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sidered to confer only 40% of the genetic risk to develop
celiac disease; the rest is attributable to non-HLA genes
that have not been deﬁnitively identiﬁed. Overall, 10% of
ﬁrst-degree relatives of patients with celiac disease also
have celiac disease. This number increases to 20% if there
are affected sibling pairs in the family.

Epidemiology
Celiac disease is an autoimmune disorder that occurs
in genetically predisposed individuals as the result of
an immune response to gluten. It is present in approximately 1% of the population. Diarrhea has become a
less common mode of presentation (<50% of cases)
than it once was. Other presentations include iron-deﬁciency anemia, osteoporosis, dermatitis herpetiforme,
and neurologic disorders, mainly peripheral neuropathy
and ataxia. Arthritis is commonly found in patients with
celiac disease when systematically sought. Overall,
autoimmune diseases occur more frequently (three to
ten times more) in those with celiac disease than in the
general population. A gluten-free diet is the standard of
treatment, although its effect on some of the extraintestinal manifestations remains to be determined.

Introduction
Celiac disease is a gluten-sensitive enteropathy that occurs
in genetically predisposed individuals and responds to the
withdrawal of gluten from the diet. Once considered a rare
childhood disorder, celiac disease is now known to be a
common condition that may have multiple complications.
Nevertheless, the disease remains widely under-recognized. Use of new serologic markers in the diagnosis of
celiac disease, in particular the antitransglutaminase antibody, has resulted in more efﬁcient screening.
The development of celiac disease requires the histocompatibility molecules DQ2 and DQ8 as essential genetic
factors, with the majority of patients carrying DQ2 alleles
(DQA1*05/ DQB1*02). In the remaining patients an association with DQ8 (DQA1*0301/ DQB1*0302) is found.
These histocompatibility locus antigen (HLA) genes occur
in up to 40% of the white population [1••]. They are con-

Screening studies have revealed that celiac disease is very
common, occurring in approximately 1% of the general
population. This ﬁgure is based on studies of many populations internationally, such as the United Kingdom and the
United States [2,3••]. Celiac disease occurs in all countries
and regions populated by individuals of European origin
(ie, Europe, Australasia, South Africa, Caribbean Islands,
and South America) and in North Africa, the Middle East,
and South Asia. The disease is considered to be underdiagnosed. As a result, symptoms may have a long duration
before the diagnosis is established [4•].

Pathogenesis
Patients with celiac disease develop an immunologic reaction to toxic epitopes of the gliadin molecule; one fragment
of the molecule, a 33–amino acid peptide, is resistant to
digestion. These toxic fragments probably enter the mucosa
during infections or result from an alteration in gut permeability. The immune reaction in the lamina propria is
triggered when gliadin is deamidated by tissue transglutaminase, an enzyme that is present in most tissues. The
deamidated gliadin subsequently binds to either DQ2 or
DQ8 molecules on antigen-presenting cells (APC). An
inﬂammatory process is then initiated by gliadin-restricted
CD4 T cells, resulting in villous injury [1••]. The characteristic intraepithelial lymphocytosis is considered to occur
by a different mechanism, one involving the innate immune
system. Villous atrophy and intraepithelial lymphocytosis
are the histologic hallmarks of the disease.

Diagnosis
Although small bowel biopsy is the gold standard for the
diagnosis of celiac disease, serologic tests are important in
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Table 1. Neurologic manifestations reportedly
associated with celiac or gluten sensitivity
Manifestation

Prevalence, %
[study]

Peripheral neuropathy

49 [9]

Headache

46 [9]

Depression/anxiety

31 [10]

Ataxia

5.4 [11]

Migraines

4.4 [9]

Epilepsy

3.3–5.5 [12]

Less common manifestations
Epilepsy with cerebral calciﬁcations
Dementia
Cerebral vasculitis
Brainstem encephalitis

always present with intestinal symptoms, and they should
be able to recognize the variety of its presentations.
The clinical classiﬁcation of celiac disease depends
on the presence of gastrointestinal symptoms, mainly
diarrhea. Classical celiac disease is the diarrhea-predominant presentation, whereas silent celiac disease may
be atypical (eg, anemia, osteoporosis, ataxia) or asymptomatic (detected by screening of at-risk groups, such as
ﬁrst-degree relatives or patients with type 1 diabetes or
primary biliary cirrhosis).

Neurologic manifestations
Recognition of neurologic manifestations of celiac disease
has increased. Neurologic and psychiatric disorders associated with celiac disease include cerebral ataxia, peripheral
neuropathy, epilepsy, dementia, and depression. Table
1 provides a summary of the neurologic and psychiatric
manifestations of celiac disease and gluten sensitivity.

Progressive multifocal leukoencephalopathy
Progressive myoclonic encephalopathy
Huntington’s disease/chorea
Myoclonus
Neuromyotonia
Stiff-man syndrome
Inclusion body myositis and polymyositis
(Adapted from Green et al. [8].)

the determination of who should be referred for biopsy.
Participants in the National Institutes of Health consensus
development conference on celiac disease suggested that
IgA anti-tissue transglutaminase or endomysial antibody
be used for serologic testing, given their high sensitivity
and speciﬁcity of greater than 90% [5••]. Selective IgA
deﬁciency is 15-fold more common among patients with
celiac disease than in the general population, and as a
result, both IgA and IgG tissue transglutaminase antibodies should be sought. However, concern has been expressed
that the sensitivity of serologic tests is extremely variable
in clinical practice, as reported by Abrams et al. [6].

Clinical Presentations
The focus of this review is the extraintestinal manifestations that make celiac disease a multisystemic disorder
rather than a primary gastrointestinal disease. Over the
past two decades the percentage of patients presenting in
atypical ways, with so-called “silent celiac disease,” has
increased. [7]. The spectrum of disease severity is very
great. Some patients are totally asymptomatic (picked
up by screening in at-risk populations), whereas others
may present with a malabsorption syndrome or an enteropathy-associated T-cell lymphoma. The reason for the
tremendously varied presentation is unclear. However,
clinicians need to be aware that celiac disease does not

Ataxia
Cerebellar ataxia occurs in celiac disease [13], and the
term “gluten ataxia” has been expanded to include
patients without celiac disease, though the association
of symptoms and gluten sensitivity without celiac disease is controversial. Pellecchia et al. [14] demonstrated
that improvement in the ataxia may occur with gluten
withdrawal. The pathogenesis of the ataxia is considered
autoimmune mediated [15]. Intravenous gamma globulin
has therefore been beneﬁcial in these patients [16].
Peripheral neuropathy
Peripheral neuropathy is the most common neurologic
manifestation of celiac disease. Cicarelli et al. [9] reported
an occurrence of signs of peripheral neuropathy in 49%
of patients seen in an Italian celiac clinic. In addition, we
have reported that celiac disease was present in 2.5% of
patients evaluated for neuropathy [17]. Celiac disease was
also found in 8% of patients with symptoms of neuropathy and normal electrodiagnostic studies. Appropriately, a
skin biopsy will reveal evidence of a small ﬁber neuropathy, as reported by Brannagan et al. [18]. In our series
the most common complaints were painful paresthesias
of the limbs and occasionally of the face and variable
sensory loss of large- and small-diameter sensory ﬁbers.
Motor weakness was rare and conﬁned to the ankles,
and gait instability occurred in 25% of the patients [17].
Antiganglioside antibodies have been identiﬁed in celiac
disease–associated autoimmune neuropathies. Alaedini et
al. [19] found that six patients with celiac disease were
positive for one or more IgG antibody to GM1, GMD,
GD1a, and GD1b gangliosides.
Epilepsy
Several studies have suggested an association between
celiac disease and epilepsy. A high prevalence of epilepsy
(3.5% to 5.5%) has been reported by Dalgic et al. [20] in
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patients with celiac disease compared with normal control
subjects. This appears to occur mainly in children rather
than adults [21]. Nevertheless, seizure control has been
reported to improve or stabilize in patients who adhere to
a gluten-free diet, particularly if the diet is initiated shortly
after the onset of epilepsy [22]. The uncommon syndrome
of celiac disease, epilepsy, and cerebral calciﬁcation has
been described in both pediatric and adult populations.
The calciﬁcations occur mainly in the parieto-occipital
region at the gray–white matter interface or in regions
similar to those in Sturge Weber syndrome [23].
Headache
Gabrielli et al. [24] found migraine in 4.4% of patients
with celiac disease, compared with 0.4% of normal controls. Both migraine and tension headache occur more
frequently in celiac disease. In one celiac study, half of the
celiac patients with headache (either migraine or nonspeciﬁc) had signiﬁcant improvement with a gluten-free diet,
indicating that the diet may improve headache in a signiﬁcant proportion of people with celiac disease [25].
Depression
Common symptoms described in celiac disease include excessive anxiety, fatigue, and irritability, which are also found
in depression, a common disorder in celiac disease patients
[26,27]. In younger people these depressive symptoms may
decrease after diagnosis and treatment of celiac disease, but
the depressive symptoms did not improve in adults.
Schizophrenia and other behavioral disorders
Population-based studies reveal an association of celiac
disease with schizophrenia [28]. However, the therapeutic
implications of this relationship are unclear. In childhood
and adolescence, disruptive behavior and depression have
been noted in those with celiac disease [29]. More recently,
a prospective study by Verkasalo et al. [30] revealed less
achievement, as manifested by fewer college degrees and
managerial positions, in those with silent, undiagnosed
celiac disease compared with those without celiac disease.
This ﬁnding was attributed to childhood behavioral problems. Little evidence is available to support an association
with autism, though the use of a gluten-free diet (like that
prescribed for celiac disease) is common.

Hematologic manifestations
Anemia is one of the most common manifestations of celiac
disease, and it may be the only presenting sign in some
patients with celiac disease. Iron deﬁciency, a predominant
cause of anemia in celiac disease patients, was the mode of
presentation in 8% of individuals seen in a US study [31].
These iron-deﬁcient individuals with celiac disease included
equal numbers of male and female patients, and diarrhea
was not a complaint. In a study from the Mayo Clinic,
celiac disease was identiﬁed as a cause of iron-deﬁciency
anemia in 15% of patients undergoing esophagogastroduo-
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denoscopic assessment (EGD) for iron-deﬁciency anemia
[32]. In a prospective study by Karnam et al. [33], patients
with iron-deﬁciency anemia without any obvious gastrointestinal cause underwent EGD, which revealed an incidence
of 2.8% of celiac disease.
Duodenal biopsy should be routine when EGD is performed for iron-deﬁciency anemia. The pathophysiology
of iron-deﬁciency anemia may be multifactorial; the most
accepted mechanism is that iron is absorbed by the proximal duodenum, which is a primary region of involvement
in celiac disease. Another mechanism, occult blood loss, has
been identiﬁed in adults and children [34], though this was
not conﬁrmed in subsequent studies [35,36]. In a study of 26
adults with celiac disease and iron deﬁciency, a gluten-free
diet was found to sufﬁce for the correction of anemia in 94%
and for the correction of iron deﬁciency in 55% of patients,
suggesting that supplemental iron is unnecessary [37].
Deﬁciency of vitamin B12 is more common than previously considered in patients with celiac disease [38]. It
occurred in 12% of celiac patients in one series and was
not associated with the degree of villous atrophy or diarrhea in either gender. Di Sabatino et al. [39] reported that
hyposplenism is common at presentation of celiac disease
and frequently improves with the diet.

Dermatologic manifestations
Dermatitis herpetiformis is considered to be celiac disease
of the skin. It is strongly associated with the silent form
of celiac disease, in which inﬂammatory small intestinal
changes can often be found by histologic examination,
even in the absence of any clinical gastrointestinal symptoms. Dermatitis herpetiformis is an extremely pruritic
blistering condition that may occur anywhere on the
skin but classically involves the extensor surfaces of the
arms and knees and frequently involves the buttocks. The
diagnosis can be made by ﬁnding granular IgA deposits in
the papillary pits of the dermis. The course of dermatitis
herpetiformis includes relapses and remissions, which are
coincident with gluten exposure. A strict gluten-free diet
can result in long-term remission. Hervonen et al. [40]
reported that dermatitis herpetiformis is also associated
with higher risk of T- and B-cell lymphoma of any site,
whether gastrointestinal or extraintestinal. This increased
risk can be prevented with the gluten-free diet but not by
dapsone, which is frequently used to treat the skin lesions.
Dermatitis herpetiformis is rare in children. Duodenal
biopsy in patients with dermatitis herpetiformis reveals
villous atrophy in 80%; the remainder of patients have a
normal-appearing biopsy, though intestinal permeability
is increased in all patients [41].
Other dermatologic manifestations associated with
celiac disease include alopecia areata, viteligo, and psoriasis. Celiac disease occurs more commonly in those with
psoriasis than would be expected [42], and it has been
reported to reverse with a gluten-free diet [43]. Alopecia
areata, also a chronic autoimmune disorder, occurs more
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commonly in association with celiac disease [44]. Contrary to an earlier report, alopecia does not improve with
a gluten-fee diet [45]. Finally, chronic urticaria has been
reported to improve in patients diagnosed with celiac disease who have commenced a gluten-free diet [46].

Oral mucocutaneous and facial manifestations
The presence of recurrent aphthous ulcers should prompt
the physician to screen for celiac disease, given that aphtous ulceration is present in 10% to 40% of patients with
untreated celiac disease. Other manifestations include
Sjögren syndrome [47] and dental enamel defect [48].
Recently a large forehead, as described by Finizio et al.
[49], was proposed as a sign of celiac disease. This is considered to be due to a proportionally smaller mid-third of
the face, compared with the forehead.

Hepatic manifestations
Ranging from asymptomatic transaminasemia to severe
hepatic failure, liver disease is recognized as a frequent
extraintestinal manifestation of celiac disease. Hypertransaminasemia may be present in up to 40% of patients,
including both adults and children, and is usually reversible with a gluten-free diet [50]. Celiac disease is detected
as the cause of approximately 10% of cases of cryptogenic
hypertransaminasemia [51] and should be sought by
serologic testing in all cases. The exact cause of the liver
abnormalities is unknown. Biopsies have shown nonspeciﬁc hepatitis as well as steatosis.
Primary biliary cirrhosis, sclerosing cholangitis, and
autoimmune cholangitis are also associated with celiac
disease [52]. It should be noted that the diagnosis and
treatment of celiac disease in those with severe liver disease may result in improvement of liver function [53].

Blood test abnormalities
Various abnormalities in blood test results have been associated with celiac disease. The more common ones include
hyperamylasemia and hypocholesterolemia. Elevated serum
amylase, due to macroamylasemia (in which the pancreas is
normal), has been found more commonly among untreated
celiac patients than in those on a gluten-free diet (16.8%
and 7%, respectively) [54]. Celiac disease is associated with
hypocholesterolemia, especially low high-density lipoprotein. One study found that all patients with celiac disease
and iron-deﬁcient anemia had a cholesterol level of less
than 156 mg/dL [55]. We have found that men have lower
cholesterol than women [56]. Our study demonstrated that
signiﬁcantly low HDL cholesterol is improved by a glutenfree diet in those with celiac disease [57].

Bone disease
Reduced bone density is common in patients with
celiac disease [58]. Studies have shown that screening of osteoporotic patients with celiac antibodies is
beneﬁcial in diagnosing patients with silent celiac dis-

ease [59]. Celiac disease has been found in 2% to 7%
of patients with osteoporosis, and worsening T scores
have also been found to correlate with more severe
celiac disease. Sanders et. al. [60] indicated that, among
431 patients presenting for bone-density determination,
the prevalence of celiac disease was 1.2% in patients
with osteopenia, and it was 2.1% for those with osteoporosis. The yield of screening postmenopausal women
with osteoporosis for celiac disease is low, and this practice is not considered worthwhile [61].

Rheumatologic presentations
Among the extraintestinal manifestations of celiac disease, arthritis is common [62]. In many case reports
arthritis is the presenting symptom in both adults and
children. In one study of 200 celiac disease patients,
by Lubrano et al. [62], arthritis was present in 26% of
those with celiac disease versus 7.5% of normal control
subjects. The arthritis was seronegative and oligoarticular, similar to the other enteroarthritides. Sacroiliitis was
present in 14 of 22 patients with celiac disease who had
undergone bone scintigraphy. Luft et. al. [63] tested sera
of patients with various rheumatologic disorders, including Sjögren syndrome, rheumatoid arthritis, systemic
lupus erythematosus, and systemic sclerosis, for the presence of tissue transglutaminase antibodies. They found an
increased incidence of celiac disease only among patients
with Sjögren syndrome (10%). A study by Rensch et al.
[64] of patients with systemic lupus erythematosus found
no patients with endomysial antibodies.

Autoimmune diseases and endocrine diseases
Autoimmune diseases occur in those with celiac disease
three to ten times more frequently than in the general
population [56,65]. These diseases include thyroid disease
[65], autoimmune hepatitis and cholangitis [52], primary
biliary cirrhosis [66], type 1 diabetes mellitus [67], Sjögren
syndrome [68], Addison’s disease [69], peripheral neuropathy [18], psoriasis [42], and cardiomyopathy [70]. Table
2 provides a summary of diseases associated with celiac
disease. The association with these other autoimmune
diseases is thought to be secondary to shared HLA alleles,
a common immunologic mechanism, and the presence of
celiac disease itself. Duration of gluten exposure, as determined by age at celiac disease diagnosis, was considered
to be an important factor in the risk of development of an
associated autoimmune disease. This suggests that earlier
celiac disease diagnosis may prevent the development of
the autoimmune diseases in these patients; however, recent
studies have refuted this possibility [65].
Reports exist of improvement of various autoimmune
diseases in patients with celiac disease who are following
a gluten-free diet. These diseases include neuropathy [17],
cardiomyopathy [71], and thyroid disease [65]. However,
most associated autoimmune diseases do not improve after
a gluten-free diet, and diagnosis of celiac disease does not
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Table 2. Other diseases associated with
celiac disease
Category

Manifestation

Neurologic

Peripheral neuropathy [9]
Headache [24,25]
Depression/anxiety [27,28]
Cerebellar ataxia [13,14]
Epilepsy [21,22]

Endocrine

Conclusions

Autoimmune thyroid disorders [65]

The varied clinical presentations make the diagnosis of
celiac disease challenging. A host of diseases associated
with celiac in turn give rise to multiple extraintestinal
manifestations. Non–diarrhea-predominant presentations
and silent celiac disease are the most frequent.
Substantial progress has taken place in our understanding of celiac disease in the past decade. Celiac
disease is a multisystem autoimmune disorder that is currently believed to affect 1% of the general population, and
patients are increasingly diagnosed after the extraintestinal complications and manifestations of the disease have
been recognized. It is therefore important for clinicians of
all subspecialties to be aware of the varied symptoms and
diseases associated with celiac disease and to consider
performing celiac serologies liberally.

Alopecia aerate [44]
Idiopathic dilated cardiomyopathy [76]
Autoimmune myocarditis [71]
Hepatic

Gluten sensitivity without celiac disease
Gluten sensitivity without celiac disease is a controversial
area. Patients are encountered with either neurologic or
gastrointestinal symptoms that respond to a gluten-free
diet despite the absence of celiac disease. It is certainly
worthwhile to exclude celiac disease as a possible diagnosis with the appropriate HLA testing and a gluten
challenge in these patients. However, patients are often
adamant about their symptom improvement.

Type 1 diabetes mellitus [67]
Addison’s disease [69]

Cardiac
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Primary biliary cirrhosis [77]
Autoimmune hepatitis [78]
Autoimmune cholangitis [79]

Rheumatologic Oligoarticular arthritis [62]
Juvenile arthritis [80]
Sjögren syndrome [68]
Other

Anemia [32]
Osteoporosis [51]
Turner syndrome [81]
Down syndrome [82]
Dental enamel defects [83]
Sarcoidosis [84]
Recurrent acute pancreatis [85]

(Adapted from Lee and Green [75].)

protect patients from the development of the associated
autoimmune diseases [65].
Celiac disease has been found in 4% to 8% of women
with unexplained infertility [72]. Recurrent spontaneous abortion is considered the main problem. However,
others have not found this association [73]. Despite the
contradictory evidence, some case reports show successful treatment of infertility after the diagnosis and dietary
treatment of celiac disease [74].

Inﬂammatory bowel disease
Inﬂammatory bowel disease occurs more commonly in
patients with celiac disease, including ulcerative colitis
and Crohn’s disease [86].

References and Recommended Reading

Papers of particular interest, published recently,
have been highlighted as:
•
Of importance
••
Of major importance

Louka AS, Sollid LM: HLA in coeliac disease: unravelling
the complex genetics of a complex disorder. Tissue Antigens
2003, 61:105–117.
A valuable review of the mechanism of disease.
2.
Bingley PJ, Williams AJ, Norcross AJ, et al.: Undiagnosed
coeliac disease at age seven: population based prospective
birth cohort study. BMJ 2004, 328:322–323.
3.•• Fasano A, Berti I, Gerarduzzi T, et al.: Prevalence of celiac
disease in at-risk and not-at-risk groups in the United States: a
large multicenter study. Arch Intern Med 2003, 163:286–292.
The ﬁrst study showing prevalence of celiac disease in the United States.
4.•
Green PHR, Stavropoulos SN, Panagi SG, et al.: Characteristics of adult celiac disease in the USA: results of a national
survey. Am J Gastroenterol 2001, 96:126–131.
Describes clinical features of celiac disease in the adult US population.
5.•• Rostom A, Dube C, Cranney A, et al.: The diagnostic
accuracy of serologic tests for celiac disease: A systematic
review. Gastroenterology 2005, 128:S38–S46.
A valuable comprehensive review.
6.
Abrams JA, Brar P, Diamond B, et al.: Utility in clinical
practice of immunoglobulin anti-tissue transglutaminase
antibody for the diagnosis of celiac disease. Clin Gastroenterol Hepatol 2006, 4:726–730.
7.
Rampertab SD, Pooran N, Brar P, et al.: Trends in the presentation of celiac disease. Am J Med 2006, 119:355:9–14.
8.
Green PH, Alaedini A, Sander HW, et al.: Mechanisms
underlying celiac disease and its neurologic manifestations.
Cell Mol Life Sci 2005, 62:791–799.
1.••

388

Small Intestine

9.

Cicarelli G, Della Rocca G, Amboni M, et al.: Clinical and
neurological abnormalities in adult celiac disease. Neurol
Sci 2003, 24:311–317.
Pynnonen PA, Isometsa ET, Aronen ET, et al.: Mental
disorders in adolescents with celiac disease. Psychosomatics
2004, 45:325–335.
Zelnik N, Pacht A, Obeid R, Lerner : Range of neurologic
disorders in patients with celiac disease. Pediatrics 2004,
113:1572–1676.
Chapman RW, Laidlow JM, Colin-Jones D, et al.: Increased
prevalence of epilepsy in coeliac disease. BMJ 1978, 2:250–251.
Hadjivassiliou M, Grunewald RA, Davies-Jones GA: Idiopathic cerebellar ataxia associated with celiac disease: lack
of distinctive neurological features. J Neurol Neurosurg
Psychiatry 1999, 67:257.
Pellecchia MT, Scala R, Perretti A, et al.: Cerebellar ataxia
associated with subclinical celiac disease responding to
gluten-free diet. Neurology 1999, 53:1606–1608.
Hadjivassiliou M, Maki M, Sanders DS, et al.: Autoantibody targeting of brain and intestinal transglutaminase in
gluten ataxia. Neurology 2006, 66:373–377.
Sander HW, Magda P, Chin RL, et al.: Cerebellar ataxia
and coeliac disease. Lancet 2003, 362:1548.
Chin RL, Sander HW, Brannagan TH, et al.: Celiac
neuropathy. Neurology 2003, 60:1581–1585.
Brannagan TH III, Hays AP, Chin SS, et al.: Small-ﬁber
neuropathy/neuronopathy associated with celiac disease:
skin biopsy ﬁndings. Arch Neurol 2005, 62:1574–1578.
Alaedini A, Green PH, Sander HW, et al.: Ganglioside
reactive antibodies in the neuropathy associated with celiac
disease. J Neuroimmunol 2002, 127:145–148.
Dalgic B, Dursun I, Serdaroglu A, Dursun A: Latent and
potential celiac disease in epileptic Turkish children. J Child
Neurol 2006, 21:6–7.
Pengiran Tengah DS, Holmes GK, Wills AJ: The prevalence
of epilepsy in patients with celiac disease. Epilepsia 2004,
45:1291–1293.
Mavroudi A, Karatza E, Papastavrou T, et al.: Successful
treatment of epilepsy and celiac disease with a gluten-free
diet. Pediatr Neurol 2005, 33(4):292–295.
Gobbi G, Bouquet F, Greco L, et al.: Coeliac disease, epilepsy,
and cerebral calciﬁcations. The Italian Working Group on
Coeliac Disease and Epilepsy. Lancet 1992, 340:439–443.
Gabrielli M, Cremonini F, Fiore G, et al.: Association
between migraine and celiac disease: results from a
preliminary case-control and therapeutic study. Am J
Gastroenterol 2003, 98:625–629.
Zelnik N, Pacht A, Obeid R, Lerner A: Range of neurologic
disorders in patients with celiac disease. Pediatrics 2004,
113:1672–1676.
Siniscalchi M, Iovino P, Tortora R, et al.: Fatigue in adult
coeliac disease. Aliment Pharmacol Ther 2005, 22:489–494.
Carta MG, Hardoy MC, Usai P, et al.: Recurrent brief depression in celiac disease. J Psychosom Res 2003, 55:573–574.
Eaton W, Mortensen PB, Agerbo E, et al.: Coeliac disease
and schizophrenia: population based case control study with
linkage of Danish national registers. BMJ 2004, 328:438–439.
Pynnonen PA, Isometsa ET, Verkasalo MA, et al.: Untreated
celiac disease and development of mental disorders in
children and adolescents. Psychosomatics 2002, 43:331–334.
Verkasalo MA, Raitakari OT, Viikari J, et al.: Undiagnosed
silent coeliac disease: A risk for underachievement? Scand J
Gastroenterol 2005, 40:1407–1412.
Lo W, Sano K, Lebwohl B, et al.: Changing presentation of
adult celiac disease. Dig Dis Sci 2003, 48:395–398.
Oxentenko AS, Grisolano SW, Murray JA, et al.: The
insensitivity of endoscopic markers in celiac disease. Am J
Gastroenterol 2002, 97:933–938.
Karnam US, Felder LR, Raskin JB: Prevalence of occult
celiac disease in patients with iron-deﬁciency anemia: a
prospective study. South Med J 2004, 97:30–34.

10.
11.
12.
13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.
27.
28.
29.
30.
31.
32.
33.

34.

35.
36.
37.

38.
39.

40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

51.
52.

53.
54.
55.

56.

Kosnai I, Kuitunen P, Siimes MA: Iron deﬁciency in
children with coeliac disease on treatment with gluten-free
diet. Role of intestinal blood loss. Arch Dis Child 1979,
54:375–378.
Mant MJ, Bain VG, Maguire CG, et al.: Prevalence of
occult gastrointestinal bleeding in celiac disease. Clin
Gastroenterol Hepatol 2006, 4:451–454.
Logan RF, Howarth GF, West J, et al.: How often is a
positive faecal occult blood test the result of coeliac disease?
Eur J Gastroenterol Hepatol 2003, 15(10):1097–1100.
Annibale B, Severi C, Chistolini A, et al.: Efﬁcacy of
gluten-free diet alone on recovery from iron deﬁciency
anemia in adult celiac patients. Am J Gastroenterol 2001,
96:132–137.
Dickey W: Low serum vitamin B12 is common in coeliac
disease and is not due to autoimmune gastritis. Eur J
Gastroenterol Hepatol 2002, 14:425–427.
Di Sabatino A, Rosado MM, Cazzola P, et al.: Splenic hypofunction and the spectrum of autoimmune and malignant
complications in celiac disease. Clin Gastroenterol Hepatol
2006, 4:179–186.
Hervonen K, Vornanen M, Kautiainen H, et al.: Lymphoma
in patients with dermatitis herpetiformis and their ﬁrstdegree relatives. Br J Dermatol 2005, 152:82–86.
Smecuol E, Sugai E, Niveloni S, et al.: Permeability, zonulin
production, and enteropathy in dermatitis herpetiformis.
Clin Gastroenterol Hepatol 2005, 3:335–341.
Ojetti V, Aguilar Sanchez J, Guerriero C, et al.: High
prevalence of celiac disease in psoriasis. Am J Gastroenterol
2003, 98:2574–2575.
Zone JJ: Skin manifestations of celiac disease. Gastroenterology 2005, 128:S87–S91.
Corazza GR, Andreani ML, Venturo N, et al.: Celiac
disease and alopecia areata: report of a new association.
Gastroenterology 1995, 109:1333–1337.
Bardella MT, Marino R, Barbareschi M, et al.: Alopecia
areata and coeliac disease: no effect of a gluten-free diet on
hair growth. Dermatology 2000, 200:108–110.
Meneghetti R, Gerarduzzi T, Barbi E, Ventura A: Chronic
urticaria and coeliac disease. Arch Dis Child 2004, 89:293.
Patinen P, Aine L, Collin P, et al.: Oral ﬁndings in coeliac
disease and Sjogren’s syndrome. Oral Dis 2004, 10:330–334.
Aine L: Permanent tooth dental enamel defects leading to the
diagnosis of coeliac disease. Br Dent J 1994, 177:253–254.
Finizio M, Quaremba G, Mazzacca G, Ciacci C: Large
forehead: a novel sign of undiagnosed coeliac disease. 2005
37:659–664.
Dickey W, McMillan SA, Collins JS, et al.: Liver abnormalities associated with celiac sprue. How common are they,
what is their signiﬁcance, and what do we do about them?
J Clin Gastroenterol 1995, 20:290–292.
Volta U, De Franceschi L, Lari F, et al.: Coeliac disease hidden by cryptogenic hypertransaminasaemia. Lancet 1998,
352:26–29.
Lawson A, West J, Aithal GP, Logan RF: Autoimmune
cholestatic liver disease in people with coeliac disease:
a population-based study of their association. Aliment
Pharmacol Ther 2005, 21:401–405.
Kaukinen K, Halme L, Collin P, et al.: Celiac disease in
patients with severe liver disease: gluten-free diet may reverse
hepatic failure. Gastroenterology 2002, 122:881–888.
Rabsztyn A, Green PH, Berti I, et al.: Macroamylasemia
in patients with celiac disease. Am J Gastroenterol 2001,
96:1096–1100.
Ciacci C, Cirillo M, Giorgetti G, et al.: Low plasma
cholesterol: a correlate of nondiagnosed celiac disease in
adults with hypochromic anemia. Am J Gastroenterol
1999, 94:1888–1891.
Bai D, Brar P, Holleran S, et al.: Effect of gender on the
manifestations of celiac disease: evidence for greater malabsorption in men. Scand J Gastroenterol 2005, 40:183–187.

Extraintestinal Manifestations of Celiac Disease Hernandez and Green
57.
58.
59.
60.
61.
62.
63.
64.

65.

66.
67.

68.
69.
70.
71.

Brar P, Kwon G, Holleran S, et al.: Change in lipid proﬁle
in celiac disease: beneﬁcial effect of gluten free diet. Am J
Medicine, 2006, in press.
Meyer D, Stavropolous S, Diamond B, et al.: Osteoporosis
in a north american adult population with celiac disease.
Am J Gastroenterol 2001, 96:112–119.
Stenson WF, Newberry R, Lorenz R, et al.: Increased prevalence
of celiac disease and need for routine screening among patients
with osteoporosis. Arch Intern Med 2005, 165:393–399.
Sanders DS, Patel D, Khan FB, et al.: Case-ﬁnding for adult
celiac disease in patients with reduced bone mineral density.
Dig Dis Sci 2005, 50:587–592.
Gonzalez D, Sugai E, Gomez JC, et al.: Is it necessary to
screen for celiac disease in postmenopausal osteoporotic
women? Calcif Tissue Int 2002, 71:141–144.
Lubrano E, Ciacci C, Ames PR, et al.: The arthritis of
coeliac disease: prevalence and pattern in 200 adult
patients. Br J Rheumatol 1996, 35:1314–1318.
Luft LM, Barr SG, Martin LO, et al.: Autoantibodies to
tissue transglutaminase in Sjogren’s syndrome and related
rheumatic diseases. J Rheumatol 2003, 30:2613–2619.
Rensch MJ, Szyjkowski R, Shaffer RT, et al.: The prevalence of celiac disease autoantibodies in patients with
systemic lupus erythematosus. Am J Gastroenterol 2001,
96:1113–1115.
Sategna Guidetti C, Solerio E, Scaglione N, et al.: Duration
of gluten exposure in adult coeliac disease does not correlate with the risk for autoimmune disorders. Gut 2001,
49:502–505.
Dickey W, McMillan SA, Callender ME: High prevalence of
celiac sprue among patients with primary biliary cirrhosis.
J Clin Gastroenterol 1997, 25:328–329.
Talal AH, Murray JA, Goeken JA, Sivitz WI: Celiac disease
in an adult population with insulin-dependent diabetes
mellitus: use of endomysial antibody testing. Am J Gastroenterol 1997, 92:1280–1284.
Iltanen S, Collin P, Korpela M, et al.: Celiac disease and markers of celiac disease latency in patients with primary Sjogren’s
syndrome. Am J Gastroenterol 1999, 94:1042–1046.
O’Leary C, Walsh CH, Wieneke P, et al.: Coeliac disease
and autoimmune Addison’s disease: a clinical pitfall. QJM
2002, 95:79–82.
Fonager K, Sorensen HT, Norgard B, Thulstrup AM:
Cardiomyopathy in Danish patients with coeliac disease.
Lancet 1999, 354:1561.
Frustaci A, Cuoco L, Chimenti C, et al.: Celiac disease
associated with autoimmune myocarditis. Circulation
2002, 105:2611–2618.

72.

73.
74.
75.
76.
77.
78.

79.

80.
81.
82.

83.
84.
85.
86.

389

Gasbarrini A, Torre ES, Trivellini C, et al.: Recurrent
spontaneous abortion and intrauterine fetal growth
retardation as symptoms of coeliac disease. Lancet 2000,
356:399–400.
Kolho KL, Tiitinen A, Tulppala M, et al.: Screening for
coeliac disease in women with a history of recurrent miscarriage or infertility. Br J Obstet Gynaecol 1999, 106:171–173.
Sher KS, Jayanthi V, Probert CS, et al.: Infertility, obstetric
and gynaecological problems in coeliac sprue. Dig Dis
1994, 12:186–190.
Lee SK, Green PH: Celiac sprue (the great modern-day
imposter). Curr Opin Rheumatol 2006, 18:101–107.
Curione M, Barbato M, De Biase L, et al.: Prevalence
of coeliac disease in idiopathic dilated cardiomyopathy.
Lancet 1999, 354:222–223.
Gillett HR, Cauch-Dudek K, Jenny E, et al.: Prevalence of IgA
antibodies to endomysium and tissue transglutaminase in primary biliary cirrhosis. Can J Gastroenterol 2000, 14:672–675.
Volta U, De Franceschi L, Molinaro N, et al.: Frequency
and signiﬁcance of anti-gliadin and anti-endomysial
antibodies in autoimmune hepatitis. Dig Dis Sci 1998,
43:2190–2195.
Sjoberg K, Lindgren S, Eriksson S: Frequent occurrence
of non-speciﬁc gliadin antibodies in chronic liver disease.
Endomysial but not gliadin antibodies predict coeliac
disease in patients with chronic liver disease. Scand J
Gastroenterol 1997, 32:1162–1167.
Lepore L, Martelossi S, Pennesi M, et al.: Prevalence of
celiac disease in patients with juvenile chronic arthritis. J
Pediatr 1996, 129:311–313.
Bonamico M, Bottaro G, Pasquino AM, et al.: Celiac
disease and Turner syndrome. J Pediatr Gastroenterol Nutr
1998, 26:496–499.
Agardh D, Nilsson A, Carlsson A, et al.: Tissue transglutaminase autoantibodies and human leucocyte antigen
in Down’s syndrome patients with coeliac disease. Acta
Paediatr 2002, 91:34–38.
Ventura A, Martelossi S: Dental enamel defects and coeliac
disease. Arch Dis Child 1997, 77:91.
Rutherford RM, Brutsche MH, Kearns M, et al.: Prevalence of coeliac disease in patients with sarcoidosis. Eur J
Gastroenterol Hepatol 2004, 16:911–915.
Patel RS, Johlin FC Jr, Murray JA: Celiac disease and recurrent pancreatitis. Gastrointest Endosc 1999, 50:823–827.
Yang A, Chen Y, Scherl E, et al.: Inﬂammatory bowel
disease in patients with celiac disease. Inﬂammatory Bowel
Dis 2005, 11:528–532.

