002052
https://doi.org/10.1055/s-2002-32757
https://doi.org/10.3238/arztebl.2015.0553
https://doi.org/10.3238/arztebl.2015.0553
https://doi.org/10.1038/ajg.2012.219
https://doi.org/10.1016/j.mayocp.2016.10.012
https://doi.org/10.3109/07853890.2010.514285
https://doi.org/10.1136/bmjopen-2017-017678
https://doi.org/10.1097/00004836-200609000-00007
https://doi.org/10.1038/ajg.2012.408
https://doi.org/10.1111/j.1572-0241.2001.04124.x
https://doi.org/10.1080/00365520310003255
https://doi.org/10.1080/00365520310003255
https://doi.org/10.6061/clinics/2012(09)05
https://doi.org/10.1111/j.1572-0241.2000.01847.x
https://doi.org/10.3748/wjg.v12.i40.6546
https://doi.org/10.1097/00005176-200010000-00010
https://doi.org/10.1097/00005176-200010000-00010
https://doi.org/10.25100/cm.v49i3.3650
https://doi.org/10.25100/cm.v49i3.3650
https://doi.org/10.1371/journal.pone.0124040
https://doi.org/10.1371/journal.pone.0124040
https://doi.org/10.1046/j.1440-1746.2000.02290.x
https://doi.org/10.1016/S0140-6736(99)02609-4
https://doi.org/10.1097/MPG.0b013e31815ce5d1
https://doi.org/10.1016/j.dld.2011.01.002
https://doi.org/10.1016/s0399-8320(06)73075-5
https://doi.org/10.1093/ajcn/25.10.1047
https://doi.org/10.1016/j.gtc.2018.09.007
https://doi.org/10.1038/ajg.2015.398
https://doi.org/10.1016/j.cgh.2017.04.025
https://doi.org/10.1111/apt.15737
https://doi.org/10.1111/1751-2980.12587
https://doi.org/10.1111/1751-2980.13049
https://doi.org/10.1007/s00535-017-1339-9
https://doi.org/10.1002/jgh3.12352
https://doi.org/10.1034/j.1399-0039.2000.560606.x


     |  S15MAKHARIA et al.

in the young Asian adult population of Malaysia. PloS One. 
2015;10:e0121908. doi:10.1371/journ​al.pone.0121908

	 62.	 Zanella S, De Leo L, Nguyen-Ngoc-Quynh L, et al. Cross-sectional 
study of coeliac autoimmunity in a population of Vietnamese children. 
BMJ Open. 2016;6:e011173. doi:10.1136/bmjop​en-2016-011173

	 63.	 El-Metwally A, Toivola P, AlAhmary K, et al. The epidemiology of 
celiac disease in the general population and high-risk groups in Arab 
countries: a systematic review. BioMed Res Int. 2020;2020:1-13. 
doi:10.1155/2020/6865917

	 64.	 Mohammadibakhsh R, Sohrabi R, Salemi M, Taheri Mirghaed M, 
Behzadifar M. Celiac disease in Iran: a systematic review and meta-
analysis. Electron Physician. 2017;9:3883-3895. doi:10.19082/​3883

	 65.	 Savvateeva LV, Erdes SI, Antishin AS, Zamyatnin AA. Overview of 
celiac disease in Russia: regional data and estimated prevalence. J 
Immunol Res. 2017;2017:1-8. doi:10.1155/2017/2314813

	 66.	 Ashtari S, Najafimehr H, Pourhoseingholi MA, et al. Prevalence of 
celiac disease in low and high risk population in Asia-Pacific region: 
a systematic review and meta-analysis. Sci Rep. 2021;11:2383. 
doi:10.1038/s4159​8-021-82023​-8

	 67.	 Jansson-Knodell CL, Hujoel IA, West CP, et al. Sex difference in ce-
liac disease in undiagnosed populations: a systematic review and 
meta-analysis. Clin Gastroenterol Hepatol. 2019;17:1954-1968.e13. 
10.1016/j.cgh.2018.11.013

	 68.	 Simpson S, Blizzard L, Otahal P, Van der Mei I, Taylor B. Latitude is 
significantly associated with the prevalence of multiple sclerosis: a 
meta-analysis. J Neurol Neurosurg Psychiatry. 2011;82:1132-1141. 
doi:10.1136/jnnp.2011.240432

	 69.	 GEO-RA Group. Latitude gradient influences the age of onset 
of rheumatoid arthritis: a worldwide survey. Clin Rheumatol. 
2017;36:485-497. doi:10.1007/s1006​7-016-3481-9

	 70.	 Khalili H, Huang ES, Ananthakrishnan AN, et al. Geographical varia-
tion and incidence of inflammatory bowel disease among US women. 
Gut. 2012;61:1686-1692. doi:10.1136/gutjn​l-2011-301574

	 71.	 Celdir MG, Jansson-Knodell CL, Hujoel IA, et al. Latitude and ce-
liac disease prevalence: a meta-analysis and meta-regression. Clin 
Gastroenterol Hepatol. 2020;30. doi:10.1016/j.cgh.2020.09.052

	 72.	 Kondrashova A, Mustalahti K, Kaukinen K, et al. Lower economic status 
and inferior hygienic environment may protect against celiac disease. 
Ann Med. 2008;40:223-231. doi:10.1080/07853​89070​1678689

	 73.	 Mardini HE, Westgate P, Grigorian AY. Racial differences in the prev-
alence of celiac disease in the US Population: National Health and 
Nutrition Examination Survey (NHANES) 2009–2012. Dig Dis Sci. 
2015;60:1738-1742. doi:10.1007/s1062​0-014-3514-7

	 74.	 Krigel A, Turner KO, Makharia GK, Green PHR, Genta RM, Lebwohl 
B. Ethnic variations in duodenal villous atrophy consistent with 
celiac disease in the United States. Clin Gastroenterol Hepatol. 
2016;14:1105-1111. doi:10.1016/j.cgh.2016.04.032

	 75.	 Assa A, Frenkel-Nir Y, Leibovici-Weissman Y, et al. Anthropometric 
measures and prevalence trends in adolescents with coeliac dis-
ease: a population based study. Arch Dis Child. 2017;102:139-144. 
doi:10.1136/archd​ischi​ld-2016-311376

	 76.	 Jansen MAE, Beth SA, van den Heuvel D, et al. Ethnic differences 
in coeliac disease autoimmunity in childhood: the Generation R 
Study. Arch Dis Child. 2017;102:529-534. doi:10.1136/archd​ischi​
ld-2016-311343

	 77.	 Kang JY, Kang AHY, Green A, Gwee KA, Ho KY. Systematic review: 
worldwide variation in the frequency of coeliac disease and changes 
over time. Aliment Pharmacol Ther. 2013;38:226-245. doi:10.1111/
apt.12373

	 78.	 Altobelli E, Paduano R, Petrocelli R, Di Orio F. Burden of celiac dis-
ease in Europe: a review of its childhood and adulthood prevalence 
and incidence as of September 2014. Ann Ig Med Prev E Comunita. 
2014;26:485-498. doi:10.7416/ai.2014.2007

	 79.	 West J, Fleming KM, Tata LJ, Card TR, Crooks CJ. Incidence and 
prevalence of celiac disease and dermatitis herpetiformis in the 

UK over two decades: population-based study. Am J Gastroenterol. 
2014;109:757-768. doi:10.1038/ajg.2014.55

	 80.	 Bergman D, King J, Lebwohl B, et al. Two waves of coeliac dis-
ease incidence in Sweden: a nationwide population-based cohort 
study from 1990 to 2015. Gut. Published online July 28, 2021. 
doi:10.1136/gutjn​l-2021-324209

	 81.	 Lechtman N, Shamir R, Cohen S, et al. Increased incidence of 
coeliac disease autoimmunity rate in Israel: a 9-year analysis of 
population-based data. Aliment Pharmacol Ther. 2021;53:696-703. 
doi:10.1111/apt.16282

	 82.	 King JA, Jeong J, Underwood FE, et al. Incidence of celiac disease 
is increasing over time: a systematic review and meta-analysis. 
Am J Gastroenterol. 2020;115:507-525. doi:10.14309/​ajg.00000​
00000​000523

	 83.	 Ludvigsson JF, Rubio-Tapia A, van Dyke CT, et al. Increasing in-
cidence of celiac disease in a North American population. Am J 
Gastroenterol. 2013;108:818-824. doi:10.1038/ajg.2013.60

	 84.	 Cook B, Oxner R, Chapman B, Whitehead M, Burt M. A thirty-year 
(1970–1999) study of coeliac disease in the Canterbury region of 
New Zealand. N Z Med J. 2004;117:U772.

	 85.	 Kivelä L, Kaukinen K, Lähdeaho ML, et al. Presentation of ce-
liac disease in Finnish children is no longer changing: a 50-year 
perspective. J Pediatr. 2015;167:1109-1115.e1. 10.1016/j.
jpeds.2015.07.057

	 86.	 Virta LJ, Kaukinen K, Collin P. Incidence and prevalence of di-
agnosed coeliac disease in Finland: results of effective case 
finding in adults. Scand J Gastroenterol. 2009;44:933-938. 
doi:10.1080/00365​52090​3030795

	 87.	 Lohi S, Mustalahti K, Kaukinen K, et al. Increasing prevalence of 
coeliac disease over time. Aliment Pharmacol Ther. 2007;26:1217-
1225. doi:10.1111/j.1365-2036.2007.03502.x

	 88.	 Askling J, Linet M, Gridley G, Halstensen TS, Ekström K, Ekbom A. 
Cancer incidence in a population-based cohort of individuals hospital-
ized with celiac disease or dermatitis herpetiformis. Gastroenterology. 
2002;123:1428-1435. doi:10.1053/gast.2002.36585

	 89.	 Elfström P, Granath F, Ye W, Ludvigsson JF. Low risk of gastroin-
testinal cancer among patients with celiac disease, inflammation, 
or latent celiac disease. Clin Gastroenterol Hepatol. 2012;10:30-36. 
doi:10.1016/j.cgh.2011.06.029

	 90.	 Al-toma A, Verbeek WHM, Hadithi M, von Blomberg BME, Mulder 
CJJ. Survival in refractory coeliac disease and enteropathy-
associated T-cell lymphoma: retrospective evaluation of single-
centre experience. Gut. 2007;56:1373-1378. doi:10.1136/
gut.2006.114512

	 91.	 Tse E, Gill H, Loong F, et al. Type II enteropathy-associated T-cell 
lymphoma: a multicenter analysis from the Asia Lymphoma Study 
Group. Am J Hematol. 2012;87:663-668. doi:10.1002/ajh.23213

	 92.	 Lebwohl B, Green PHR, Söderling J, Roelstraete B, Ludvigsson 
JF. Association between celiac disease and mortality risk in a 
Swedish population. JAMA. 2020;323:1277-1285. doi:10.1001/
jama.2020.1943

	 93.	 Quarpong W, Card TR, West J, Solaymani-Dodaran M, Logan 
RF, Grainge MJ. Mortality in people with coeliac disease: long-
term follow-up from a Scottish cohort. United Eur Gastroenterol J. 
2019;7:377-387. doi:10.1177/20506​40618​814662

	 94.	 Jabri B, Sollid LM. Tissue-mediated control of immunopathology 
in coeliac disease. Nat Rev Immunol. 2009;9:858-870. doi:10.1038/
nri2670

	 95.	 Kuja-Halkola R, Lebwohl B, Halfvarson J, Wijmenga C, Magnusson 
PKE, Ludvigsson JF. Heritability of non-HLA genetics in coe-
liac disease: a population-based study in 107  000 twins. Gut. 
2016;65:1793-1798. doi:10.1136/gutjn​l-2016-311713

	 96.	 Gupta PK, Mir RR, Mohan A, Kumar J. Wheat genomics: present 
status and future prospects. Int J Plant Genomics. 2008;2008:1-36. 
doi:10.1155/2008/896451

https://doi.org/10.1371/journal.pone.0121908
https://doi.org/10.1136/bmjopen-2016-011173
https://doi.org/10.1155/2020/6865917
https://doi.org/10.19082/3883
https://doi.org/10.1155/2017/2314813
https://doi.org/10.1038/s41598-021-82023-8
https://doi.org/10.1016/j.cgh.2018.11.013
https://doi.org/10.1136/jnnp.2011.240432
https://doi.org/10.1007/s10067-016-3481-9
https://doi.org/10.1136/gutjnl-2011-301574
https://doi.org/10.1016/j.cgh.2020.09.052
https://doi.org/10.1080/07853890701678689
https://doi.org/10.1007/s10620-014-3514-7
https://doi.org/10.1016/j.cgh.2016.04.032
https://doi.org/10.1136/archdischild-2016-311376
https://doi.org/10.1136/archdischild-2016-311343
https://doi.org/10.1136/archdischild-2016-311343
https://doi.org/10.1111/apt.12373
https://doi.org/10.1111/apt.12373
https://doi.org/10.7416/ai.2014.2007
https://doi.org/10.1038/ajg.2014.55
https://doi.org/10.1136/gutjnl-2021-324209
https://doi.org/10.1111/apt.16282
https://doi.org/10.14309/ajg.0000000000000523
https://doi.org/10.14309/ajg.0000000000000523
https://doi.org/10.1038/ajg.2013.60
https://doi.org/10.1016/j.jpeds.2015.07.057
https://doi.org/10.1016/j.jpeds.2015.07.057
https://doi.org/10.1080/00365520903030795
https://doi.org/10.1111/j.1365-2036.2007.03502.x
https://doi.org/10.1053/gast.2002.36585
https://doi.org/10.1016/j.cgh.2011.06.029
https://doi.org/10.1136/gut.2006.114512
https://doi.org/10.1136/gut.2006.114512
https://doi.org/10.1002/ajh.23213
https://doi.org/10.1001/jama.2020.1943
https://doi.org/10.1001/jama.2020.1943
https://doi.org/10.1177/2050640618814662
https://doi.org/10.1038/nri2670
https://doi.org/10.1038/nri2670
https://doi.org/10.1136/gutjnl-2016-311713
https://doi.org/10.1155/2008/896451


S16  |     MAKHARIA et al.

	 97.	 Matsuoka Y. Evolution of polyploid triticum wheats under cul-
tivation: the role of domestication, natural hybridization and al-
lopolyploid speciation in their diversification. Plant Cell Physiol. 
2011;52:750-764. doi:10.1093/pcp/pcr018

	 98.	 Feldman M, Levy AA. Genome evolution in allopolyploid wheat—a 
revolutionary reprogramming followed by gradual changes. J Genet 
Genomics. 2009;36:511-518. doi:10.1016/S1673​-8527(08)60142​-3

	 99.	 Shan L. Structural basis for gluten intolerance in celiac sprue. 
Science. 2002;297:2275-2279. doi:10.1126/scien​ce.1074129

	100.	 van den Broeck HC, de Jong HC, Salentijn EMJ, et al. Presence of 
celiac disease epitopes in modern and old hexaploid wheat vari-
eties: wheat breeding may have contributed to increased preva-
lence of celiac disease. TAG Theor Appl Genet Theor Angew Genet. 
2010;121:1527-1539. doi:10.1007/s0012​2-010-1408-4

	101.	 Greco L, Romino R, Coto I, et al. The first large population based 
twin study of coeliac disease. Gut. 2002;50:624-628. doi:10.1136/
gut.50.5.624

	102.	 Nistico L. Concordance, disease progression, and heritability of co-
eliac disease in Italian twins. Gut. 2006;55:803-808. doi:10.1136/
gut.2005.083964

	103.	 Tursi A, Brandimarte G, Giorgetti GM, Inchingolo CD. Effectiveness 
of the sorbitol H2 breath test in detecting histological damage 
among relatives of coeliacs. Scand J Gastroenterol. 2003;38:727-
731. doi:10.1080/00365​52031​0003697

	104.	 Rubio-Tapia A, Van Dyke CT, Lahr BD, et al. Predictors of family 
risk for celiac disease: a population-based study. Clin Gastroenterol 
Hepatol. 2008;6:983-987. doi:10.1016/j.cgh.2008.04.008

	105.	 Högberg L, Fälth-Magnusson K, Grodzinsky E, Stenhammar L. 
Familial prevalence of coeliac disease: a twenty-year follow-up 
study. Scand J Gastroenterol. 2003;38:61-65. doi:10.1080/00365​
52031​0000456

	106.	 Singh P, Arora S, Lal S, Strand TA, Makharia GK. Risk of ce-
liac disease in the first- and second-degree relatives of patients 
with celiac disease: a systematic review and meta-analysis. Am J 
Gastroenterol. 2015;110:1539-1548. doi:10.1038/ajg.2015.296

	107.	 Sollid LM, Thorsby E. HLA susceptibility genes in celiac disease: 
genetic mapping and role in pathogenesis. Gastroenterology. 
1993;105:910-922. doi:10.1016/0016-5085(93)90912​-V

	108.	 Kaukinen K, Partanen J, Maki M, Collin P. HLA-DQ typing in the 
diagnosis of celiac disease. Am J Gastroenterol. 2002;97:695-699. 
doi:10.1111/j.1572-0241.2002.05471.x

	109.	 Lundin KE, Sollid LM, Qvigstad E, et al. T lymphocyte recogni-
tion of a celiac disease-associated cis- or trans-encoded HLA-DQ 
alpha/beta-heterodimer. J Immunol. 1990;145:136-139.

	110.	 Tollefsen S. HLA-DQ2 and -DQ8 signatures of gluten T cell 
epitopes in celiac disease. J Clin Invest. 2006;116:2226-2236. 
doi:10.1172/JCI27620

	111.	 Lionetti E, Catassi C. Co-localization of gluten consumption 
and HLA-DQ2 and -DQ8 genotypes, a clue to the history of ce-
liac disease. Dig Liver Dis. 2014;46:1057-1063. doi:10.1016/j.
dld.2014.08.002

	112.	 Andrén Aronsson C, Lee HS, Hård af Segerstad EM, et al. 
Association of gluten intake during the first 5  years of life with 
incidence of celiac disease autoimmunity and celiac disease among 
children at increased risk. JAMA. 2019;322:514. doi:10.1001/
jama.2019.10329

	113.	 Tjon JML, van Bergen J, Koning F. Celiac disease: how complicated 
can it get? Immunogenetics. 2010;62:641-651. doi:10.1007/s0025​
1-010-0465-9

	114.	 Stepniak D, Koning F. Celiac disease—sandwiched between in-
nate and adaptive immunity. Hum Immunol. 2006;67:460-468. 
doi:10.1016/j.humimm.2006.03.011

	115.	 Sallese M, Lopetuso LR, Efthymakis K, Neri M. Beyond the HLA 
genes in gluten-related disorders. Front Nutr. 2020;7:575844. 
doi:10.3389/fnut.2020.575844

	116.	 Hunt KA, Zhernakova A, Turner G, et al. Newly identified genetic 
risk variants for celiac disease related to the immune response. Nat 
Genet. 2008;40:395-402. doi:10.1038/ng.102

	117.	 Trynka G, Hunt KA, Bockett NA, et al. Dense genotyping identifies 
and localizes multiple common and rare variant association signals 
in celiac disease. Nat Genet. 2011;43:1193-1201. doi:10.1038/
ng.998

	118.	 Withoff S, Li Y, Jonkers I, Wijmenga C. Understanding celiac dis-
ease by genomics. Trends Genet. 2016;32:295-308. doi:10.1016/j.
tig.2016.02.003

	119.	 Romanos J, van Diemen CC, Nolte IM, et al. Analysis of HLA and 
non-HLA alleles can identify individuals at high risk for celiac 
disease. Gastroenterology. 2009;137:834-840.e3. doi:10.1053/j.
gastro.2009.05.040

	120.	 Consortium RE, Kundaje A, Meuleman W, et al. Integrative anal-
ysis of 111 reference human epigenomes. Nature. 2015;518:317-
330. doi:10.1038/natur​e14248

	121.	 Felli C, Baldassarre A, Masotti A. Intestinal and circulating microR-
NAs in coeliac disease. Int J Mol Sci. 2017;18:1907. doi:10.3390/
ijms1​8091907

	122.	 Bach JF. The effect of infections on susceptibility to autoim-
mune and allergic diseases. N Engl J Med. 2002;347:911-920. 
doi:10.1056/NEJMr​a020100

	123.	 Rook GAW. Hygiene hypothesis and autoimmune diseases. Clin 
Rev Allergy Immunol. 2012;42:5-15. doi:10.1007/s1201​6-011-82​
85-8

	124.	 Yazdanbakhsh M, Kremsner PG, van Ree R. Allergy, parasites, and 
the hygiene hypothesis. Science. 2002;296:490-494. doi:10.1126/
scien​ce.296.5567.490

	125.	 Ivarsson A, Persson L, Nyström L, et al. Epidemic of coeliac disease 
in Swedish children. Acta Paediatr. 2000;89:165-171. doi:10.1111/
j.1651-2227.2000.tb012​10.x

	126.	 Norris JM. Risk of celiac disease autoimmunity and timing of glu-
ten introduction in the diet of infants at increased risk of disease. 
JAMA. 2005;293:2343. doi:10.1001/jama.293.19.2343

	127.	 Guandalini S. The influence of gluten: weaning recommendations 
for healthy children and children at risk for celiac disease. In: 
Agostoni C, Brunser O, eds. Nestlé Nutrition Workshop Series: pae-
diatric Program. KARGER; 2007:139-155. doi:10.1159/00010​6366

	128.	 Szajewska H, Shamir R, Chmielewska A, et al. Systematic review with 
meta-analysis: early infant feeding and coeliac disease – update 2015. 
Aliment Pharmacol Ther. 2015;41:1038-1054. doi:10.1111/apt.13163

	129.	 Lionetti E, Castellaneta S, Francavilla R, et al. Introduction of glu-
ten, HLA status, and the risk of celiac disease in children. N Engl J 
Med. 2014;371:1295-1303. doi:10.1056/NEJMo​a1400697

	130.	 Vriezinga SL, Auricchio R, Bravi E, et al. Randomized feeding in-
tervention in infants at high risk for celiac disease. N Engl J Med. 
2014;371:1304-1315. doi:10.1056/NEJMo​a1404172

	131.	 Szajewska H, Shamir R, Mearin L, et al. Gluten introduction and the 
risk of coeliac disease: a position paper by the European Society for 
Paediatric Gastroenterology, Hepatology, and Nutrition. J Pediatr 
Gastroenterol Nutr. 2016;62:507-513. doi:10.1097/MPG.00000​
00000​001105

	132.	 Mårild K, Dong F, Lund-Blix NA, et al. Gluten intake and risk of 
celiac disease: long-term follow-up of an at-risk birth cohort. Am 
J Gastroenterol. 2019;114:1307-1314. doi:10.14309/​ajg.00000​
00000​000255

	133.	 Lund-Blix NA, Mårild K, Tapia G, Norris JM, Stene LC, Størdal 
K. Gluten intake in early childhood and risk of celiac disease 
in childhood: a nationwide cohort study. Am J Gastroenterol. 
2019;114:1299-1306. doi:10.14309/​ajg.00000​00000​000331

	134.	 Pozo-Rubio T, de Palma G, Mujico JR, et al. Influence of early en-
vironmental factors on lymphocyte subsets and gut microbiota in 
infants at risk of celiac disease; the PROFICEL study. Nutr Hosp. 
2013;28:464-473. doi:10.3305/nh.2013.28.2.6310

https://doi.org/10.1093/pcp/pcr018
https://doi.org/10.1016/S1673-8527(08)60142-3
https://doi.org/10.1126/science.1074129
https://doi.org/10.1007/s00122-010-1408-4
https://doi.org/10.1136/gut.50.5.624
https://doi.org/10.1136/gut.50.5.624
https://doi.org/10.1136/gut.2005.083964
https://doi.org/10.1136/gut.2005.083964
https://doi.org/10.1080/00365520310003697
https://doi.org/10.1016/j.cgh.2008.04.008
https://doi.org/10.1080/00365520310000456
https://doi.org/10.1080/00365520310000456
https://doi.org/10.1038/ajg.2015.296
https://doi.org/10.1016/0016-5085(93)90912-V
https://doi.org/10.1111/j.1572-0241.2002.05471.x
https://doi.org/10.1172/JCI27620
https://doi.org/10.1016/j.dld.2014.08.002
https://doi.org/10.1016/j.dld.2014.08.002
https://doi.org/10.1001/jama.2019.10329
https://doi.org/10.1001/jama.2019.10329
https://doi.org/10.1007/s00251-010-0465-9
https://doi.org/10.1007/s00251-010-0465-9
https://doi.org/10.1016/j.humimm.2006.03.011
https://doi.org/10.3389/fnut.2020.575844
https://doi.org/10.1038/ng.102
https://doi.org/10.1038/ng.998
https://doi.org/10.1038/ng.998
https://doi.org/10.1016/j.tig.2016.02.003
https://doi.org/10.1016/j.tig.2016.02.003
https://doi.org/10.1053/j.gastro.2009.05.040
https://doi.org/10.1053/j.gastro.2009.05.040
https://doi.org/10.1038/nature14248
https://doi.org/10.3390/ijms18091907
https://doi.org/10.3390/ijms18091907
https://doi.org/10.1056/NEJMra020100
https://doi.org/10.1007/s12016-011-8285-8
https://doi.org/10.1007/s12016-011-8285-8
https://doi.org/10.1126/science.296.5567.490
https://doi.org/10.1126/science.296.5567.490
https://doi.org/10.1111/j.1651-2227.2000.tb01210.x
https://doi.org/10.1111/j.1651-2227.2000.tb01210.x
https://doi.org/10.1001/jama.293.19.2343
https://doi.org/10.1159/000106366
https://doi.org/10.1111/apt.13163
https://doi.org/10.1056/NEJMoa1400697
https://doi.org/10.1056/NEJMoa1404172
https://doi.org/10.1097/MPG.0000000000001105
https://doi.org/10.1097/MPG.0000000000001105
https://doi.org/10.14309/ajg.0000000000000255
https://doi.org/10.14309/ajg.0000000000000255
https://doi.org/10.14309/ajg.0000000000000331
https://doi.org/10.3305/nh.2013.28.2.6310


     |  S17MAKHARIA et al.

	135.	 Lan R, Ansari A, Lian Z, Gershwin M. Regulatory T cells: devel-
opment, function and role in autoimmunity. Autoimmun Rev. 
2005;4:351-363. doi:10.1016/j.autrev.2005.01.007

	136.	 Ivarsson A, Hernell O, Stenlund H, Persson LÅ. Breast-feeding 
protects against celiac disease. Am J Clin Nutr. 2002;75:914-921. 
doi:10.1093/ajcn/75.5.914

	137.	 Hummel S, Pflüger M, Hummel M, Bonifacio E, Ziegler AG. Primary 
dietary intervention study to reduce the risk of islet autoimmunity 
in children at increased risk for type 1 diabetes: the BABYDIET 
study. Diabetes Care. 2011;34:1301-1305. doi:10.2337/dc10-2456

	138.	 Auricchio S, Follo D, de Ritis G, et al. Does breast feeding pro-
tect against the development of clinical symptoms of celiac dis-
ease in children? J Pediatr Gastroenterol Nutr. 1983;2:428–433. 
doi:10.1097/00005​176-19830​2030-00006

	139.	 Størdal K, White RA, Eggesbø M. Early feeding and risk 
of celiac disease in a prospective birth cohort. Paediatrics. 
2013;132:e1202-e1209. doi:10.1542/peds.2013-1752

	140.	 Roberts SE, Williams JG, Meddings D, Davidson R, Goldacre 
MJ. Perinatal risk factors and coeliac disease in children and 
young adults: a record linkage study. Aliment Pharmacol Ther. 
2009;29:222-231. doi:10.1111/j.1365-2036.2008.03871.x

	141.	 Welander A, Tjernberg AR, Montgomery SM, Ludvigsson J, Ludvigsson 
JF. Infectious disease and risk of later celiac disease in childhood. 
Paediatrics. 2010;125:e530-e536. doi:10.1542/peds.2009-1200

	142.	 Walker WA. The importance of appropriate initial bacterial coloni-
zation of the intestine in newborn, child, and adult health. Pediatr 
Res. 2017;82:387-395. doi:10.1038/pr.2017.111

	143.	 Palmer C, Bik EM, DiGiulio DB, Relman DA, Brown PO. 
Development of the human infant intestinal microbiota. PLOS Biol. 
2007;5:e177. doi:10.1371/journ​al.pbio.0050177

	144.	 Nadal I, Donant E, Ribes-Koninckx C, Calabuig M, Sanz Y. 
Imbalance in the composition of the duodenal microbiota of chil-
dren with coeliac disease. J Med Microbiol. 2007;56:1669-1674. 
doi:10.1099/jmm.0.47410​-0

	145.	 Collado MC, Donat E, Ribes-Koninckx C, Calabuig M, Sanz Y. 
Imbalances in faecal and duodenal Bifidobacterium species com-
position in active and non-active coeliac disease. BMC Microbiol. 
2008;8:232. doi:10.1186/1471-2180-8-232

	146.	 Collado MC, Donat E, Ribes-Koninckx C, Calabuig M, Sanz Y. 
Specific duodenal and faecal bacterial groups associated with 
paediatric coeliac disease. J Clin Pathol. 2009;62:264-269. 
doi:10.1136/jcp.2008.061366

	147.	 Sánchez E, Donat E, Ribes-Koninckx C, Calabuig M, Sanz Y. 
Intestinal bacteroides species associated with coeliac disease. J 
Clin Pathol. 2010;63:1105-1111. doi:10.1136/jcp.2010.076950

	148.	 Schippa S, Iebba V, Barbato M, et al. A distinctive “microbial sig-
nature” in celiac paediatric patients. BMC Microbiol. 2010;10:175. 
doi:10.1186/1471-2180-10-175

	149.	 Sánchez E, Donat E, Ribes-Koninckx C, Fernández-Murga ML, Sanz 
Y. Duodenal-mucosal bacteria associated with celiac disease in 
children. Appl Environ Microbiol. 2013;79:5472-5479. doi:10.1128/
AEM.00869​-13

	150.	 Ou G, Hedberg M, Hörstedt P, et al. Proximal small intestinal mi-
crobiota and identification of rod-shaped bacteria associated with 
childhood celiac disease. Am J Gastroenterol. 2009;104:3058-
3067. doi:10.1038/ajg.2009.524

	151.	 Hensley-McBain T, Berard AR, Manuzak JA, et al. Intestinal damage 
precedes mucosal immune dysfunction in SIV infection. Mucosal 
Immunol. 2018;11:1429-1440. doi:10.1038/s4138​5-018-0032-5

	152.	 Roxas JL, Viswanathan VK. Modulation of intestinal paracellu-
lar transport by bacterial pathogens. Comprehensive Physiology. 
American Cancer Society; 2018:823-842. doi:10.1002/cphy.
c170034

	153.	 Ahmadizar F, Vijverberg SJH, Arets HGM, et al. Early-life antibiotic 
exposure increases the risk of developing allergic symptoms later in 
life: a meta-analysis. Allergy. 2018;73:971-986. doi:10.1111/all.13332

	154.	 Canova C, Zabeo V, Pitter G, et al. Association of maternal edu-
cation, early infections, and antibiotic use with celiac disease: a 
population-based birth cohort study in Northeastern Italy. Am J 
Epidemiol. 2014;180:76-85. doi:10.1093/aje/kwu101

	155.	 Kemppainen KM, Lynch KF, Liu E, et al. Factors that increase 
risk of celiac disease autoimmunity after a gastrointestinal infec-
tion in early life. Clin Gastroenterol Hepatol. 2017;15:694-702.e5. 
doi:10.1016/j.cgh.2016.10.033

	156.	 Jiang HY, Zhang X, Zhou YY, Jiang CM, Shi YD. Infection, antibiotic ex-
posure, and risk of celiac disease: a systematic review and meta-analysis. 
J Gastroenterol Hepatol. 2020;35:557-566. doi:10.1111/jgh.14928

	157.	 Herrán AR, Pérez-Andrés J, Caminero A, et al. Gluten-degrading 
bacteria are present in the human small intestine of healthy vol-
unteers and celiac patients. Res Microbiol. 2017;168:673-684. 
doi:10.1016/j.resmic.2017.04.008

	158.	 Olivares M, Neef A, Castillejo G, et al. The HLA-DQ2 genotype 
selects for early intestinal microbiota composition in infants at 
high risk of developing coeliac disease. Gut. 2015;64:406-417. 
doi:10.1136/gutjn​l-2014-306931

	159.	 Caminero A, McCarville JL, Galipeau HJ, et al. Duodenal bac-
terial proteolytic activity determines sensitivity to dietary an-
tigen through protease-activated receptor-2. Nat Commun. 
2019;10:1198. doi:10.1038/s4146​7-019-09037​-9

	160.	 Caminero A, Galipeau HJ, McCarville JL, et al. Duodenal bacteria 
from patients with celiac disease and healthy subjects distinctly 
affect gluten breakdown and immunogenicity. Gastroenterology. 
2016;151:670-683. doi:10.1053/j.gastro.2016.06.041

	161.	 Leonard MM, Camhi S, Huedo-Medina TB, Fasano A. Celiac 
Disease Genomic, Environmental, Microbiome, and Metabolomic 
(CDGEMM) study design: approach to the future of personal-
ized prevention of celiac disease. Nutrients. 2015;7:9325-9336. 
doi:10.3390/nu711​5470

	162.	 Whitburn J, Rao SR, Paul SP, Sandhu BK. Diagnosis of celiac dis-
ease is being missed in over 80% of children particularly in those 
from socioeconomically deprived backgrounds. Eur J Pediatr. 
2021;180:1941-1946. doi:10.1007/s0043​1-021-03974​-8

	163.	 Zingone F, West J, Crooks CJ, et al. Socioeconomic variation in the 
incidence of childhood coeliac disease in the UK. Arch Dis Child. 
2015;100:466-473. doi:10.1136/archd​ischi​ld-2014-307105

	164.	 Olén O, Bihagen E, Rasmussen F, Ludvigsson JF. Socioeconomic 
position and education in patients with coeliac disease. Dig Liver 
Dis. 2012;44:471-476. doi:10.1016/j.dld.2012.01.006

	165.	 Anyane-Yeboa A, Li B, Traboulsi C, et al. Black race and public 
insurance are predictive of inappropriate evaluation of iron defi-
ciency anaemia and diarrhoea. Dig Dis Sci. 2021;66:2200-2206. 
doi:10.1007/s1062​0-020-06434​-9

	166.	 Oza SS, Akbari M, Kelly CP, et al. Socioeconomic risk factors 
for celiac disease burden and symptoms. J Clin Gastroenterol. 
2016;50:307-312. doi:10.1097/MCG.00000​00000​000366

	167.	 Hogen Esch CE, Rosén A, Auricchio R, et al. The PreventCD study 
design: towards new strategies for the prevention of coeliac dis-
ease. Eur J Gastroenterol Hepatol. 2010;22:1424-1430. doi:10.1097/
MEG.0b013​e3283​3fe9ae

How to cite this article: Makharia GK, Chauhan A, Singh P, 
Ahuja V. Epidemiology of coeliac disease. Aliment Pharmacol 
Ther. 2022;56(Suppl. 1):3-17. doi:10.1111/apt.16787

https://doi.org/10.1016/j.autrev.2005.01.007
https://doi.org/10.1093/ajcn/75.5.914
https://doi.org/10.2337/dc10-2456
https://doi.org/10.1097/00005176-198302030-00006
https://doi.org/10.1542/peds.2013-1752
https://doi.org/10.1111/j.1365-2036.2008.03871.x
https://doi.org/10.1542/peds.2009-1200
https://doi.org/10.1038/pr.2017.111
https://doi.org/10.1371/journal.pbio.0050177
https://doi.org/10.1099/jmm.0.47410-0
https://doi.org/10.1186/1471-2180-8-232
https://doi.org/10.1136/jcp.2008.061366
https://doi.org/10.1136/jcp.2010.076950
https://doi.org/10.1186/1471-2180-10-175
https://doi.org/10.1128/AEM.00869-13
https://doi.org/10.1128/AEM.00869-13
https://doi.org/10.1038/ajg.2009.524
https://doi.org/10.1038/s41385-018-0032-5
https://doi.org/10.1002/cphy.c170034
https://doi.org/10.1002/cphy.c170034
https://doi.org/10.1111/all.13332
https://doi.org/10.1093/aje/kwu101
https://doi.org/10.1016/j.cgh.2016.10.033
https://doi.org/10.1111/jgh.14928
https://doi.org/10.1016/j.resmic.2017.04.008
https://doi.org/10.1136/gutjnl-2014-306931
https://doi.org/10.1038/s41467-019-09037-9
https://doi.org/10.1053/j.gastro.2016.06.041
https://doi.org/10.3390/nu7115470
https://doi.org/10.1007/s00431-021-03974-8
https://doi.org/10.1136/archdischild-2014-307105
https://doi.org/10.1016/j.dld.2012.01.006
https://doi.org/10.1007/s10620-020-06434-9
https://doi.org/10.1097/MCG.0000000000000366
https://doi.org/10.1097/MEG.0b013e32833fe9ae
https://doi.org/10.1097/MEG.0b013e32833fe9ae
https://doi.org/10.1111/apt.16787

	Review article: Epidemiology of coeliac disease
	Summary
	1|INTRODUCTION
	2|GLOBAL EPIDEMIOLOGY OF CeD
	2.1|Epidemiology of CeD
	2.2|Modern epidemiology of CD
	2.3|The global burden of CD
	2.3.1|Global seroprevalence of CD
	2.3.2|Global prevalence of biopsy-­confirmed CD

	2.4|Continent-­wise prevalence of CD
	2.4.1|Prevalence of CD in Europe
	2.4.2|Prevalence of CD in America (North America and South America)
	2.4.3|Prevalence of CD in Oceania
	2.4.4|Prevalence of CD in Africa
	2.4.5|Prevalence of CD in Asia
	4.5.1|South Asia
	4.5.2|East Asia
	4.5.3|South East Asia
	4.5.4|Western Asia
	4.5.5|Central Asia and Russia


	2.5|Prevalence of CD over time
	2.6|Variations in the prevalence of CD as per age, gender and geographical distribution
	2.6.1|Children vs adults

	2.7|Men vs women
	2.8|Geographical location
	2.9|Racial and ethnic differences in the prevalence of CD

	3|INCIDENCE OF CD
	4|MALIGNANCY IN PATIENTS WITH CD
	5|MORTALITY ASSOCIATED WITH CD
	6|RISK FACTORS FOR CD
	6.1|Wheat, barley and rye
	6.2|Genetic risk factors
	6.2.1|HLA genes
	6.2.2|Non-­HLA genes
	6.2.3|Epigenetic factors

	6.3|Other environmental risk factors which might influence the incidence of CD
	6.3.1|Age at the introduction of gluten
	6.3.2|Amount of gluten ingestion in early part of life
	6.3.3|Breastfeeding
	6.3.4|Childhood infections, gut microbiota and antibiotics
	3.4.1|Childhood infections
	3.4.2|Gut microbiome
	3.4.3|Antibiotic exposure
	3.4.4|Socioeconomic factors



	7|CONCLUSIONS
	ACKNOWLEDGEMENTS
	AUTHORSHIP
	DATA AVAILABILITY STATEMENT

	REFERENCES


