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Ab s t r a c t

The epidemiology of celiac disease and Non-Celiac Gluten related
disorders is still an open field to be explored. Not many studies have
been  conducted  in  well-defined  populations.  We  have  reviewed  the
prevalence  reported  in  studies  using  different  methodology  and
addressed the findings obtained in old and new areas with the aim to
increase  awareness  of  the  frequency  of  these  disorders.  The  data
available  suggest  the  need  to  plan  further  proper  epidemiological
studies in order to understand the natural history of the disease and to
assess the burden of these diseases on health systems. 

Celiac disease has a global distribution. In childhood celiac disease,
epidemiological  studies  have  concentrated  so  far  mainly  on  the
determination  of  the  incidence.  There  is  a  relative  homogeneous
prevalence  in  descendants  of  the  Caucasian  race.  However,
heterogeneity  exists  in  various  countries  and  continents.  In  some
countries studies in blood donors have contributed to raise awareness
of celiac disease and are the only information available.

The average prevalence in the United States of celiac disease is very
similar to the one observed in Europe.  The highest prevalence  was
found in the Saharawi population and the lowest in Japan.  Recent
reports have confirmed the occurrence of celiac disease in China and
Central  America,  countries  where  previously  it  was  considered that
gluten-related disorders were nonexistent. 

We  reviewed  the  almost  non-existent  epidemiology  of  non-celiac
gluten  related  disorders.  The  worldwide  epidemiology  of  dermatitis
herpetiformis  suggests  stronger  heterogeneity  than  the  observed  in
celiac disease. The incidence of allergy and autoimmune disease in the
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U.S.A. and other industrialized nations is increasing.  Gluten-related
disorders are no exception.

We  expect  that  an  improved  knowledge  of  the  worldwide
distribution of gluten-related disorders will help us to understand the
role of different genetic factors and different environmental influences
involved in the pathogenesis of these diseases. At a public level the
epidemiological studies are necessary to assess the impact on health
systems in the different countries. 

Keywords
Epidemiology, celiac disease, non-celiac gluten-related disorders, dermatitis

herpetiformis, gluten ataxia, prevalence, incidence.
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1. Introduction

Celiac disease is a systemic process of autoimmune nature related to the
existence  of  a  permanent  intolerance  to  gluten  and  manifests  itself  in
genetically susceptible individuals. Although it is primarily a disease of the
small  intestine,  it  often  affects  several  organs  both  in  and  outside  the
gastrointestinal tract. The clinical features are protean manifestations often
without gastrointestinal symptoms, which make the diagnosis as well as the
studies of the pathogenesis and its epidemiology more complicated. Studies of
epidemiology are important to help to understand the causes of a disease and
to quantify the burden of disease. 

In childhood celiac disease, epidemiological studies have concentrated so far
mainly  on  the  determination  of  the  incidence.  Extensive  research  and
literature exist throughout Europe. The determination on the prevalence of
celiac disease in different countries involves children and adults.

In  relation  to  the  incidence:  a  demographically  homogeneous  Danish
population study covering a 15-year period1 found a crude rate of 0.10 by
1000 live births which was the lowest rate described in any epidemiological
study per 1000 live births. In the Netherlands, a similar low incidence of 0.18
per  1000 live  births2 was  found during  the  period  from 1976 to  1990.  In
contrast, in other western countries, higher rates of 0.33 to 8 per 1000 live
births  were  found.  In  Sweden,  between  1970  and  1988  the  cumulative
incidence  of  celiac  disease  at  2  years  of  age  per  1000  live  born  infants
increased significantly from 0.31 in the first birth cohort to 2.93 in the last
cohort3. According to the authors from Goteborg this incidence makes celiac
disease one of the most common chronic diseases among Swedish children.

In  Sicily,  a  maximum  cumulative  incidence  rate  by  birth  cohort  was
reached in 1986, to 1.65 per 1000 live births. When the incidence rate was
adjusted for the years of follow-up, the actual standardized rate was 3 cases
per  1000  live  births4 and  recently  in  Spain,  a  prospective,  multicenter,
nationwide registry of new cases of celiac disease in children <15 years of age
conducted from June 1, 2006 to May 31, 2007 an incidence rate of 7.9 cases of
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celiac disease per 1000 live births was found. This rate is much higher than
the  present  incidence  rates  of  celiac  disease  observed  in  other  European
countries5.

In this chapter we focus on the prevalence of celiac disease in adults. We
reviewed  the  prevalence  that  has  been  observed  in  many  studies,  using
different  methods  of  formal  epidemiology.  Not  many  studies  have  been
conducted in well-defined populations. We addressed the findings obtained in
old and new areas with the aim to increase awareness of the frequency of
celiac  disease  and  to  draw  attention  to  the  need  to  plan  further  proper
epidemiological  studies  in  order  to  understand  the  natural  history  of  the
disease. 

Celiac disease has a global distribution. There is a relative homogeneous
prevalence  in  descendants  of  the  Caucasian  race.  Heterogeneity  exists  in
various countries and continents. Several causes may explain the differences
observed between countries, even in regions of the same country. A possible
explanation  is  the  variability  in  the  knowledge  and  experience  of  general
practitioners  in  the  diagnosis  of  the  disease due to  the multiple  forms of
clinical presentation. This probably results in a delayed identification of the
disease. Also at the specialist level, the awareness to suspect celiac disease
varies.  Also  there  are  differences  in  availability  of  diagnostic  tests  and  a
proper  interpretation6.  It  is  also  well-known  that  there  is  an  increased
incidence of subclinical or silent forms of celiac disease. The most frequent
extraintestinal markers of subclinical celiac disease are iron-deficiency anemia,
dermatitis herpetiformis, osteoporosis and recurrent aphthous stomatitis. The
most frequent presentations in silent celiac disease are found in first-degree
relatives,  in  diverse  types of  thyroid  disease and in  patients  with insulin-
dependent diabetes7. 

We expect that an improved knowledge of the worldwide distribution of
celiac disease will help us to understand the role of different genetic factors
and different environmental influences involved in the pathogenesis of celiac
disease. At a public level the determination by epidemiology of celiac disease
will help to assess the impact on health systems in the different countries. 
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2. Heterogeneity and Difficulties in Performing 
Epidemiological Studies

Most  of  the  epidemiological  studies  have  been carried  out  through the
determination in blood of specific serological markers of celiac disease, like the
detection of IgA anti-gliadin (AGA), IgA anti-tissue transglutaminase (tTG)
and/or IgA anti-endomysium antibodies (EmA). The most important genetic
markers of susceptibility, the HLA class-II antigens: HLA-DQ2 and/or HLA-
DQ8 have not been taken into account in general but only in some studies.
Full HLA-DQ typing of all patients has been investigated by Hadithi et al.8.
Some authors have included the histological findings of the duodenal biopsy
specimens, based on the presence of villous atrophy and more recent on the
increase of epithelial lymphocytes without villous atrophy.

In  the last  decade,  large genome-wide  associations  studies  (GWAS),  have
identified more than 40 different non-HLA genes associated to celiac disease.
However,  these  genes,  identified  by single  nucleotide  polymorphisms  (SNPS)
inside or near the genes, will only provide a small contribution to the heritability
of  celiac  disease.  No screening  studies  based  on other  genetic  markers  that
possibly have an influence on the emergence and development of celiac disease,
apart from the HLA genes in chromosome 6, have been published9-11. 

In families with celiac disease, the presence of certain SNPS improves
the  prediction  to  suffer  from  celiac  disease  in  first-degree  relatives.  In
particular in the low HLA risk groups12.  Romanos et al.,  have suggested
using GWAS as a first step to achieve a better diagnosis and prognosis in
high-risk  families  and  in  population-based  screening 13.  In  spite  of  the
advances  of  the  GWAS approach  this  technology  still  seems  to  be  pre-
mature and expensive. Also the genes linked to the high risk SNPS, have
not been identified as yet.

Despite the diversity and weaknesses of the epidemiological studies, e.g. the
inability to detect Marsh I celiac patients by specific serological tests, it is
acknowledged  that  the  worldwide  prevalence  of  celiac  disease  ranges  from
0.5% to 1%. Differences among populations that have low gluten consumption
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and/or  a  limited  access  to  diagnostic  tools  exhibit  lower  prevalence.
Therefore,  in  spite  of  technical  failures,  lack  of  orientation  and/or  the
sampling of insufficient biopsies, the "gold standard" for the diagnosis of celiac
disease  continues  to  be  the  small  intestinal  biopsy14.  During  endoscopy,
multiple biopsies in the duodenal bulb and at least 4 in the distal duodenum
should  be  taken.  In  a  multicenter  study  carried  out  in  children,  it  was
confirmed that in a 2.4% of 665 patients, the lesions were virtually limited to
the duodenal bulb15.  The majority of the studies published so far, do not
comply  with  the  protocol  suggested  by  Bonamico  et  al.15.  Taking  small
intestinal biopsies are not feasible for the screening protocol in population
studies and without the improvements in the sensibility and specificity of the
serological test to diagnose celiac disease, epidemiological studies would not
have advance to the state were we are. Serological studies have allowed the
possibility of mass screening programs which are useful in identifying patients
who can benefit from gluten-free diet and follow-up, because in the general
population celiac  disease is  frequent and clinically  relevant,  irrespective of
histological severity16. Nevertheless, since the economic costs of screening and
treatment versus the prevention of morbidity have not been calculated, the
time for mass screening has not yet been reached17.

2.1. Prevalence’s at the Global Level

Until  recently  celiac  disease  was  considered  to  be  a  disease  of  the
Europeans. It is now endorsed that it affects all races and there is a gradual
change in the global distribution; therefore, it is important to quantify the
weight of the burden of the disease in each region. The outcome will have
implications for the health systems in the different countries.

In  Caucasians  the  average  prevalence  is  estimated  to  be  about  1-2%
according  to  different  studies  using  specific  serological  tests,  evaluated by
different methods and markers18-20. 

The presentation forms of celiac disease have changed remarkably. Until some
years ago the classical forms predominated. They were clinically characterized by
the presence of chronic diarrhea, steatorrhea, malabsorption, and weight-loss. In
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the last few decades, the oligosymptomatic and the atypical forms with less or no
digestive symptoms have significantly  increased. At present we find a notable
predominance of extra-intestinal manifestations, such as iron deficiency anemia
and osteoporosis. The increase of celiac disease observed in some studies may be
due to the success of the case-finding approach and to the accessibility of more
sensitive and specific serological tests for diagnosis21,22.

2.2. Prevalence Studies in Blood Donors

Epidemiologic  studies  carried  out  in  volunteer  blood  donors,  are  not
considered representative of what happens in the general population, in part
because of  the limitation of  age selection.  In  addition anemia,  a relatively
frequent presentation form of celiac disease, excludes blood donation by healthy
volunteers. However, in some countries studies in blood donors have contributed
to raise awareness of celiac disease. For example in North India, using tTG
antibodies and duodenal biopsy in tTG positive subjects found in 1,610 blood
donors of whom 98.2% were males, a prevalence of celiac disease of 1 in 179
donors (0.56%)23; In Madrid, Spain in 2,215 apparently healthy blood donors
screened with tTG antibodies, they found a prevalence of celiac disease of 1 in
370 or 1 in 222, if Marsh I lesions in duodenal biopsy were included24. 

In many countries the only available information on the prevalence of celiac
disease has been obtained from blood donors25,26. 

Many epidemiological  studies  use  the  data  obtained  in  blood  donors  as
control of their studies; for example, in Tunisia, Ghozzi et al. have used EmA
antibodies to study two hundred and eleven patients suffering from arthritis or
arthralgia with no evident cause and two thousand and five hundred blood
donors as control group. Five had EmA antibodies positive which represents
2.37% in the patient group and 0.28% in blood donors27. In Italy, Carroccio et
al. compared the frequency of tTG and EmA in 80 consecutive non-Hodgkin's
lymphoma (NHL) patients (median age, 61 years) with 500 blood donors. The
frequency in NHL patients was 1.2% versus blood donors 0.4% (p=0.4). Of
interest  in  this  study  is  that  in  NHL patients  the  tTG assay  often  gave
discordant results with the EmA assay. They found a high frequency of tTG
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false positive tests28. Vancikova et al. in the Czech Republic determined the
prevalence of celiac disease using a panel of specific antibodies sequentially in
1,312  healthy blood donors and 102 patients with primary osteoporosis,  58
patients with autoimmune diseases and 365 infertile women. They found AGA
and/or tTG and EmA positive in 0.45% of healthy blood donors, 0.98% of
osteoporotic patients, 2.7% of patients suffering from autoimmune disease and
1.13% of women with infertility29. In Eastern Saudi Arabia, Al Attas et al.
found in a group of 145 patients with clinical suspicion of celiac disease that the
serological  (EmA positive)  prevalence  was  7.6%.  Six  of  these  patients  had
confirmed celiac disease by intestinal biopsy indicating a prevalence of celiac
disease of 4%. In 80 patients with autoimmune diseases 2 were  EmA-positive
(2.5%) whereas none of the 20 patients with inflammatory bowel disease and
none of the 100 healthy blood donors were found to be EmA-positive30. In Italy,
sera from 220 patients with autoimmune thyroiditis, 50 euthyroid subjects with
thyroid  nodules  and  250  blood  donors  were  tested  for  tTG  and  EmA
antibodies. The  prevalence  of  celiac  disease  in  patients  with  autoimmune
thyroiditis (3.2%) was significantly higher than that found in blood donors
(0.4%)  (p=0.022,  Fisher's  exact  test).  The  50  euthyroid  subjects  had  no
antibodies  and  no  signs  of  celiac  disease31.  Cuoco  et  al.  found  among  92
patients with autoimmune thyroid disease that 4 patients had positive AGA
and  EmA  antibodies  and  celiac  disease;  among  90  patients  with  non-
autoimmune thyroid disease only 1 patient had celiac disease. In 236 blood
donors one subject (0.4%) was AGA and EMA positive and had celiac disease32.

These  studies  confirm  that  the  prevalence  in  blood  donors  is  not
representative for the prevalence of celiac disease in a population and the
prevalence is inferior to the one found in diseases known to be associated with
celiac disease.

2.3. Prevalence in High-Risk Groups

There are various risk  groups,  which have a greater  predisposition to
suffer from the disease than the general population. The most common risk
groups are first-degree relatives. They show an average prevalence between
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10 to 20%33. The family members who carry the HLA-DQ2 and/or HLA-
DQ8 antigen and the siblings exhibit the highest risk to suffer from celiac
disease.  Some authors  have  found a  higher  prevalence  in  brothers,  than
among the rest of family members34-36. Hansen et al found a high prevalence
of  celiac  disease  10.4%  (95%  C.I.  4.6-16.2%)  in  young  Danish  type-1
diabetics37.  A  study  in  young  people  under  the  age  of  20  in  Sweden,
suffering from type-1 diabetes mellitus, found a low prevalence of 0.7% in
symptomatic children. However, at 5 year’s follow-up after diagnosis, the
prevalence increased to 10%38.

Studies of prevalence of celiac  disease have been carried out in high risk
groups as shown in Table 1, in first-degree relatives, in individuals with Down´s
syndrome and in type-1 insulin-dependent juvenile diabetes (See Table 1). A
study in 35 patients with Turner syndrome found a prevalence of celiac disease of
8.1 (3 patients with villous atrophy, or 10.8 (if  4 antiendomysium antibody-
positive are considering as suffering from celiac disease. This prevalence is quite
high and Bonamico and coworkers have suggested that the association of these
two disorders could not be coincidental39.

Table 1. Risk Groups for the Development of Celiac Disease.

Risk groups for celiac disease (Ref 33 and 40-69)

• First- and Second-Degree Family Members33 
• Chronic Iron Deficiency Anemia and Refractory Anemia40,41 
• Osteoporosis, Osteopenia and Osteomalacia42,43

• Diabetes Mellitus type-1 (mainly in Children and Adolescents)44-46

• Endocrinopathies of Autoimmune Origin, especially Thyroid Diseases47-49

• Autoimmune Hepatitis and Primary Biliary Cirrhosis50 
• Skin Diseases, Dermatitis Herpetiformis, psoriasis51-53 
• Chromosomal Abnormalities such as Down syndrome54, Turner syndrome55, 

and Williams Syndrome56,57

• Neurological disorders, Gluten Ataxia, Epilepsies, Occipital Calcifications, 
Polyneuropathies58-61

• Recurrent Polyarthritis and Poly-Arthralgias53,62

• Recurrent Headaches of Migraine-type63

• IgA Nephropathy64-67

• Repeated Miscarriages, Menstrual Disorders, Infertility68,69
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2.4. Prevalence in Europe

The prevalence in Europe is slightly higher in the countries of Northern
Europe than in the Mediterranean basin. It appears that the differences in
prevalence have diminished in recent years70. The Scandinavian countries, the
United Kingdom and Ireland, have shown a prevalence ranging from 1 to
2.5%71-74. 

A study conducted in Holland among blood donors found a low prevalence
of  0.3%  in  1,99975.  A  larger  study  in  the  Netherlands  including  50,760
individuals  who had previously  participated  in  two large  population-based
studies  on  health  status  in  relation  to  lifestyle  factors,  were  screened  by
identification of self-reported adherence to a gluten-free diet and subsequent
confirmation of the diagnosis of celiac disease found a prevalence of coeliac
disease 0.016% (95% confidence interval 0.008-0.031). In a random sample of
1,440 of all participating subjects were screened by serological tests and by
the typing of human lymphocyte antigens. A prevalence of 0.35% (95% C.I.
0.15-0.81) was found. The prevalence of adult-recognized celiac disease in the
Netherlands  is  one  of  the  lowest  in  Europe,  while  the  prevalence  of
unrecognized  celiac  disease  is  comparable  with  other  Southern  European
countries,  which  suggests  that  celiac  disease  is  underdiagnosed  in  the
Netherlands76. 

A study performed in adolescents in Switzerland showed a prevalence of
0.75%77.

The mean prevalence of celiac disease in European countries is within the
medium  range  at  global  level.  Although  celiac  disease  was  traditionally
regarded as a disease with predominance in children, in the last decades the
majority of cases are diagnosed in adults78.

There  are  longitudinal  studies  conducted in  Finland which  confirm the
increase in the prevalence of celiac disease, over the past few decades. In a
large cohort of 8,000 participants selected from the general population, the
average prevalence from 1978 to 1980 was 1%, rising to 2% in the period from
2000 to 200179. 
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A  centralized  international  mass  screening  of  29,212  participants  in
Finland, Germany, and Italy by means of a tTG antibody test and when the
tTG test was positive or showed  border-line results then an EmA test was
performed. This large study found a mean prevalence of celiac disease of 2.4%
(2.0-2.8) in Finland, 0.3% (0.1-0.4) in Germany, 0.7% (0.4-1.0) in Italy. Sixty-
eight  percent  of  antibody-positive  individuals  showed  small-bowel  mucosal
changes typical for celiac disease (Marsh II/III) lesions80. 

The epidemiological  differences between neighboring countries  may be
due to differences in the socio-economic levels of the different populations,
as  well  as  to  environmental  health measures.  The prevalence  of  tTG in
celiac disease is lower in Russian Karelia than in Finland, in spite of the
similar  frequency  of  HLA risk  haplotypes  in  both  regions.  It  has  been
hypothesized that this  may be associated with a protective environment
characterized by inferior prosperity and standards of hygiene in Karelia 81.
Unfortunately the availability of the diagnostic tools and knowledge of the
disease in primary care centers are very different from one country to the
other. 

2.5. Prevalence in United States

The average prevalence in the United States of celiac disease is very similar
to the one observed in Europe. In the last years, a greater awareness of celiac
disease  and a more  active  search through information  campaigns  and the
dissemination  of  knowledge  by  patient´s  associations  and  internet  active
groups have contributed to a higher prevalence. Patients with symptomatic
celiac disease in the USA showed prevalence of 1.7% in 200382. 

Another  study  compared  the  results  obtained  with  samples  collected
between the years 1948-54, to two cohorts of samples collected between 1995-
2003 and 2006-2008. The authors found a notable increase of up to four times
higher in the last periods83. 

In a retrospective comparative study during a 15-year period of follow-up
conducted in healthy volunteers found a prevalence of 1 in 501 subjects in
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1974 versus  1 in 219 subjects was found84.  (Table 2 shows a summary of
studies performed in U.S.A.).

These epidemiological changes in time of celiac disease in the U.S.A. are
seen in many other countries. Not only in the well-known geographical areas
where celiac disease is present, such as northern Europe, but also in regions
where celiac  disease was unknown, such as in Central America and Asian
countries. This aspect is described later. To a large extent, the increase in the
prevalence of celiac disease is due to the changes in dietary habits in the last
few decades. There has been a considerable increase in the consumption of
foods containing gluten. 

Table 2. Prevalence in United States.

Characteristics Year (Ref) Studied
population

Prevalence in
(%)

Global 200382 13,145 at-risk 
and non-at-risk

4.54-0.75

Nationwide 201283 7,798 adolescents 
and adults

0.71

Cohort study 201084 4,351 adults 0.19-0.45

2.6. Prevalence in Africa

In the countries of North Africa, Morocco, Algeria, Tunisia, Libya and
Egypt,  a high prevalence of celiac disease has been reported. The highest
prevalence was found in the Saharawi population of  Arab-Berber  origin.
The prevalence varies between 0.3 to 5.6%. There is a strong association
with the haplotype HLA-DR3-DQ2 in the general population and a high
consumption  of  cereal-based  foods  with  gluten  with  less  intake  of
vegetables and fruits85.

There  is  little  information  on  the  prevalence  of  celiac  disease  in  the
countries  of  Sub-Saharan  Africa.  Some  individual  studies  such  as  one
conducted in Djibouti in the Horn of Africa region clearly confirms that
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celiac  disease  does  exist  in  these  regions.  The  clinical  presentation  is
similar  to  the  observed  in  the  rest  of  the  world.  Its  diagnosis  is  more
difficult  due  to  the  limited  knowledge,  low  index  of  suspicion  of  the
disease, as well as for the limited facilities to carry out a diagnosis 86. In
Africa and in general  in the tropical  countries  the major causes of  iron
deficiency  anemia  are  an  increased  Hookworm  infestation,  Schistosoma
mansoni particularly in Egyptian patients and Trichuris trichiura. In the
continent  of  Africa,  the  etiology  of  anemia  in  children  besides  iron
deficiency includes malaria, bacterial or viral infections, folate deficiency
and sickle-cell  disease87 (Table  3  illustrates  as  far  as  we know the only
information available on celiac disease in Africa.

Table 3. Prevalence in Africa.

Country Year (Ref) Studied population Prevalence in
(%)

Sahara 201085 975 Children and Adults 5.6

Inter-tropical
(Horn of Africa)

200886

Children and Adolescents
During 3 years period

8 celiac disease patients
diagnosed

Unspecified

2.7. Prevalence’s in Middle East

Celiac disease is a frequent cause of chronic diarrhea,  mainly in children
and  in  patients  with  type-1  diabetes  mellitus  in  diverse  countries  of  the
Middle East, such as Iran, Iraq and Kuwait88.

The prevalence of celiac disease in adult blood donors in Iran89 and Israel26

is 0.6% for both countries; in Syria and Turkey the prevalence is 1.6%90. In
Anatolia a similar result of 1% was found91. An Iranian study in children with
chronic diarrhea, found a prevalence of 6.5%92 and the prevalence in healthy
children from Turkey was 1 in 115 (0.86%) based on serology. However the
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prevalence of biopsy proven celiac disease was 1 in 158 (0.63%)93. Table 4
shows studies on prevalence in the middle east.

Table 4. Prevalence in Middle East.

Country Year (Ref) Studied population Prevalence in
(%)

Iran (South) 201388 83 T1DM children 4.80

Iran (Tehran) 200389 2,000 blood donors 0.60

Iran 200592 825 children with chronic
diarrhea

6.50

Iran(north and
south)

200694 2799 individuals 0.96

Israel 200226 1571 blood donors 0.63

Turkey 200495 2000 blood donors 1.30

Turkey
(Anatolia)

200591 906 adults 0.99

Turkey 200593 1263 healthy children 0.86

T1DM = Type-1 Diabetes Mellitus

2.8. Prevalence in Asia

Celiac  disease  is  still  uncommon in  Asia.  Only several  cases  have been
reported.  The World  Gastroenterology Organization and the  Asian  Pacific
Association of Gastroenterology commissioned a working party to address the
key issues in the emergence of celiac disease in Asia96.  The working party
suggested performing studies on the prevalence of celiac disease increase the
awareness among physicians and patients as well as increase the recognition of
atypical manifestations of the disease. Several problems were identified and
represent challenges to be overcome. The working party found variability in
performance of serological tests, a lack of population-specific cut-off values for
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tests positive or negative, a need to educate dietitians for proper counseling
and supervision of patients and improve the gluten-free infrastructure in food
supply.  To  establish  celiac  patient’s  advocacy  organizations  was  also
emphasized. 

2.9. Prevalence in India and Pakistan

In India celiac disease was recently described by an Indian Task Force as
being “submerged in an ocean of malnutrition”97. Its frequency in India, seems
to be higher in the Northern part of the country, creating the so-called “celiac
belt”. This finding is at least partially explained by the wheat-rice shift from
the North to the South98,99. The “All India Institute of Medical Sciences” in
New Delhi, has prospectively studied adolescent and adult patients presenting
with nutritional anemia by tTG antibodies. Positive patients underwent an
upper  gastrointestinal  endoscopy  and  duodenal  biopsy.  Ninety-six  patients
with a median duration of anemia of 11 months (range 1 to 144 months) were
screened. 10 patients with nutritional anemia (iron deficiency 9, vitamin B12
deficiency 1) were diagnosed to have celiac disease41.

There is limited data on the epidemiology in India. Possibly because of the
presence of generalized malnutrition and epidemics of chronic diarrhea as well
as the difficulty to make a diagnosis of celiac disease100,101. 

In the Delhi area with a large population sample of 2,879 participants, the
prevalence of celiac disease was 1.04% (1 in 96)102. In a questionnaire-based
survey of 4,347 schoolchildren (3–17 years) from Ludhiana, a city in Northern
part of Punjab, India the prevalence was 1 in 310103.

Based on these studies, it is estimated that 5 to 8 million individuals can be
expected to have celiac disease in India, yet so far only a few thousand cases
appear to have been diagnosed. There is a clear need for further epidemiological
studies, in order to determine the regional differences in prevalence.

No epidemiological studies have been reported in Pakistan some studies
however  have  reported  patients  with  celiac  disease  and  explained  the
difficulties such as in India, in making the diagnosis104,105.
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2.10. Prevalence of Celiac Disease in China

In China the major causative factor—gluten consumption (particularly in
the Northern part of the country)—and risk HLA genotypes (HLADQ2 and
-DQ8)  are  present,  although  with  a  lower  prevalence  than  in  Western
countries106-108. It appears that there is a clear predominance in its distribution
in the North. The knowledge on celiac disease in China has started in recent
years, though no formal epidemiological studies have been performed yet108,109.
In a recent series of 118 children with chronic diarrhea, admitted in pediatric
hospitals in four major Chinese cities (Shanghai, Wuhan, Jinan, and Chengdu)
the diagnosis of celiac disease was made in 14 patients (11.9%)110. The reports
are of great importance since they confirmed the occurrence of celiac disease in
China, a country where previously was considered to be nonexistent.

Table 5. Prevalence in Asia.

Country Year (Ref) Studied population Prevalence in
(%)

India Punjabis
(City of Leicester UK)

1993111 20 celiac adults 2.7-3.8

India(north) 2011102 10,488 adults 1.04

India(Punjab) 2006103 4,347 children 0.32

China 2011110 199 children with
Chronic diarrhea

11.9

Japan 2014112
172 IBD adults 

Positive tTG and DGP
No HLA high risk

0

IBD = Inflammatory Bowel Disease; DGP = Deamidated Gliadin Peptides
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2.11. Prevalence of celiac disease in Japan and the South
East Asian Islands

In Japan, in a recent study, the prevalence of celiac serological markers
was  18%  in  a  series  of  172  patients  with  inflammatory  bowel  disease,
compared with the 1.6% in 190 healthy individuals recruited in the general
population.  However,  no  duodenal  biopsies  were  performed  and  no
information on genetic markers of susceptibility were available112.

There are no data on the prevalence of celiac disease in the South East
Asian countries, including Malaysia, Korea, Taiwan, the Philippines and the
smaller islands of the Pacific. It is assumed that there is a low incidence, due
to the low consumption of products containing wheat flour, along with a low
frequency of HLA-DQ2 and HLA-DQ8 in the general population. There is a
limited availability to study celiac disease by specific serological markers in
these countries.

The average prevalence of the risk haplotype HLA-DQ2 is low in Japan
and in Southeast Asia. It is present only in 5-10% in the general population
and the mean prevalence of the HLA-DQ8 in Asia is less than 5%113. The
ingestion of wheat-based products is low, but has increased in the past few
years.

2.12. Prevalence of Celiac Disease in New Zealand

New Zealand  forms part of an island continent whose inhabitants have a
large  proportion  of  predecessors  of  white  race,  with  Anglo-Saxon
predominance and genetic haplotypes of  susceptibility for  celiac disease as
well as a high cereal consumption of wheat.

In a comprehensive study conducted in Western Australia, a prevalence of
0.4% of celiac disease was found in this population113. 

A  study  to  determine  the  prevalence  of  celiac  disease  and  of  gluten
avoidance in New Zealand children, found that 1% of these had celiac disease,
but  5% reported  gluten  avoidance.  The  predictors  of  gluten  avoidance  in
children without properly diagnosed celiac disease suggest important regional
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differences in community belief or medical practice regarding implementation
of a gluten-free diet114.

2.13. Prevalence of Celiac Disease in Australia 

In a retrospective analysis performed in an Australian community of stored
serum samples taken in 1994-1995 from 3,011 subjects, assays for IgA-tTG
and IgG-tTG antibodies were performed. Positive or equivocal samples were
retested  with  a  different  commercial  tTG  assay.  The  prevalence  of  tTG
antibodies  in  this  population is  1.56%; the  prevalence  of  celiac  disease  is
0.56%. According to these authors, the value of a single positive result of a
tTG assay in screening for celiac disease in the community is poor and an
assessment with different assays may decrease the need for gastroscopy and
distal duodenal biopsy115.

In an Australian rural community a prevalence of 12 of 3,011 found (1 in
251) was based on positive EmA antibodies and duodenal biopsy compatible
with celiac disease116.

Table 6. Prevalence in Australia and New Zealand.

Country Year (Ref) Studied population Prevalence in
(%)

New Zealand 2000113 1,064 adults 1.2

Australia 2001116 3,011 adults 0.4

New Zealand 2002114 916 children 1.0

Australia 2009115 3,011 adults 0.6

2.14. Prevalence of Celiac Disease in Mexico

Information regarding celiac disease in Mexico is limited; however, on the
basis of the prevalence of tTGA in a large group of healthy blood donors a
high  prevalence  of  tTGA  positivity  27  of  1,009  (2.6%)  was  found.  This
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suggests that in the adult Mexican Mestizo population the presence of celiac
disease is high117. A recent update118 using the weighted prevalence for double-
positive serology IgA tTG and IgA EmA the prevalence was 0.59% (95% CI,
0.27 – 1.29). A high prevalence of 5.9% biopsy-proven celiac disease was found
in Mexican Mestizo patients with type-1 diabetes mellitus119. Interestingly, in
a study of prevalence in United States in 7,798 persons aged 6 years and older
who participated in the National Health and Nutrition Examination Survey
2009-2010, they found a prevalence  of 0.71% (95% confidence interval (CI),
0.58-0.86%) i.e. 1 in 141. This study also  reported celiac disease to be rare
among minority groups, including Hispanics. The prevalence was 0.03%, or 1
of 2,519 and in Mexican Americans (0%)83. This discrepancy illustrates the
possible effect of environmental factors in determining the prevalence of celiac
disease in people with the same genetic background.

2.15.  Prevalence  of  Celiac  Disease  in  El  Salvador  and
Costa Rica

There are no epidemiological studies published in Central America. The
first  study  using  the  modified  Marsh  classification  and  the  full  HLA-DQ
typing in El Salvador, has been recently published. Of the 32 cases, 23 were
celiac disease risk genotype carriers120. Similar results have been reported from
Costa Rica, in 35 patients121.

2.16. Prevalence of Celiac Disease in Brazil 

A study carried out in Brazil, which included a total of 214 symptomatic
children,  aged  between  12  and  36  months,  were  studied  by  serological
screening and subsequent confirmation by jejunal biopsy in the positive cases.
Five cases (2.3%) were found122. The prevalence of celiac disease in a group of
first-degree relatives  of  Brazilian celiac  patients,  between March 2001 and
November 2004, in two centers in Brasilia was studied. They found among the
188 first-degree relatives a prevalence of 4.8%123.
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In another study in adults carried out in Brazil, conducted in an urban
area on 2,086 blood donors reported a prevalence of 1.4%. This prevalence is
lower than the previous study but it is similar to the prevalence found in
European countries or in North America124.

2.17. Prevalence of Celiac Disease in Argentina 

Similar  studies  in  hospitals  have  been  carried  out  in  several  cities  in
Argentina  including  a  multicenter  study  of  the  prevalence  in  a  pediatric
population in 5 urban districts of Argentina. A total of 2,219 patients,  ages
between 3 and 16 years were analyzed. A prevalence of celiac disease 1.26%
was found. 33% of the cases were symptomatic125.

In the adult population in Argentina, Gómez et al., found a prevalence of
1.16%, in a study of 2,000 individuals, chosen in the general population126.

Table 7. Prevalence in Mexico, Central and South America.

Country Year (Ref) Studied population Prevalence in
(%)

Mexico 2006117 1,009 adults tTG screening 2.6

El Salvador 2014120 32 adults Undefined

Costa Rica 2014121 35 adults Undefined

Brazil(Brasilia) 2010122 214 children 2.3

Brazil(Brasilia) 2008123 188 First-degree relatives 4.8

Brazil(Curitiba) 2,086124 Adults blood donors 0.23

Argentina 2012125 2,219 children 1.26

Argentina(La
Plata)

2001126 2,000 adults 0.59
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2.18. Conclusions

The true  prevalence  of  celiac  disease  is  still  impossible  to  ascertain.  A
multidisciplinary  approach  to  make  the  diagnosis  is  necessary.  The
collaboration between clinicians, immunologists, geneticists, and pathologists
is essential  to integrate clinical,  serological,  genetic,  histological  criteria  as
well  as  the  response  to  the  gluten-free  diet.  Many patients  have  atypical
symptoms or none at all. Many patients have minimal lesions without villous
atrophy such as those patients with Marsh 1 lesion. These patients require a
differential diagnosis that is beyond the current epidemiological studies. 

The most challenging observation to understand the epidemiology of the
disease is the observation demonstrating that there is a clear difference in
prevalence between children and adults. 

In  a  large  study  of  4,230  subjects  in  Terrassa,  Barcelona,  Spain found
population-based celiac disease prevalence of 1:250. The prevalence of celiac
disease  in  childhood  was  five  times  higher  than  in  adults.  The  authors
correctly  have  pointed  out  that  whether  this  difference  is  due  to
environmental  factors  in  childhood  or  due  to  latent  celiac  disease  in
adulthood.  This  remains  to  be  demonstrated  in  prospective  longitudinal
studies127.  The  outcome  will  have  consequences  to  understand  the
epidemiology and natural history of the disease.

Major changes that are bound to alter the epidemiology of celiac disease
and gluten related disorders are taking place such as the rice cultivation in
several regions in China where wheat cultivation now predominates. Maize
from the  Mexican  highlands  has  been  the  dominant  food  in  Mexico  and
Central America, the potato developed in the Peruvian Andes and the Quinoa
in Bolivia, is now complemented with gluten containing diets. 

Several  environmental  changes  point  to  an increase  of  celiac  disease  in
these regions. The eradication of intestinal parasites which contributes to a
change in the intestinal immune response, from TH2 to TH1, changes in the
intestinal microbiota probably in individuals living in urban areas, changes in
dietary habits due to the influence of "fast foods" and changes in traditional
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diets as described above as well as the widespread use of antibiotics will in
some way or other alter the epidemiology of celiac disease106.

The review presented in this chapter indicates the worldwide importance of
celiac disease and the gluten related pathologies and should help to clarify the
need to implement measures in National Health systems, to cope with this
expanding disease. As Greco et al have estimated:-“In the near future, the
burden  of  celiac  disease  will  increase  tremendously.  Few Mediterranean
countries are able to face this expanding epidemic”128.

3. Epidemiology of Non-celiac Gluten-Related Disorders

3.1. Epidemiology of Dermatitis Herpetiformis

A study  in  the  UK at  the  Clinical  Practice  Research  Datalink  of  the
University  of  Nottingham,  has  quantified  the  incidence  and  prevalence  of
celiac disease and dermatitis herpetiformis between 1990 and 2011. A total of
9,087 incident cases  of  celiac  disease  and 809 incident cases  of  dermatitis
herpetiformis  were  identified.  Although  dermatitis  herpetiformis  has  been
called  celiac  disease  of  the  skin129 to  underline  the  common  genetic
background and the relation to gluten, the expression of either or both of
these diseases is different. In Nottingham the incidence rate of celiac disease
increased from 5.2 per 100,000 (95% CI, 3.8-6.8) to 19.1 per 100,000 person-
years (95% CI, 17.8-20.5; IRR, 3.6; 95% CI, 2.7-4.8) while the incidence of
dermatitis herpetiformis has decreased over the same time period from 1.8 per
100,000 to 0.8 per 100,000 person-years (average annual IRR, 0.96; 95% CI,
0.94-0.97)72. Although the prevalence of nutritional deficiencies, autoimmune
diseases, and lymphoma occurred at a similar rate in patients with dermatitis
herpetiformis  as  in  patients  with  celiac  disease  without  dermatitis
herpetiformis,  a  recent  study has  confirmed that the prevalence  of  villous
atrophy  is  significantly  higher  in  the  patients  who  presented  with  celiac
disease  than  in  those  who  presented  with  dermatitis  herpetiformis  only
(61.8vs.12.5%;p = 0.005)51. 
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At  least  two  studies  in  the  USA  and  in  Finland  show  an  expected
prevalence  of  dermatitis  herpetiformis  in  families  significantly  higher  than
previously  calculated.  This  is  possibly  due  to  shared  genetic  factors  and
environment factors130,131. In Tampere and Helsinki, an analysis of 105 families
with dermatitis herpetiformis showed that 13.6% of parents, 18.7% of siblings
and  14.0%  of  children  were  affected.  The  authors  suggested  that  this
segregation pattern fits well to a dominant mode of Mendelian inheritance.
However they added that gender may also be important because the first-
degree  relatives  affected  with  dermatitis  herpetiformis  were  more  often
females131. In Brazil two pairs of monozygotic twins have been studied after a
gluten-free diet for 16 to 21 years. They were concordant for celiac disease.
However, dermatitis herpetiformis was present in three patients belonging to
the  two  pairs  of  twins,  demonstrating  partial  concordance  of  dermatitis
herpetiformis in monozygotic twins132.

These  observations  fit  with  a  multifactorial  and  polygenic  disease
pathogenesis similar to other autoimmune diseases.

At the Tampere University Hospital, the causes of death during 1971-2010
were  studied  in  476  consecutive  patients  with  dermatitis  herpetiformis
diagnosed from 1970 onwards. 97.7% of the patients adhered to a gluten-free
diet.  All-cause  and  cerebrovascular  disease  mortality  was  significantly
reduced.  The  standardized  mortality  rate  due  to  lymphoproliferative
malignancies was significantly increased (6.86) only in the first  5 years of
follow-up133.

The  worldwide  epidemiology  of  dermatitis  herpetiformis  shows  a  great
heterogeneity. In Asia dermatitis herpetiformis is very rare. Twenty two cases
have been described from China134 and 35 cases in Japan135. Very few cases
have been reported from Iran136, Singapore137, and Maylasia138.

In southern Sweden, there were 96 cases in a defined population of 425,000
inhabitants. The incidence of dermatitis herpetiformis was 1.05-1.13/100,000
inhabitants/year and the prevalence was approximately 20 to 25 per 100,000
inhabitants.
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In Utah in the U.S.A. with a main population of European descendants
have higher incidence prevalence than in Asia. The prevalence of dermatitis
herpetiformis in Utah in 1987 was 11.2 per 100,000. The mean incidence for
the years 1978 through 1987 was 0.98 per 100,000 per year. The mean age at
onset of symptoms for male patients was 40.1 years, and the one for female
patients was 36.2 years. The male-female ratio was 1.44:1139.

In Buenos Aires, Argentina 18 patients with dermatitis herpetiformis were
found  to  have  increased  intestinal  permeability  even  in  patients  with  no
evidence of histologic damage in biopsy specimens. They found that patients
with linear IgA dermatosis appear to be a distinct population without gluten
sensitivity140. Since the majority of patients with celiac disease and dermatitis
herpetiformis  have  European  ancestors  it  would  be  interesting  to  perform
proper  epidemiological  studies  in  Argentina  to  study  the  environmental
triggers.

The highest incidence and prevalence of dermatitis herpetiformis has been
reported in Finland but there is some evidence that contrary to celiac disease,
dermatitis  herpetiformis  is  diminishing. The  prevalence  of  dermatitis
herpetiformis  was  75.3  per  100,000  which  is  eight  times  lower  than  the
prevalence of  celiac disease in the Tampere area.  The annual incidence of
dermatitis herpetiformis for the entire 40 year period was 3.5 per 100,000, and
in the three 10-year periods 5.2, 2.9 and 2.7 per 100,000, respectively141. 

The worldwide epidemiology of dermatitis herpetiformis suggests stronger
heterogeneity than the observed in celiac disease.

3.2. Epidemiology of Gluten Ataxia

As pointed out by Hadjivassiliou gluten ataxia is one of the most common
immune-mediated  cerebellar  ataxias  and  one  of  the  few  ataxias  that  are
potentially treatable142. 

From a total of two hundred and twenty-four patients with various causes
of ataxia in North Trent England, 132 were diagnosed as sporadic idiopathic
ataxia patients. In The Institute of Neurology in London England 44 patients
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were diagnosed with sporadic ataxia. From these groups of patients, 41% and
32% respectively had AGA antibodies  and were confirmed to  have gluten
ataxia143. Familial and isolated cases of gluten ataxia have been described in
Spain144 and in Japan145. 

Further  studies  in  neurological  centers  in  other  countries  are necessary,
because the experimental evidence seems to be incomplete. There is sufficient
evidence  to  support  immune-mediated  basal  ganglia  dysfunction  as  an
emerging clinical concept.  The central nervous system dysfunction may be
caused by a deviant immune response triggered by exogenous antigens such as
gluten or streptococcal infection146.

3.3. Epidemiology of Non-celiac Gluten Sensitivity

The incidence of allergy and autoimmune disease in the U.S.A. and other
industrialized  nations  is  increasing.  Gluten-related  disorders  are  no
exception147. Many researchers particularly in the U.S.A. claim that non-celiac
gluten sensitivity is the most common syndrome of gluten intolerance148. We
have  previously  summarized  the  current  thinking  on  non-celiac  gluten
sensitivity as follows149. This issue may have been the one with the greatest
impact  during  the  last  decades,  especially  on  the  internet,  in  patients’
associations and in the food industry. There is a lack of systematic studies
which could improve the understanding and definition of this syndrome for
the patients and assess the impact on public health services. We fully agree
with the view expressed by Corazza and his group, who emphasize the lack of
a  clear  definition  of  non-celiac  gluten  sensitivity.  This  hindrance  is
fundamentally related to the cause of this proteiform disease whose symptoms
are presumably caused by different mechanisms150. 

It is therefore not surprising that Spence of Glasgow, Scotland wrote an
article: - "Do you think non-celiac gluten sensitivity exists?" He describes the
results of a recent poll  undertaken by the general practitioners’ journal in
England, the British Medical Journal. 66% of the 941 who were asked and
have had access to a higher education, responded that they believe it does
exist,  despite  a  lack  of  scientific  evidence.  “Besides,  about  20%  of  the

52



Epidemiology of Celiac Disease and Non-Celiac Gluten-Related Disorders

American  population  purchase  gluten-free  products  and,  by  2017,  it  is
estimated that this market will be worth about 6.6 million dollars”151. 

Recently  Aziz  et  al.  have  determined  the  population  prevalence  of  self-
reported  gluten  sensitivity  and  referral  characteristics  to  secondary  care  in
Sheffield,  UK.  This  study  on  a  population-based  questionnaire  screened  for
gluten sensitivity, related symptoms and exclusion of celiac disease found that
the self-reported prevalence for non-celiac gluten sensitivity was 13% (female
79%, mean age 39.5 years). These individuals had an increased prevalence of
complying with the Rome III criteria for irritable bowel syndrome, in comparison
with those without gluten sensitivity. The majority of patients with non-celiac
gluten sensitivity have clinical and immunological differences to celiac disease152.

3.4. Epidemiology of Gluten Allergy

According  to  clinical  presentations  and  allergy  testing,  there  are  three
types  of  food  allergy:  IgE  mediated,  mixed  (IgE/Non-IgE),  and  non-IgE
mediated (cellular, delayed type hypersensitivity). Among the most common
of these allergies in children is wheat allergy. The prevalence of this kind of
allergy  in  infancy  is  increasing  and  may  affect  up  to  15-20% of  infants.
According to Ho et al. the alarming rate of increase calls for a public health
approach in the prevention and treatment of food allergy in children153. The
epidemiology of food allergy in general is outside the scope of this chapter.
Wheat is one of the most common allergy caused by food. A recent study has
reported that the prevalence in Japanese adults was found to be 0.21% by
using a combination of questionnaire-based examination, skin-prick test and
serum omega-5 gliadin-specific IgE test154. 

The prevalence of food allergy was investigated among patients reporting
to The Institute of Child Health and Mediland Diagnostics in Kolkata, India.
Among  the  5,161  patients  tested, wheat  (22%)  was  the  predominant
allergen155. A large recent review has found that the overall prevalence of food
allergy in Asia is fairly comparable to the West, although this kind of types
of allergies differ in order of relevance in the consumption of type of food.
Wheat  allergy,  though  uncommon  in  most  Asian  countries,  is  the  most
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common  cause  of  anaphylaxis  in  Japan  and  Korea  and  is  increasing  in
Thailand156. 

See also the chapter with detail description of recent advances of gluten
allergy.

3.5. Burden of Disease

As  stated  in  the  introduction  and  recently  underscored:-“understanding
epidemiology is crucial for hypothesizing about causes and quantifying the
burden of disease”72. It is well known that patients with celiac disease have a
greater burden of disease than the general population because of osteoporosis,
autoimmune diseases, and malignancies (See also chapter by Lucendo et al.). 

The statement made 10 years ago by Green et al. is valid today:-“There is
a need for screening studies of patients with conditions associated with celiac
disease to determine whether the large numbers of people with undiagnosed
celiac disease currently are seeking health care”157. Currently, there is a need
to quantify the increase in wheat allergy, as part of the increase in allergic
conditions.  Also  it  is  necessary  to  quantify  the  relevance  of  other  gluten
related disorders for the awakening of the officers of national health systems
to  assess  the  total  burden  of  these  diseases  and  to  be  prepared  for  the
application of adequate funds.

Greco and coworkers have called attention to the burden of celiac disease in
the Mediterranean countries. They have calculated that in the next 10 years,
the Mediterranean area will have about half a billion inhabitants, of which 120
million will be children. The projected number of celiac disease diagnoses in
2020 is 5 million cases (1 million celiac children), with a relative increase of
11% compared to 2010. Based on the 2010 rate, there will be about 550,000
symptomatic adults and about 240,000 sick children: 85% of the symptomatic
patients will  suffer from gastrointestinal complaints, 40% are likely to have
anemia, 30% will likely have osteopenia, 20% of children will have short stature,
and 10% will have abnormal liver enzymes128. The economic impact as discussed
earlier with reference to non-celiac gluten sensitivity is already having major
consequences, particularly in the U.S.A. In cases of non-celiac gluten sensitivity
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the priority is in finding adequate criteria and tests to confirm the diagnosis
and clearly separate the different entities which are included in this diagnosis.
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