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AbstractAbstractAbstractAbstract    

Peter Elfström (2009): Associated disorders in celiac disease.  

Örebro Studies in Medicine 27, 83 pages. 

 

Background: Celiac disease (CD) is an autoimmune disorder that affects genetically 

susceptible individuals and is induced by dietary gluten. Treatment consists of a life-

long gluten-free diet. CD is common and affects about 1% of the general population. 

The classic symptoms include diarrhea and malabsorption, but many patients have 

only mild symptoms or no symptoms at all. The proportion of individuals presenting 

with atypical symptoms or discovered only when investigating an associated condi-

tion of CD is increasing.  

Aims: The aim of this thesis was to investigate the risk of possible associated disor-

ders through Swedish population-based registers. The objective was to gain more in-

formation on the consequences of having CD and to identify high risk groups where 

screening may be considered.  

Materials and methods: We used the Swedish hospital discharge register to examine 

the risk of liver disease, autoimmune heart disease, Addison’s disease and thyroid 

disorders in a cohort of about 14,000 individuals with CD and an age and sex-

matched reference population of 70,000 individuals. In the last study we used all re-

gional pathology registers and the cancer registry to examine the risk of hematopoi-

etic cancer, including lymphoma in three different cohorts: I) 28,810 individuals with 

CD; II) 12,681 individuals with small intestinal mucosal inflammation but without 

villous atrophy; and III) 3552 individuals with latent CD (a positive serology test for 

CD with a normal small intestinal biopsy).  

Results: CD is statistically significantly associated with an increased risk of liver dis-

ease, Addison’s disease, thyroid disease and lymphoma. We also found an increased 

risk of lymphoma in individuals with small intestinal mucosal inflammation. There 

was no statistically significant association between autoimmune heart disease or  

leukemia and CD. Latent CD was not associated with any hematopoietic cancers.  

Conclusion: This thesis found a positive association between CD and a number of 

autoimmune and inflammatory disorders. Clinicians need to have a high awareness 

of this association and to test for these conditions when symptoms appear. 

 

Keywords: Addison; autoimmune; biopsy; celiac; child; cohort study; cancer; heart; 

liver; lymphoma; thyroid. 
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BBBBackgroundackgroundackgroundackground    

Introduction to celiac diseaseIntroduction to celiac diseaseIntroduction to celiac diseaseIntroduction to celiac disease    

Celiac disease (CD), also known as gluten intolerance, gluten-sensitive enteropathy 

and celiac sprue, is a prevalent autoimmune disorder that is triggered by the inges-

tion of wheat gluten and related proteins of rye and barley in genetically susceptible 

individuals1. The classic presentation with malabsorption was first described in 1888 

by Samuel Gee2, but it was not until the late 1940s that Dicke3, a Dutch pediatrician, 

first recognized that the ingestion of wheat was responsible for manifestation of the 

disease. More recent milestones in the history of CD are the identification of an as-

sociation between HLA DQ2/DQ8 and CD in 1989 by Sollid et al4 and the identifi-

cation of tissue transglutaminase as an autoantigen of CD5 that has lead to introduc-

tion of serological testing for IgA anti transglutaminase6. 

In recent years, CD has been shown to be far more common than previously 

thought and it is now considered to be one of the most common chronic disorders 

affecting approximately 1% within the US and European populations7. Today the 

picture of CD has shifted towards milder symptoms8, 9. The proportion of individuals 

presenting with classic symptoms of diarrhea, abdominal distention, poor growth 

and failure to thrive is decreasing when compared with those presenting with milder 

symptoms such as abdominal discomfort, bloating, indigestion, or non-

gastrointestinal symptoms. This has lead to an upward shift of age at diagnosis and 

CD is now diagnosed at any age9. In addition to the intestinal symptoms, CD is asso-

ciated with various extra-intestinal complications and may present with autoimmune 

disease10, liver disease11 or other associated disorders12. 

The diagnosis of CD requires typical histological changes (intraepithelial lympho-

cytosis, crypt hyperplasia, and villous atrophy) on intestinal biopsy while the patient 

consumes a gluten-containing diet, together with symptomatic improvement on die-

tary gluten removal13-16. Serological testing has evolved into an invaluable tool when 

identifying individuals that should undergo a biopsy and is responsible for the recog-

nition that CD is no longer considered a rare disease. However, positive CD serology 

alone is not sufficient for the diagnosis of CD since such individuals may have a 

normal mucosa15, 17. Treatment consists of a lifelong gluten-free diet (GFD), in which 

food products containing wheat, rye or barley are avoided. Oat and purified wheat 

starch is generally considered safe if it is not contaminated by other cereals during 

the growing, transportation, and milling processes1, 18, 19. In patients who do not re-



 12

spond to treatment it must be clarified if the diagnosis is correct and if a GFD is 

really maintained. 

The pathogenesis of CD is not fully understood. It involves interactions between 

genetic, immunological and environmental factors1. The disease is unique because 

the triggering factor, gluten, is known. The presence of HLA DQ2/DQ8 is necessary 

for developing CD, although it is not enough20. The immunological reactions trig-

gered by gluten involve both the adaptive as well as the innate immune response and 

key elements are the transglutaminase dependent activation of CD4+ T cells and the 

activation of intraepithelial T cells21. The timing and amount of gluten introduction 

as well as the number of infections at the time of gluten introduction has also been 

suggested to influence the risk of CD22-24. 

The purpose of this thesis was to assess the risk of CD in associated disorders, 

predominantly of autoimmune origin, using Swedish population-based registers. The 

objective was to gain more information on the consequences of having CD and to 

identify high risk groups where screening may be considered.  

 

PrevalencePrevalencePrevalencePrevalence    

CD represents a wide spectrum of clinical features with many individuals showing 

mild or no symptoms at all1. Because of the diversity of symptoms many affected 

people remain undiagnosed. Therefore CD used to be considered as a rare disease. 

Until the 1980s, the prevalence varied between 0.03% and 0.1% individuals25-28. 

However, most early studies of CD prevalence were based on retrospective searches 

of already identified cases in determined geographic areas. The increasing availability 

of serological screening tests has made it possible to screen for CD in the general 

population29. These screening studies have shown that CD now is one of the most 

common chronic disorders in children30, 31 as well as in adults32-34 and the elderly35. 

These studies have indicated that CD is an underdiagnosed condition.  

In the United States the prevalence in a screening study of both children and adults 

was estimated to be 0.75% (1:133)33. Similar estimates were found in Italy36 and in 

the UK32. Tommasini et al36 reported a prevalence of 0.94% in a pediatric population 

in Italy and West et al32 reported a prevalence of 1.2% in an adult population in the 

UK. Apart from Europe and North America a high prevalence of CD has been re-

ported in India37, South America38 and Australia39. Although CD is believed to be 
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rare in Africa a study of Saharawi children40 in North Africa found the highest preva-

lence of endomysium positivity reported up to date of 5-6%. 

The highest prevalence of biopsy proven CD has been found in Scandinavia. A re-

cent Swedish general population screening study found a CD prevalence of 3%31 in 

12 year old school children. In Finland studies have shown a prevalence in children 

of 1%30 and 2% in adults34 and the elderly35, indicating a high prevalence of CD in 

all ages. The reason for the high prevalence of CD and why it has increased over the 

last decades in the Scandinavian countries is not known34, 41. The rise in the preva-

lence of diagnosed CD could be explained by a greater awareness of the disease and 

the availability of cheap and reliable serologic tests. However, this can not explain 

the increase in screening studies. Lohi et al34 found an increased prevalence of 

screened CD when comparing cohorts from 1978-80 and from 2000-2001. This in-

crease can not be explained by a changing detection rate. A high genetic risk of CD 

in the Scandinavian countries is a possible but not very likely explanation since the 

same genetic traits are also seen in other countries with a lower prevalence and could 

not explain the increased numbers. Another explanation might be that the prevalence 

of autoimmune diseases in general is increasing42. Environmental factors such as the 

timing and amount of gluten exposure22, 23, perhaps in relation to breastfeeding43 or 

the number of infections22, 44 could also contribute to disease occurrence. 

 

PathogenesisPathogenesisPathogenesisPathogenesis    

CD is a complex inflammatory disorder that can be best described as an autoimmune 

disease with a multifactorial etiology. The disease is unique because the triggering 

factor, gluten, is known. The expression of CD is strictly dependant on intake of glu-

ten and most patients go into complete remission when they are put on a gluten-free 

diet, and they relapse when gluten is reintroduced in the diet. Since the disease is pre-

cipitated by the ingestion of gluten it could also be argued that the disease is a food 

intolerance disorder. It does not involve IgE antibodies and mast cell degranulation 

and should therefore not be considered as an allergy45. However, autoimmunity re-

mains the most probable cause since CD has several autoimmune features such as 

highly disease-specific autoantibodies, strong association with HLA DQ2/DQ8, 

autoreactive intraepithelial lymphocytes and that several autoimmune diseases are 

commonly presented by individuals with CD20. The pathogenesis of disease involves 

interactions between environmental, genetic, and immunologic factors. The interplay 
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between these factors makes it difficult to identify the underlying pathogenic mecha-

nisms. 

 

Environmental factorsEnvironmental factorsEnvironmental factorsEnvironmental factors    

CD development is induced by dietary gluten. Gluten is derived from wheat, barley 

and rye1 and can be described as the protein fraction that remains after flour is 

washed free from starch. The term “gluten” is usually used for any protein that is 

active in CD. But strictly speaking it is the name only for the disease-activating pro-

teins in wheat. Gluten contains two major protein fractions, the gliadins and the glu-

tenins, both of which contain disease-activating proteins. There are closely related 

proteins in barley and rye that also can activate the disease. Wheat, rye, and barley 

have a common ancestral origin in the grass family. Oats which does not activate CD 

is more distantly related to wheat, rye, and barley. Gluten has a high glutamine and 

proline content, which is important in disease pathogenesis. Due to its high proline 

content, which is resistant to intestinal proteases, gluten is only partially digested in 

the upper gastrointestinal tract. This results in the presence of relatively large pep-

tides in the small intestine46. There is no known difference in digestion of gluten be-

tween healthy individuals and those susceptible to developing CD and what it is 

about gluten that allows it to pass through the epithelial barrier of the intestine and 

trigger the immune system is not known45, 46.  

Apart from gluten, the interaction of environmental factors in CD is poorly under-

stood. Studies have suggested that there is a crucial time window when tolerance to 

gluten occurs, and that there might be a reduced risk of CD if the child was still be-

ing breastfed at the time of gluten introduction. In Sweden the incidence of CD in-

creased when gluten was introduced in comparatively large amounts22 and if gluten 

was introduced when children were still being breastfed reduced the risk43. To start 

with gluten earlier than 3 months or later than 6 months of age was found to be a 

risk factor in a study of a cohort of children in Denver, Colorado23. The number of 

infections at the time of gluten introduction has also been suggested to increase the 

risk of CD22, 44, but this association has not been confirmed in a recent study by We-

lander et al24. 
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Genetics in celiac diseaseGenetics in celiac diseaseGenetics in celiac diseaseGenetics in celiac disease    

Genetics clearly play a key role in the pathogenesis of CD. About 10% of first-degree 

relatives of individuals with CD are affected by the disease7, 33, 47-49 and Greco et al50 

in a study of Italian twins, showed a concordance rate of 75% of CD in monozygotic 

twins. 

CD is a multigenetic disorder with its strongest association with human leukocyte 

antigen (HLA). The association between CD and HLA-DQ2 was first discovered by 

Sollid in 19894. The majority of CD patients carry HLA-DQ2 (DQA1*05/DB1*02) 

and a minority carry HLA-DQ8 (DQA1*03/DB1*0302)20. In Western populations 

about one third of all individuals express HLA-DQ2 or -DQ8. The majority of these 

HLA-DQ2 or -DQ8 positive individuals in the general population will, however, 

never develop CD even though they are exposed to gluten. Thus the role of HLA 

DQ2/DQ8 genes as necessary, but not sufficient, factors for CD development sug-

gests that they are involved in the immune response to gluten leading to CD51 but 

they do not explain the whole genetic component in CD. Other CD susceptibility 

genes, such as T lymphocyte-associated antigen 4 (CTLA4), also contribute to the 

genetic risk but the functions and importance of these genes need to be confirmed in 

further studies. CTLA4 is a T cell surface molecule involved in control of T cell acti-

vation and has been reported to be associated with CD52-54 as well as other autoim-

mune diseases such as diabetes, hypothyroidism and Graves disease55, 56.  

 

Immunological mechanismsImmunological mechanismsImmunological mechanismsImmunological mechanisms    

Information on the mechanisms of the autoimmune response in CD is emerging, al-

though many aspects remain unclear. Both the adaptive (the immune response medi-

ated by B and T cells) as well as the innate (nonspecific response to antigens) im-

mune response are involved in CD development. 

 

The adaptive immune response 

Incompletely digested peptides of gluten cross the epithelium and enter the lamina 

propria in DQ2 or DQ8 positive individuals under certain conditions. What causes 

this to happen is not known. Increased intestinal permeability during gastrointestinal 

infections or other stress factors have been suggested. Gluten peptides are then 

deamidated by tissue transglutaminase and form a gluten/transglutaminase complex 

that binds to HLA DQ2 and DQ8 on antigen presenting cells. The antigen presenting 
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cells then present these complexes to intestinal CD4+ T cells that recognize them as 

foreign. The CD4+ T cells become activated and start to release inflammatory media-

tors. This process leads to inflammation, villous atrophy (VA), and crypt hyperplasia 

in the small intestine20, 21, 46, 57, 58. 

 

The innate immune response 

This process involves an increased IL-15 expression and activation of intraepithelial 

T cells that also cause destruction of epithelial cells and mucosal damage but these 

mechanisms are not fully understood45. The lymphocytes are thought to interact with 

the enterocyte. They are then stimulated by IL15 secreted by the enterocyte and in-

duce a cytotoxic inflammatory response. It is not clear if this response is restricted to 

patients with CD or whether it also can occur in other disorders. 

 

Some questions still remain 

Why do not all individuals that express HLA molecules DQ2 and DQ8 develop the 

disease? 

Why is it only gluten, of the many food proteins, that elicits this type of harmful 

immune response? 

How do gluten peptides cross the epithelial barrier and enter the intestinal mucosa? 

Does the autoantibody response to tissue transglutaminase have a pathogenic role of 

its own? 
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Clinical presentationClinical presentationClinical presentationClinical presentation 

The spectrum of clinical presentation in CD is broad and varies according to age. 

While some patients suffer from severe malabsorption, others have minimal symp-

toms, or are completely asymptomatic. The classic symptoms of CD in children are 

diarrhea, abdominal distention, poor growth and failure to thrive. Other symptoms 

might be vomiting, irritability, anorexia or constipation. In older children and ado-

lescents short stature, abdominal pain, anemia, constipation, pubertal delay and ano-

rexia are common symptoms60. In adults diarrhea, steatorrhea, weight loss, fatigue, 

and anemia have been the classic signs of CD9.  

Today the picture of CD has shifted towards milder symptoms8, 9. The proportion 

of individuals presenting with dramatic symptoms of diarrhea, severe weight loss, 

and malnutrition is decreasing when compared with those presenting with milder 

symptoms. This has lead to an upward shift of age at diagnosis and CD is now diag-

nosed at any age. Many individuals with CD have no gastrointestinal symptoms but 

present with extra-intestinal manifestations or associated conditions. This type of 

presentation is called the atypical or silent form61 and include anemia, fatigue, osteo-

porosis, short stature, dermatitis herpetiformis, subfertility, neurologic problems or 

presence of other autoimmune diseases. There is a high prevalence of anemia in indi-

viduals diagnosed with CD62, 63 and elevated liver enzyme levels are also found more 

often64, 65. Weight loss as a symptom of CD is now less common and individuals can 

also be overweight at the time of diagnosis66. Since atypical presentations are increas-

ingly found to predominate, CD is now considered to be a multisystem disorder 

rather than a mainly gastrointestinal one.  

Today CD in children and adolescents manifest itself mostly with minor, often 

chronic, abdominal symptoms or extra-intestinal manifestations, such as short stat-

ure, delayed puberty, or anemia45, 67. Adult patients with CD are often completely 

without symptoms or have had symptoms for a long time before they are diagnosed1.  

The shift in clinical presentation could be explained by a change in the natural his-

tory of the disease. However, a more likely explanation would be that the ability to 

make the diagnosis has improved with the presence of accurate serological markers 

of the disease and the use of endoscopic biopsy techniques. This results in a broader 

spectrum of individuals being investigated for CD and consequently being diag-

nosed9. 
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Diagnosis of Diagnosis of Diagnosis of Diagnosis of celiac diseaseceliac diseaseceliac diseaseceliac disease    

Current diagnostic criteria for CD are based on revised guidelines proposed by the 

European Society for Paediatric Gastroenterology and Nutrition (ESPGHAN)13, 

which have been extrapolated to adults14-16. According to these guidelines, the diag-

nosis of CD is made on the basis of an abnormal duodenal biopsy. CD is present if 

typical histological changes (intraepithelial lymphocytosis, crypt hyperplasia, and 

VA) are found on intestinal biopsy while the patient consumes a gluten-containing 

diet, together with symptomatic improvement on dietary gluten removal. The pres-

ence of positive serologic tests at diagnosis and normalization of the test when on a 

GFD are supportive of the diagnosis but not necessary13. The original ESPGHAN 

statement also required a demonstration of normalized histology following a gluten-

free diet. This is no longer needed for a definitive diagnosis of CD14, but is still often 

performed in children. It is important to note that all diagnostic tests need to be per-

formed while the patient is on a gluten-containing diet. 

In Sweden, a recent survey showed that all pediatric clinics perform a small bowel 

biopsy at presentation in children with suspected CD, and the majority of clinics per-

form a second biopsy when the child is on a gluten-free diet68. 

The diagnostic approach to detecting CD has undergone changes in recent years. 

Serological testing has evolved into an important tool when identifying individuals 

who need to undergo an intestinal biopsy examination to diagnose CD. The best 

available tests are the IgA antihuman tissue transglutaminase (TTG) and IgA endo-

mysial antibody immunofluorescence (EMA)14. However, the positive predictive val-

ues of these tests are lower than reported when applied in general population screen-

ing17. Therefore, the diagnosis of CD should not solely be based on serologic find-

ings. Serology tests do not attain 100% sensitivity. Hence symptomatic individuals 

with strong clinical evidence for CD should undergo an intestinal biopsy examina-

tion despite negative serological tests15. 

Gluten challenge is not considered necessary for CD diagnosis any more, but 

should be considered in children who are less than two years old, or if the original 

diagnosis was not based on a small intestinal biopsy69. A gluten challenge is reintro-

ducing dietary gluten and taking a new biopsy after 3 to 6 months or earlier if symp-

toms arise13. 

The diagnosis of CD is not always clear-cut. This is the case in those with minimal 

histological findings or negative serologic test results with strong clinical evidence for 

CD. Individuals with a positive serology test for CD, but with a normal small intes-



 20

tinal biopsy, are defined by National Institute of Health as having latent CD14, 70, 

while individuals with duodenal/jejunal inflammation including intraepithelial lym-

phocytosis but without VA are considered as borderline gluten-sensitive45, 71. Silent 

CD, where the person with CD has no clinical signs are often present in risk groups 

such as diabetes, first degree relatives60 undergoing screening for CD.  

How to manage latent CD and borderline mucosal changes is difficult and there is 

no consensus. If a GFD is begun it is difficult to know how long it should be contin-

ued and a gluten challenge needs to be performed. A second option is to continue on 

a gluten containing diet and repeat the biopsy in 6-12 months. A third possibility is 

to test for HLA-type and if negative CD can be excluded. 

 
Copyright © [2008] Elsevier Limited. All rights reserved. From Briani72 

 

Biopsy Biopsy Biopsy Biopsy     

Small intestinal biopsy with VA is the gold standard for establishing the diagnosis of 

CD13, 14, and has been so for the last 30-40 years. The indication for a biopsy is most 

often a positive serology test. A biopsy might also be done in cases of negative serol-
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ogy but high clinical suspicion. The biopsy is usually performed with grasp biopsy 

forceps during endoscopy or using a suction capsule.  

The classic celiac lesion is often located in the proximal part of the small intestine 

and was described by Marsh73 as a progression through milder forms to complete 

VA. Marsh classified the mucosa pathology into stages. Marsh grade 0 is normal 

duodenal mucosa, grade 1 is the presence of a raised intraepithelial lymphocyte 

count (>30 lymphocytes per 100 epithelial cells), and grade 2 is raised intraepithelial 

lymphocytes and crypt hyperplasia. Marsh grade 1 and grade 2 lesions are consid-

ered to be early changes in patients who are likely to develop CD. Marsh grade 3 is 

raised intraepithelial lymphocytes and crypt hyperplasia with progression of the in-

flammation to VA. Marsh grade 3 is subdivided into Marsh 3a - partial VA; 3b - 

subtotal VA; and 3c - total VA. Marsh 4 (hypoplastic) describes a rare histological 

finding of a flat atrophic mucosa thought to signify irreversible injury caused by 

chronic inflammation. 

In Sweden, all small intestinal biopsies are classified according to the SnoMed sys-

tem. For duodenal/jejunal biopsies, the SnoMed system is based on the same histopa-

thology parameters as the Marsh classification73. 

 

Small intestinal histopathology classifications – a comparison 

Classification Normal Inflammation Villous atrophy 

Marsh 

Classification 

Type 0 Type 1 Type 2 Type 3a Type 3b Type 3c 

Marsh 

Description 

Pre-

infiltrative 

Infiltrative Infiltrative-

hyperplastic 

Flat-destructive 

SnoMed 

Codes 

M0010, 

M0011 

M40000, M41000, M42000, 

M43000, M47000, M47170 

M58, 

D6218, 

M58005 

M58, 

D6318, 

M58006 

M58, 

D6218, 

M58007 

KVAST / 

Alexander 

classification 

I 

Normal 

II 

Intraepithelial 

Lymphocytosis (IEL) # 

III 

Partial VA 

IV 

Subtotal 

VA 

IV 

Total VA 

       

Characteristics      

Villous 

atrophy 

- - - + ++ ++ 

IEL # - + + + + + 

Crypt 

hyperplasia 

- - + + ++ ++ 
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Mucosal changes can be patchy. Therefore, it is important to take multiple endo-

scopic biopsy specimens (ideally 4–6 biopsy specimens) from the proximal small in-

testine, including a duodenal bulb biopsy, to ensure that VA is detected74. Biopsy 

specimens should be of sufficient size, carefully oriented, and mounted villous side 

up to enable cross sectioning rather than tangential sectioning, because the latter can 

lead to misleading interpretations15. The risk of poorly oriented samples is minimized 

when taking multiple biopsies. 

Endoscopic signs of CD have also been described in patients with CD. Endoscopic 

features of CD include the absence of folds, scalloped folds, visible mucosal blood 

vessels and a mosaic pattern of the mucosa between the folds. These features may 

only be seen in individuals with subtotal /total VA. Endoscopic evaluation without 

biopsies is therefore inadequate to confirm or exclude a diagnosis since endoscopic 

findings are not sufficiently sensitive for CD75. 

There is good evidence that VA (Marsh type 3) is a characteristic histopathologic 

feature of CD76, 77. The specificity of VA in small intestinal biopsies was assessed in 

Sweden and found to be high (90% of all biopsies with VA were correctly classified 

in a blinded assessment of Swedish pathologists)77. Ludvigsson et al77 also showed 

that in a randomly selected subsample of 121 individuals with VA, VA biopsies are 

consistent with clinical CD in 95% of the cases.  

Small intestinal inflammation without VA is a heterogeneous condition. It does 

not fulfill the criteria for CD and these individuals do not receive a gluten-free diet. 

A number of potential causes of this condition have been suggested (listed below). 

However, Ludvigsson et al77 found co-morbidity other than CD in only a minority of 

these biopsies when they reviewed 1534 biopsy reports in a validation study of VA 

and inflammation in Swedish biopsy registers. One explanation for this might be that 

some of the other causes of small intestinal inflammation that was seen in other stud-

ies such as giardiasis78 and helicobacter pylori infection 79 are rare in Sweden. 

 

Conditions other than CD, where an increased density of small intestinal intraepithelial 

lymphocytes is possible:80, 81 

Tropical sprue Microscopic colitis 

Autoimmune diseases Bacterial overgrowth 

Non-steroidal anti-inflammatory drugs Helicobacter pylori 

cow’s milk protein intolerance postinfectious enteritis 

Crohn’s colitis Gastric metaplasia 
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SerologySerologySerologySerology    

Serological testing has evolved into an important tool when identifying individuals 

that should undergo a biopsy. The serological testing has also made it obvious that 

CD is a more common disease than previously thought. In clinical practice the avail-

able tests are endomysial antibodies (EMA), tissue transglutaminase antibodies 

(tTGA) and antigliadin antibodies (AGA). EMA and TTGA are the most sensitive 

and specific serologic tests for identifying individuals who need to undergo an intes-

tinal biopsy examination to diagnose CD29.  

Antibodies against gliadin (AGA) have been used since the beginning of the 

1980s82. They are measured by quantitative enzyme-linked immunosorbent assay 

(ELISA). AGA has a sensitivity and specificity of about 80%, and the use of this test 

is no longer recommended in adults. However, in children under the age of 18 

months a combination of AGA and tTGA is feasible since a large proportion of 

younger children with CD lack EMA and tTGA83. 

The use of tests for endomysial antibodies (EMA) also came into practice in the 

1980s84. The EMA test uses either monkey esophagus or human umbilical cord as 

substrate. The EMA test has a high specificity estimated at 99% and sensitivity over 

90%29. The test uses an immunofluorescence staining technique and needs manual 

evaluation of the results21. 

In 1997 Dieterich et al5 identified tissue transglutaminase as the antigen for EMA. 

This has lead to introduction of serological testing for IgA anti transglutaminase6. 

The first generation of ELISA that was used for measuring tTGA used guinea pig 

liver as the substrate. Now most laboratories use human recombinant tTGA that has 

further improved the diagnostic accuracy. The sensitivity and specificity of tTGA is 

about 95%29. From an analytical perspective, tTGA has advantages over EMA: it is 

quicker, quantitative, less expensive and does not require the use of primate tissue85. 

IgA deficiency is more common in CD than in the general population86 and levels 

of total serum IgA needs to be determined when using IgA based antibody tests. In-

dividuals with IgA deficiency will have negative serology tests based on IgA antibod-

ies regardless of CD status and in these individuals measurement of IgG tTGA/EMA 

and IgG anti-gliadin antibodies can be used instead21. 

The optimal serologic tests for the detection of CD and follow-up assessment re-

main controversial. Many centers recommend a two step approach. First a tTGA test 

and, if positive, followed by EMA. Only those with double positive serology tests 

proceed to small intestinal biopsy85. However, reviews of the literature does not indi-
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cate a statistically significant difference between the tTGA and EMA tests15 and out 

of these two tests human recombinant tTGA is often recommended for initial testing 

for CD76. 

CD serology has a high specificity29, 87 for CD and a high negative predictive value. 

CD serology is therefore well suited to rule out the presence of CD. In contrast, the 

positive predictive value of CD serology has been disappointing. Although the speci-

ficity for CD serology is high29, 87, the fact that the prevalence of CD is about 1% in 

the general population7 has important implications for the positive predictive value 

of antibody testing. The positive predictive value is the risk of having CD if you have 

a positive serology test. This value is dependent on the prevalence of CD in the popu-

lation being tested. If the specificity of a test is 99%, one person out of one hundred 

persons tested will have a false positive test. If the prevalence of the same disease is 

1%, one person out of one hundred persons tested will have the disease. This means 

that if you test 100 people, two tests will be positive. One out of these two positive 

tests will be falsely positive and the positive predictive value of the test will in this 

case be 50%. Hence the low positive predictive values in the general population. The 

positive predictive value is very important for the clinician, since he/she needs to de-

termine whether or not the patient has the disease, given the results of a test. While 

the negative predictive value of TTGA is 98-100%, the positive predictive value of 

TTGA was only 28.6% in the study by Hopper et al17 (3.9% prevalence of CD), and 

76% in the study by Hadithi et al88. In their paper, Hopper et al therefore suggest 

that serological markers can support but not confirm a diagnosis of CD17. There is 

also seronegative CD. This is more common in lesser degrees of atrophy due to the 

fact that the sensitivity of the tests is related to the grade of histological damage in 

CD15, 89, 90. With that conclusion, CD should be confirmed by small intestinal bi-

opsy13, 14.  

There are now available rapid antibody tests with a sensitivity of around 80%87. 

These tests can be performed on a drop of whole blood and allow a visual reading of 

the result within a few minutes. However, there is a risk that these tests can lead to 

self-diagnosis and initiation of a GFD without a prior intestinal biopsy. 

Also, new antibody tests are evolving which might increase the diagnostic accu-

racy of CD in children91. 

 



25

Genetic testingGenetic testingGenetic testingGenetic testing    

The role of HLA DQ2 or DQ8 status in the assessment of CD lies in its high negative 

predictive value (i.e., if individuals lack the relevant disease-associated alleles, CD is 

virtually excluded). The vast majority of all CD patients carry the HLA-DQ2 and/or 

HLA-DQ8 alleles and the presence of those HLA alleles provides a sensitivity of 

close to 100% for CD15. However, these HLA types are not specific for CD, because 

they have also been found in 20–30% of the general population. Hence, a positive 

test will be of little value and only 3% of individuals carrying these alleles will de-

velop CD92.  

Genotyping for HLA can be used to rule out CD in individuals that are already on 

a GFD but have not performed a small intestinal biopsy. It can also be used when the 

diagnosis remains uncertain or in the presence of IgA deficiency or in first-degree 

relatives of a confirmed case of CD93, 94.  

It is important to note that the low specificity of the HLA test means that a posi-

tive result is not sufficient to diagnose CD and that the test is not suitable for disease 

screening. Even the presence of HLA-DQ2 or HLADQ8 in patients with positive se-

rologic test results is suggestive but not pathognomonic for CD88. 

 

ScreeningScreeningScreeningScreening    

CD fulfills many of the WHO screening criteria stated below95. It is a common dis-

order affecting about 1 % of the general population7 and up to two thirds of indi-

viduals with CD are asymptomatic96. There is also an available treatment for the dis-

ease.  

 

WHO criteria for mass screenings97 

(1) Early detection of the disease could be difficult on a clinical basis. 

(2) The disease must be a common disorder causing significant morbidity in the general 

population. 

(3) The screening tests must be highly sensitive and specific for the target disease. 

(4) A treatment for the disease must be available. 

(5) If not recognized, the disease could result in severe complications difficult to manage. 

 

In spite of the many points favoring mass screening of CD the benefits of screening 

are debatable. The ultimate questions in considering population screening are 
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whether this approach is of more benefit or harm, and what the costs of the ap-

proach are. Some other doubts of the usefulness of screening are98-100: 

That the natural history of CD is not fully known, especially in milder forms of the 

disease.  

The expected low compliance in screening detected CD. 

The difficulty in determining the optimal time to screen. 

Diagnostic criteria of CD13 are based on clinically suspected cases and requires an 

improvement on a GFD for a definitive diagnosis. 

The low positive predictive value of serological testing in the general population will 

lead to a number of false positive results and endoscopic procedures in healthy indi-

viduals17. 

And does intervention reduce the risk of future complications? 

 

At present mass screening for CD is not recommended98, 99. An alternative to mass 

screening could be screening high risk groups of CD and a case finding strategy. 

There is support for the screening of high risk groups101, such as children with type 1 

diabetes mellitus in whom the prevalence of CD is about 5-10%102, 103. Other high 

risk groups include first degree relatives7, 33, 47-49, iron deficient anemia62, Down’s syn-

drome104 and IgA deficiency86. Case finding of symptomatic patients and high risk 

groups is an effective strategy in detecting undiagnosed CD105. 

There is also an ethical difference between screening and case finding. If a patient 

seeks medical help, then the physician is trying to diagnose the underlying condition. 

This would be classified as case finding and clearly it is the patient who has initiated 

the consultation and in some sense is giving consent for investigation. However, in-

dividuals who have been identified through a screening programme may have con-

sidered themselves to be “well,” and it is the physician or healthcare system that is 

defining them as potentially ill. 

 

TreatmentTreatmentTreatmentTreatment    

Treatment of CD consists of a life-long GFD. This involves the elimination of wheat, 

rye and barley from the diet. Rice, corn, and potatoes are the most commonly used 

substitutes for gluten-containing grains. Also, a number of other seeds, grains and 

nuts offer alternatives to gluten. Improvement of symptoms is generally seen within 

days to weeks after the initiation of gluten-free diet, while full mucosal recovery usu-
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ally takes longer106. For children with symptomatic CD, rapid effects of a GFD are 

usually seen with normalization of nutritional measures, improved growth in height 

and weight and resolution of gastrointestinal symptoms.  

What constitutes a GFD differs in different parts of the world. The inclusion of 

oats and wheat starch in the diet is controversial. A number of studies have shown 

that oats can be added to the diet without adverse effects in both adults18, 107 and 

children108, 109. The addition of oats in the diet is also preferred by most patients107. 

However, use of oats in the GFD is not widely recommended in many countries be-

cause of concerns of unacceptable high levels of cross contamination during the 

growing, transportation, and milling processes1. In contrast to a naturally GFD 

wheat starch-derived gluten-free products are included in the diet in many European 

countries. Wheat starch-derived gluten-free products still contain, even after purifica-

tion, trace amounts of gluten. A randomized study comparing wheat starch-based 

gluten-free to naturally gluten-free products showed that the morphological and 

clinical responses were equally good by both treatments19. 

There is also a debate on the safe threshold for gluten-contamination110, 111. A diet 

entirely free of gluten contamination would of course be ideal, but since even natu-

rally gluten-free products may contain amounts of gluten, it is unrealistic111. Taking 

into account that too strict limits might lead to the poor availability of gluten-free 

products, which would hamper overall dietary compliance112 it is important to try to 

ascertain a safe limit of gluten contamination in gluten-free products. At present 

there are two different thresholds for gluten-free products in Sweden. Naturally glu-

ten-free products can contain up to 20 mg gluten /kg and wheat starch-derived glu-

ten-free products can contain up to 200 mg gluten/kg. New guidelines have been put 

forward by the WHO Codex Alimentarius commission in July 2008113 stating that 

the thresholds should be 20 mg gluten /kg for naturally gluten-free and 100 mg glu-

ten/kg for wheat starch-derived gluten-free products. 

The diet and gluten-free products are often low in B vitamins, calcium, vitamin D, 

iron, zinc, magnesium, and fiber. Few gluten-free products are enriched or fortified, 

and vitamin deficiencies may occur. Screening for nutritional deficiencies and osteo-

porosis should be considered due to its high prevalence in CD62. Vitamin B deficiency 

has been detected in CD patients who have been on a GFD for as long as 10 years114. 

Therefore vitamin supplementation should be given whenever vitamin deficiency is 

suspected. Because of the nutritional risks associated with CD, a dietitian is an im-

portant member of the health care team that monitors CD patients. 
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Future therapeutic options may include intake of enzymes that digest gluten115, 

thereby increasing the safe threshold for gluten intake. Other potential treatments 

could be therapies that interfere with the immune response to gluten and also the in-

volvement of environmental factors in the development of CD could indicate an op-

portunity for primary prevention116. 

 

Achieving anAchieving anAchieving anAchieving and monitoring compliance with treatmentd monitoring compliance with treatmentd monitoring compliance with treatmentd monitoring compliance with treatment    

Complete removal of gluten from the diet in a patient with CD should result in 

symptomatic, serologic, and histological improvement. However, the time it takes 

for the small intestinal mucosa to heal on a GFD varies and many patients show in-

complete histological recovery even 24 months after starting a GFD106, 117, 118. Com-

pliance with the gluten-free diet is also extremely challenging and adherence to the 

treatment requires ongoing education and support from a multidisciplinary health 

team. There are many barriers to compliance with the diet such as ambiguous labels 

on prepared foods, which do not indicate whether the product contains wheat and if 

gluten is present as an additive or contaminant119. 

The highest rates of compliance are reported in patients who are diagnosed as 

young children120, whereas adults and those diagnosed via mass serologic screening 

are less compliant121, 122. Many patients with CD have minimal symptoms and there-

fore in this group of patients, symptoms cannot be used to assess response. Compli-

ance with the diet can be expected to be poor, especially in patients with minimal 

symptoms. 

Compliance to the GFD is compromised by a number of factors, including a lack 

of education and continued support by a physician and dietitian118. Other factors as-

sociated with adherence to a GFD are the presence of other food intolerances, con-

cern over cost, ability to follow a GFD outside the home, and the ability to follow 

the GFD irrespective of mood and stress123. The most important factor for maintain-

ing a GFD seems to be understanding of the gluten-free diet123. 

Patients with CD should be evaluated at regular intervals by a health care team in-

cluding a physician and a dietician. During these visits assessment of symptoms, 

growth, physical examination and adherence to a GFD should be monitored and 

promoted. Clinicians also need to have a high awareness of common complications, 

including osteoporosis and autoimmune disorders and to test for these conditions 

when symptoms appear119.  
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Beyond this, there is little evidence on the most effective means of monitoring pa-

tients with CD76. The assessment of dietary compliance by interview has been put 

forward as the best marker of CD control118, but this may not correlate with intesti-

nal damage. Antibody titers are often used in assessing compliance of a GFD and are 

reported to revert to normal within one year of a GFD. It is important to note that 

this is not completely reliable124 and a decline in antibody titers can be falsely secure 

markers of dietary compliance. Many CD patients on a GFD with negative tTGA or 

EMA still have manifest mucosal inflammation. This is because seroconversion of 

tTGA during GFD in many cases occurs in the absence of mucosal improvement122, 

124, 125. On the other hand, positive serological values seem to indicate ongoing in-

flammation125. With the reduced number of repeat biopsy, there is a risk of underes-

timating the number of individuals with chronic inflammation in CD and these indi-

viduals might be at an increased risk of long term complications. 

Neither serologic markers nor dietary inquiries are to be regarded as reliable pre-

dictors of intestinal outcome after introduction of a GFD. Therefore, biopsy still re-

mains the best means of ascertaining mucosal recovery126. However, repeat biopsies 

are unpleasant for the patients and are not routinely used anymore. 

A more practical way to monitor compliance could include an assessment of die-

tary compliance by a registered dietician, in combination with measurement of serum 

antibodies119 with the understanding of the shortcomings of this method. 

Even if compliance to a GFD is maintained the treatment still has an impact on 

quality of life. These include the difficulties of dining out, travel, and impact on fam-

ily life127. Hallert et al128 also showed that celiac women perceive the burden of the 

disease worse than men do and that excessive tiredness tend to interfere with daily 

activities. 

What should be done if a patient does not respond to the gluten-free diet?  

First a review of the diagnosis and to rule out other conditions should be under-

taken72. Next step would be a careful reassessment of the diet since lack of adherence 

to strict gluten-free diet is the main reason of poorly controlled disease in adults118.  

 

Protective effect of a glutenProtective effect of a glutenProtective effect of a glutenProtective effect of a gluten----free dietfree dietfree dietfree diet    

Several reports have suggested that the prevalence of autoimmune disorders and ma-

lignancy is related to the duration of gluten exposure. Ventura et al10 showed that the 

longer an individual had consumed a gluten-containing diet before the diagnosis of 
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CD, the higher the prevalence of autoimmune disorders later in life. This indicated a 

protective effect of a GFD, although the direct effect of a GFD was not investigated. 

A decreased risk of subsequent autoimmune disease in individuals following a GFD 

has also been seen in a French study129. On the contrary, other studies130, 131 have 

shown that gluten withdrawal in individuals with CD did not protect them from 

autoimmune diseases, and that the overall risk of autoimmune diseases was in-

creased.  

A number of studies have shown that the increased risk of malignancy and mortal-

ity was restricted to the first years after diagnosis132-134 and have suggested that this 

would be due to a protective effect of a GFD. Other studies showed no decrease in 

mortality on GFD135 and that the increased risk of lymphoma remained after follow-

ing a GFD for at least 5 years136. Silano137 found that the association between CD 

and lymphoma was related to poor adherence to a GFD. Similar results were also 

seen by Hervonen et al138and Olen et al139. 

Dietary treatment has also been reported to prevent progression to hepatic failure 

in individuals with CD and liver disease140. 

In summary, strict adherence to the GFD seems to be protective of the develop-

ment of associated disorders but the direct evidence of a protective effect of a GFD is 

sparse. 

 

Associated disordersAssociated disordersAssociated disordersAssociated disorders    

There is a positive association between pediatric as well as adult CD and autoim-

mune diseases. Individuals with CD are also at an increased risk of a number of 

other diseases, such as osteoporosis, lymphoma, liver disease and subfertility. Some 

of these associations such as anemia and osteoporosis are caused by nutritional defi-

ciencies. In other associated disorders the mechanisms are more complex and not 

fully understood. Shared genetic traits of CD and associated disorders are one poten-

tial explanation. Untreated CD leading to the onset of other diseases is another ex-

planation. This might be due to an ongoing intestinal inflammation and increased 

permeability of pro-inflammatory substances and undefined triggers of autoimmu-

nity that subsequently lead to complications of CD. This latter explanation implies a 

possibility to prevent and perhaps reverse complications of CD with a GFD. 

Some of the most common and clinically important associated disorders in CD are 

discussed below. 
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Diabetes MellitusDiabetes MellitusDiabetes MellitusDiabetes Mellitus    

Both children and adults with CD are at an increased risk of type 1 diabetes mellitus 

(T1DM)141. The prevalence of CD in T1DM is 4-9%. This association may partly be 

due to shared genetic factors associated with both T1DM and CD103. CD can occur 

before T1DM142 but in the majority of patients, CD is diagnosed after the clinical on-

set of T1DM143. Many children with T1DM and CD have silent CD, and the disease 

may in those cases only be detected through serologic screening144. Routine screening 

for CD in children with T1DM is already in use in many centers, but the appropriate 

interval between reexaminations is unclear. A recent study by Larsson et al144 sug-

gests screening at the onset of T1DM and annually for a minimum of at least 2 

years.  

 

Refractory sprueRefractory sprueRefractory sprueRefractory sprue    

Refractory sprue is defined as persistent symptoms and VA despite adherence to a 

strict gluten-free diet and not accounted for by other causes than CD. Persistent VA 

in adult CD, even in the absence of symptoms, has been shown to carry an increased 

risk of a number of severe complications145. These patients usually have classic symp-

toms including diarrhea, weight loss, malabsorption, abdominal pain and anemia146. 

Two subtypes of refractory sprue have been suggested. Type 1, in which there is a 

normal intraepithelial lymphocyte phenotype, or type 2, in which there is a clonal 

expansion of an aberrant intraepithelial lymphocyte population. This latter form car-

ries a highly increased risk of enteropathy-associated T-cell lymphoma and has been 

described as a cryptic T-cell lymphoma1.  

 

Dermatitis herpetiformisDermatitis herpetiformisDermatitis herpetiformisDermatitis herpetiformis    

Dermatitis herpetiformis is regarded as a skin variant of CD. It is a blistering skin 

disease usually located on elbows, knees, buttocks and scalp. The diagnosis is based 

on skin biopsy and most patients also have small intestinal mucosal changes. Treat-

ment consists of a GFD initially in combination with Dapsone since it takes several 

weeks to months for the rash to respond to the diet147. 
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Disorders associated with celiac diseaseDisorders associated with celiac diseaseDisorders associated with celiac diseaseDisorders associated with celiac disease    

Autoimmune disorders Reference Malignancy Reference 

Diabetes 102, 103, 

141, 143, 144 
Lymphoma 132, 133, 135, 

136, 148-157 

Addison’s disease 172-175, 237 Liver 148 

Thyroid disease 10, 26, 130, 

131, 135, 

158-171, 238 

Esophagus 132, 148 

Juvenile idiopathic 

arthritis 

176 Papillary thyroid  

cancer 

177 

    

Liver disease Reference Neurological  

disorders 

Reference 

Primary biliary  

cirrhosis 

11, 178-180 Ataxia 72, 181 

Primary sclerosing 

cholangitis 

11, 180-182 Seizures 181 

Autoimmune  

hepatitis 

11, 183-184 Depression 181, 185 

Liver failure 11, 140 Cerebral palsy 186 

    

Hematological Reference Other Reference 

Anemia 32, 62, 63 Dermatitis  

herpetiformis 

147 

IgA deficiency 86, 187 Osteoporosis / 

risk of fractures 

32, 62, 188-190 

  Subfertility 191-193 

Infections Reference Down’s syndrome 194 

Tuberculosis 195 Dental enamel defects 196 

Sepsis 197   
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Associated disorders studied in this thesisAssociated disorders studied in this thesisAssociated disorders studied in this thesisAssociated disorders studied in this thesis    

Study IStudy IStudy IStudy I Liver d Liver d Liver d Liver diseaseiseaseiseaseisease    

Previous studies have suggested an association between CD and liver disease140, 198, 199, 

including hepatitis183, 184and hypertransaminasemia64, 65, 200. Autoimmunity associated 

with CD might be one of the mechanisms by which CD is associated with such dis-

ease. Despite this, data on CD and autoimmune liver disease, other than primary bil-

iary cirrhosis (PBC)178-180, for which there is an established positive association, are 

sparse. Although several studies have suggested a positive relationship between CD 

and primary sclerosing cholangitis (PSC)180, 182, 201-203, these studies are limited by 

small numbers of patients, and surveillance bias has not been taken into account. CD 

might also be associated with more severe liver disease, including end-stage liver dis-

ease140, 203. In a Finnish study, 8 of 185 (4.3%) patients who had undergone liver 

transplantation had CD140. Swedish data suggest that CD is associated with a 2-fold 

to 3-fold risk increase for primary liver cancer and a 7-fold to 8-fold risk increase for 

death from liver cirrhosis148, 157. There is little information on other forms of severe 

liver disease in the general CD population. 

 

Study II Study II Study II Study II Autoimmune heart diseaseAutoimmune heart diseaseAutoimmune heart diseaseAutoimmune heart disease    

In 2002 Frustaci et al204 found an increased prevalence of CD among 187 patients 

with myocarditis. CD may also be positively associated with cardiomyopathy (any 

cardiomyopathy or idiopathic dilated cardiomyopathy)205-210. All these studies were, 

however, based on few positive events, and with the exception of the prospective 

Danish study205, they were cross-sectional and did not take into account whether CD 

preceded or ensued heart disease. To our knowledge, research on CD and pericardi-

tis is limited to case-reports211-213. Individuals with CD are also at increased risk of 

death from ischemic heart disease157, 214. 

 

Study III Addison’s diseaseStudy III Addison’s diseaseStudy III Addison’s diseaseStudy III Addison’s disease    

Several studies have indicated an increased risk of CD in patients with Addison’s dis-

ease (AD). O’Leary et al172 screened 41 patients with AD, and found an increased 

prevalence of CD (5/41 = 12.2%). Similar findings have since been reported by Ital-

ian174, 175 and Norwegian researchers173. There is also an increased risk of CD in indi-
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viduals with more than one autoimmune endocrinological disorder162. All earlier 

studies on CD and AD were, however, limited in size, based on screening for CD in 

individuals with endocrinological disease162, 172-175, and none of the authors estimated 

risk of AD in CD162, 172-175. The rarity of AD makes such analyses difficult without 

access to large datasets.  

 

Study IVStudy IVStudy IVStudy IV Thyroid disease Thyroid disease Thyroid disease Thyroid disease    

Graves’ disease and different forms of thyroiditis are often referred to as autoim-

mune thyroid disease (TD) and have previously been suggested to be associated with 

CD10, 26, 130, 131, 135, 158-171. The majority of earlier studies have however been cross-

sectional and few of them have included children131, 163, 166, 169. Several studies have 

shown a positive association between CD and an increased prevalence of autoim-

mune thyroid antibodies160, 169 but not clinically overt disease. Both Italian168, and 

Finnish167 data suggest an increased prevalence of hypothyroidism in individuals with 

CD. Sategna-Guidetti et al130 have also presented an increased risk of overall TD in 

individuals with CD. Most other positive studies have either lacked controls26, 159, 170 

or not attained statistical significance10, 131, 135, 163. To our knowledge no studies have 

until now reported a statistically significant risk increase of hyperthyroidism in CD. 

We only know of one longitudinal study examining the risk of future TD in indi-

viduals with CD131. This study131 indicated an increased incidence of TD in CD but 

results did not reach statistical significance. 

The prevalence of CD is likely increased among individuals with TD158, 160, 161, 164, 

165. However, although Spadaccino et al171 recently reported an increased prevalence 

of CD in Italian patients with TD, that study did not use a matched control group. 

 

Study VStudy VStudy VStudy V Hematopoietic malignancy Hematopoietic malignancy Hematopoietic malignancy Hematopoietic malignancy    

The association between CD and lymphoma has been the focus of a number of stud-

ies132, 133, 135, 136, 148-157. The most common type of lymphoma to be associated with CD 

is non-Hodgkin’s lymphoma (NHL) with risk estimates from previous studies vary-

ing from no increased risk135 to a 42-fold increased risk of NHL132 and 69-fold rela-

tive risk of death from of NHL133. More recent data suggest a 3-6-fold increased risk 

of lymphoproliferative disease136, 148-151, 153-155, 157, and that not only T-cell lymphoma 

but also B-cell Non-Hodgkin lymphoma is associated with CD152. A recent review215 
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did not observe an association between CD and NHL overall, but the risk was ele-

vated among patients diagnosed at age >33 years and in specific T-cell NHL sub-

types. In a large cohort study of individuals with NHL, Gao et al156 found a 5-fold 

increased risk of NHL but no increased risk of HL in individuals with a hospital dis-

charge of CD. The risk estimates of NHL in that study declined over time (first cal-

endar period (1965-74): OR=13.2; last calendar period (1995-2004): OR=3.84). 

Many previous reports on CD and lymphoma have been limited by potential selec-

tion bias as restriction to referral centers132, 136, 150, 151, 154 or inpatients with CD148, 152, 

157. With the exception of the studies by Askling et al148 and Gao et al156, most studies 

have based their risk estimates of later lymphoma in CD on less than 10 individuals 

with both CD and lymphoma132, 136, 150, 153, 155, 216. Previous reports have shown no as-

sociation between leukemia and CD148, 156. Although, there is an increased risk of 

leukemia in another inflammatory disorder, rheumatoid arthritis217.  

Little is known of the risk of malignancy in inflammation without VA and in la-

tent CD. Four NHL cases with positive antiendomysial antibodies, but no histologi-

cal lesion were found in a study by Mearin et al154. However, that study did not pre-

sent relative risk estimates for lymphoma in latent CD. There have also been reports 

of no association between malignancy and positive CD serology where biopsy has 

not been performed216, 218.  
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AAAAimsimsimsims    

The aim of this thesis was to examine the association between CD and associated 

disorders through Swedish population-based registers. CD is one of the most com-

mon chronic disorders among Swedish children. Sweden is also well suited for epi-

demiological research because of the existence of high quality national registers 

based on the unique personal identification numbers assigned to all Swedish citizens. 

This provided us with a sufficient data to investigate these associations. With this 

thesis we aim to gain more information on the consequences of having CD and to 

identify high risk groups where screening may be considered. In the long run we 

hope that our research will decrease the risk of undetected complications in CD and 

to improve the quality of life in individuals with CD. 

 

Specific aims were to examine 

If individuals with CD are at an increased risk of liver disease. 

 

If there is an association between autoimmune heart disease and CD. 

 

If there is an increased risk of Addison’s disease in CD. 

 

If there is an association between CD and hypothyroidism, hyperthyroidism and thy-

roiditis. 

 

If individuals with CD are at an increased risk of hematopoietic malignancies such as 

lymphoma or leukemia. 
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SSSSubjects and methodsubjects and methodsubjects and methodsubjects and methods    

SettingSettingSettingSetting    

The studies in this thesis were all epidemiological studies carried out using Swedish 

health registers. Sweden offers exceptional opportunities for epidemiological re-

search219. The reason for this is found in the structure of its health system, the exis-

tence of nationwide registers and the systematic use of unique personal registration 

numbers. 

 

Data sourcesData sourcesData sourcesData sources    

The Swedish national identification number - Linkage was made possible through 

the use of the unique personal identification number. This number is a ten-digit 

number assigned to more than 99.9% of all Swedish residents at birth220. The first 

six digits are the date of birth (year - month – day), followed by three digits that 

identify the individual and the last digit is a control digit. The identification number 

is used in all health care and population registers220. 

The total population register – includes information on basic demographic statistics 

such as personal identification number, area of residence, sex, age civil status, and 

dates of emigration in all Swedish residents. The register was computerized in 1968, 

and data are collected and updated by the local tax offices221. 

The hospital discharge register – The hospital discharge register has been used to 

identify individuals with CD as well as the diagnosis of interest (outcome measure) in 

studies I-IV. This register contains individual-based information on inpatient care 

countywide since 1964. The register has covered 85% of Sweden since 1978, and all 

of Sweden since 1987. For every hospital discharge, information on diagnoses and 

surgical procedures are recorded according to the International Classification of Dis-

eases (ICD)222. The reliability of diagnoses from the register is high223. 

The Swedish cancer registry – Malignancy data from the cancer registry was used in 

study V. Since 1958 all physicians and pathologists/cytologists in Sweden are obliged 

by law to report each incident case of cancer that they diagnose and/or treat to the 

centralized nationwide Swedish Cancer registry. 99% of all malignancies are re-

ported to the cancer registry. Information includes personal identification number, 
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type and location of cancer, date of diagnosis, whether the cancer is the first cancer 

reported for each individual and if the cancer was first discovered at autopsy224. 

 

Study designStudy designStudy designStudy design    

StudiesStudiesStudiesStudies I I I I----IVIVIVIV 

These were all historical cohort studies with prospective registration of data. The 

prospective data collection is important since this means that the information on CD 

was recorded regardless of disease status. In the cohort studies individuals with a di-

agnosis of CD (n = 15,000) were identified using the hospital discharge register. The 

government agency for demographic statistics, Statistics Sweden, then used the total 

population register to match each individual with CD with five reference individuals 

at time of CD diagnosis. Reference individuals were matched for age, sex, calendar 

year, and county of residence. All study participants were then linked to the hospital 

discharge register. Follow-up time started one year after study entry (equal to the 

date of first inpatient diagnosis of CD or corresponding date in the matched refer-

ence population) and ended on date of first discharge diagnosis of the disease of in-

terest, emigration, death, or end of the study period (December 31, 2003), whichever 

occurred first. 

We also performed a case-control study from the original cohort of individuals 

with CD. We used conditional logistic regression to estimate the odds ratio for CD in 

individuals with a prior diagnosis of the disease of interest. We performed this analy-

sis to evaluate whether the positive association between CD and the disease of inter-

est was restricted to patients with CD preceding the disease of interest. The end of 

follow-up was defined as date of first CD diagnosis and the same date in the 

matched reference population without CD. Those with 1 yr or less between the date 

of the disease of interest and the CD diagnosis, and corresponding date in reference 

individuals, were excluded. 

 

StStStStudy Vudy Vudy Vudy V 

This cohort study examined the risk of hematopoietic malignancy, including lym-

phoma in three cohorts of CD (n = 28,810); small intestinal inflammation (n = 

12,681); and latent CD (n = 3,552). We did so through linkage between small intes-

tinal biopsy data from all pathology departments in Sweden and malignancy data 

from the Swedish national cancer registry224. We also collected serology data from 8 
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university hospital biochemistry laboratories on individuals who had undergone 

small intestinal biopsy at any hospital in the catchment areas of these biochemistry 

laboratories. All study participants were matched with five reference individuals 

from the total population register. 

Follow-up time started at first biopsy of CD, small intestinal inflammation or 

normal small intestinal biopsy with positive CD serology (or corresponding date in 

the matched reference population). Follow-up time ended on date of first lymphoma 

diagnosis, emigration, death or end of the study period (31st December 2006), 

whichever occurred first. Cox regression was used to calculate hazard ratios for he-

matopoietic malignancy in CD. 

A case-control study similar to that described in studies I-IV was also performed. 

 

Brief background of statistics used in this thesisBrief background of statistics used in this thesisBrief background of statistics used in this thesisBrief background of statistics used in this thesis    

Hazard ratio (HR) – Hazard ratio is the central output of Cox regression and can be 

described as the ratio between the predicted hazard for a member of one group and 

that for a member of the other group, holding everything else constant. The main 

difference between hazard ratio and relative risk is that the Cox regression takes 1) 

time to event and 2) exclusion of study participants into account225. 

Odds ratio (OR) – The odds ratio is the ratio between the odds of two groups and 

can be used to estimate the relative risk in a case-control study225. 

Person-years – the sum of all years contributed in a study by subjects at risk of a dis-

ease225. 

Incidence rate – number of new cases, often per 100,000 person-years225. 

Kaplan-Meier curve – is a way of graphically presenting survival over time, and to 

assess the cumulative incidence (incidence proportion) of an event. The probability 

of surviving to any point in time is estimated from the cumulative probability of sur-

viving each of the time intervals that preceded it. Each step in a Kaplan-Meier curve 

represents one or more “deaths”226. 

Matching – Matching is a method used to reduce the risk of confounding and means 

that controls are chosen to match cases with respect to gender, age or any factor that 

is likely related to the disease under investigation but not intended to be analyzed in 

the particular study227. 

Post-hoc analysis – refers to analyses made after the original hypothesis (a priori) has 

been tested. 
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Cox regression – is a multivariate technique which implements the proportional haz-

ards model. Cox regression is designed for analyses of time until an event or time be-

tween events. The classic example would be time from diagnosis with a terminal ill-

ness until the event of death (hence survival analysis). Cox regression provides a 

convenient way of controlling for time in the analysis of follow-up studies225. 

Conditional logistic regression – is a variant of logistic regression that is used when 

the cases and controls are matched. The original parameters are odds parameters. 

The most important application of a logistic regression is a case-control study. The 

central statistical output is the odds ratio225. 

 

Statistical analysesStatistical analysesStatistical analysesStatistical analyses    

The information on associated disorders of CD was assessed through cohort studies 

and case control studies. We used a matched reference population. Individuals were 

matched for sex, age, calendar year and area of residence. This enabled internal 

stratification which means that analyses were conditioned on risk-set so that an indi-

vidual with CD was compared only with his or her matched reference individuals.  

All statistical tests were two sided and hazard ratios (HR) and odds ratios (OR) 

with a 95% confidence interval (CI) excluding 1.0 and p-values <0.05 were consid-

ered statistically significant. Statistics were calculated using SPSS 11.0 or SPSS 15.0 

(studies I-IV) and SAS (study V). Results were given as HR, OR and incidence rates. 

 

EthicsEthicsEthicsEthics    

Studies I-IV: This project (04-030/1) was approved by the Research Ethics Commit-

tee of the Karolinska Institutet, Stockholm, on March 18th, 2004. None of the par-

ticipants was contacted. Patient information was made anonymous prior to the 

analyses and individual patient charts could not be traced. 

Study V: This study was approved by the Regional Ethical Committee of the Karo-

linska Institutet, Stockholm, on June 14th, 2006 (2006/633-31/4), with additional 

amendments (2007/747-32 and 2008/257-32). This study is based on registry linkage 

and none of the participants was contacted. Subject information was made anony-

mous before the analyses. 
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Gender issuesGender issuesGender issuesGender issues    

The majority (about 60%) of individuals in the studies in this thesis are female. The 

female predominance in CD is similar to that in many other autoimmune disorders20. 

We present both combined results for males and females as well as separate results to 

see if the disease burden is different according to sex. We found no statistically sig-

nificant difference in risk estimates according to sex in the studies in this thesis.  
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RRRResultsesultsesultsesults 

Study IStudy IStudy IStudy I Liver disease Liver disease Liver disease Liver disease    

CD was statistically significantly associated with acute and chronic hepatitis, PSC, 

fatty liver, liver failure, liver cirrhosis/fibrosis, and PBC but not with ascites, hepa-

tomegaly, and liver transplantation. There was no statistically significant difference 

in risk estimates for liver disease according to sex or age at diagnosis of CD. 

This study found a four fold increased risk of PSC in individuals with CD. When 

restricting the diagnosis of PSC to those with simultaneous inflammatory bowel dis-

ease, there remained a statistically significant association between CD and PSC (HR 

= 5.65; 95% CI, 1.72–18.53). The risk estimate increased when we included the first 

year of follow-up (HR = 8.46; 95% CI, 2.83–25.26). When we excluded individuals 

with a diagnosis of inflammatory bowel disease at any time before end of follow-up, 

CD was still positively associated with PSC (HR = 4.12; 95% CI, 2.12– 8.00). This 

study also found an increased risk of liver failure. We found no increased risk of liver 

transplantation in individuals with CD. Only one individual with CD (and no liver 

disease before study entry) had a liver transplantation during the follow-up time. 

Post hoc analyses found positive associations of CD with all liver outcomes except 

fatty liver and LT when compared to inpatient reference individuals. In these analy-

ses we included the first year follow-up. This was deemed reasonable since reference 

individuals had been admitted to hospital and were therefore at the same risk of be-

ing investigated for liver disease due to hospital admission as individuals with CD. 

 

Outcome Positive events 

CD / ref pop 

Hazard ratio Confidence 

interval (95 %) 

P – value 

PSC 26 / 32 4.46 2.50 – 7.98 <0.001 

PBC 7 / 3 10.16 2.61 – 39.49   0.001 

Acute hepatitis 8 / 9 5.21 1.88 – 14.40   0.001 

Chronic 

hepatitis 

18 / 16 5.84 2.89 – 11.79 <0.001 

Liver failure 45 / 71 3.30 2.22 – 4.88 <0.001 

Liver 

transplantation 

1 / 4 1.07 0.12 - 9.62   0.954 

Ref pop = reference population; CD = celiac disease; PSC = primary sclerosing cholangitis; 

PBC = primary biliary cirrhosis 
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Study II Autoimmune heart diseaseStudy II Autoimmune heart diseaseStudy II Autoimmune heart diseaseStudy II Autoimmune heart disease    

There was a statistically significant association between CD and any cardiomyopathy 

but not with pericarditis or myocarditis. Since 1987, the hospital discharge register 

contains ICD-codes for dilated cardiomyopathy. Restricting our outcome measure to 

heart diagnoses in 1987–2003 (i.e. diagnosed with an ICD-9 or ICD-10 code) re-

corded in a department of cardiology or internal medicine, we found no statistically 

significant associations between adulthood CD, myocarditis, dilated cardiomyopathy 

and pericarditis. In the pediatric group, the incidence for heart disease was generally 

lower in individuals with CD than in reference individuals, although this association 

was not statistically significant. 

 

First year excluded* First year included* Outcome 

All ICD 9-10 All 

Cardiomyopathy 2.2; 1.4-3.4 1.7; 0.4-6.5 2.1; 1.4-3.2 

Pericarditis 1.6; 1.0-2.7 1.5; 0.5-4.0 1.7; 1.1-2.6 

Myocarditis 0.9; 0.4-2.1 2.1; 0.4-11.7 0.9; 0.4-2.0 

Hazard ratio; 95 % Confidence interval 

ICD = International classification of disease 

 

Study III Addison’s diseaseStudy III Addison’s diseaseStudy III Addison’s diseaseStudy III Addison’s disease    

There was a statistically significantly positive association between CD and subse-

quent AD (HR = 11.4; 95% CI = 4.4-29.6). The HR for AD was 24.1 in individuals 

entering the study before the age of 16 years, and 8.9 in individuals entering the 

study as adults. However, this difference was not statistically significant (formal in-

teraction test p=0.274). When we included the first year of follow-up, the HR for 

subsequent AD increased to 19.4. 

Restricting our outcome measure to AD listed as the main diagnosis (HR = 9.2) or 

AD diagnosed in departments where AD is usually diagnosed (HR = 9.1) only af-

fected our risk estimates marginally. When we limited reference individuals to inpa-

tients, the risk estimate decreased but nevertheless remained statistically significantly 

increased (adjusted HR = 4.6; 95% CI = 1.9-11.4; p = 0.001; based on 25 and 6 

positive events in 15,425 individuals with CD and 14,370 inpatient reference indi-

viduals respectively. 
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Study IVStudy IVStudy IVStudy IV Thyroid disease Thyroid disease Thyroid disease Thyroid disease    

CD was associated with hypothyroidism (HR = 4.4; 95% CI = 3.4-5.6; p < 0.001), 

thyroiditis (HR = 3.6; 95% CI = 1.9-6.7; p < 0.001) and hyperthyroidism (HR = 2.9; 

95% CI = 2.0-4.2; p < 0.001). The highest risk estimates were found in children (hy-

pothyroidism HR = 6.0; 95% CI = 3.4-10.6, thyroiditis HR = 4.7; 95% CI = 2.1-

10.5 and hyperthyroidism HR = 4.8; 95% CI = 2.5-9.4). Individuals with CD were 

also at increased risk of later hyperthyroidism requiring surgery of the thyroid gland 

(HR = 2.4; 95% CI = 1.4-4.3; p = 0.002; based on 19 individuals with CD and 37 

reference individuals). 

Conditional logistic regression showed an increased risk of CD in individuals with 

prior hypothyroidism (Odds Ratio = 3.8; 95% CI = 2.8-5.2; p < 0.001), thyroiditis 

(OR = 4.0; 95% CI = 2.2-7.2; p < 0.001) and hyperthyroidism (OR = 2.0; 95% CI = 

1.5-2.8; p < 0.001). 

 

Children Adults Outcome 

Positive events  

(CD / ref pop) 

HR; 95 % CI Positive events  

(CD / ref pop) 

HR; 95 % CI 

Hypothyroidism 27 / 22 6.0; 3.4 – 10.6 100 / 169 4.1; 3.1 – 5.4 

Thyroiditis 12 / 12 4.7; 2.1 - 10.5 5 / 12 2.2; 0.8 – 6.5 

Hyperthyroidism 17 / 17 4.8; 2.5 – 9.4 31 / 83 2.4; 1.5 – 3.7 

CD = celiac disease; Ref pop = reference population; HR = hazard ratio; CI = confidence in-

terval. 

 

Study V Hematopoietic malignancyStudy V Hematopoietic malignancyStudy V Hematopoietic malignancyStudy V Hematopoietic malignancy    

CD and subsequent risk of hematopoietic malignancy 

There was an increased risk of malignant lymphomas (of all types) in CD (HR=3.18; 

95% CI=2.63-3.83), based on 175 observed positive events. The relative risks were 

similar in men and women and did not change over calendar period. There was no 

increased risk of malignant lymphoma or leukemia in children with CD (HR=1.08; 

95% CI=0.41-2.82 and HR=1.08; 95% CI=0.41-2.82 respectively). We also found 

an increased risk for developing non-Hodgkin’s lymphoma (NHL) (HR=4.81; 95% 

CI=3.81-6.07; based on 132 NHL) and Hodgkin’s lymphoma (HL) (HR=4.39; 95% 

CI=2.59-7.45; based on 25 HL). This study found no association between leukemia 

and CD. 
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Small intestinal inflammation and subsequent risk of hematopoietic malignancy 

There was an elevated risk of malignant lymphomas (HR=1.66; 95% CI=1.28-2.17), 

based on 72 positive events among individuals with biopsy-verified inflammation. 

Although risk estimates for NHL (HR=1.65; 95% CI=1.15-2.38) and HL (HR=1.48; 

95% CI=0.60-3.62) were similar, only the association between inflammation and 

NHL attained statistical significance. This study found no association between leu-

kemia and small intestinal inflammation. 

 

Latent CD and subsequent risk of hematopoietic malignancy 

There was no increased risk of lymphoma (of all types) in latent CD (HR=1.04; 95% 

CI=0.44-2.43). This study also found no association between leukemia and latent 

CD. 

 

Celiac Disease Small intestinal 

inflammation 

Latent Celiac 

Disease 

Outcome 

Hazard Ratio; 95% Confidence Interval 

Any lymphoma 3.18; 2.63-3.83 1.66; 1.28-2.17 1.04; 0.44-2.43 

NHL* 4.81; 3.81-6.07 1.65; 1.15-2.38 1.79; 0.74-4.34 

HL# 4.39; 2.59-7.45 1.48; 0.60-3.62 1.08; 0.13-9.00 

Leukemia 1.35; 0.86-2.14 1.64; 0.93-2.91 1.58; 0.45-5.52 

* NHL = Non-Hodgkin’s Lymphoma   

# HL = Hodgkin’s Lymphoma 
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DDDDiscussioniscussioniscussioniscussion    

Methodological considerationsMethodological considerationsMethodological considerationsMethodological considerations    

Selection biasSelection biasSelection biasSelection bias    

Selection bias is when groups that are being studied are not completely comparable, 

most often due to inappropriate selection of controls226, 227. Not all individuals with 

CD are identified through the hospital discharge register since this register only con-

tains information on those admitted to hospital. Using data restricted to inpatients 

with CD would be a major drawback if all individuals were identified today, how-

ever in our study most individuals were identified in the 80’s and early 90’s when 

admittance to hospital during diagnostic procedures were more common27. They ma-

jority was also young children at the time of diagnosis68. The median age at study 

entry was below two years of age for most of the study period. Children often need 

general anesthesia during diagnostic procedures and are therefore admitted to hospi-

tal. Therefore, we believe that our cohort is somewhat representative of most indi-

viduals with CD during much of the study period. 

We used two different sets of controls in these studies. Both of which has its ad-

vantages and drawbacks. First we used controls selected from the general popula-

tion. This enabled a close matching process but the diseases under study (outcome 

measures) are more likely to be diagnosed among inpatients compared to popula-

tion-based controls and this might lead to somewhat inflated risk estimates due to 

selection and surveillance bias. We also used inpatient controls. Then we do not have 

the same problem with surveillance bias since both CD patients and controls have 

been admitted to hospital and have an equal chance of being investigated for other 

diseases due to hospital admission. It is important to note that inpatient controls 

may have been admitted to hospital for diseases that are more severe than CD, for 

example heart disease, cancer or diabetes. This would mean that they have a higher 

risk of receiving any other diagnosis compared to CD. Using inpatients as controls 

might lead to an underestimation of the true risk estimates. 

Our belief is that the true estimates of associated disorders in CD are somewhere 

between the risk estimates using general population controls and the risk estimates 

using inpatients controls. 

Our CD cohort contains both individuals identified through diagnostic or thera-

peutic procedures, as well as those admitted to hospital for other medical conditions. 
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This might influence the generalizability of our results and the results may not be 

applicable to individuals with asymptomatic CD diagnosed through screening.  

 

Surveillance biasSurveillance biasSurveillance biasSurveillance bias    

There is also a risk that individuals with an inpatient diagnosis of CD stand a better 

chance of having other diseases detected due to surveillance. To reduce the risk of 

surveillance bias we excluded the first year after study entry in studies I-IV. This will 

rule out any surveillance bias during the first year. There is however also a downside 

in excluding the first year after study entry. A protective effect of a GFD could give 

misleading results if the first year is excluded when there is still ongoing inflamma-

tion. By doing this there is a risk of underestimating the strength of real associations. 

In this thesis we chose to exclude the first year after study entry to avoid presenting 

false associations.  

 

MisclassificationMisclassificationMisclassificationMisclassification    

There are no validation studies of the discharge diagnosis of CD. However, in a re-

cent study Olen et al139 confirmed the discharge diagnosis of CD by reviewing the 

medical records with an estimated positive predictive value of 77%. Individuals in 

this study were all adults and the positive predictive value should be even higher in 

pediatric CD. Another study152 found that >85% of individuals with a discharge di-

agnosis of CD and concomitant lymphoma were correctly classified with regard to 

CD. 

Misclassification of CD is also uncommon in the hospital discharge register due to 

the well-established practice to carry out a small-bowel biopsy before the CD diag-

nosis68. In addition, Nilsson et al223 have made a systematic analysis of the general 

reliability of diagnosis of ICD-8 in the hospital discharge register and found that 88–

90% of listed main diagnoses were correct. In ICD-9 and -10 this percentage should 

be even higher.  

The use of small intestinal biopsy began in the early 1970s but the hospital dis-

charge register dates back to 1964. We therefore suspect that incorrect diagnoses of 

CD are more common in the early time period (1964-73). Notably is that only few 

study participants entered the study during this time period (500 out of total 15,000 

participants). Also this time period has the lowest risk estimates, which indicates that 
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a low specificity of CD in the 1960s and 1970s should not lead to overestimated 

relative risks. 

It is also possible that the reference population contains a number of individuals 

with CD (if they have not been admitted to hospital at any time). The effects of these 

false negative controls are likely to be more conservative risk estimates. 

The classification of diseases changes over time, partly as a result of better and 

new diagnostic techniques leading to new diagnostic entities such as dilated cardio-

myopathy and hepatitis C (although the diagnosis of CD has remained the same over 

time). The hospital discharge register also contains no data on most investigative 

procedures; we were therefore unable to verify whether individuals with liver cirrho-

sis/fibrosis had undergone liver biopsy or if individuals with heart disease had under-

gone endomyocardial biopsy. 

To reduce the risk of differential misclassification of our outcome measures, we 

increased the specificity of our diagnosis through estimating the risk of having our 

outcome measure listed as main diagnosis, or having at least two hospital discharge 

diagnoses of our outcome measure and receiving the diagnosis in departments where 

the degree of misclassification is supposed to be low. Restricting our outcome meas-

ure in this way did not influence our risk estimates. 

 

Confounding factorsConfounding factorsConfounding factorsConfounding factors    

Confounding by age was dealt with by matching. We also presented stratified results 

for potential confounding factors such as age, sex and calendar period. We did not 

have any information on smoking. However, earlier studies have suggested a nega-

tive association228 or no association at all between CD and smoking229. In studies I-IV 

we also carried out additional analyses where we adjusted for diabetes and also so-

cioeconomic index (in a subset of individuals where we had available data on socio-

economic index) and this did not change our risk estimates notably.  

 

Findings and implicationsFindings and implicationsFindings and implicationsFindings and implications    

We used the Swedish hospital discharge register to examine the risk of liver disease, 

autoimmune heart disease, Addison’s disease and thyroid disorders and in the last 

study in this thesis we used all Swedish pathology registers and the national cancer 

registry to examine the risk of cancer in individuals with CD. We chose to investigate 
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these conditions since they are of clinical importance and of both autoimmune and 

inflammatory origin. Addison’s disease is a known autoimmune disorder and an as-

sociation between CD and Addison’s disease could support the theory of a generally 

increased risk of autoimmunity in CD. This thesis also contributes in defining the 

risk of associated disorders in CD and help to identify high risk groups where screen-

ing for CD is justified. 

 

Study I Liver diseaseStudy I Liver diseaseStudy I Liver diseaseStudy I Liver disease    

This study suggests that individuals with CD are at increased risk of both prior and 

subsequent liver disease. The risk of liver disease was increased both when we com-

pared with reference individuals from a general population cohort and when we used 

inpatient reference individuals. Despite the increased risk of liver failure, this study 

found no increased risk of liver transplantation in individuals with CD. This is likely 

due to few positive events and insufficient power. An alternative but not mutually 

exclusive explanation is that long-term treatment with gluten-free diet (in this study, 

more than 1 year) reduced the need for liver transplantation in individuals with se-

vere liver disease, as suggested by earlier research140, 230. For these reasons we cannot 

exclude the possibility that individuals with untreated CD are at a greater risk of 

liver transplantation. 

The association between CD and liver disease could partly be explained by shared 

autoimmunity, and it is well known that CD is a risk factor for autoimmune dis-

ease10, 135. This is supported by the fact that the highest risk estimates in our study 

were seen in autoimmune liver disease or liver disease in which autoimmunity 

probably plays an important role, such as PSC231, PBC179, acute hepatitis, and 

chronic hepatitis. 

    

Study II Study II Study II Study II Autoimmune heart diseaseAutoimmune heart diseaseAutoimmune heart diseaseAutoimmune heart disease    

When individuals were analyzed for the whole study period, we found a statistically 

significantly positive association of CD with later cardiomyopathy but not with later 

myocarditis or pericarditis. We also found a positive association of prior cardio-

myopathy and pericarditis with later CD. Our findings of a positive association of 

CD with cardiomyopathy are consistent with earlier data204-209, but add to these stud-

ies through larger numbers. The strengths of this study include the large number of 
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positive events that exceeds that of all previous studies on CD and cardiomyopathy 

taken together and also that we were able to adjust for important confounders in-

cluding ischemic heart disease. 

However this study was hampered by changing diagnostic criteria in heart disease 

and limitations of heart diseases registered in ICD 7-8. Cardiomyopathy can be di-

vided into dilated, hypertrophic and restrictive cardiomyopathy. We were unable to 

study dilated cardiomyopathy before 1987 since the IPR did not distinguish between 

various forms of cardiomyopathy in the ICD7–8 classifications. We found no asso-

ciation between adulthood CD and heart disease when we restricted our analyses to 

heart disease diagnosed in departments of cardiology and medicine from 1987 and 

onwards (i.e. diagnosed with an ICD-9 or ICD-10 code). The lack of association in 

this, our most clinically relevant analysis, indicates that the modest associations seen 

between adulthood CD and heart disease diagnosed since 1964 are most likely due 

to surveillance bias and ⁄ or low specificity of the outcome measures. Neither did this 

study find any evidence of a positive association between CD diagnosed in childhood 

and later heart disease. Taking into account the changes in the classification of heart 

disease in the last decades, this association needs further studying. 

 

Study IIIStudy IIIStudy IIIStudy III Addison’s disease Addison’s disease Addison’s disease Addison’s disease    

Our result of an increased risk of Addison’s disease in CD confirms earlier studies on 

CD and AD172-175. These studies were, however, limited in size and lack data on po-

tential confounders172-175. In contrast, our population-based study included more than 

14,000 patients with CD and 70,000 reference individuals, and was matched for age, 

sex, calendar year and county. This gives the study considerable power to identify 

infrequent events and enabled us to examine the risk of AD in various strata. Strati-

fied analyses revealed that risk estimates were similar in males and females. High risk 

estimates for AD were seen both in childhood CD and in CD diagnosed in adult-

hood.  

The positive association between CD and AD was seen both prior to and after di-

agnosis of CD; and we do not believe that one disease causes the other. Instead we 

suggest that our findings might be explained by the presence of shared genetic traits. 

Addison’s disease is a disease of known autoimmune origin and the positive associa-

tion between CD and Addison’s disease found in this study supports the theory of a 

general increased autoimmunity in CD. 
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Study IVStudy IVStudy IVStudy IV Thyroid disease Thyroid disease Thyroid disease Thyroid disease    

We found a statistically significantly increased risk of hypothyroidism, thyroiditis 

and hyperthyroidism in individuals with CD. The highest risk estimates were found 

in children. Our study is the largest longitudinal study of the risk of TD in individu-

als with CD up to date. The large number of individuals with CD and the fact that 

we used a matched reference population enabled us to calculate reliable risk esti-

mates. 

Our study confirms the positive association between CD and TD. Although, ear-

lier studies have suggested a positive association between CD and TD10, 26, 131, 135, 158-

171, the majority of these studies have either been cross-sectional10, 26, 135, 158-171, lacked 

controls26, 159, 170, 171 or failed to attain statistical significance10, 135, 163. In 2005 Vilja-

maa et al131 conducted a longitudinal study of TD in a cohort of individuals with 

CD. This study indicated an increased incidence of TD in CD but results did not 

reach statistical significance. 

To the best knowledge of the authors, our study is the first study to present a sta-

tistically significant risk increase of hyperthyroidism in individuals with CD.  

This study concludes that CD is associated with hypothyroidism and thyroiditis as 

well as hyperthyroidism. These associations were seen regardless of temporal se-

quence, and we therefore suggest that the increased risk of TD in CD is an expres-

sion of a more general increase in autoimmunity that characterizes many individuals 

with CD. The positive association between CD and TD may be due to shared genetic 

or immunological traits. Clinicians need to have a high awareness of this association 

and to test for these conditions when symptoms of thyroid disease or CD are sus-

pected.  

 

Study VStudy VStudy VStudy V Hematopoietic malignancy Hematopoietic malignancy Hematopoietic malignancy Hematopoietic malignancy    

Celiac disease 

This is the largest study of lymphoma and CD up to date, and was based on 28,810 

individuals with biopsy-verified CD. Among them were 268 cases of lymphoma. In 

addition, it is the first study of lymphoma in individuals with small intestinal in-

flammation (Marsh 1-2) and latent CD (Marsh 0). The large number of individuals 
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with latent CD (n=3,552) allowed us to examine if positive CD serology alone can 

predict the risk of future lymphoma.  

CD is associated with an increased risk of lymphoma of both NHL and HL sub-

type. Previous studies of CD and lymphoma have shown varying risk estimates with 

lower risk estimates in more recent papers. Our results are in line with a recent study 

where the risk of cancer in CD was studied in a large cohort of individuals with 

NHL156. The main advantage between our study and previous studies is that we used 

biopsy data to identify CD. Individuals identified through biopsy are unselected and 

therefore likely to be representative of the average individual with CD. The small in-

testinal biopsy also provides us with an exact date of diagnosis and hence com-

mencement of gluten-free diet.  

There was no association between CD and leukemia in our study. The lack of as-

sociation between CD in children and subsequent lymphoma or leukemia may be a 

consequence of insufficient follow-up (low attained age at end of follow-up) in these 

individuals. However, our results rule out highly increased risks. 

 

Small intestinal inflammation  

To our knowledge this is the first study to investigate the risk of cancer in individuals 

with small intestinal inflammation. The risk of overall lymphoma was elevated in in-

dividuals with inflammation, although the relative risk was lower than in individuals 

with CD. There was an increased risk of NHL and the risk of HL was similar but did 

not attain statistical significance. Other hematopoietic malignancies such as CLL, 

leukemia or myeloma were not positively associated with inflammation. 

Small intestinal inflammation is a heterogeneous condition. It is a mixture of both 

acute and chronic inflammation. This might explain the lower risk estimates found 

in individuals with small intestinal inflammation compared to individuals with CD, 

where chronic inflammation is present until diagnosis. Small intestinal inflammation 

can be the initial presentation of CD but can also be caused by a number of other 

conditions such as helicobacter pylori infection, giardiasis, lymphoma or gastric 

metaplasia80, 232-235. Inflammation without VA does not fulfill the criteria for CD and 

these individuals do not receive a gluten-free diet. Despite the heterogeneity of the 

condition Ludvigsson et al77 found co-morbidity other than CD in only a small mi-

nority of these biopsies when they manually reviewed 1534 biopsy reports in a vali-

dation study of villous atrophy and inflammation in Swedish biopsy registers. One 

explanation for this might be that some of the other causes of small intestinal in-
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flammation that was seen in other studies such as giardiasis78 and helicobacter pylori 

infection 79 are rare in Sweden. 

 

Latent Celiac disease 

Latent CD is defined by National Institute of Health as individuals with a positive 

serology test for CD, but with a normal small intestinal biopsy14, 70. The natural his-

tory of this condition has not previously been investigated. Although, there have 

been reports of no association with malignancy in individuals with positive CD se-

rology216, 218, the researchers have not investigated the mucosa at time of positive CD 

serology and it is likely that most such patients have either inflammation or VA. 

With the increased use of serological testing in individuals with mild or no symptoms 

this condition is increasing90, 93. Given that many patients with positive CD serology 

have a normal mucosa (positive predictive value of TTGA in a recent British study 

was <30%17), more information on the long-term consequences of latent CD is 

needed. 

We found no increased risks of lymphoma or any other hematopoietic cancers in 

our study. This contrasts with the elevated risk estimates of lymphoma found in CD 

and small intestinal mucosal inflammation. The cohort with latent CD in our study 

is smaller than those of CD and inflammation and this might have affected the pos-

sibility to find a positive association. However, we nevertheless had 3,552 individu-

als with latent CD and this should enable us to rule out highly increased risks. We 

suggest that morbidity in CD is dependant on the histopathological appearance of 

the small intestine, and that individuals without tissue damage are at lower risk of 

lymphoma. Our findings indicate that positive CD serology alone cannot be used to 

predict future risk of lymphoma in CD and that small intestinal biopsy is needed in 

determining the risk of lymphoma in CD. 
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ImplicaImplicaImplicaImplications for future researchtions for future researchtions for future researchtions for future research    

Further research needs to be conducted to 

Identify which patients with CD are most at risk of developing complications. 

Identify high risk groups where screening for CD should be considered. 

Determine if a high compliance to a GFD reduces the risk of adverse outcome in CD.  

Further explore the natural history of CD, especially in individuals with milder forms 

of CD, intestinal inflammation or latent CD. Do they have an increased risk of ma-

lignancy or autoimmune diseases. 

Determine what mechanisms cause associated disorders in CD.  

Determine if gluten ingestion affects the risk of autoimmunity. 

Determine if pediatric and adult CD is the same disease. 

Determine how serious CD is in children. 
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CCCConclusionsonclusionsonclusionsonclusions    

This thesis concludes that individuals with CD are at an increased risk of a number 

of autoimmune and inflammatory disorders. We suggest that this association is an 

expression of a more general increase in autoimmunity that characterizes many indi-

viduals with CD. Patients with CD are increasingly identified due to associated con-

ditions. The widespread availability of serologic tests for CD allows the diagnosis to 

be considered by any physician. This suggests that clinicians need to have a high 

awareness of these associations and to test for these conditions when symptoms ap-

pear. 

 

Specifically, we conclude that 

Individuals with CD are at an increased risk of acute and chronic hepatitis, primary 

sclerosing cholangitis, fatty liver, liver failure, liver cirrhosis/fibrosis and primary bil-

iary cirrhosis. 

We found no association between CD and dilated cardiomyopathy, pericarditis and 

myocardititis.  

We found a highly increased risk of Addison’s disease, a disease of known autoim-

mune origin, in individuals with CD. 

There is a statistically significantly increased risk of hypothyroidism, thyroiditis and 

hyperthyroidism in individuals with CD, with the highest risk estimates in pediatric 

CD. 

We found increased risks of both NHL and HL in individuals with CD. The inci-

dence and mortality in NHL is rising236 and the positive association between NHL 

and a potentially treatable disorder CD is therefore of clinical significance. This 

study is the first to estimate the risk of malignancy in individuals with small intesti-

nal inflammation and individuals with latent CD. While individuals with inflamma-

tion were at an increased risk of lymphoma, the risk of lymphoma in latent CD was 

not increased. This indicates that positive CD serology alone cannot be used to pre-

dict future risk of lymphoma in CD and that small intestinal biopsy is needed in de-

termining the risk of lymphoma in CD. 
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SSSSammanfattninammanfattninammanfattninammanfattning på svenskag på svenskag på svenskag på svenska    

Celiaki eller glutenintolerans, som sjukdomen heter på svenska, är en av de vanligas-

te kroniska sjukdomarna och drabbar ca 1 % av alla barn och ungdomar i Sverige. I 

allt högre utsträckning diagnostiseras även sjukdomen hos vuxna. Behandlingen be-

står av en livslång glutenfri kost. 

Varför man får glutenintolerans är inte helt klarlagt. Det är många faktorer som 

samverkar. Det man vet är att sjukdomen utlöses av glutenexponering och att den 

förekommer företrädesvis hos individer med vissa genetiska förutsättningar (HLA-

DQ2 eller DQ8-positiva). Gluten är ett protein som finns i vete. Glutenliknande äm-

nen finns även i råg och korn. Hos dem som utvecklar glutenintolerans leder intag av 

gluten till en inflammation av tunntarmen och att tarmluddet försvinner. Detta leder 

till svårigheter för kroppen att ta upp viktiga näringsämnen. Vanliga symptom på 

glutenintolerans är viktnedgång, trötthet, diarré, buksmärtor och blodbrist (anemi). 

Många har dock endast lindriga eller inga symptom alls och riskerar att gå oupp-

täckta under lång tid och därmed öka risken för bristtillstånd och komplikationer. 

Tidigare forskning har visat att patienter med glutenintolerans löper en ökad risk för 

en rad andra sjukdomar bla diabetes och benskörhet. Diagnosen glutenintolerans 

ställs genom att ta ett vävnadsprov från tunntarmen. Är tarmluddet borta är detta 

tecken på glutenintolerans. Ofta har man före vävnadsprovet taget blodprov för att 

se om det finns antikroppar mot glutenintolerans. Blodprov med hög tillförlitlighet 

har funnits att tillgå sedan 1990-talet. Att enbart använda blodprov räcker dock inte 

för att ställa diagnos utan det krävs ett vävnadsprov från tunntarmen med påvisad 

slemhinneskada. 

Målsättningen med mitt avhandlingsarbete är att belysa risken hos individer med 

glutenintolerans att utveckla associerade sjukdomar. För att göra pålitliga riskbe-

dömningar krävs stora patientmaterial. I Sverige finns flera nationella dataregister av 

mycket hög kvalitet och med hjälp av personnumret går denna information att kopp-

las samman och användas vid forskning. Vår forskning kan bidra till att identifiera 

risken för annan sjuklighet vid glutenintolerans samt att identifiera riskgrupper där 

screening för glutenintolerans kan bli aktuellt. På sikt hoppas vi att vår forskning ska 

leda till ökad kunskap om associerade sjukdomar vid glutenintolerans och därmed 

minska risken för att patienter går med oupptäckta och obehandlade följdsjukdo-

mar. Avhandlingen består av fem delarbeten som belyser risk för leversjukdom, 
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hjärtsjukdom, Addisons sjukdom, sköldkörtelrubbningar samt cancer i vita blod-

kroppar hos patienter med glutenintolerans.  

I studie 1-4 har min forskargrupp via slutenvårdsregistret identifierat alla patienter 

som fått diagnosen glutenintolerans under perioden 1964-2003. För varje individ 

med har statistiska centralbyrån identifierat 5 referensindivider matchade för kön, 

ålder, och län. Via slutenvårdsregistret har även information om annan sjuklighet 

hos samtliga individer hämtats in. Därefter har statistiska riskberäkningar gjorts för 

respektive sjukdom utifrån materialet. Studierna är baserade på ca 15000 individer 

med glutenintolerans och ca 75000 referensindivider. 

I den första studien har vi undersökt risken för olika typer av leversjukdomar hos 

individer med glutenintolerans. Vår studie visade på en ca 5 gånger ökad risk för he-

patit (leverinflammation), 4 gånger ökad risk för primär skleroserande kolangit, 10 

gånger ökad risk för primär biliär cirrhos, 6 gånger ökad risk för leverförfettning och 

ca 3 gånger ökad risk för leversvikt. 

Därefter undersökte vi risken för autoimmuna hjärtsjukdomar vid glutenintolerans 

då detta var bristfälligt studerat sedan tidigare. Studien kunde inte påvisa någon 

ökad risk för hjärtmuskelsjukdom (kardiomyopati), hjärtmuskelinflammation (myo-

kardit) eller hjärtsäcksinflammation (perikardit) trots att man sett ett samband i tidi-

gare mindre studier. Vår studie komplicerades dock av att diagnoskriterierna för 

hjärtmuskelsjukdom med tiden ändrats och att diagnosen delats upp i undergrupper.  

Addisons sjukdom är en sjukdom där binjurarnas funktion försämras vilket leder 

till kortisolbrist. I Sverige är Addisons sjukdom en ren autoimmun sjukdom som 

lämpar sig väl ifall man vill studera en eventuell autoimmun koppling vid gluteninto-

lerans. Vi fann en kraftigt förhöjd risk för Addisons sjukdom vid glutenintolerans på 

ca 11 ggr ökad risk. Fynden bekräftar att glutenintolerans bör anses som en auto-

immun sjukdom. 

I nästa studie jämförde vi individer med glutenintolerans och referensindivider 

med avseende på risk för sköldkörtelrubbningar. Glutenintolerans var kopplat till en 

ökad risk av underfunktion av sköldkörteln (hypothyreos) med en ca 4 ggr ökad risk 

för vuxna och ca 6 ggr ökad risk när studien begränsades till barn. För sköldkörtel-

inflammation (thyroidit) var den ökade risken ca 2 ggr ökad för vuxna och 5 ggr 

ökad för barn. Studien var även den första hittills att kunna visa på en statistiskt sä-

kerställd riskökning för en överfunktion av sköldkörteln (hyperthyreos) med en risk-

ökning på ca 2 ggr ökad risk för vuxna och 5 ggr ökad risk för barn. 
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I den sista studien undersökte vi risken för personer med glutenintolerans att ut-

veckla lymfom och leukemi. Här har vi kopplat samman data från alla tunntarms-

undersökningar som gjorts i Sverige och därmed identifierat 28810 personer som 

saknar tarmludd (celiaki) och 12681 personer som har tunntarmsinflammation men 

där tarmluddet finns kvar. Tunntarmsinflammation kan vara ett förstadium till glu-

tenintolerans men behandlas inte med glutenfri kost. Vidare har vi identifierat 3552 

personer med normal slemhinna men där blodprov talar för glutenintolerans. 

Studieindividerna har sedan länkats till cancerregistret inför analys. Risken för 

cancer hos personer med celiaki/inflammation kan sedan jämföras med den i nor-

malbefolkningen. 

Studien visar på en ca 3 gånger ökad risk för lymfom vid glutenintolerans och en 

fördubblad risk vid tunntarmsinflammation. Det fanns ingen ökad risk för lymfom 

om man enbart hade förhöjda blodprover men ett normalt slemhinneprov. Detta in-

nebär att ett vävnadsprov krävs ifall man ska uttala sig om risken för lymfom vid 

glutenintolerans. Studien påvisade ingen ökad risk för leukemi. 

Slutligen kan det konstateras att det finns en ökad risk för en rad autoimmuna och 

inflammatoriska tillstånd vid glutenintolerans. Denna kunskap är av vikt för att 

kunna diagnostisera och behandla dessa patienter på bästa sätt. 
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