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Celiac disease is one of the most common life-long disorders
worldwide, with a prevalence mostly ranging between 0.7%
and 2.9% in the general population and a higher frequency
in females and well-defined at-risk groups, such as relatives
of affected individuals and patients with autoimmune
comorbidities. Increasing clinical detection is facilitated by
improving awareness, implementation of a case-finding
approach, and serology availability for screening at-risk
patients, among other factors. Nevertheless, due to huge
clinical variability, many celiac disease cases still escape
diagnosis in most countries, unless actively searched by
proactive policies. The burden of celiac disease is increasing,
as is the need for better longitudinal care. Pediatric
screening of the general population could represent the road
ahead for an efficient intervention of secondary prevention
aimed to reduce the social and health burden of celiac dis-
ease. This review analyses the epidemiology of celiac disease
continent by continent, discusses current strategies to
improve the detection of celiac disease, and highlights
challenges related to the burden of celiac disease globally.
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Until a few decades ago, celiac disease (CeD) was
regarded as a rare disease typical of European
countries, with an estimated prevalence of 1:4000-1:8000.
The subsequent evolution of research, particularly the
development of sensitive and simple diagnostic tools, such
as tissue transglutaminase (TTG) IgA antibodies, unmasked
a completely different story: CeD is one of the most common
life-long disorders, with a prevalence mostly ranging be-
tween 0.7% and 2.9% in the general population and a
higher frequency in females and in well-defined at-risk
groups, such as relatives of affected individuals and patients
with autoimmune comorbidities; the disease has a

worldwide distribution, even though the local prevalence
varies according to genetic and environmental factors; still
today, due to huge clinical variability, many CeD cases
escape diagnosis unless actively searched for by means of
proactive policies.’

This review analyzes the current distribution of CeD
continent by continent, discusses current strategies to
improve the detection of CeD, and highlights challenges
related to the burden of CeD globally.

Definitions

For the sake of clarity, the terms used repeatedly
throughout this review are defined as follows:

Celiac autoimmunity: Positivity of serologic CeD markers,
particularly of TTG IgA antibodies and anti-endomysial an-
tibodies (anti-EMAs) (small intestinal biopsy not necessarily
performed).

Prevalence of CeD: The total number of individuals in a
population who have CeD at a specific time period, either
diagnosed or subclinical, usually expressed as a percentage
of the population.

Incidence of CeD: The number of individuals who are
newly diagnosed with CeD during a particular time period
(usually 1 year).

CeD detection rate: The proportion of CeD cases that are
diagnosed on a clinical basis compared with the overall
prevalence of the disease in a given population.

Abbreviations used in this paper: CeD, celiac disease; EMA, endomysial
antibody; TTG, tissue transglutaminase; GFD, gluten-free diet.
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Screening: Identification of unrecognized CeD by means
of the application of noninvasive tests, usually serum TTG
IgA antibodies and total IgA antibodies, which can be per-
formed easily. Individuals with positive or suspicious find-
ings must be referred for diagnosis and treatment.

CeD case finding: The process of looking for disease
identification among people showing symptoms or condi-
tions compatible with CeD. It is, in principle but not
necessarily, a “patient-initiated” pathway to diagnosis.

Methods

In this narrative review, focused on the epidemiology and
the burden of CeD on a worldwide basis, we independently
identified the most relevant published articles, including cross-
sectional, prospective, and retrospective studies; cohort
studies; and systematic reviews and meta-analysis investigating
the incidence; prevalence; and detection rates of CeD around
the world. The review was restricted to articles written in
English. The research was conducted on PubMed, Embase, and
Scopus databases using the following Medical Subject Headings
terms: celiac disease and epidemiology, screening, incidence,
prevalence, and burden.

Celiac Disease Epidemiology in

America

CeD incidence and prevalence at the population level has
been reported in the United States. Limited data (usually
based on serology-only diagnosis and/or using convenience
sampling) are available from Canada and Mexico and some
countries in Central America and South America. Epidemi-
ology from most of the Caribbean countries remains un-
known. Available evidence supports that CeD is common,
can develop at any age, risk varies within countries, there
are racial and ethnic differences, and clinical diagnosis is
lower than seroprevalence in most countries (significant
burden of undiagnosed CeD). Therefore, the burden of CeD
in America is variable and the challenges by region or
country are at different stages of complexity (eg, need for
longitudinal care due to higher detection of cases in the
United States vs need for better awareness and availability
of serology tests in Central America to increase detection).

North America

The prevalence of CeD in the United States has been
estimated to be 0.7%.” There is evidence that clinical diag-
nosis of CeD is increasing in the midwest and perhaps there
is less hidden CeD in the entire United States.”* Investiga-
tion of potential reasons for regional differences in a large
and diverse country like the United States is complex. Ac-
cording to the National Health and Nutrition Examination
Survey (2009-2014), with 22,277 participants 6 years and
older, CeD was more common among individuals who lived
at latitudes of 35°-39° North (odds ratio, 3.2) or at latitudes
of 40° North or more (odd ratio, 5.4) than individuals who
lived at latitudes below 35° North.” Similar results were
found in meta-analysis of serology-based CeD studies rep-
resenting 40 countries, with higher risk of CeD at latitudes
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51°-70° compared with the 41°-50° reference latitudes.®
However, CeD relative prevalence was found to be posi-
tively correlated with median income, urban area, and
proximity to CeD specialty care, but negatively correlated
with Black race, Latino ethnicity, and median Social Depri-
vation Index.” Therefore, sociodemographic variables
should be considered when planning programs to increase
detection and health care of CeD in the community.
Furthermore, the TEDDY (The Environmental Determinants
of Diabetes in the Young) study confirmed high regional
variability in cumulative incidence of CeD in children, the
incidence by age 10 years in Colorado was 2.4% among
children with DQ2.5 and/or DQ8.1 enrolled prospectively
from birth. Children in Colorado had a 2.5-fold higher risk of
CeD compared with Washington State, adjusted for HLA
genotype, sex, and family history.? This finding is not unique
to the United States, as similar regional differences were
seen among children enrolled in Sweden, Finland, and
Germany. Furthermore, although CeD awareness has
improved over the years in the United States, significant
knowledge gaps and care disparities persist in certain
populations, for example, ethnic and racial minority groups
and older adults.’

CeD appears to be common in Canada. CeD was
confirmed in 2.4% of 9695 patients referred for evalua-
tion of gastrointestinal symptoms requiring elective up-
per endoscopy with duodenal biopsies.'"” A large
population-based study in Alberta (2012-2020) reported
an incidence of CeD autoimmunity (defined by positive
TTG IgA antibodies) of 33.8 per 100,000 person-years
(12.9 for persons with TTG IgA antibodies >10 times
the upper limit of normal). Mean annual percentage
change was 6.2% from 2015 to 2020."" This is consistent
with rising incidence throughout the Western world."?
Population-based studies from Canada are necessary but
difficult to execute, in part due to limitations related to
the structure and variables included in some population-
based health administrative databases, with risk of
misclassification using diagnostic codes compared with
biopsy-proven diagnosis."?

CeD epidemiology in Mexico remains to be fully eluci-
dated. A serology-based study among 1009 consecutive
healthy blood donors in a tertiary referral facility in Mexico
City demonstrated a 2.7% frequency of TTG IgA antibody-
positive individuals and 0.59% double-positive (both TTG
IgA antibodies and EMA).'*'®

Central America and Caribbean

A transition from a dietary culture based on maize with
beans and rice to a wheat-containing diet might be
happening in Central American countries.'® Theoretically,
this could lead to a rise in the frequency of CeD in this area.
So far, information about the frequency of CeD is limited to
case reports of CeD in some of these countries, suggesting
either low prevalence or high burden of undiagnosed CeD.
At the present time, CeD is not a priority for public health in
these nations. Thus, population-based studies are nonexis-
tent in countries like Belize, Guatemala, El Salvador,
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Honduras, Costa Rica, Nicaragua, Panama, or the Caribbean
countries.

South America

Prevalence of CeD among 2000 individuals attending
prenuptial examination in the La Plata region, Buenos Aires
province, Argentina, between 1998 and 2000 was 0.55%
after biopsy confirmation, with the prevalence in women
double that in men.'” A subsequent study in the same region
using TTG IgA antibodies as first-line serology followed by
EMA testing and biopsy confirmation among 1000 in-
dividuals confirmed the prevalence of 0.5%.'° The preva-
lence of biopsy-confirmed CeD was 1.2% among 2219
children aged 3-16 years, for whom presurgical tests or
physical certificates for sports had been requested in the
province of Buenos Aires."” Among 144 individuals from the
Toba native Amerindian community in Argentina, biopsy-
proven CeD was reported in 2% and the estimated mean
gluten consumption was 43 g/d.*°

The prevalence of CeD based on biopsy confirmation
among blood donors in Sdo Paolo, Brazil, was 0.35% and
0.46% in 2 studies including 4000 and 3000 individuals,
respectively.m'22 No positive tests for EMAs were observed
among 860 individuals from sub-Saharan African-derived
Brazilian communities in Northeastern Brazil.?® In contrast,
biopsy-proven diagnosis was 1.3% among Southern Brazil-
ian Mennonites.”* This finding highlights the need to
consider regional, ethnic, and racial CeD prevalence varia-
tions within a country and the risk of generalization of es-
timates to the entire country population in the absence of
well-designed population-based studies. The seropreva-
lence for TTG IgA antibodies and EMAs was 1.32% among
228 blood donors in Bogota, Colombia.’”> However, a
different study among 981 healthy individuals in Colombia
reported that none were positive for TTG IgA antibodies or
EMAs.?° Thus, the population prevalence of CeD in Colombia
remains unknown. A seroprevalence study in individuals
aged 18-29 years living in 26 cities in Peru reported a
prevalence of 1.2% based on positive TTG IgA antibodies.?’
In Chile, several case series described clinical characteristic
of patients with CeD and 1 serology-based study, the Na-
tional Health Survey 2009-2010 reported a prevalence of
0.76% of positive TTG IgA antibodies in individuals older
than 15 years.”®3° Epidemiology data are limited to case
series in Venezuela.’' No studies are available in Bolivia,
Paraguay, Ecuador, and Uruguay.

Celiac Disease Epidemiology in Europe

As reported in a recent meta-analysis, the overall inci-
dence of CeD has been increasing in Europe over time and is
now higher than 12.7 per 100,000 person-years in most
European countries.'” During the period 2010-2014,
twenty times more patients were diagnosed than during
1975-1979 in the United Kingdom. The largest increase in
diagnosis rates occurred in young women, older adults, and
Asian immigrants.’* In Sweden, the mean age-standardized
incidence rate during the period 1990-2015 was 19.0 per
100,000 person-years (95% CI, 17.3-20.8). The incidence
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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 CeD was 1.8% (2.3% in females
and 1.4% in males).33 In children, large increases in the
incidence of diagnosed CeD across Europe have reached 50
per 100,000 person-years in Scandinavia and Spain, with
stabilization in some (notably Sweden and Finland).** The
increasing incidence of CeD in Europe should not be inter-
preted as evidence of higher frequency of the disease
exclusively. Rather this finding may also depend on the
improvement of the diagnostics, particularly availability of
sensitive and simple serologic test, such as TTG IgA anti-
body determination, and increased awareness of the high
clinical variability of the disease among physicians and the
general audience.

After the development of sensitive serologic diagnostic
tools, first the anti-gliadin antibodies and then EMAs and
TTG IgA antibodies, CeD epidemiology has been more
properly investigated by means of serologic screening of
general population samples. During the 1990s, Europe,
particularly Italy and Sweden, was the homeland of the first
screening studies aimed to determine the overall prevalence
of CeD.>>*° In the year 2010, a European multicenter CeD
screening on adults reported an overall estimated preva-
lence of 1.0% (95% CI, 0.9%-1.1%), with wide inter-
country variations: CeD prevalence was 2.4% in Finland
(95% CI, 2.0%-2.8%), 0.3% in Germany (95% CI, 0.1%-
0.4%), and 0.7% in Italy (95% CI, 0.4%-1.0%).?” Epidemi-
ologic surveys performed during these past years found a
more homogenous situation, as summarized below, with a
trend toward increasing prevalence of CeD in several
countries.

During the years 2015-2020, a large, nationwide,
multicenter CeD screening was performed in Italy on 9008
school-aged children (ie, aged 5-11 years) screened at
schools in 8 different towns. The first-level screening test
was the determination of HLA-related predisposing geno-
types HLA-DQ2 and -DQ8, followed by serum IgA class anti-
TTG IgA plus total IgA in genetically predisposed children,
and eventually EMA determination and small intestinal bi-
opsy in selected cases (according to the European Society
for Paediatric Gastroenterology Hepatology and Nutrition
diagnostic protocol).’® In this study, the overall prevalence
of CeD was 1.62% (95% CI, 1.39%-1.86%), 1.62% (95% CI,
1.25%-2.06%) in the north of Italy, 1.36% (95% CI, 1.04%-
1.75%) in the center, and 1.93% (95% CI, 1.50%-2.45%) in
the south, with a statistical difference between central and
south Italy (P = .0482).>° The percentage of CeD cases
diagnosed before the school screening, that is, the so-called
“visible part of the CeD iceberg” was only 35%."" In 2
different birth cohorts of 12-year-old Swedish students, the
overall prevalence of CeD was 2.2% and 2.9%, respec-
tively." Among 3-year-old Swedish children, the percentage
of clinically detected CeD compared with the overall prev-
alence of disease was fairly low (29%).** In Tromsg, Nor-
way, 12,981 adults participated in a population-based CeD
serologic screening. The prevalence of previously diagnosed
CeD was 0.37%. In addition, the prevalence of previously
undiagnosed CeD was 1.10%. Thus, 1.47% of this
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Norwegian population sample had CeD, of whom 75% were
previously undiagnosed.** In the German Health Interview
and Examination Survey, 12,741 children and adolescents
were studied for CeD-specific autoantibodies and total IgA.
Of them, 9 (0.07%) had a reported history of CeD. An
elevated concentration of TTG IgA antibodies was found in
91 children with a normal IgA concentration and in 7 with
IgA deficiency. The prevalence of undiagnosed CeD, based
on positive autoantibody findings, was 0.8% (95% CI, 0.6%-
1.0%), and the overall prevalence of the disease was 0.9%."*
In The Netherlands, 4442 children (median age, 6.0 years)
participating in a population-based prospective cohort
study were screened for serum TTG IgA. Those with a
positive result underwent full clinical evaluation. Forty-nine
were eventually diagnosed with CeD, with a prevalence of
undetected CeD in this population sample of 0.91% (cases of
known CeD were not counted in this study).*” In Spain, a
recent study found a CeD prevalence of 1.62% in children
aged 10-12 years. This was an underestimate because only
HLA-DQ2-positive (and not HLA-DQ8-positive) children
were tested for CeD. Interestingly, approximately 75% of
CeD children were already diagnosed at age 2-3 years, and
the remaining seroconverted between 2 and 3 years and 10
and 12 years.”® In summary, at the population level, the
prevalence of CeD in Europe ranges between 0.9% and
2.8%, with a median value of approximately 1.6%. Of all
these cases, on average, only approximately 30% are clini-
cally diagnosed in the pediatric age group.

As mentioned previously, studies suggest that the overall
prevalence of CeD has been increasing during the last de-
cades in some Western countries (Figure 1),*%*"! as
clearly exemplified by the data collected in Italy. In a pioneer
multicenter, country-wide study performed from 1992
through 1994, 17,201 Italian students aged 6-15 years un-
derwent CeD screening by means of combined determination
of serum IgG and IgA anti-gliadin antibody test. CeD was
diagnosed in 82 subjects. The prevalence of undiagnosed CeD
was 0.48%, 1 in 210 subjects, and overall prevalence of CeD,
including previously diagnosed CeD cases, was 0.54%, that is,
1 in 184 subjects. At that time, the ratio of known to undi-
agnosed CeD cases was 1 to 7. As reported many years later in
a validation study, the IgA anti-gliadin antibody test,
compared with a TTG IgA antibodies screening, under-
estimated CeD prevalence by 39%. After adjustment for this
underestimation, the 1992-1994 CeD prevalence was
0.88%."" Compared with the recent estimates (CeD preva-
lence, 1.62%),39 the prevalence of CeD has almost doubled in
Italy in <30 years, for reasons that are currently unclear.

Celiac Disease Epidemiology in Africa

Epidemiologic data on CeD in Africa are available from a
few countries, most of them located in the northern part of
the continent. A systematic review pooling data from 7 Af-
rican populations (15,775 subjects) reported lower CeD
figures compared with Western countries, with a CeD
seroprevalence of 1.1% (95% CI, 0.4%-2.2%) and a biopsy-
confirmed prevalence of 0.5% (95% CI, 0.2%-0.9%) (7902
subjects,4 studies).”
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Nevertheless, the highest prevalence of CeD worldwide
has been described in the Saharawis, a small community of
Arab-Berber origin living in Western Sahara. In 1998, a
serologic screening based on EMA testing, with intestinal
biopsy confirmation in EMA-positive subjects, found CeD in
5.6% of Saharawi children (n = 989; mean + SD age, 7.4 +
3.8 years).”® Furthermore, a follow-up study confirmed the
presence of CeD in 8.5% of first-degree relatives of affected
Saharawi children.”* The causes of such a huge frequency of
CeD in the Saharawis are unknown. It has been hypothe-
sized that the abrupt and recent change in the dietary
pattern of this population (from a low- to high-gluten diet)
might have played a role.”® At the opposite extreme, there
are data from Burkina Faso, 600 subjects (aged 15-53
years) among the Mossi population (1 of the 3 ethnic groups
of Burkina Faso) were serologically screened (with both
TTG IgA antibodies and EMAs), but none tested positive.’”
Because wheat-based products represent the staple food
for both the Saharawi and the Mossi populations, the rea-
sons for these differences of CeD prevalence may be related
to genetic background. Indeed, HLA CeD-predisposing genes
were observed in a high proportion of the Saharawis® (a
population with a high degree of consanguinity), while the
same alleles show a very low frequency among the Mossi.””

Frequency of CeD has also been well defined in Libya,
where a large screening of 2920 students (1341 aged 5-8
years and 1579 aged 9-17 years) found a prevalence of
0.79% (95% CI, 0.47-1.11).°” Studies from Tunisia report
variable prevalence data, ranging from 0.14% in adults (n =
1328 healthy blood donors)® up to 0.63% in children from
the district of Ariana (n = 6286; mean =+ SD age, 9.7 + 3
years).”” A subsequent screening study in Tunisia, based on
a rapid immunochromatographic TTG IgA antibodies test,
detected a seroprevalence of 0.34% and a biopsy-based
prevalence of 0.29% in 2064 school children (aged 6-12
years) living in the island of Djerba.®® Only sporadic reports
or studies based on a case-finding strategy (limited to
symptomatic or at-risk populations) are available from
other African, particularly sub-Saharan, countries. Data from
Sudan suggest a high seroprevalence of CeD in selected
groups of symptomatic subjects. Among 172 patients with
gastrointestinal or extraintestinal symptoms investigated at
the Red Sea Medical Center Laboratory (Port Sudan), 128
(74%) showed positivity of anti-gliadin antibody and/or
TTG IgA antibodies test.°’ CeD serology was positive in
6.97% of Sudanese children with type 1 diabetes, with a
histologic confirmation in 76.5% of them.®?

Celiac Disease Epidemiology in Asia
Asia is the largest of the world’s continents, covering
approximately 30% of the Earth’s land area and roughly
60% of the total population.®® It is paradoxical that CeD is
thought to be uncommon in Asia, despite Asia being the
home of the world’s first farmers, where the first grain was
cultivated in the Fertile Crescent. Asia is divided
geographically into 5 regions, namely South Asia, East Asia,
Southeast Asia, Central Asia, and Western Asia. Due to the
heterogeneity of the population, their genetic makeup,
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Figure 1.Trends in the prevalence of CeD in different
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economic conditions, and dietary habits, the epidemiology of
CeD is different in different parts of Asia. Wider acceptance
and availability of serologic tests have led not only to more
recognition of CeD in many Asian countries, but also to
population-based studies in several Asian countries, such as
Turkey, Iran, Israel, Jordan, and India.®*

South Asia

Among all the Asian countries, CeD is well known in
India, more often in the northern part of India, where wheat
is the staple diet. Two population-based studies from the
northern part of India, one in children by Sood et al®® and
another in adults by Makharia et al,°° found the prevalence
of CeD to be 1 in 310 and 1 in 96, respectively. Later, a pan-
India study including 23,331 healthy adults from 3 different
regions of India found a regional variation in the prevalence
of CeD, more common in the northern part of India (1.23%)
compared with only 0.10% in the southern part of India.
Interestingly, the distribution of HLA-DQ2 and HLA-DQ8
was similar in these 2 regions and the difference in the
prevalence was attributed to the consumption of wheat
being higher in the northern part than in the southern part
of India.®” To explore this further, if exposure to the wheat
is the main reason for lower prevalence of CeD in the
southern part of India, a study is underway among second-
generation South Indians who have migrated to the north-
ern part of India.

Southeast Asia

In a study from Vietnam, Zanella et al°® reported that 1%
of 1961 Vietnamese children were TTG IgA antibody-positive,
but none were positive for EMAs. One study from Malaysia
revealed the seroprevalence of CeD to be 1.2% among 562
young, healthy volunteers who were tested for CeD.®”

East Asia

Despite China being the highest producer of wheat and 1
in 5 Chinese people (22%) having the HLA-DQ2 gene, at least
in the northern part of China, CeD was thought to be
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exceedingly uncommon in China until recently.”’ There has
been a recent surge in interest among Chinese investigators
exploring the prevalence of CeD in China. A study including
19,778 adolescents and young adults (aged 16-25 years)
from 27 geographic regions in China reported 2.19% of par-
ticipants had at least 1 positive celiac serologic test, including
1.8% for IgG anti-deamidated gliadin peptide antibody and
0.36% for TTG IgA antibodies. Interestingly, the positivity rate
of celiac antibody was 12 times higher among the participants
of northern provinces, such as Shandong, Shaanxi, and Henan,
where wheat has been the staple diet.”" Zhou et al’* reported
seroprevalence and prevalence of biopsy-confirmed CeD to be
1.27% (95% CI, 0.81%-1.73%) and 0.35% (95% Cl, 0.11%-
0.59%), respectively, among 2277 inpatients with gastroin-
testinal symptoms. Furthermore, 2.8% of 246 patients with
diarrhea-predominant irritable bowel syndrome were re-
ported to have CeD.”*

A systematic review of 18 studies from China reported the
seroprevalence of CeD in the general population and high-risk
populations (eg, patients with autoimmune conditions,
chronic gastrointestinal symptoms, anemia, low body mass
index, or short stature) to be 0.27% (95% CI, 0.02%-0.71%)
and 83% (95% CI, 4.9%-12.5%), respectively—higher in
northern China than southern China.”* One of the paradoxical
observations in Asia was the much lower prevalence of CeD in
Japan than the other parts of Asia from where studies are
available.”” In 2018, Fukunaga et al’® described only 2 biopsy-
confirmed CeD cases in a study of 2055 subjects, including
2008 asymptomatic individuals and 47 adults with chronic
abdominal symptoms.

Western Asia and Middle East Countries

Until 20 years ago, CeD was reported as a rare condi-
tion in the so-called “Fertile Crescent” area (including
Middle Eastern countries), which is considered the place
of origin of agriculture practices and wheat domestication.
Recent studies have described a prevalence similar to
European countries in some of these countries (particu-
larly Iran). A high prevalence of CeD in the general pop-
ulation (1.5%-3%) has been found in different screening
studies performed in Saudi Arabia.”” In addition, a sys-
tematic review and meta-analysis of 63 studies including
36,833 participants reported the seroprevalence and
prevalence of biopsy-confirmed CeD in Iran to be 3% and
2%, respectively.”® A prevalence of biopsy-proven CeD of
1.5% was found among 999 Lebanese adults who under-
went upper endoscopy for several reasons (including
symptoms, positive serology, or other risk factors).”’ The
prevalence of CeD in the general population in Turkey
ranged from 0.47% to 0.55% in children and from 0.39%
to 0.70% in adults.”’®? Similar data were reported from
Israel, where a prevalence of serodiagnosis of CeD of 0.7%
(95% CI, 0.24%-1.02%) was found in adults.®* In Egypt, a
serologic screening conducted in the pediatric general
population (n = 1500, age 7 months through 18 years)
demonstrated a prevalence of 0.53% (95% CI, 0.17%-
0.89%) and 6.4% (95% CI, 3.4%-9.4%) in children with
type 1 diabetes.®®
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Furthermore, recent data from Israel suggest a rise in
the incidence of CeD autoimmunity between 2007 and 2015.
In the large population covered by the Maccabi Healthcare
Service (the second largest health maintenance organization
in Israel, ensuring 2.3 million members, 25% of the Israelian
population), the incidence of CeD autoimmunity (based on
TTG IgA antibodies) increased from 25.4 per 100,000 in
2007 to 52.3 per 100,000 person-years in 2015 (incidence
rate ratio, 2.06; 95% CI, 1.81-2.26). Increasing incidence
was highest in small children (0-5 years), whereas the
incidence in adults was stable.®

Central Asia and Russia

Although the carrier frequency of HLA-DQ2/DQ8 hap-
lotypes in the Russian population, especially in the Western
region, is comparable with that in Europe, there is a lack of
systematic studies from central Asia and Russia. Summari-
zing the review of literature, Savvateeva et al®” reported an
increase in the prevalence of CeD in children during the last
few decades and at least 0.6% of them have CeD.

The Asian “Iceberg” of Celiac Disease

There is a lack of studies from Asian countries describing
the incidence of CeD. Summarizing the prevalence studies
from Asian regions, a recent systemic review and meta-
analysis found the pooled seroprevalence and prevalence
of biopsy-confirmed CeD in low-risk groups to be 1.2% and
0.61%, respectively.”®

Although both the incidence and prevalence of CeD are
increasing, most patients with CeD globally remain undi-
agnosed, more so in Asian countries. Although wheat has
not been a staple cereal for many ethnic groups, such as in
Japan, Malaysia, Indonesia, or the Southern part of India,
wheat is becoming popular in these nations because of its
use in convenience foods and fast foods. Hence, CeD may
emerge in many of these nations and we should be watchful
for this. Even if there are patients with CeD, they are not
diagnosed because of strong beliefs of its nonoccurrence in
their regions and even when clinical suspicion exists about
CeD, nonavailability of diagnostic infrastructure becomes a
barrier in many Asian countries.”” Therefore, there is a need
to increase awareness about CeD in countries where CeD is
still considered to be uncommon.

Oceania

Data from Oceania are mostly restricted to Australia. In
the year 2001, the retrospective analysis of stored serum
samples (collected in 1994-1995) from 3011 random sub-
jects from the Busselton Health Study (South-West
Australia) found a CeD prevalence of 0.4%, including both
EMA-positive patients and those previously diagnosed, with
clustering of cases in the age range from 30 through 50
years.go Years later, Anderson and coworkers,’! by
screening with TTG IgA antibodies, EMAs, and HLA-DQ ge-
netic testing, found that the prevalence of CeD in a sample of
2548 adults randomly sampled in Barwon, New South
Wales had increased to at least 1.1% in men and 1.0% in
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women, therefore, mirroring the trend toward increasing
frequency observed in Europe and United States. Finally, a
recent “opportunistic” TTG IgA antibodies and deamidated
gliadin IgG-based screening was performed on 1055 pa-
tients presenting to a children’s hospital emergency
department in Sydney for undifferentiated acute care. The
prevalence of biopsy-confirmed CeD was 0.7% (7 of 1055),
including 2 new diagnoses and 5 subjects with known
CeD.’? Opportunistic CeD screening is an intermediate pol-
icy between mass screening and case finding that could find
wider application for CeD case detection.

Burden of Celiac Disease: The Patient
and the Community Perspectives

The concept of burden was introduced to quantify the
impact of a disease at both patient and community levels. The
disease burden can be assessed by means of epidemiologic
(prevalence and incidence), clinical (morbidity and mortal-
ity), health utility (eg, quality-adjusted life-years), and eco-
nomic (direct and indirect costs) indicators.”> As we have
detailed, CeD is not only one of the most common permanent
disorders in most areas of the world, it goes undetected
frequently. For these reasons, consideration of CeD burden,
particularly of undetected cases (the “invisible part of the
celiac iceberg”), has received increasing attention.

From the patient’s perspective, undiagnosed disease is the
cause of direct morbidity, including intestinal and extra-
intestinal manifestations. The delay in diagnosis may reach
10-13 years or more, and this may cause significant and
prolonged impairments in quality of life.”> Many screening-
detected adults with CeD appear to consider their nonspe-
cific symptoms, for example, fatigue or headache, a part of
their normal state. Even in these apparently “silent” cases,
starting a gluten-free diet (GFD) may result in significant
improvements in overall gastrointestinal function and health-
related quality of life, with improved levels of energy.** Un-
detected CeD may be responsible for long-term complications,
such as infertility, osteoporosis, and cancer, particularly gut
lymphoma and small bowel carcinoma.’ A negative impact of
active CeD on bone health has been reported, with an
increased risk of osteoporosis and osteoporotic fractures.”*%°
Due to the scarcity of long-term prospective studies, the
quantification of the other risks is still uncertain. Even more
complex to ascertain is the relationship between untreated
CeD and overall mortality, which was increased in some
studies’®’” but not in others.”®°° Unfortunately, no data are
available on the possible role of untreated CeD as a cause of
diarrhea- or malnutrition-associated mortality, particularly in
children, in low-income countries.

The burden related to treatment of CeD deserves
consideration as well. The GFD is a safe intervention that
allows remission of the disease. However, studies have
shown deficient intake of some nutrients over the long run,
particularly fiber, calcium, iron, folate, and other vitamins.
Although commercial GF items may contain more simple
sugars and fat than normal products, most studies have not
documented an increased risk of obesity or dyslipidemia.’
Undiagnosed CeD causes a substantial decrement in
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quality of life that improves after starting treatment with
the GFD.'°° However, the need to avoid staple and enjoyable
wheat-based food forever may be perceived as a high
treatment burden in comparison with other chronic ill-
nesses.’’" The need to constantly pay attention to the diet
may be responsible for psychological disturbances, partic-
ularly during vulnerable periods, such as adolescence." So-
cial and structural barriers to maintaining the GFD may be
challenging in countries with poor CeD awareness, for
example, China.'°? However, most studies to date have not
confirmed a negative impact of CeD treatment on health-
related quality of life and GFD adherence.'”® The
treatment-related burden is lower in patients diagnosed
early in childhood,"’* in males, and in countries with greater
CeD awareness and availability of GF food, and might
decrease in the near future as soon as alternative or com-
plementary treatments to the GFD become available.

From the community perspective, only a few studies
investigated the costs associated with CeD. A US study evalu-
ated total inpatient and outpatient costs for those with CeD and
those without, and concluded that diagnosis of CeD is associ-
ated with a reduction in medical costs, but that outpatient costs
and total costs were higher in individuals with CeD compared
with controls.'”> A Swedish study analyzed the cost-
effectiveness of a CeD mass screening at 12 years of age, tak-
ing a life-course perspective on future benefits and drawbacks.
The cost for CeD screening was EUR 40,105 per gained quality-
adjusted life-year. Authors concluded that CeD mass screening
is cost-effective based on the commonly used threshold of EUR
50,000 per gained quality-adjusted life-year, however, this es-
timate was based on many assumptions, especially regarding
the natural history of CeD.'°® GF products are generally more
expensive than their wheat-based counterparts, an aspect that
should be included in the evaluation of the economic burden of
CeD, from both the patient and community perspectives. A
recent US study found that GF products were more expensive
(overall 183%) in all regions and venues with a trend of
decreasing costs over time (240% in the year 2006)."” The
additional costs of GF food are charged only to the patient in
many countries, while in others they may be covered, at least in
part, by the local health system or insurance.

The burden of undetected CeD is heavy from both the
patient and the community perspectives (Figure 2), partic-
ularly in areas with high disease prevalence and poor dis-
ease awareness. Although treatment of CeD carries its own
burden, the advantages of CeD recognition appear

Before diagnosis

« High prevalence

- Persistent symptoms, e.g.,
fatigue and iron deficiency

 Long-term complications,
e.g., osteoporosis

* Impaired health-related QoL

* Increased mortality
(uncertain)

+ Increased health-related
costs

Figure 2. The burden of ce-
liac disease, particularly
related to cases that remain
undetected unless actively
searched by population
screening. QolL, quality of
life.
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overwhelming (Figure 2). Due to the lack of efficient stra-
tegies for primary prevention of CeD, early diagnosis (sec-
ondary prevention) currently represents the only way to
reduce the impact of CeD at the population level.

How to Improve the Celiac Disease
Detection Rate: Case Finding vs Mass
Screening

As discussed previously, one of the main challenges for
CeD worldwide is that most cases of CeD remain undiag-
nosed and patients are consequently exposed to the risk of
long-term complications, even in countries with a high level
of CeD awareness.”” How to improve the CeD diagnostic rate
is still a matter of debate. International gastroenterology
societies unanimously recommend a case-finding policy,
such as testing subjects belonging to at-risk groups (eg,
relatives of patients with CeD and subjects with chronic
intestinal symptoms or who are IgA-deficient).*®°%1%? Case
finding is ethically sound, and inexpensive. However, this
policy is poorly efficient and requires testing >50% of the
general population if implemented in a proactive manner."*’

Pediatric screening is highly sensitive and allows the
detection and early treatment of most CeD cases.”” CeD
satisfies most of the criteria defined by the World Health
Organization (so-called Wilson and Jungner criteria) for
screening, for example (1) the condition sought should be
an important health problem, (2) there should be a recog-
nizable preclinical stage, (3) there should be a suitable and
acceptable test, and (4) there should be an accepted treat-
ment for patients with recognized disease.''' Despite some
unanswered questions, that is, how to follow-up screening-
negative subjects, CeD mass screening is gaining increasing
attention within the scientific community. Pilot studies, such
as the ASK (Autoimmunity Screening for Kids) project
implemented by the Barbara Davis Center at the University
of Colorado, are currently in progress to evaluate the
feasibility and efficiency of CeD mass screening coupled
with the screening of stage 1 type 1 diabetes in children.'"?
On September 17, 2023, the Italian Parliament took a step
forward when they approved a law (Italian Republic Law
130, 2023) introducing a nationwide screening for type 1
diabetes and CeD in the general population aged 1-17 years
as part of the public health programs ultimately aimed at
reducing the impact of these chronic diseases.'*?

After diagnosis

« Possible subclinical
nutritional deficiencies,
e.g., fiber

* Psycho-social burden of the
GFD

+ Costs of the gluten-free
products
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In summary, case finding is currently the internationally
agreed upon policy for CeD identification. However, pedi-
atric screening seems to be the road ahead for thorough CeD
detection, at least in countries with an efficient health care
system.

Conclusions

In most areas of the world, CeD is one of the most
common life-long disorders, with a prevalence of approxi-
mately 1%-2% in the general population. Consequently, the
patient and community CeD-related health global burden is
heavy, particularly for females. The reasons for such a huge
diffusion of CeD are still unclear, but could be related, at
least in part, to the general increase in autoimmune dis-
eases. Another factor potentially responsible for the
increasing burden of CeD worldwide is the growing diffu-
sion of wheat-based convenience food, such as burger and
pizza, in areas traditionally characterized by a low-gluten
diet, such as Eastern Asia and Central America. Despite a
significant increase in the incidence of clinically diagnosed
CeD, still a significant proportion of cases (>50% in most
countries) remains undiagnosed. There is a need to increase
awareness about CeD in countries where CeD is still
considered to be uncommon, particularly in many Asian
areas.

The burden of CeD is variable and the challenges by
region or country are at different stages of complexity (eg,
need for longitudinal care due to higher detection of cases in
high-income countries vs need for better awareness and
availability of serology tests in other countries). Although
treatment of CeD carries its own burden, particularly
related to the psychosocial consequences of the GFD, the
advantages of early CeD recognition appear overwhelming.
A careful policy of systematic case finding is currently
considered the best buy for improving the CeD detection
rate; however, this policy has significant limitations. Pedi-
atric screening of the general population could represent
the road ahead for an efficient intervention of secondary
prevention aimed to reduce the health and social burden of
CeD.
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