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Hospital, Sweden; Clinical Epidemiology Unit, Karo-
linska University Hospital and Karolinska Institutet,
Sweden; and Columbia University College of Physi-
cians and Surgeons, New York, NY, USA). Clinical
managementofcoeliacdisease (Symposium).J Intern
Med2011;269: 560–571.

Objective. To describe the prevalence of Coeliac disease
(CD)and its clinicalmanagement.

Methods.Narrative review.

Results. Coeliac disease (CD) is an immune-mediated
disorder that primarily affects the gastrointestinal
(GI) tract. Recent data suggest a prevalence of about
1% inmostWestern countries, a figure that likely re-
presents an increase in the prevalence of CD. Risk
groups include those who are members of families
with individuals who have CD as well as those with
Type I diabetes and a variety of autoimmune dis-

eases.Whereasbiopsy is thegoldstandard indiagno-
sis, serological tests are crucial in determining who
should undergo endoscopy and biopsy. HLA testing
should be used only to rule out CD. Currently, a glu-
ten-freediet is theonlyavailable therapy.

Conclusion. In conclusion, CD is one of the most com-
mon immune-mediated disorders in the Western
world. Itshouldbeconsidered inpatientswithanum-
ber of varying GI and non-GI symptoms, as well as in
high-riskgroupsthat includefirst-degree relatives.

Keywords: autoimmunity, coeliac, gastrointestinal,
inflammation.

Abbreviations: BMD, bone mineral density; CD, coeliac
disease; EMA, endomysial antibodies; GI, gastroin-
testinal; IEL, intraepithelial lymphocyte; OR, odds
ratio; SIgAD, selective IgA deficiency; T1D, Type 1
diabetes; TTG, tissue transglutaminase antibodies;
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Introduction

Coeliac disease (CD) is an immune-mediated disease
associated with villous atrophy (VA) and inflamma-
tion of the duodenumor jejunum [1, 2]. It is triggered
by gluten in genetically sensitive individuals with
HLA-DQ2 or DQ8 [3]. Intestinal tissue transgluta-
minase (TG2) deamidates gluten peptides and in-
creases the affinity of thesepeptides toDQ2andDQ8
[4], thereby generating a stronger T-cell response to
gluten. Withdrawal of the triggering agent, gluten,
leads to healing of the mucosa, although this may
sometimes takeseveralyears [5].

Prevalence

Factors influencing the prevalence of CD

Theprevalence ofCD is generally citedasabout1%of
theWesternpopulation.Exact figures vary according
to population, age, year of measurement and, most
importantly, how CD is defined. The established his-

topathological criterion of CD includes VA with crypt
hyperplasia (Marsh III) [6–8]. In some studies, how-
ever, prevalence data have been estimated based on
the presence of antibodies to TG2 (tissue transgluta-
minase, TTG), and in some series endomysial
antibodies (EMA).

In recent years, changing views on diagnostic prac-
tice have meant that some researchers now argue
that also minor lesions (Marsh I–II), often called glu-
ten-sensitive enteropathy [9], should be regarded as
CD. Including Marsh I and II in prevalence studies
leads to higher estimates of the prevalence of CDand
maypartlyexplain the increase inCDwitnessed inre-
cent years. Further, studies based solely on positive
CD serology [10, 11] tend to report higher prevalence
rates than studies requesting a positive biopsy for
diagnosis [12], asdostudiesbasedonmembersofCD
societies [12].WhenDubé et al. reviewed 133 studies
published until December 2003 [12], they found a
trend towards higher prevalence figures in smaller
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studies. In larger studies, CD was reported in about
0.5–1.3%of thegeneralpopulation [12].

Unselected populations

The prevalence of CD in an unselected North Ameri-
can population is about 1% [10, 13], although lower
figures have been reported [14, 15]. European data
suggest a similar [16, 17] or higher prevalence. In
2009, Finnish researchers reported that 2.34% of
individuals aged 50 years or above had biopsy-veri-
fiedCD [18].Data fromother parts of theworldwith a
‘European population’ have shown similar levels of
CD[19,20].

Sweden comprises a special case given the ‘coeliac
epidemic’. A study from Northern Sweden found a
prevalence of 1.6% of CD (histological and serologi-
cal evidence of CD) [21]. In a second study Myleus
et al. examined Swedish 12-year-olds and found a
prevalence of CD of 2.9% [22], but that study may
have overestimated the prevalence because patients
with already diagnosed CD might have been more
likely to have participated in the study. Both these
studies [21, 22] accepted high intraepithelial lym-
phocyte (IEL) counts as proof of CD in patients with
positive CD serology. The relationship between high
IEL counts and CD however is beyond the scope of
this paper [21, 23–29]. Still, changing diagnostic cri-
teria or increased awareness of CD are factors unli-
kely to fully explain the increase in CD observed
since the 1980s. Instead, there is evidence of a true
increase in CD as demonstrated in longitudinal
studies [30, 31].

Fewer studies have examined the prevalence of CD
outside North America and Europe, and most of
these studies have examined the prevalence of CD in
risk groups (e.g. China [32], India [33] and Tunisia
[34]).

In available screening studies of the general popu-
lation, the prevalence of CD has varied. In Latin
America [35], high figures have been found in
Mexico (2.7% were TTG+), with lower figures in
Brazil: 0.11% [36] and Argentina: 0.60% [37]. In a
study of Indian school children, 0.32% had CD,
but this may have been an underestimate be-
cause only those with symptoms were tested [38].
High levels of CD have also been reported in eth-
nic Punjabis living in Great Britain [39] and in
Iran (positive CD serology with Marsh I-III, 0.96%)
[40]. Of special interest is the extremely high
prevalence of CD reported from the wheat-con-

suming Saharawi people in Sahara [41]. In Egypt,
more moderate levels have been reported [42].

High-risk groups

First-degree relatives. First-degree relatives are at
increased riskofCD[43–45].WhenRubio-Tapiaetal.
screened344familymembers to111indexcaseswith
CD, 10–11% of the familymembers suffered fromCD
[46]. Fasano et al., usingEMApositivity as their crite-
rion for CD diagnosis, reported a CD prevalence of
4.5% in first-degree relatives and 2.6% in second-
degreerelatives [10].

Anaemia. The prevalence of CD in patients with
anaemia has varied from 0% [47] to 8.7% [48], with
most studies confirming CD through biopsy in about
5%ofpatientswith iron-deficiencyanaemia [49,50].

Osteoporosis. Coeliac disease is associated with
osteoporosis [51] both before [52, 53] and after diag-
nosis of CD [52, 54, 55] (although contradicting re-
ports exist [56, 57]). Some research suggests that
more than half of all patients with CD suffer from low
25-(OH)D-vitamin [58].

Autoimmune thyroid disease. A positive association
between CD and thyroid disease has been observed
both before and after diagnosis of CD [59–70]. Auto-
immunethyroiddiseaseoccurs inabout3–10%of the
CD population [71], and thus patients with CD
should be screened for autoimmune thyroid disease.
Using National Hospital Discharge data, Swedish
researchers estimated the odds ratios (ORs) to be
from 2.0 to 4.0 for future CD in patients with thyroid
disease: hypothyroidism [odds ratio (OR) = 3.8], thy-
roiditis (OR = 4.0) and hyperthyroidism (OR = 2.0)
[70].

Dermatitisherpetiformis (DH). Dermatitisherpetifor-
mis is a blistering skin condition strongly associated
withCD.Autoimmunecomorbidity inDHissimilar to
that noted in CD [72], although a large British study
found no increased risk of nonautoimmune morbid-
ity, such asmalignancy or fractures [73]. In contrast
with CD, DH does not seem to confer an increased
riskofmortality [73].

Type 1 diabetes (T1D). Patients with T1D are at in-
creased risk of CD [74], with a prevalence of approxi-
mately 3–5% [10, 75, 76] and occasionally more [77,
78]. Positive CD serology in T1D is even more preva-
lent (Dubé et al. report levelsup to12%) [12]. In about
85–90% of patients with both diseases, CD is pre-
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ceded by T1D [79]. Reasons for the increased risk of
CD inpatientswith T1D include sharedHLA [80–82],
infant feeding pattern [83–85] and regular screening
forCDinpatientswithT1D, regardlessofwhether the
patients have gastrointestinal (GI) symptoms [86].
Such screening is natural because many patients
with T1D and undiagnosed CD lack GI symptoms
[87]. Data onmetabolic control in patients with both
CDandT1Dareconflicting [88].

Prolonged fatigueor ‘tiredall the time’ shouldalert the
physician toCD[89–93].

Irritable bowel syndrome (IBS). IBS is a functional
bowel disorder of the GI tract that occurs in 5–20% of
the general population [94]. A recent meta-analysis
suggested that patients with IBS are four times as
likely to suffer from CD than the general population
[95].

Liver and pancreatic disease. Coeliac disease has
also been linked to liver and pancreatic disease. One
in 10 patients with cryptogenic hypertransaminas-
emia suffers fromCD [96].Hypertransaminasemia in
patients with diagnosed CD often normalizes on a
gluten-freediet (GFD)andneedsno further investiga-
tion. However, investigation for liver complications is
warranted inCDpatientswith persistent liver abnor-
malities or clinical symptoms of liver disease. In a
Swedish study [97], the ORs for having a future CD
diagnosis in patients with prior liver disease ranged
from about 4 for primary sclerosing cholangitis to 15
for primary biliary cirrhosis. Importantly, Finnish
data indicate thatCDcan contribute to liver failure in
individuals with established liver disease and that
identification ofCDand treatmentwithGFDcanpre-
vent theneed for transplantation [98].

Patients withCDare at increased risk of several pan-
creatic disorders, including pancreatic insufficiency
[99, 100], pancreatic cancer [101] and death from
pancreatic disorders [102]. Our own paper found a
strong association between CD and both acute and
chronicpancreatitis [103].

Also in individuals with ataxia [104, 105] and poly-
neuropathy [106] should CD be ruled out. Gluten
ataxia is also commented on by Troncone and Jabri
in this issueofJournalof InternalMedicine [107].

Based on available data, we suggest that individuals
belonging to theabove-mentioned riskgroupsunder-
goantibodyscreening forCD, followedbysmall intes-
tinalbiopsy ifCDserology ispositive.

Symptoms and signs

The clinical presentation of CD has changed over
time. Although classical CD (with GI symptoms such
as diarrhoea, abdominal pain, abdominal distension
and failure to thrive) still occurs in children (and then
most often between 6 and 24 months of age), it has
decreased in this age group in the past several dec-
ades [108]. The classical diarrhoea-predominant
mode of presentation has also diminished in adults
[108] and ‘coeliac crisis’ with sudden severe diar-
rhoea is uncommon [109]. Other presentationsmore
commonly seen these days are anaemia, osteoporo-
sis, more vague abdominal symptoms (such as
abdominal pain, bloating and altered bowel symp-
toms often labelled as IBS) and neuropathic symp-
toms [110]. Patients are frequently diagnosed be-
cause of their being in high-risk groups [92]. A large
percentage of patients are diagnosed because they
are family members to patients with CD [10]. Many
patients lackGIsymptoms.

USdata indicate that 2–4%of childrenwithGI symp-
toms (especially diarrhoea) are positive for EMA [10].
These findings are further supported by British data
on 7-year-old children where diarrhoea (odds ra-
tio = 1.96), together with having at least three GI
symptoms (OR = 2.45), was statistically significantly
associatedwith later EMApositivity [111]. A Swedish
study comparing children with biopsy-verified CD
and children with a negative biopsy [112] found that
abdominal distension (OR = 22.17), tiredness
(OR = 15.43), irritability (OR = 6.50) and thin
extremities (OR = 5.89) all predisposed for a later
diagnosis of CD. In that study [112], vomiting
(OR = 3.04) and diarrhoea (OR = 2.04) were of bor-
derline significance for the risk of having a future
diagnosis of CD [112]. TheNorth American Society for
Pediatric Gastroenterology, Hepatology and Nutrition
(NASPGHAN)recommends thatCDshouldbeconsid-
ered in childrenwith failure to thrive, persistent diar-
rhoea, recurrent abdominal pain, constipation and
vomiting [113].

Although sensitivity and specificity of diarrhoea for a
diagnosis of CD in adults vary [114], diarrhoea (espe-
cially chronic diarrhoea [92]) and other GI symptoms
(e.g. constipation and weight loss) should alert the
physician to thepossibility ofCD[114].

Although CD is characterized by inflammatory
changes in the small intestinal mucosa, extraintesti-
nal symptoms and signs are also known to occur. In
patients with any of the following symptoms screen-
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ing for CD may be considered: ataxia [104, 105],
neuropathy [106, 115–118], alopecia areata [119],
psoriasis [120], depression [121], chronic thrombo-
cytopenicpurpura [122] andAddison’sdisease [123].
Screening could also be considered in patients with
certain infections, including tuberculosis [124, 125],
pneumococcal infections [126] and sepsis [127]. The
increased risk of pneumococcal infection and sepsis
may be because of hyposplenism in CD [128]). Given
the repeatedly increasedrelative riskof lymphoprolif-
erativemalignancy inCD [129–131], it seemsreason-
able to also screenpatientswith lymphoma forCD. In
children and adolescents, extraintestinal signs (e.g.
short stature and delayed puberty) constitute addi-
tional reasons forCDscreening [113].

In contrast, infertility is unlikely to be a commonsign
of CD. Indeed, the two largest cohort studies on CD
andfertility todate [132,133]havenotbeenunable to
show an association between CD and infertility, be-
fore or after CD diagnosis. This finding does not con-
tradict earlier reports of adverse pregnancy outcome
in women with undiagnosed CD [134, 135]. Mothers
to preterm children are at increased risk of having
undiagnosedCD.

At least three congenital syndromes seem to be asso-
ciated with CD: Down syndrome, [136–138] Turner’s
syndrome [139, 140] and Williams syndrome [141],
as an example of the great spectrum of clinical pre-
sentations of CD. Table 1 represents the modes of
presentation inadults andchildrenseenat theCeliac
DiseaseCenteratColumbiaUniversity inNewYork.

Serological tests and HLA testing

Whereas biopsy is the gold standard in diagnosis,
serological tests are pivotal in determining who
shouldundergo endoscopy andbiopsy. The older an-
tigliadin antibodies (IgG and IgA) are no longer used
because of their lack of sensitivity and specificity
[142], except in younger children. Antigliadin anti-
bodieshavebeenreplacedby themore recentlydevel-
oped deamidated synthetic gliadin peptide (often re-
ferred to as antigliadin peptide or antideamidated
gliadin peptide, anti-DGP) [143]. The EMA remains
the most specific test [114, 144]; however, the anti-
body to its autoantigen, TTG [145], is themost widely
used because of its high sensitivity and specificity
and ease in performance as an ELISA test [146, 147].
EMA is an immunoflourescent test requiring experi-
ence in interpretation and the use of primate tissue
[148].

Increasing diagnostic precision through serial testing

The rationalebehindserial testing is that onepositive
test followed by another positive test increases the
likelihood of the patient having CD. In turn, several
positive tests (TTG+ and EMA+ and biopsy+) as op-
posed to one (TTG+) decrease the risk that a truly
healthy patient is falsely assigned a diagnosis of CD.
Toillustratetheuseofserialtestingwedescribealarge
Dutchstudy[149].Inthisstudythepositivepredictive
value of TTGalonewas76%.AddingEMA+ increased
the positive predictive value to 81%. However, still
3 ⁄16patientswithpositiveTTGandEMAdidnothave
CD in that study. Ina largeBritish studyof 2000con-
secutive patients only 29%of thosewith positive TTG
had CD, further underlining the importance of con-
firmingaCDdiagnosiswithbiopsy[150].

HLA testing

It is estimated that at least 95% of the CD popula-
tion are positive for HLA-DQ2 ⁄DQ8 [151, 152]. At
first, this might suggest that positive DQ2 ⁄DQ8
could be used to confirm a diagnosis of CD. How-
ever, positive DQ2 ⁄DQ8 cannot be used to confirm a
diagnosis of CD because DQ2 ⁄DQ8 is also very com-
mon in the general population (of the Western
world). Instead, HLA tests should be used to rule out
the existence of CD (HLA tests have high negative
predictive values). Hadithi et al. tested 463 patients
for CD and found that DQ2 ⁄DQ8+ had a positive
predictive value of 6% (i.e. 6% of those testing posi-
tive had CD) [149]. In contrast, a negative DQ2 ⁄DQ8
test carries a lot of information because it will rule

Table 1 Mode of presentation of adults and children with

coeliacdiseasea

Symptom

Adults,%

(n = 1499)

Children,%

(n = 244)

Diarrhoea 40 9

Anaemia 15 3

Bonedisease 6 –

Abdominalpain – 22

Growth issues – 26

Constipation – 5

Abdominaldistension – 4

Screening 10 23

Incidentalatupperendoscopy 6 –

Other 23 8

aData fromtheCeliacDiseaseCenteratColumbiaUniversity
inNewYork,US.
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out about 97% of all CD cases (negative predictive
value: 96.6%) [149].

IgA deficiency

Individualswith IgAdeficiency (IgAD)havedecreased
levels of IgA [or no IgA at all in the case of selective IgA
deficiency (SIgAD)]whilst havingnormal levels of ser-
um IgG and IgM [153]. SIgAD affects 0.1–0.2% of the
generalpopulation.

Several studies have indicated a link between SIgAD
and autoimmune diseases [154–166]. Although it is
more common that SIgAD is diagnosed as part of the
screening for CD [167], physicians managing SIgAD
patients should be aware of the association with CD
[165, 166, 168, 169]. Patients with CD and severe
IgAD should undergo testing for anti-immunoglobu-
linA thatmayreactwithplasma IgA in that suchanti-
immunoglobulins can lead to transfusion reactions
inpatients receivingbloodproducts.

When testing for IgA EMA or IgA TTG, the physician
should always evaluate total IgA levels. In patients
with low IgA, IgG against EMA ⁄TTG should instead
be measured, although the IgG test has lower sensi-
tivity [147] and specificity than IgA-based tests.
Hence, in this patient group, a small intestinal
biopsy may be considered independently of CD
serology results.

Intestinal biopsy

Intestinal biopsy, though imperfect, is considered the
goldstandard in thediagnosisofCD[170].Themuco-
sal changes, as originally classified by Marsh [6],
identified in the biopsy of patients with CD consist of
a spectrum ranging from prominent intraepithelial
lymphocytosis without VA (Marsh I) to total VA
(Marsh IIIc) [8]. Figure 1(a) depicts the finger-like villi
found in thenormal small intestine. In this classifica-
tion,partialVA isclassifiedasMarsh IIIb (Fig.1b)and
totalVAasMarsh IIIc (Fig.1c).

There is a reluctance to give patients a diagnostic la-
bel of CDwithout the presence of VA. This unwilling-
ness ismainlybecause there are several other causes
of theMarsh I lesion (alsoknownas lymphocyticduo-
denitis) that include Helicobacter pylori gastritis
[171], giardiasisandviralgastroenteritis [172].

Because the pathological changes of CDmay be pat-
chy, 4–6 biopsy pieces are recommended [173, 174].
Inaddition,biopsyof theduodenalbulb increases the

(a)

(b)

(c)

Fig. 1 (a) Normal small intestine. (b) Partial villous atrophy.
(c)Total villousatrophy.
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yield of the presence of VA (in one study by 13%)
[175].

Therapy of coeliac disease

A GFD is the only medically accepted treatment for
CD. It will improve symptoms and abnormalities in
the duodenal biopsy, enhance quality of life in peo-
ple with symptomatic CD and likely reduce mortal-
ity. Consultation with an experienced nutritionist is
advised; however, in some countries there are lim-
ited recourses to provide this service [176]. The GFD
is rigorous, and therefore adherence to it is not
consistent [174]. Lactose restriction is not routinely
recommended unless symptoms or breath testing
suggest the presence of lactose intolerance. Young
children with severe CD, however, may benefit from
lactose restriction in the first months after CD
diagnosis.

After diagnosis

At diagnosis, patients should be assessed for vitamin
deficiency with a serum folate, vitamin B12 level
[177] and vitamin D (25 hydroxy) and deficiencies
corrected by appropriate vitamin supplementation.
Vitamin B deficiency is common after an extended
period on a GFD [178]; accordingly, all patients are
advised to take a gluten-free multivitamin. Mineral
status is assessed by measurement of serum iron,
ferritin, and possibly, copper and zinc levels. Serum
calcium and parathyroid hormones are valuable to
assess calcium homeostasis. Hyperparathyroidism,
both secondary, which is because of calcium defi-
ciency (the result of calciummalabsorption and pos-
sible lactose restriction in the diet), and primary
hyperparathyroidism, are increased in CD [179–
181].

If neurological symptoms (e.g. neuropathic symp-
toms, ataxia or memory impairment) were present,
wewould advicemeasurement of serumcopper, vita-
minE,aswellasB1,B2,andB6, toexcludedeficiency
of thesenutrients [182,183].

Fracture risk is increased in CD [52, 184, 185]. Re-
duced bone density is common, and assessment of
bone mineral density (BMD) at diagnosis in adults is
well advised [186, 187]. Although BMD may be
abnormal in children [188], routine assessment is
not appropriate because of lack of standard values.
Therapy with calcium and vitamin D to correct vita-
min D deficiency and secondary hyperparathyroid-
ism together with a GFD results in improved BMD

[187, 188]. Use of bisphosphonates is typically re-
served forpatientswhoseBMDdoesnot improvewith
theGFDandcorrectionofcalciumandvitaminDdefi-
ciency. Because thyroid disease is common in CD,
assessment with a serum TSH level is particularly
appropriate [13, 189]. Pneumococcal vaccination is
recommended in many countries because of the in-
creased risk of pulmonary diseases [126, 127, 190,
191] and the presence of hyposplenism in patients
with CD [128, 192]. Finally, recent data indicate that
individualswithCDare at increased risk of influenza
[193].

Patients shouldbeencouraged to follow-upwith their
nutritionist as well as their diagnosing physician.
Such follow-up encourages adherence to the diet and
allows assessment of response to the GFD. Lately,
two instruments havebeenproposed tomeasure glu-
ten adherence [194, 195]. Serum antibodies to tTG
andDGPshouldbemeasuredat intervals,possiblyat
6 and 12 months, and then annually. They are ex-
pected to fall to normal values with a GFD and are
valuable as an assessment of dietary adherence
[196].

Manypatients lackGIsymptomsmaking itdifficult to
know whether the biopsy abnormalities are healing.
Inaddition,persistent inflammationandvillousatro-
phy are not uncommon in diagnosed CD [197, 198]
and probably associated with a poor prognosis, even
in the absence of symptoms [197, 199]. We would
therefore advocate a follow-up biopsy to document
healingafter at least1 or2 yearson theGFD. Insmall
children (below the age of 2 years), repeat biopsy and
even a third biopsy may be even more important be-
cause cow’s milk protein enteropathy and transient
gluten intolerance are not uncommon in this age
group [200].
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