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Background

Celiac disease (CD) is defined as a condition that affects 
the morphology of the mucosa of the small intestines, 
and it is improved if the patient consumes a gluten-free 
diet and relapses if gluten is reintroduced in the diet (1). 
The prevalence of CD is high in the general Iranian popu-
lation (1 in 166) (2), and the disease is currently consid-
ered the result of a complex interplay between inherent 
and environmental factors. The typical or classical form 

A B S T R A C T

Celiac disease (CD) is characterized by sensitivity to gluten, which is found in dietary 
wheat, barley, and rye. Many extra-intestinal manifestations have been described in as-
sociation with CD. Liver disease and CD share widespread risk factors. Liver disorders 
such as autoimmune hepatitis, elevation of liver enzyme levels, primary biliary cirrho-
sis, nonspecific hepatitis, primary sclerosing cholangitis, and nonalcoholic fatty liver 
disease have been reported in patients with CD. In this review, we provide information 
regarding liver disorders that may be found in association with celiac disease and the 
effect of the treatment of CD on these disorders.
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of CD is due to the interaction between gliadin and anti-
bodies to tissue transglutaminase (tTG), and it results in 
the flattening of the villi in the small intestinal mucosa 
(3). Although CD is known to affect the small intestine, it 
is a multisystem disorder and can involve other organs 
such as the skin, thyroid, pancreas, heart, liver, joints, 
muscles, bones, the reproductive system, the central and 
peripheral nervous systems (4-13).

The occurrence of liver impairment in CD is well estab-
lished and must be regarded as one of the various extraint-
estinal presentations of gluten-sensitive enteropathy (14-
17). The association between CD and liver manifestations 
was first reported in 1977 (14). In this study, 30 of 74 adults 
newly diagnosed with CD had elevated levels of serum 
aminotransferase enzymes, which normalized after ad-
herence to a gluten-free diet in most cases. In this study,  Copyright c  2011, BRCGL, Published by Kowsar M.P.Co  All right reserved.
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(NAFLD), nonalcoholic steatohepatitis (NASH), hepatitis 
C virus (HCV)-related liver disease, and hepatitis B virus 
(HBV)-related liver disease are very common in the gen-
eral Iranian population (23-25), and their incidence in 
patients with CD is likely a coincidence rather than a 
true correlation. Recently, 2 different types of liver injury, 
namely cryptogenic liver disorder (mild or severe type) 
and autoimmune liver disorder, have been found to be 
strongly related to CD. Cryptogenic liver disorder can be 
distinguished from autoimmune liver disorder on the 
basis of its positive response to gluten-free diet (GFD).

Cryptogenic liver disorders 
1. Mild liver damage (gluten-induced hepatitis)

The first report of gluten-induced hepatitis, published 
in The Journal of Pediatric Gastroenterology and Nutri-
tion in 1986, was the case of a young girl with persistent 
cryptogenic elevation of serum aminotransferase levels 
and mild inflammation of the portal tract (26). A diag-
nosis of CD, suggested in this case by a high titer of anti-
reticulin antibody, was confirmed by duodenal biopsy. 
Bardella et al. performed a similar study and found that 

13 (9%) of 140 screened patients tested positive for anti-
gliadin antibody (AGA) and anti-endomysial antibody 
(EMA). The relative risk of CD in these patients (18.6%) 
was significantly greater than that in the general popu-
lation. Antibodies associated with CD disappeared after 
12 months of consuming a GFD, but liver enzyme levels 
normalized in only 1 patient (27). This form of CD was 
once called “gluten-induced hepatitis” (28) and is now 
suggested to be celiac hepatitis, which is characterized 
by mild periportal inflammation with Kupffer cell hyper-
plasia, mononuclear cell infiltration, absence of any clin-
ical features suggesting chronic liver disease, absence of 
hypergammaglobulinemia, absence of serum autoanti-
bodies, presence of mild lobular and portal tract inflam-
mation, and absence of hepatomegaly, splenomegaly, or 
both; this form is reversible if a GFD is consumed. In the 
majority of patients with hypertransaminasemia at diag-
nosis, liver enzymes returned to normal levels within 6 
months of starting a strict GFD (29) and in almost all cas-
es, returned to normal levels within 12 months of gluten 
withdrawal. Occasionally, hypertransaminasemia might 
be the only sign of CD, which is manifested without any 
gastrointestinal (GI) symptoms. The results of a study by 
Volta et al. showed that 9% of patients with increased lev-
els of transaminase of unknown origin had asymptom-
atic CD (28). Furthermore, evaluation of 110 patients with 
cryptogenic hypertransaminasemia showed that 10% of 
patients with elevated transaminase levels were also pos-
itive for silent CD (29).

On the basis of the high prevalence of CD (9.3%) in pa-
tients with unexplained increases in serum transami-
nase levels, Bardella, et al. confirmed that cryptogenic 
hypertransaminasemia could be a possible extraintes-
tinal sign of CD (30). Furthermore, investigators found 
that children with unknown causes of hypertransami-
nasemia had asymptomatic CD. By consuming a GFD, pa-
tients experienced rapid improvements in both hepatic 
and intestinal biochemical/histologic signs, thus con-
firming that the liver damage was gluten-dependent (31). 
In a few studies, it was reported that some patients on a 
GFD for 12 months newly experienced increases in their 
liver enzyme levels, and this increase was probably be-
cause of the high quantities of lipids contained in some 
gluten-free foods (31, 32).

2. Severe liver damage

Severe histological diseases, including chronic hepati-
tis, severe fibrosis, and cirrhosis have been reported in 
adults and children (14, 25, 31). CD was detected in some 
patients with severe liver damage of unknown origin, 
and surprisingly, clinical improvement in the liver con-
dition was noted when the patients consumed a GFD 
(33-35). The prevalence of CD in patients with chronic 
liver disease is higher than in the general population. 
Lindgren et al. reported that in 327 patients with chronic 
liver disease, the prevalence of CD was 1.5%, which is 15 
times higher than that in the general population (36). 

signs of reactive hepatitis were noted in 5 of 13 patients, 
and different types of histologic lesions were found in 7 
patients. Since the 1990s, a close association between CD 
and autoimmune liver disease has been clearly indicated 
in relevant studies (18-21). 

Searches were performed in PubMed and SID (for Per-
sian papers) for articles published in English- and Per-
sian-language journals from 1977 to November 2010; the 
following keywords were used alone or in combination: 
“celiac disease,” “liver disorders,” “liver abnormality,” 
“liver injury,” “hepatitis,” “anti-tTG,” “anti-endomysial,” 
and “cholangitis.” The aim of this review is to discuss the 
major forms of liver abnormalities associated with CD 
and to evaluate the prognosis of these abnormalities.

Liver Dysfunction related to CD

Patients with CD have damaged gut mucosa, which 
can lead to malabsorption and increased permeability. A 
wide variety of liver injuries may occur in CD (22), and 
the principal conditions are listed in Table 1. 

Conditions such as nonalcoholic fatty liver disease 

Cryptogenic 
liver disorders

High liver enzymes due to gluten 
induced reactive hepatitis

Autoimmune 
liver disease

 Autoimmune hepatitis (AIH)
 Autoimmune overlap syndrome
 Primary sclerosing cholangitis 

(PSC)
 Primary biliary cirrhosis (PBC)
 Nonalcoholic fatty liver disease 

(NAFLD)
 Nonalcoholic steatohepatitis 

(NASH)
 Hepatitis C virus (HCV)-related liver 

disease

Table 1. Characterization of cryptogenic liver disorders related to CD
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In a Finnish study, CD was reported in 4 adult patients 
(3 men and 1 woman) with severe liver disease, who 
were waiting for liver transplantation (33). Two of them 
had progressive hepatitis, congenital liver fibrosis, and 
massive hepatitis steatosis. Clinical symptoms, includ-
ing ascites and jaundice, improved in all patients after 
6 months of consuming a GFD. Of 185 Finnish patients 
who underwent transplantation, 8 (4.3%) were found to 
have CD; this rate is 4–10 times higher than that found 
in the general population (33). During the study for a 
transplant programin a 28-year-old woman with severe 
cryptogenic liver failure had a complete recovery of liver 
function after a few months of following a GFD (34).

3. Autoimmune liver diseases
3-1) Primary biliary cirrhosis

The relationship between CD and primary biliary cir-
rhosis (PBC) is well documented, and it was first reported 
by Logan, et al. in 1978 (37). Consequently, PBC patients 
have been extensively screened for CD. The reported 
prevalence of CD in PBC varies between 0 and 11%, and 
about 6% of individuals with CD may be affected by PBC 
(20, 38, 39). In a 12-year epidemiological study of a Brit-
ish population of 250,000, Kingham and Parker (38) ac-
cessed a large registry of patients with PBC and CD. They 
found that CD was identified in 4 of 67 (6%) patients with 
PBC and that 4 of 143 (3%) patients with CD were affect-
ed by PBC. In another study conducted in UK, in which 
4,732 CD patients were matched with 23,620 controls, 
the prevalence of PBC was found to be 0.17% in patients 
with CD versus 0.05% in controls (39). This trend was con-
firmed by 2 large population-based studies from Danish 
and Swedish cohorts (40). In these studies, EMA antibody 
tests were positive in 11% of PBC patients. The titer of mi-
tochondrial antibodies, which are markers of PBC, did 
not change after gluten removal. Various case reports on 
the association between CD and PBC have shown that a 
GFD induces a stable clinical and biochemical improve-
ment because of the normalization of intestinal absorp-
tion, but it does not seem to adjust the course of the liver 
disorder (41-49). However, some studies have shown that 
there is no association between CD and PBC (50, 51), but 
these studies tended to have small numbers of studied 
patients. In addition, numerous investigations have 
reported the positive effect of a GFD in primary biliary 
cirrhosis, thereby suggesting that all patients with PBC 
should be screened for CD (8, 13-20, 52-55).

3-2) Primary sclerosing cholangitis

No distinguishing autoantibody has been found in pa-
tients with primary sclerosing cholangitis (PSC). Using 
cholangiography as a diagnostic tool, the characteristics 
of the biliary lesion can be evaluated in biopsy tissue or 
the appearance of the intra- and extrahepatic biliary tree 
can be assessed (12). Several studies have found a positive 
correlation between PSC and CD; however, these studies 

involve small numbers of investigated patients, and also, 
surveillance bias has not been taken into account. This 
association was first suggested by Hay, et al. in 1988 (56), 
who described the cases of 3 PSC patients (confirmed by 
cholangiopancreatography retrograde endoscopy and 
liver biopsy) with steatorrhea as a severe form of malab-
sorption. Diarrhea was ameliorated after the diagnosis 
of CD and consumption of a GFD, but the course of PSC 
did not improve. In a recent study by Volta, et al. positive 
anti-EMA antibody was found in 1 of 61 patients with PSC, 
thus showing a prevalence of 1.6% for CD (20). The rela-
tionship between PSC and CD has not been extensively 
studied. In a study of 13,818 patients with CD and 66,584 
age- and sex-matched individuals from the general Swed-
ish population, the prevalence of PSC in CD patients was 
4.46%, a rate 4–8 times higher than that of the general 
population (57). In another survey, CD was found in 3% 
patients with PSC (58). 

Subsequently, the association between PSC and CD 
has been reported in several case reports (59-63). Liver 
enzyme levels in a 54-year-old man with CD, PSC, ulcer-
ative colitis, and Hashimoto’s thyroiditis were notice-
ably improved and finally normalized after 14 months 
of treatment with a GFD (64. A repeated liver biopsy 
showed marked improvement in liver histological char-
acteristics. In addition, in 2 studies, GFDs were reported 
to cause a significant improvement in hepatic histologi-
cal characteristics and cholestasis in 3 patients. The small 
number of studied cases does not allow the formation of 
a definite conclusion as to whether diet slows down the 
progression of this autoimmune liver disorder (57, 60). 
Further studies are needed to accurately determine the 
strength of the association between PSC and CD.

3-3) Autoimmune hepatitis

In the late 1970s, sporadic findings of CD in patients 
with autoimmune hepatitis (AIH) were reported for 
the first time (65-67). To evaluate the incidence of CD in 
patients with AIH, Volta, et al. studied the sera of 157 pa-
tients with type 1 AIH and 24 patients with type 2 AIH; CD 
was found in patients with both types of AIH and EMA an-
tibody was identified in 8 AIH patients (4%). CD was diag-
nosed in 5/8 patients who underwent a duodenal biopsy 
(19). However, the benefit of a GFD to the clinical course of 
AIH patients was not reported. This study was performed 
through cooperation between the Mayo Clinic (Roches-
ter, USA) and the University of Bologna (Italy). 

In another study, the prevalence of CD in patients with 
AIH was 6.4% (21). In a multicenter study in Italy, AIH oc-
curred in 1.1% of 909 children with CD and no case was 
found in either healthy populations or in patients with 
an alternate gastrointestinal ailment such as Crohn’s dis-
ease (68). Jacobsen, et al. studied 101 patients with CD (69) 
and detected chronic active hepatitis in 5 patients (2.3%) 
of 37 patients who underwent histologic evaluation. In 
addition, in a study by Novacek, et al. 3 (1.6%) of 178 pa-
tients with CD investigated for the presence of abnormal 
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liver enzyme levels had documented AIH (70). In a study 
done at King’s College, London, the prevalence of CD in 
96 children with AIH was 3.4%, which was significantly 
higher than expected (71). 

4. Autoimmune cholangitis 

An association between CD and autoimmune cholangi-
tis (AIC) has been described (72). Intestinal biopsies of pa-
tients with CD and AIC usually show either mild atrophy 
or an increased number of intraepithelial lymphocytes. 
In a 60-year-old woman who was evaluated for chronic 
elevations of serum liver biochemical parameters and 
unexplained iron deficiency anemia, a diagnosis of CD 
was made; subsequently, treatment with a GFD led to res-
olution of these abnormalities (73). These studies suggest 
that CD should be considered in all patients diagnosed 
with AIC, as a GFD may avoid the need for immunosup-
pressive therapy.

5. Other liver disorders in CD
5-1) Viral Hepatitis

Hepatitis B and C are prevalent in Iran (74-77). It is es-
timated that between 1.2% and 19.7% of the general pop-
ulation have hepatitis B surface antigen (HBs Ag) and 
0.12–0.89% have anti-hepatitis C virus antibodies, cor-
responding to 1.5–2.5 million HBV cases and 0.5 million 
chronic carriers of HCV (75, 76). In a study recently pub-
lished in Iran, 88 patients with chronic hepatitis B (CHB) 
were serologically tested for celiac autoantibodies, and 
9 seropositive patients underwent duodenal biopsy (78). 
Compared with the general population, the prevalence 
of celiac autoantibodies in CHB (11.3%) is relatively high, 
and most autoantibody-positive patients were asymp-
tomatic for CD.

Fifty-five percent of children and 68% of adults do not 
respond to standard vaccination regimens for hepatitis 
B virus. This lack of response to hepatitis B vaccine may 
be related to the genetic background of celiac patients, 
which seems to be linked to human leukocyte antigen 
(HLA) DQ2 (79, 80). Some authors have suggested that 
large follow-up studies with large sample sizes are neces-
sary to clarify how HBV infection affects the development 
of CD and to identify principal prevention strategies (81-
83). There is no convincing evidence that patients with 
viral hepatitis are at increased risk of developing CD (84, 
85), but an association between HCV infection and CD in 
adults has been reported. Indeed, HCV is suggested to be 
the most common liver disease associated with CD. Two 
hundred and fifty-nine patients who were consecutively 
evaluated with chronic hepatitis C (CHC) and 221 healthy 
volunteers underwent serologic screening for CD, and se-
ropositive patients underwent duodenal biopsy (86). The 
results of this study showed that the prevalence of CD in 
patients with CHC was 1.2%, while only 0.4% of healthy vol-
unteers had CD. In another study, the prevalence of anti-
bodies to tTG in 462 patients with CHC was higher than 
that in 1,350 healthy controls (87). A third study showed 
that the prevalence of CD in 534 patients affected by CHC 
was 1.3% (88).

A recent study of patients having both CD and HCV de-
scribed a well-defined route of transmission in most of 
these subjects, raising the hypothesis that the link be-
tween these diseases may be biased by the route of trans-
mission of hepatitis C infection (89). An association be-
tween HCV infection and CD has been hypothesized, but 
some studies show that there is no correlation between 
these 2 disorders. Thus, a clear association of CD and HCV 
is lacking. In a cross-sectional study, 827 multiparous 
pregnant women were serologically screened for CD and 
HCV antibodies by enzyme-linked immunosorbent assay 
(ELISA). Twenty-seven (3.26%) women had antibodies to 
tTG, but only 2 (0.24%) had antibodies to HCV and one of 
these also had antibodies to tTG. This result suggests that 
routine screening of HCV in CD patients is not efficient 
(90). Both interferon and ribavirin may enhance type 1 
helper T cell immune responses via signal transducers 
and activators of the transcription-dependent pathway, 
which subsequently induces the expression of inter-
feron (91-94). Cammarota, et al. reported 2 cases of CHC 
that displayed various features of CD during treatment 
with interferon. Symptoms and histological disorders 
improved after the interferon treatment was stopped 
and a GFD was consumed (92). Therefore, it is suitable 
to start treatment for HCV after CD diagnosis, and after 
a year of GFD, improvement of the intestinal disease can 
be achieved. Since HCV is a very common disorder and 
may be correlated to CD, the presence of undetected CD 
should be ruled out before starting treatment of inter-
feron in combination with ribavirin. Furthermore, CD 
should be considered in patients with unexplained diar-
rhea during or after interferon/ribavirin therapy.

Figure 1. Possible pathogenic mechanisms of liver abnormalities in CD
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5-2) NAFLD/NASH

Some conditions such as NAFLD and/or NASH are very 
common (up to 25%) in the general population (95), and 
its occurrence in patients with CD is likely to be a coinci-
dence rather than a true correlation (96). Some studies 
declare a clear association between CD and fatty liver 
and suggest performing serological screening and con-
tinually evaluating biochemical abnormalities for CD in 
NAFLD patients (18, 96). Bardella, et al. investigated 59 
patients with hypertransaminasemia and NAFLD, and 
38 (64%) were diagnosed with NASH by anti-EMA and 
anti-tTG antibodies. HLA-DQ typing and endoscopy were 
performed in 2 anti-EMA positive patients (3.4%) and 6 
anti-tTG positive patients (10%). On the basis of histologi-
cal findings, CD was confirmed only in 2 patients (3.4%) 
who were positive for both anti-EMA and anti-tTG. After 6 
months of a GFD, liver enzyme normalized in both cases 
(96). However, other studies do not recognize associa-
tions between CD and NAFLD (97). Nehra, et al. attempted 
to determine whether any relationship exists between 
NASH and CD by investigating the serology of 47 NASH 
patients, in whom NASH was confirmed by liver biopsy. 
Only one patient was EMA-positive, thus indicating that 
there is no association between positive CD serology and 

NASH (97). In contrast, Valera, et al. found positive CD 
markers in 3 of 38 NAFLD patients (7.9%), and histological 
evaluation showed Marsh I in 1 patient. The result of this 
study has indicated a high prevalence of positive tTG in 
patients with NAFLD (98). In an Italian study, the preva-
lence of silent CD in 59 consecutive patients with NAFLD 
was 3.4% (99), which suggested that screening with EMA 
is preferred to tTG antibodies since tTG positivity, in the 
absence of confirmatory anti-EMA antibodies, is not suf-
ficient to perform diagnostic endoscopy.

5-3) CD and hemochromatosis

CD and hemochromatosis are genetic disorders, but CD 
is paradoxically associated with iron deficiency anemia. 
Most published papers regarding these disorders togeth-
er are case reports (100). Singhal et al. reported the cases of 
2 patients who developed both CD and hereditary hemo-
chromatosis (101). In the first case, CD was diagnosed first 
and 8 years later, a routine blood screen showed elevated 
mean corpuscular and alanine transaminase (ALT) levels. 
Additional examinations showed transferrin saturation 
and increased levels of ferritin and iron. Genetic analy-
sis showed homozygosity for the C282Y gene mutation, 
which confirmed hemochromatosis. Liver biopsy showed 

Figure 2. Approach to the diagnosis of liver abnormalities in celiac disease

Celiac Disease
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an index consistent with hemochromatosis. The patient 
responded satisfactorily to venesections, with the serum 
ferritin levels presently maintained around 50 mg/L. The 
second case was that of a 54-year-old woman referred 
with abnormal ALT levels, but the rest of the liver profile 
and other biochemical tests were satisfactory. Screening 
tests for hepatitis B and C and the autoimmune profile 
were negative, but her serum ferritin level was notice-
ably raised. Heterozygosity for the H63D and C282Y mu-
tations was shown in a genetic study. The patient rapidly 
responded to venesection, but the level of ALT remained 
high. Because of increasing upper abdominal discom-
fort, she underwent endoscopy, and histological evalu-
ation confirmed CD. After 3 months of treatment with 
GFD, her liver disorders resolved completely and her ALT 
levels normalized (101).

Butterworth et al. investigated 145 CD patients and 187 
matched controls for the presence of HFE gene muta-
tions. The number of mutated C282Y and/or H63D genes 
were significantly higher in patients with CD (48.3%) 
compared to controls (32.6%). Nevertheless, none of the 
patients with CD showed a clinical presentation of hemo-
chromatosis. The results of this study showed that HFE 
gene mutations are more frequent in the CD population 
and may provide a survival benefit by ameliorating the 
iron deficiency seen in these patients (102). The present 
studies show that there is a rare association between CD 
and hemochromatosis, and therefore, more studies in 
this field are necessary to substantiate this observation.

Pathogenesis of liver dysfunction in CD 

The mechanism(s) of liver injury in CD is still unde-
fined. Intestinal permeability is increased in CD; this may 
enable the entry of toxins, antigens, and inflammatory 
materials to the portal circulation, and these mediators 
may have a role in the liver involvement seen in patients 
with CD (14, 28, 29, 56, 99). Although liver dysfunction oc-
curs not only in patients with CD but also in those with 
irritable bowel disease (IBD), cow milk enteropathy, and 
food allergies, patients with tropical sprue and increased 
intestinal permeability do not present with liver enzyme 
abnormalities as frequently as CD patients (56) (Figure 1). 
Most patients with liver injury associated with CD have 
no symptoms or signs of liver disorder at the time of 
diagnosis, although nonspecific symptoms such as mal-
aise and fatigue are common (14, 27, 28). The sensitivity 
and specificity of each sign is variable, but a combination 
of signs may otherwise raise the suspicion of CD. How-
ever, mild to moderate elevations in serum levels of as-
partate aminotransferase (AST) and/or ALT are the most 
common and often the only laboratory manifestations 
of liver injury in patients with CD. In a study of 98 con-
firmed CD patients with varied LFT, there was an increase 
in only ALT levels in 8 patients and AST levels in 5 of these 
8 patients (unpublished data) After adherence to a GFD 
for 6 months, elevations in serum aminotransferase lev-
els were normalized, thus explaining the correlation be-

tween liver injury and intestinal damage. 
Moreover, in view of the response to GFDs in hyper-

transaminasemia patients and abnormal ALP of suspect-
ed hepatic origin in CD patients, a liver biopsy may be 
useful. However, liver biopsy performance is dependent 
to some extent on factors such as patient age, associated 
co-morbid conditions, and the clinical significance of the 
liver test abnormality. Before interaction between envi-
ronmental and genetic factors lead to irretrievable liver 
injury, early recognition of CD would allow complete re-
covery from hepatic lesions. The following mechanisms 
have been suggested to have roles in establishing liver 
injury in CD: malabsorption and long-standing malnu-
trition, increased intestinal permeability, small intestine 
bacterial overgrowth, chronic intestinal inflammation, 
and a common genetic predisposition.

Furthermore, patients with CD who are exposed to glu-
ten during a gluten challenge are at higher risk to de-
velop autoimmune disease than those without further 
exposure (1, 103).

Genetic Correlation

Genetic predisposition has an important role in the de-
velopment of cryptogenic liver disorders in response to 
autoimmune hepatic injuries, and this might also con-
tribute to the association between CD and liver disease 
(57). Different studies reflect the importance of genetic 
factors in the pathogenesis of CD, which is associated 
with HLA class II molecules encoded by genes of the HLA 
complex on chromosome 6 (104). In this region, a large 
group of autoimmune diseases are linked to specific 
alleles or combinations of haplotypes (105). The main 
genetic marker of CD is the HLA-DQ2 (α1*0501, α1*0201) 
heterodimer, which is present in approximately 95% 
patients with CD, and the remaining patients have HLA-
DQ8 (α1*0301, β1*0302) (106). HLA-DQ2 is in strong link-
age with HLA-DR3, which is also the major HLA risk factor 
for AIH (107). In addition, AIH is associated with HLA-DR4 
and HLA-DR52 (108, 109). The same HLA class II molecule 
has an important role in the pathogenesis of PSC and 
CD. A shared immunogenetic predisposition to autoim-
munity may account for the association between these 
diseases (33, 110, 111). In a multicenter study in Europe, it 
was found that the frequencies of the HLA-DR3, HLA-DR13, 
HLA-DQ2, HLA-DQ8, and HLA-DQB1*0603 haplotypes were 
higher in patients with PSC compared with matched 
controls (112). In Finnish adults who had undergone liver 
transplantation, the frequency of HLA-DQ2 and HLA-DQ8 
in patients with PSC, autoimmune hepatitis, or acute 
liver failure was 56–75% compared with 39% in controls 
(33). Therefore, we suggest that there is a closer associa-
tion between CD and AIH/PSC than between CD and other 
liver disorders.

Conclusion

Liver abnormality may be one of the associated ex-
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traintestinal manifestations of CD. However, because of 
the high frequency of CD in the general population, an 
accidental association between CD and the liver cannot 
be excluded. The liver damage in CD ranges from mild 
hepatic abnormalities to severe liver disease and may be 
seen in 15–55% of patients. The mechanisms underlying 
liver abnormalities in CD are not defined clearly. How-
ever, consumption of a GFD is an effective treatment for 
most patients with CD and liver disorders. After exclud-
ing other causes of liver disease and because of the high 
prevalence of liver disorders in CD, the levels of liver en-
zymes should be evaluated in all patients at the time of 
CD diagnosis (Figure 2).

In cases of cryptogenic hypertransaminasemia, 
transaminase levels will be normalized, and it is recom-
mended to re-check the liver enzyme levels after 6–12 
months of a strict GFD. Fatty liver also may be associated 
with CD, although it is unclear whether this is a cause, 
an effect, or a serendipitous association. The important 
point is that 10–20% of this group may show hyper-
transaminasemia again after 2 or more years of GFD be-
cause of metabolic changes in the liver owing to the high 
amount of lipids found in commercially available gluten-
free foods. For this reason, monitoring of transaminase 
levels once a year is recommended, especially in patients 
gaining weight. Since the association of CD with liver au-
toimmunity has been largely validated, the first step is 
requesting a serology test for CD in all cases of autoim-
mune liver disorders such as AIH, PBC, and PSC. Indeed, 
CD can be present in 3–7% of these patients.

EMA is more specific but slightly less sensitive than 
anti-tTG (113), and as is well known, false-positive results 
for anti-tTG are found in patients with liver and autoim-
mune disorders (114). Therefore, determination of the 
levels of EMA is preferred to that of anti-tTG in patients 
with cryptogenic and autoimmune liver disease. An ex-
ception is in children with inflammatory liver disease of 
unknown cause, where investigation for CD should be 
started by determining the anti-tTG levels. In conclusion, 
serological evaluations for CD should be part of the gen-
eral workup of patients with unexplained elevated liver 
enzyme levels when other causes of liver disease have 
been ruled out, and at the time of CD diagnosis, liver dys-
function should be concurrently evaluated.

Financial support

None declared

Conflict of interest

None declared

References

1. Rostami Nejad M, Rostami K, Pourhoseingholi MA, 
Nazemalhosseini Mojarad E, Habibi M, Dabiri H, et al. Atypical 
presentation is dominant and typical for coeliac disease. J 
Gastrointestin Liver Dis. 2009;18(3):285-91.

2. Shahbazkhani B, Malekzadeh R, Sotoudeh M, Moghadam KF, 
Farhadi M, Ansari R, et al. High prevalence of coeliac disease 
in apparently healthy Iranian blood donors. Eur J Gastroenterol 
Hepatol. 2003;15(5):475-8.

3. Rostami K, Villanacci V. Microscopic enteritis: novel prospect in 
coeliac disease clinical and immuno-histogenesis. Evolution in 
diagnostic and treatment strategies. Dig Liver Dis. 2009;41(4):245-
52.

4. Abenavoli L, Proietti I, Leggio L, Ferrulli A, Vonghia L, Capizzi 
R, et al. Cutaneous manifestations in celiac disease. World J 
Gastroenterol. 2006;12(6):843-52.

5. Volta U, Ravaglia G, Granito A, Forti P, Maioli F, Petrolini N, et 
al. Coeliac disease in patients with autoimmune thyroiditis. 
Digestion. 2001;64(1):61-5.

6. Rensch MJ, Merenich JA, Lieberman M, Long BD, Davis DR, McNally 
PR. Gluten-sensitive enteropathy in patients with insulin-
dependent diabetes mellitus. Ann Intern Med. 1996;124(6):564-7.

7. Curione M, Barbato M, De Biase L, Viola F, Lo Russo L, 
Cardi E. Prevalence of coeliac disease in idiopathic dilated 
cardiomyopathy. Lancet. 1999;354(9174):222-3.

8. Maki M, Hallstrom O, Verronen P, Reunala T, Lahdeaho ML, Holm 
K, et al. Reticulin antibody, arthritis, and coeliac disease in 
children. Lancet. 1988;1(8583):479-80.

9. Ludvigsson JF, Michaelsson K, Ekbom A, Montgomery SM. 
Coeliac disease and the risk of fractures - a general population-
based cohort study. Aliment Pharmacol Ther. 2007;25(3):273-85.

10. Rostami-Nejad M, Villanacci V, Mashayakhi R, Molaei M, Bassotti 
G, Zojaji H, et al. Celiac disease and Hp infection association in 
Iran. Rev Esp Enferm Dig. 2009;101(12):850-4.

11. Volta U, De Giorgio R, Petrolini N, Stangbellini V, Barbara G, 
Granito A, et al. Clinical findings and anti-neuronal antibodies in 
coeliac disease with neurological disorders. Scand J Gastroenterol. 
2002;37(11):1276-81.

12. Davison S. Coeliac disease and liver dysfunction. Arch Dis Child. 
2002;87(4):293-6.

13. Rostami Nejad M, Rostami K, Cheraghipour K, Nazemalhosseini 
Mojarad E, Volta U, Dulaimi DA, et al. Celiac Disease Increases 
the Risk of Toxoplasma gondii Infection in a Large Cohort of 
Pregnant Women. Am J Gastroenterol. 2011;106(3):548-9.

14. Hagander B, Berg NO, Brandt L, Norden A, Sjolund K, 
Stenstam M. Hepatic injury in adult coeliac disease. Lancet. 
1977;2(8032):270-2.

15. Maggiore G, Caprai S. The liver in celiac disease. J Pediatr 
Gastroenterol Nutr. 2003;37(2):117-9.

16. Thevenot T, Mathurin P, Di Martino V, Nguyen-Khac E, Canva-
Delcambre V, Campin G, et al. [Celiac disease and liver 
involvement]. Gastroenterol Clin Biol. 2003;27(1):28-42.

17. Duggan JM, Duggan AE. Systematic review: the liver in coeliac 
disease. Aliment Pharmacol Ther. 2005;21(5):515-8.

18. Freeman HJ. Hepatobiliary and pancreatic disorders in celiac 
disease. World J Gastroenterol. 2006;12(10):1503-8.

19. Volta U, De Franceschi L, Molinaro N, Cassani F, Muratori L, Lenzi 
M, et al. Frequency and significance of anti-gliadin and anti-
endomysial antibodies in autoimmune hepatitis. Dig Dis Sci. 
1998;43(10):2190-5.

20. Volta U, Rodrigo L, Granito A, Petrolini N, Muratori P, Muratori L, 
et al. Celiac disease in autoimmune cholestatic liver disorders. 
Am J Gastroenterol. 2002;97(10):2609-13.

21. Villalta D, Girolami D, Bidoli E, Bizzaro N, Tampoia M, Liguori M, 
et al. High prevalence of celiac disease in autoimmune hepatitis 
detected by anti-tissue tranglutaminase autoantibodies. J Clin 
Lab Anal. 2005;19(1):6-10.

22. Abdo A, Meddings J, Swain M. Liver abnormalities in celiac 
disease. Clin Gastroenterol Hepatol. 2004;2(2):107-12.

23. Habibollahi P, Safari S, Daryani NE, Alavian SM. Occult hepatitis 
B infection and its possible impact on chronic hepatitis C virus 
infection. Saudi J Gastroenterol. 2009;15(4):220-4.

24. Daryani NE, Alavian SM, Zare A, Fereshtehnejad SM, Keramati 
MR, Pashaei MR, et al. Non-alcoholic steatohepatitis and 
influence of age and gender on histopathologic findings. World 
J Gastroenterol. 2010;16(33):4169-75.

25. Alavian SM, Fallahian F, Lankarani KB. The changing 
epidemiology of viral hepatitis B in Iran. J Gastrointestin Liver Dis. 



Hepat Mon. 2011;11(5):333-341

340 Liver complications in celiac diseaseZali MR et al.

2007;16(4):403-6.
26. Maggiore G, De Giacomo C, Scotta MS, Sessa F. Celiac disease 

presenting as chronic hepatitis in a girl. J Pediatr Gastroenterol 
Nutr. 1986;5(3):501-3.

27. Bardella MT, Fraquelli M, Quatrini M, Molteni N, Bianchi P, Conte 
D. Prevalence of hypertransaminasemia in adult celiac patients 
and effect of gluten-free diet. Hepatology. 1995;22(3):833-6.

28. Volta U, De Franceschi L, Lari F, Molinaro N, Zoli M, Bianchi FB. 
Coeliac disease hidden by cryptogenic hypertransaminasaemia. 
Lancet. 1998;352(9121):26-9.

29. Volta U, Granito A, De Franceschi L, Petrolini N, Bianchi FB. 
Anti tissue transglutaminase antibodies as predictors of silent 
coeliac disease in patients with hypertransaminasaemia of 
unknown origin. Dig Liver Dis. 2001;33(5):420-5.

30. Bardella MT, Vecchi M, Conte D, Del Ninno E, Fraquelli M, Pacchetti 
S, et al. Chronic unexplained hypertransaminasemia may be 
caused by occult celiac disease. Hepatology. 1999;29(3):654-7.

31. Vajro P, Fontanella A, Mayer M, De Vincenzo A, Terracciano LM, 
D’Armiento M, et al. Elevated serum aminotransferase activity as 
an early manifestation of gluten-sensitive enteropathy. J Pediatr. 
1993;122(3):416-9.

32. Selcuk H, Kanbay M, Murat K, Yilmaz U. Liver dysfunction after a 
gluten-free diet in a patient with celiac disease: a new link? Dig 
Dis Sci. 2006;51(1):213-4.

33. Kaukinen K, Halme L, Collin P, Farkkila M, Maki M, Vehmanen 
P, et al. Celiac disease in patients with severe liver disease: 
gluten-free diet may reverse hepatic failure. Gastroenterology. 
2002;122(4):881-8.

34. Ojetti V, Fini L, Zileri Dal Verme L, Migneco A, Pola P, Gasbarrini A. 
Acute cryptogenic liver failure in an untreated coeliac patient: a 
case report. Eur J Gastroenterol Hepatol. 2005;17(10):1119-21.

35. Demir H, Yuce A, Caglar M, Kale G, Kocak N, Ozen H, et al. 
Cirrhosis in children with celiac disease. J Clin Gastroenterol. 
2005;39(7):630-3.

36. Lindgren S, Sjoberg K, Eriksson S. Unsuspected coeliac disease 
in chronic ‘cryptogenic’ liver disease. Scand J Gastroenterol. 
1994;29(7):661-4.

37. Logan RF, Ferguson A, Finlayson ND, Weir DG. Primary 
biliary cirrhosis and coeliac disease: an association? Lancet. 
1978;1(8058):230-3.

38. Kingham JG, Parker DR. The association between primary biliary 
cirrhosis and coeliac disease: a study of relative prevalences. 
Gut. 1998;42(1):120-2.

39. 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(4):401-5.

40. Sorensen HT, Thulstrup AM, Blomqvist P, Norgaard B, Fonager 
K, Ekbom A. Risk of primary biliary liver cirrhosis in patients 
with coeliac disease: Danish and Swedish cohort data. Gut. 
1999;44(5):736-8.

41. Primary biliary cirrhosis and coeliac disease. Lancet. 
1978;1(8066):713-4.

42. Iliffe GD, Owen DA. An association between primary biliary 
cirrhosis and jejunal villous atrophy resembling celiac disease. 
Dig Dis Sci. 1979;24(10):802-6.

43. Shanahan F, O’Regan PF, Crowe JP. Primary Biliary Cirrhosis 
associated with Coeliac Disease. Ir Med J. 1983;76(6):282.

44. Schrijver G, Van Berge Henegouwen GP, Bronkhorst FB. Gluten-
sensitive coeliac disease and primary biliary cirrhosis syndrome. 
Neth J Med. 1984;27(6):218-21.

45. Gabrielsen TO, Hoel PS. Primary biliary cirrhosis associated with 
coeliac disease and dermatitis herpetiformis. Dermatologica. 
1985;170(1):31-4.

46. Behr W, Barnert J. Adult celiac disease and primary biliary 
cirrhosis. Am J Gastroenterol. 1986;81(9):796-9.

47. Löhr M, Lotterer E, Hahn EG, Fleig WE. Primary biliary cirrhosis 
associated with coeliac disease. Eur J Gastroenterol Hepatol. 
1994;6(3):263-8.

48. Gálvez C, Garrigues V, Ponce J. Primary biliary cirrhosis and 
coeliac disease. Eur J Gastroenterol Hepatol. 1994;6(9):B77.

49. Lofgren J, Jarnerot G, Danielsson D, Hemdal I. Incidence and 
prevalence of primary biliary cirrhosis in a defined population 

in Sweden. Scand J Gastroenterol. 1985;20(5):647-50.
50. Habior A, Lewartowska A, Orlowska J, Zych W, Sankowska M, 

Bauer A, et al. Association of coeliac disease with primary biliary 
cirrhosis in Poland. Eur J Gastroenterol Hepatol. 2003;15(2):159-
64.

51. Bardella MT, Quatrini M, Zuin M, Podda M, Cesarini L, Velio P, 
et al. Screening patients with celiac disease for primary biliary 
cirrhosis and vice versa. Am J Gastroenterol. 1997;92(9):1524-6.

52. Maki M, Mustalahti K, Kokkonen J, Kulmala P, Haapalahti M, 
Karttunen T, et al. Prevalence of Celiac disease among children 
in Finland. N Engl J Med. 2003;348(25):2517-24.

53. Schuppan D. Current concepts of celiac disease pathogenesis. 
Gastroenterology. 2000;119(1):234-42.

54. Pollock DJ. The liver in coeliac disease. Histopathology. 
1977;1(6):421-30.

55. Lindberg T, Berg NO, Borulf S, Jakobsson I. Liver damage in 
coeliac disease or other food intolerance in childhood. Lancet. 
1978;1(8060):390-1.

56. Hay JE, Wiesner RH, Shorter RG, LaRusso NF, Baldus WP. Primary 
sclerosing cholangitis and celiac disease. A novel association. 
Ann Intern Med. 1988;109(9):713-7.

57. Ludvigsson JF, Elfstrom P, Broome U, Ekbom A, Montgomery SM. 
Celiac disease and risk of liver disease: a general population-
based study. Clin Gastroenterol Hepatol. 2007;5(1):63-9 e1.

58. Schrumpf E, Abdelnoor M, Fausa O, Elgjo K, Jenssen E, 
Kolmannskog F. Risk factors in primary sclerosing cholangitis. 
J Hepatol. 1994;21(6):1061-6.

59. Tysk C. Concurrent ulcerative colitis, celiac sprue, and primary 
sclerosing cholangitis. J Clin Gastroenterol. 1994;18(3):241-2.

60. Brazier F, Delcenserie R, Sevestre H, Delamarre J, Capron J-P. 
Primary sclerosing cholangitis and coeliac disease: beneficial 
effect of gluten-free diet on the liver. Eur J Gastroenterol Hepatol. 
1994;6(2):183-6.

61. Lacaille F, Canioni D, Bernard O, Fabre M, Brousse N, Schmitz J. 
Celiac disease, inflammatory colitis, and primary sclerosing 
cholangitis in a girl with Turner’s syndrome. J Pediatr 
Gastroenterol Nutr. 1995;21(4):463-7.

62. Fracassetti O, Delvecchio G, Tambini R, Lorenzi N, Gavazzeni G. 
Primary sclerosing cholangitis with celiac sprue: two cases. J Clin 
Gastroenterol. 1996;22(1):71-2.

63. Venturini I, Cosenza R, Miglioli L, Borghi A, Bagni A, Gandolfo M, 
et al. Adult celiac disease and primary sclerosing cholangitis: 
two case reports. Hepatogastroenterology. 1998;45(24):2344-7.

64. Bulger K, Griffin M, Dervan P, Lennon J, Crowe J. Coeliac disease 
in association with inflammatory bowel disease. Postgrad Med J. 
1988;64(750):336.

65. Lindberg J, Ahren C, Iwarson S. Intestinal villous atrophy in 
chronic active hepatitis. Scand J Gastroenterol. 1979;14(8):1015-8.

66. Swarbrick ET, Fairclough PD, Campbell PJ, Levison DA, Greenwood 
RH, Baker LR. Coeliac disease, chronic active hepatiti, and 
mesangiocapillary glomerulonephritis in the same patient. 
Lancet. 1980;2(8203):1084-5.

67. Lindberg J, Ahren C, Jonsson J. Gluten-free diet in chronic 
active hepatitis associated with intestinal villous atrophy. 
Hepatogastroenterology. 1982;29(2):52-4.

68. Ventura A, Magazzu G, Greco L. Duration of exposure to gluten 
and risk for autoimmune disorders in patients with celiac 
disease. SIGEP Study Group for Autoimmune Disorders in Celiac 
Disease. Gastroenterology. 1999;117(2):297-303.

69. Jacobsen MB, Fausa O, Elgjo K, Schrumpf E. Hepatic lesions in 
adult coeliac disease. Scand J Gastroenterol. 1990;25(7):656-62.

70. Novacek G, Miehsler W, Wrba F, Ferenci P, Penner E, Vogelsang H. 
Prevalence and clinical importance of hypertransaminasaemia 
in coeliac disease. Eur J Gastroenterol Hepatol. 1999;11(3):283-8.

71. Francavilla R, Castellaneta SP, Davis T, Hadzic N, Mieli Vergani G. 
Coeliac disease in children with autoimmune hepatitis. Dig Liver 
Dis. 2001;33:624.

72. Gogos CA, Nikolopoulou V, Zolota V, Siampi V, Vagenakis A. 
Autoimmune cholangitis in a patient with celiac disease: a case 
report and review of the literature. J Hepatol. 1999;30(2):321-4.

73. Sedlack RE, Smyrk TC, Czaja AJ, Talwalkar JA. Celiac disease-
associated autoimmune cholangitis. Am J Gastroenterol. 
2002;97(12):3196-8.



Hepat Mon. 2011;11(5):333-341

341Liver complications in celiac disease Zali MR et al.

74. Alavian SM. Ministry of Health in Iran is serious about controlling 
hepatitis B. Hepat Mon. 2007;7(1):3-5.

75. Zali MR, Mohammad K, Farhadi A, Masjedi MR, Zargar A, 
Nowroozi A. Epidemiology of hepatitis B in the Islamic Republic 
of Iran. East Mediterr Health J. 1996;2(2):290-8.

76. Alavian SM, Gholami B, Masarrat S. Hepatitis C risk factors 
in Iranian volunteer blood donors: a case-control study. J 
Gastroenterol Hepatol. 2002;17(10):1092-7.

77. Zali MR. Hepatitis B resistance in Iran. Gastroenterol Hepatol Bed 
Bench. 2010;3(2):50-64.

78. Sima H, Hekmatdoost A, Ghaziani T, Alavian SM, Mashayekh A, 
Zali MR. The prevalence of celiac autoantibodies in hepatitis 
patients. Iran J Allergy Asthma Immunol. 2010;9(3):157-62.

79. Tursi A. Celiac Disease and Viral B Hepatitis: Lessons for Clinical 
Practice. Hepat Mon. 2010;10(4):311-2.

80. Ouakaa-Kchaou A, Gargouri D, Kharrat J, Ghorbel A. Relationship 
between Hepatitis B Virus Infection and Celiac Disease. Hepat 
Mon. 2010;10(4):313-4.

81. Burgos A, Bermejo PE. The Controversial Link between Hepatitis 
B Virus and Celiac Disease. Hepat Mon. 2010;10(4):310.

82. Collin P. Celiac Disease and Liver. Hepat Mon. 2010;10(4):315-6.
83. Freeman HJ. Hepatitis B and Celiac Disease. Hepat Mon. 

2010;10(4):317.
84. Noh KW, Poland GA, Murray JA. Hepatitis B vaccine nonresponse 

and celiac disease. Am J Gastroenterol. 2003;98(10):2289-92.
85. Park SD, Markowitz J, Pettei M, Weinstein T, Sison CP, Swiss SR, 

et al. Failure to respond to hepatitis B vaccine in children with 
celiac disease. J Pediatr Gastroenterol Nutr. 2007;44(4):431-5.

86. Fine KD, Ogunji F, Saloum Y, Beharry S, Crippin J, Weinstein J. 
Celiac sprue: another autoimmune syndrome associated with 
hepatitis C. Am J Gastroenterol. 2001;96(1):138-45.

87. Germenis AE, Yiannaki EE, Zachou K, Roka V, Barbanis S, Liaskos 
C, et al. Prevalence and clinical significance of immunoglobulin 
A antibodies against tissue transglutaminase in patients 
with diverse chronic liver diseases. Clin Diagn Lab Immunol. 
2005;12(8):941-8.

88. Durante-Mangoni E, Iardino P, Resse M, Cesaro G, Sica A, Farzati 
B, et al. Silent celiac disease in chronic hepatitis C: impact of 
interferon treatment on the disease onset and clinical outcome. 
J Clin Gastroenterol. 2004;38(10):901-5.

89. Thevenot T, Boruchowicz A, Henrion J, Nalet B, Moindrot H. 
Celiac disease is not associated with chronic hepatitis C. Dig Dis 
Sci. 2007;52(5):1310-2.

90. Rostami Nejad M, Mohebbi SR, Rostami K, Cheraghipou K, Zali 
MR. Is there any association between chronic Hepatitis C virus 
and celiac disease?  . Int J Infect Dis. 2010;14(suppl 1):e233.

91. Bardella MT, Marino R, Meroni PL. Celiac disease during 
interferon treatment. Ann Intern Med. 1999;131(2):157-8.

92. Cammarota G, Cuoco L, Cianci R, Pandolfi F, Gasbarrini G. Onset 
of coeliac disease during treatment with interferon for chronic 
hepatitis C. Lancet. 2000;356(9240):1494-5.

93. Narvaez I, Perez B, del Mar Alcalde M, Jimenez C, Soria A. Chronic 
viral hepatitis, interferon, diabetes mellitus, and celiac disease. 
Am J Gastroenterol. 2003;98(10):2336-7.

94. Adinolfi LE, Durante Mangoni E, Andreana A. Interferon and 
ribavirin treatment for chronic hepatitis C may activate celiac 
disease. Am J Gastroenterol. 2001;96(2):607-8.

95. Alavian SM, Mohammad-Alizadeh AH, Esna-Ashari F, Ardalan 
G, Hajarizadeh B. Non-alcoholic fatty liver disease prevalence 
among school-aged children and adolescents in Iran and its 

association with biochemical and anthropometric measures. 
Liver Int. 2009;29(2):159-63.

96. Bardella MT, Valenti L, Pagliari C, Peracchi M, Fare M, Fracanzani 
AL, et al. Searching for coeliac disease in patients with non-
alcoholic fatty liver disease. Dig Liver Dis. 2004;36(5):333-6.

97. Nehra V, Angulo P, Buchman AL, Lindor KD. Nutritional and 
metabolic considerations in the etiology of nonalcoholic 
steatohepatitis. Dig Dis Sci. 2001;46(11):2347-52.

98. Valera JM, Hurtado C, Poniachik J, Abumohor P, Brahm J. [Study 
of celiac disease in patients with non-alcoholic fatty liver 
and autoimmune hepatic diseases]. Gastroenterol Hepatol. 
2008;31(1):8-11.

99. Pelaez-Luna M, Schmulson M, Robles-Diaz G. Intestinal 
involvement is not sufficient to explain hypertransaminasemia 
in celiac disease? Med Hypotheses. 2005;65(5):937-41.

100. Morris WE, Jr. Hemochromatosis and celiac sprue. Case report. J 
Fla Med Assoc. 1993;80(4):243-5.

101. Singhal A, Moreea S, Reynolds PD, Bzeizi KI. Coeliac disease and 
hereditary haemochromatosis: association and implications. 
Eur J Gastroenterol Hepatol. 2004;16(2):235-7.

102. Butterworth JR, Cooper BT, Rosenberg WM, Purkiss M, Jobson S, 
Hathaway M, et al. The role of hemochromatosis susceptibility 
gene mutations in protecting against iron deficiency in celiac 
disease. Gastroenterology. 2002;123(2):444-9.

103. Volta U. Pathogenesis and clinical significance of liver injury in 
celiac disease. Clin Rev Allergy Immunol. 2009;36(1):62-70.

104. Monsuur AJ, de Bakker PI, Zhernakova A, Pinto D, Verduijn 
W, Romanos J, et al. Effective detection of human leukocyte 
antigen risk alleles in celiac disease using tag single nucleotide 
polymorphisms. PLoS One. 2008;3(5):e2270.

105. Rostami Nejad M, Romanos J, Rostami K, Ganji G, Mohebbi S, 
Bakhshipour A, et al. HLA-DQ2 and -DQ8 genotypes in celiac 
disease and healthy Iranian population using Tag Single 
Nucleotide Polymorphisms. Govaresh. 2010;15:28.

106. Lundin KE, Scott H, Hansen T, Paulsen G, Halstensen TS, Fausa 
O, et al. Gliadin-specific, HLA-DQ(alpha 1*0501,beta 1*0201) 
restricted T cells isolated from the small intestinal mucosa of 
celiac disease patients. J Exp Med. 1993;178(1):187-96.

107. Czaja AJ, Doherty DG, Donaldson PT. Genetic bases of 
autoimmune hepatitis. Dig Dis Sci. 2002;47(10):2139-50.

108. Tollefsen S, Arentz-Hansen H, Fleckenstein B, Molberg O, Raki M, 
Kwok WW, et al. HLA-DQ2 and -DQ8 signatures of gluten T cell 
epitopes in celiac disease. J Clin Invest. 2006;116(8):2226-36.

109. Krawitt EL. Autoimmune hepatitis. N Engl J Med. 2006;354(1):54-
66.

110. Rubio-Tapia A, Murray JA. The liver in celiac disease. Hepatology. 
2007;46(5):1650-8.

111. Green PH, Jabri B. Coeliac disease. Lancet. 2003;362(9381):383-91.
112. Spurkland A, Saarinen S, Boberg KM, Mitchell S, Broome U, 

Caballeria L, et al. HLA class II haplotypes in primary sclerosing 
cholangitis patients from five European populations. Tissue 
Antigens. 1999;53(5):459-69.

113. Rostami K, Kerckhaert JP, Tiemessen R, Meijer JW, Mulder CJ. The 
relationship between anti-endomysium antibodies and villous 
atrophy in coeliac disease using both monkey and human 
substrate. Eur J Gastroenterol Hepatol. 1999;11(4):439-42.

114. Volta U, Granito A, Fiorini E, Parisi C, Piscaglia M, Pappas G, et al. 
Usefulness of antibodies to deamidated gliadin peptides in celiac 
disease diagnosis and follow-up. Dig Dis Sci. 2008;53(6):1582-8.


