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SUMMARY 
The aim of this thesis was to explore possible complications and associated conditions 
of celiac disease (CD) in order to shed new light on the burden of illness related to CD 
and to identify groups at high risk of CD, where screening for CD may be considered. 
We also assessed the effects of a gluten-free diet on the risk of lymphoma, an important 
complication of CD. Throughout the thesis, Swedish population-based registers have 
been used. 
 
To investigate the risk of urinary tract infections (UTI) in CD we linked the Swedish 
Hospital discharge register and the Medical Birth Register. We studied the risk of UTI 
in 829 women who had received a diagnosis of CD before they had UTI and in 895 
pregnancies to women diagnosed with CD after they had UTI and compared them with 
1.7 million women without a diagnosis of CD. We found a moderately increased (but 
not statistically significant) risk of UTI (Adjusted Odds Ratio (AOR) = 1.37; 95% CI = 
0.78-2.43; p= 0.276) in women with undiagnosed CD and no increased risk of UTI in 
women with diagnosed CD (AOR = 1.02; 95% CI = 0.79-1.32; p = 0.864). 

 
To assess the risk of Immune Thrombocytopenic Purpura (ITP) in CD and vice versa 
we used the Swedish national Inpatient Register to identify 14,347 individuals with CD 
(1964-2003) and 69,967 matched reference individuals. We found that individuals with 
CD were at increased risk of both subsequent ITP of any type (Hazard ratio (HR) = 
1.91; 95% = 1.19-3.11; p = 0.008) and subsequent chronic ITP (HR 2.77; 1.09-7.04; p 
= 0.033). There was also a positive association between CD and prior ITP of any type 
(Odds ratio (OR) = 2.96; 95% CI = 1.60-5.50; p = 0.001) or with prior chronic ITP (OR 
= 6.00; 95% CI = 1.83 -19.66; p = 0.003). 
 
To examine the risk of subsequent sepsis in individuals with CD we used the Swedish 
Inpatient register to identify 15,325 individuals with a diagnosis of CD (1964-2003) 
and 75,249 matched reference individuals from the general population. This study 
showed a modestly increased risk of sepsis in patients with CD (HR = 2.6; 95% CI = 
2.1-3.0; p <0.001) with the highest risk for pneumococcal sepsis (HR = 3.9; 95% CI = 
2.2-7.0; p < 0.001). 
 
To study the relationship between body mass index (BMI) and CD we identified all 
individuals with diagnosed or undiagnosed (at time of BMI measurement) CD in the 
Swedish Medical Birth register and the Swedish Conscript register. In some 800,000 
women and 8000 men we found that underweight was associated with undiagnosed 
CD (future diagnosis of CD) in both women (HR = 2.5; 95% CI = 1.6-3.7) and men 
(OR = 2.4; 95% CI = 1.2- 4.9). But we also found that many individuals with 
undiagnosed CD are overweight (9.2% of women, 14.3% of men). 
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In the last study we assessed the relationship between compliance to a gluten free diet 
and risk of lymphoma in individuals with CD. We linked the Swedish national inpatient 
register with the Swedish Cancer Registry and thus identified 59 cases of CD and of 
incident malignant lymphomas. In a nested case-control design, 137 controls with CD, 
but without lymphoma were matched to the cases by sex, age at diagnosis (± 3 years), 
follow up time and calendar year of diagnosis (± 3 years). We studied the medical 
records of all cases and controls, blinded to the case-control status and found that poor 
compliance was associated with a marked increase in risk of B-cell lymphoma (OR 
4.74, CI 0.89-25.33) and extraintestinal lymphoma (OR 2.85, CI 0.68-11.91), whereas 
risk of T-cell lymphoma (OR 1.01, CI 0.32-3.15) and intestinal lymphoma (OR 0.66, 
CI 0.17-2.56) remained unelevated. 
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1 INTRODUCTION 
 
Celiac Disease (CD) is one of the most common lifelong disorders, affecting some 1% 
of both children and adults in the Western world1. CD - also known as celiac sprue, 
non-tropical sprue, idiopathic sprue, idiopathic steatorrhoea and gluten-sensitive 
enteropathy - can be defined as a permanent intolerance to the storage proteins from 
wheat, rye and barley (referred to as gluten) and occurs in HLA-DQ2/DQ8-positive 
individuals2. CD is characterized by complex adaptive and innate immune reactions 
that result in the characteristic chronic inflammation and atrophy of small intestinal 
villi, but also of general inflammation with deposition of disease specific 
autoantibodies in many parts of the body3. Intestinal mucosa heals when gluten is 
excluded from the diet. CD can manifest with a previously unsuspected range of 
clinical presentations, including the typical malabsorption syndrome (chronic diarrhea, 
weight loss, abdominal distention) and a spectrum of symptoms potentially affecting 
any organ or body system4, 5. CD thus resembles a multisystemic disorder with the 
intestine as the primary site of the disease. 
 
 CD has been linked to a number of complications including malignancy6, autoimmune 
disorders7 and adverse pregnancy outcome8. It is however a widely under-recognized 
condition, and at present as few as 1/5-1/2 of individuals with CD actually have a 
correct diagnosis9-11. Not only cases of atypical or even clinically silent CD, but also 
classic cases of CD go undiagnosed and may thus be exposed to the risk of long-term 
complications12. Even if inexpensive, highly sensitive and specific serologic screening 
for CD has been available since the 1990s, the use of mass screening for CD is still 
under debate10, 13-15, and instead of mass screening increased alertness in high-risk 
groups is recommended14-16. Identification of groups at high risk of CD is therefore 
important. 
 
The present thesis includes some of the results from a broad epidemiological research 
programme, regarding CD. Specifically this thesis explores possible complications and 
conditions associated with CD in order to shed new light on the burden of illness 
related to CD and in order to identify groups at high risk of CD, where screening for 
CD may be considered. The effect of a gluten-free diet on the risk of lymphoma by 
subtype of CD is also assessed. 
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2 BACKGROUND 
2.1 HISTORY 
Accounts of CD date back to the first century A.D.17. However, it was 
not until the 1940s that the link to gluten ingestion was established; Dicke, a Dutch 
pediatrician, observed that the condition of children with CD improved during the 
food shortages of World War II, only to relapse after cereal supplies were restored.18 
Originally considered a rare malabsorption syndrome of childhood, CD is now 
recognized as a common condition that may be diagnosed at any age and that affects 
many organ systems19, 20. 
 
2.2 DESCRIPTIVE EPIDEMIOLOGY 
2.2.1 Prevalence of CD in unselected populations 

CD is a common disease with a screening detected prevalence of approximately 1% in 
Western populations1. CD is common in many other parts of the world with the 
exception of Japan21-29. There are clear regional differences in CD prevalence both 
between and within countries. Except for the children of Saharawi (Arab-Berber origin) 
with a prevalence of CD as high as 5.6%30, the highest prevalence rates have been seen 
in Ireland, the United Kingdom, Sweden and Finland (1-1.5%)1.  
 
In the most recent screening study in Sweden the CD prevalence in children born 
during the Swedish epidemic of CD31 (who are now twelve years of age) was 
investigated. In 7,567 children, 2.7% were found to have CD and 0.2% were found to 
have latent CD32 (positive serology and increased intraepithelial lymphocytosis, but no 
villous atrophy). Only 1/3 of children with CD had been clinically diagnosed before the 
study32. 
 
After the introduction of inexpensive, highly sensitive and specific serologic screening 
for CD during the 1990s the prevalence of Swedish diagnosed CD has gone from 0.1-
0.2% in both children and adults33, 34 in the 1980s to 0.1% in adults9 and 0.9% in 
children32 at present. During this period it has become evident that the “atypical” or 
“silent” forms of CD are more common than the “classic” form of CD with diarrhea 
and malabsorption. Moreover, the screening detected (not biopsy confirmed) 
prevalence of CD in Sweden and Finland has also increased from 0.5-1.0 % in the 
1980-90s to 2-3% at present9, 11, 32, 35, 36, the reasons of which are not clear. 
 
2.2.2 Prevalence of CD in at risk populations 
CD is associated with a number of different types of conditions. Disorders sharing the 
same HLA-type as CD such as Diabetes Mellitus type 1, disorders that arise due to 
malnutrition because of CD such as osteoporosis or depression and disorders that 
likely arise because of an increased “autoimmune pressure” such as Thyroid diseases 
are all associated with CD. 
 
Groups with higher prevalence of CD than the general not-at-risk population are often 
screened for CD. Well known high risk groups that currently undergo screening for 
CD in clinical practice in Sweden are for instance patients with type-1 diabetes, 
relatives of individuals with CD, patients with iron deficiency anemia, individuals 
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with Down’s syndrome, Turner syndrome or Williams syndrome and selective IgA 
deficiency37. To be able to discuss the possibility of screening new at risk populations 
identified in this thesis it is important to know the prevalence of CD in groups who 
already undergo screening. 
 
 Overall, the prevalence of CD in type-1 diabetes is likely between 3% and 7%38. 
 These findings appear to be consistent across age groups, and by the screening 
method. Although the magnitude of the risk for CD among patients with diabetes type 
1 varies to some degree from study to study, many of these differences can be 
explained by issues of study design.  
 
The prevalence of CD in relatives of patients with CD is increased, both in first-degree 
and second-degree relatives. That prevalence varies between 2.8% and 17.2% in first-
degree relatives and between 2.6% and 19.5% in second-degree relatives and the 
prevalence of CD appears to be generally higher in families with multiple known 
cases1, 38-40. 
 
There is an increased risk of CD in a number of autoimmune diseases and vice versa 
(e.g. thyroid disease 41-45, Addison46, 47, Diabetes type 148, 49, Sjögren’s syndrome50 and 
glomerulonephritis51). CD is associated with liver disease52, hypertransaminasaemia is 
frequently seen in CD53 and in one study some 10% of individuals with 
hypertransaminasaemia had CD54. There is also evidence for an increased risk of neuro-
psychiatric disease in CD and vice versa (peripheral neuropathy55, mood disorders56, 
psychosis57 and epilepsy58). 
 
Patients with iron deficiency anemia are often screened for CD – and for good reasons. 
Even if the prevalence of CD varies greatly within the group of patients with iron 
deficiency anemia it is clearly higher than in the general not-at-risk population in all 
subgroups of iron deficiency anemia59. In asymptomatic patients with iron deficiency 
anemia evaluated by serologic testing, the prevalence of CD ranged from 2.3% to 
5.0%60, 61. In contrast, the prevalence of CD in patients with iron deficiency anemia and 
gastrointestinal symptoms ranged from 10.3% to 15%62. CD appears also to be 
common in premenopausal women with iron deficiency anemia, both with and without 
heavy periods63.  
 
Some researchers report of an increased risk of CD in infertility64, 65, even if this 
association has been disputed66, 67. It is estimated that 4.6% to 13% of children with 
Down’s Syndrome have CD68-70. 
 
When seeking medical advice, abdominal pain, bloating, and altered bowel habit may 
occur in the absence of malabsorption and this picture may be indistinguishable from 
irritable bowel syndrome. Patients satisfying the Rome II criteria for Irritable Bowel 
Syndrome have a 5% risk for having undiagnosed CD as the cause of their symptoms71 
and screening for CD in this group is deemed reasonable72. 
 
 
2.3 PATHOGENESIS 
2.3.1 Genetics 

CD does not develop unless a person has alleles that encode for HLA-DQ2 or HLA-
DQ8 proteins, products of two of the HLA genes2. However, one third of individuals in 
Western populations carry these alleles40, 73and only a fraction (3% of individuals 



 

  11 

carrying DQ2) develops CD1. Thus HLA-DQ2/DQ8 is necessary, but not sufficient to 
develop the disease. HLA-DQ2/DQ8 have been estimated to account for up to 40% of 
the genetic load in CD73. 
 
Between 90 and 95% of individuals with CD express human leukocyte antigen HLA-
DQ2, and the remaining 5–10% express HLA-DQ82. Identical twins have a 75% 
concordance rate for the disease74, whereas siblings and dizygotic twins are at the 
second highest risk at 7% to 20% concordance rate38, 40, 74.  
 
The strong HLA restriction in CD is related to the characteristics of gluten. HLA-
DQ2/DQ8 molecules are responsible for presenting gluten peptides to T cells, thus 
activating gluten-specific CD4+ T cells. Gluten is rich in proline and glutamines. 
Proline residues help confer resistance to proteolysis by digestive enzymes, and 
glutamine is targeted by the ubiquitous enzyme tissue transglutaminase (tTG) for 
deamidation. This deamidation of glutamine to glutamic acid results in a modified 
gluten peptide that effectively binds DQ2 and enhances T-cell recognition, resulting in 
gluten-specific T cells. 
 
2.3.2 Gluten 

Storage proteins in wheat and closely related proteins in rye and barley that are 
responsible for activating CD are collectively called “gluten”. Gluten is the protein 
fraction of wheat, rye, and barley that confers the properties of stickiness and thus 
allows the baking of bread75. The scientific names for the gluten proteins in wheat are 
gliadin (an alcohol soluble prolamine) and glutenin (water soluble), both of which are 
disease activating. Corresponding proteins in rye and barley that activate disease are 
called secalin (rye) and hordein (barley). 
 
Wheat, rye and barley are closely related in the big family of grasses and they all have a 
high content of proline and glutamine. The high proline/glutamine content makes them 
resistant to degradation by gastric, pancreatic, and intestinal brush-border membrane 
proteases in the human intestine, which enables disease activating protein sequences to 
reach the proximal jejunum76. Distantly related grasses (Figure 1) such as rice and corn 
have low levels of proline and glutamine and never activate CD, whereas oats (with its 
prolamine called avenin) have an intermediate composition and only anecdotally 
activates CD77-81. 
Figure 1, Taxonomic relationships of major cereal grains82 
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2.3.3 Immunological pathways 

Mucosal injury in CD follows a process of humoral and cell-mediated immune 
responses, a mixture between innate and adaptive immunity83, 84 (Figure 2):  
 
 
 
 

Figure 2, Interaction of Gluten with environmental, immune and genetic factors in CD 
(Green PH, Cellier C. Celiac disease. N Engl J Med 2007;357:1731-43.). 
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A) The undigested molecules of gliadin in wheat and corresponding subfractions of 
proteins from rye (secalin) and barley (hordein) pass through the epithelial barrier of 
the intestine85, possibly during intestinal infections86 or when there is an increase in 
intestinal permeability for other reasons. The mechanism by which immunoreactive 
derivatives breach the mucosal epithelium is however poorly understood.  
B) Gluten peptides are deamidated by tissue Transglutaminase-2, creating epitopes with 
increased immunostimulatory potential87-89. The gluten peptides may also become 
covalently linked to tissue Transglutaminase-2 or other proteins through the enzymatic 
activity of tissue Transglutaminase-2.  
C) Deamidated peptides are presented by antigen-presenting cells (that express DQ2 or 
DQ8) such as dendritic cells, macrophages, or B cells to CD4+ T cells, which become 
activated and release mediators that ultimately lead to tissue damage90, 91. 
D) Help from gluten-specific T cells leads to B cell clonal expansion and release of 
anti-gluten antibodies. Tissue Transglutaminase-2-specific B cells might also become 
activated by gluten-specific T cells through intermolecular help.  
E) Expression of pro-inflammatory cytokines by activated T cells promotes the release 
of matrix metalloproteinases that cause epithelial cell damage and tissue remodeling92.  
F) The response to gluten also involves the innate immune system, as epithelial cells 
secrete IL-1593, 94 and express nonclassic MHC class I molecules in response to the 
stress of gluten exposure. This in turn activates CD8+ cytotoxic T cells expressing the 
natural killer receptors, which can target and destroy epithelial cells that carry the 
stress-induced molecules. 
 
The CD autoantigen, tissue Transglutaminase-2, is a ubiquitous cellular protein. 
Several physiological functions of tissue Transglutaminase-2 have been proposed 
involving receptor-mediated endocytosis, cell differentiation, apoptosis, cell adhesion 
and stabilization of extra–cellular matrix95. As celiac antibodies have been shown to 
influence the protein cross linking enzymatic activity of tissue Transglutaminase-2, 
their presence may interfere with the normal performance of the enzyme in the turnover 
of the extracellular matrix and cytokines. 
 
2.3.4 The multi factorial etiology of CD 
CD is strongly associated with the HLA-alleles DQ2 and DQ8. CD is however not 
present (pathological expression of tissue Transglutaminase autoantibodies) at birth96 or 
indeed before introduction of gluten-containing foods in the diet20, and usually does not 
manifest before the age of 2 years97, 98. Large Finnish screening studies of CD have 
found a prevalence of positive tTG-titres among children of 1.5%99 and a prevalence of 
positive tTG-titres among adults of 2%11, indicating increasing development of 
autoantibodies throughout life. 
 
Moreover, the total prevalence of screening detected CD seems to have doubled in 
Finland during the last two decades. Improved screening methods cannot explain the 
increase. The environmental factors responsible for the increasing prevalence of CD 
remain to be identified11. 
 
The environmental factors most commonly suggested to influence risk of CD are: time 
of gluten introduction 100(introduction of gluten at 4-6 months of age is favorable 
compared to both earlier and later introduction), amount of gluten at time of gluten 
introduction101 (smaller amounts of gluten better than greater amounts), duration of 
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breastfeeding (better if the child is breastfed at time of gluten introduction)101, 
intrauterine growth restriction and perinatal infections102. Smoking is probably 
negatively associated with CD35, 103 (or not associated104). 
 
2.3.5 Autoimmunity, allergy, both or neither? 

CD can be considered an autoimmune disease because there is HLA restriction, 
autoantibodies exist (tTG), and there is a strong association with other autoimmune 
diseases. However, even if gluten reactive T cells have been identified in CD, the 
existence of autoreactive T cells (typical of autoimmune disorders) has never been 
demonstrated. No T cell autoantigen has ever been found.  
 
CD can also be considered a food allergy: The disease comes with gluten intake and 
goes with a gluten free diet, but does not induce IgE-mediated reactions. According to 
the nomenclature for allergic and related reactions defined by the European Academy 
of Allergology and Clinical Immunology that was revised and accepted by the World 
Allergy Organization in 2004, CD is classified as a non-IgE mediated allergic (because 
of the immunologic reaction) hypersensitivity105, 106. 
 
In summary, CD is a T cell-mediated disorder with a known environmental trigger that 
occurs in genetically predisposed individuals. Even if the academic definition of CD 
balances between autoimmunity and allergy, the consequences for the individual 
patient are fairly clear cut: CD is to be considered a food allergy (with potentially 
serious complications) with exclusion of gluten as the paramount mode of treatment. 
 
2.4 CLINICAL PRESENTATION 

Celiac disease can be diagnosed in both men and women, at any age, irrespective of 
body mass index and with almost any type of symptom. In short: He who seeks celiac 
disease shall find it. 
 
Symptoms and signs commonly ascribed to CD are diarrhea, weight loss, fatigue, iron 
deficiency anemia and other signs of malabsorption. However, while this description 
may be true for some individuals with CD, the majority presents with subtle 
gastrointestinal symptoms, extraintestinal symptoms or even no symptoms4, 5, 72. The 
traditional classification of CD is therefore somewhat confusing, since several 
screening studies have demonstrated that the so called classic form (diarrhea 
predominant) is not as common as the atypical form (subtle gastrointestinal symptoms 
or extraintestinal symptoms) or the silent form9, 10, 12, 25, 99, 107, 108s. In addition, there is 
the latent or potential form of CD (positive serological screening, but only minimal or 
no changes in the intestinal mucosa). In recent years, widespread serological testing 
(and improved sensitivity in serological markers) and increasing awareness of the 
different forms of CD has lead to a shift in the pattern of clinical presentation and an 
ever increasing number of cases being diagnosed 109-111. 
 
The small intestine has a considerable functional reserve and this explains why many 
individuals have few or no symptoms and frequently no evidence of malabsorption72. 
Symptomatology in CD seems to be related to the length of affected bowel, and not to 
the severity of the mucosal lesion112, 113. Thus, insults compromising the inherent 
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compensatory ability of the small bowel—such as worsening extent of disease, 
infection, ischaemia and short bowel, among other things—may suffice to unmask 
previously compensated CD. In patients with CD, immune responses to gluten promote 
an inflammatory reaction both locally in the small intestine90 and extraintestinally3, 114. 
Since there is also evidence of the occurrence of extraintestinal manifestations, CD 
should be regarded as a systemic disease and not solely involving the intestinal tract20.  
 
Since the intestinal manifestations of celiac disease are not specific for CD and are 
common in the general population, lists of the positive predictive value of different 
symptoms and signs would be very helpful when trying to assess the risk of CD in any 
given patient. For example, 5% of individuals fulfilling the Rome II criteria of irritable 
bowel syndrome have CD71.  
 
2.5 DIAGNOSTICS OF CELIAC DISEASE 

Duodenal biopsy examination remains the gold standard for diagnosis of CD. 
Correlation of clinical, serologic and histologic features is essential in the diagnosis and 
management of CD. 

 
2.5.1 Diagnostic criteria 

The European Society of Paediatric Gastroenterology, Hepatology and Nutrition 
established the first diagnostic criteria for CD already in 1969. In the first criteria the 
diagnosis was based on morphological assessment of the small intestinal mucosa, 
obtained on three separate biopsy occasions (Initial flat mucosa when the patient 
ingested gluten, clear improvement of the small intestinal mucosa on a gluten free diet 
and deterioration of the mucosa during gluten challenge).  
 
In the revised criteria from 1990115 the main criterion for both children37, 116 and 
adults117 is still a diagnostic intestinal biopsy showing typical histopathological 
morphology consistent with CD when the individual is on a gluten containing diet 
(Total villous atrophy, subtotal villous atrophy or partial villous atrophy, whereas solely 
increased rate of intraepithelial lymphocytes is not yet regarded as CD). There should 
be full clinical response when gluten is excluded from the diet. A positive serological 
test that reverts to normal after treatment has started, adds weight to the diagnosis, but 
is not sufficient to make the diagnosis without an initial small bowel biopsy. 
Histological improvement on a gluten free diet (GFD) is frequently sought and is 
recommended in adults because villous atrophy may persist despite a clinical response 
to the diet and despite normalized serology20, 118. A biopsy after gluten provocation 
should still be considered in children who are less than two years of age at diagnosis 
and in individuals were the diagnosis is uncertain, before introducing a GFD for life. 
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2.5.2 Serologic screening tools 

Since the 1990s antibodies are important diagnostic tools in CD. In clinical practice 
Endomysial antibodies (EMA), tissue Transglutaminase antibodies (tTGA) and gliadin 
antibiodies (AGA) of the IgA-class are widely available of which EMA and tTGA have 
excellent performance119 (Table 1). IgA-deficiency is common in CD (2-3%)120, 121 and 
there is a high prevalence of CD among individuals with IgA-deficiency (8%)122. In 
individuals with IgA-deficiency, testing of IgG EMA and tTGA offers an alternative62, 

123-125. 
 
Antibodies against gliadin (AGA) is measured by quantitative enzyme-linked 
immuosorbent assay and available in clinical practice. However, both EMA and tTG 
have superseded the use of antigliadin antibodies, which although of some use have 
subsequently been shown to have inferior diagnostic accuracy119, 126 (Table 1). 
 
Endomysium is a connective tissue protein found in the collagenous matrix of for 
instance mucosal cells. Antibodies to endomysium (EMA) can be measured in serum 
using an immunofluorescence technique with monkey esophagus or human umbilical 
cord as substrate. The stained substance is manually viewed under a microscope. As a 
consequence, the test is labor intensive and so requires money, time, and expertise to 
perform62. 
 
Transglutaminase is an enzyme located intra- and intercellularly in the intestine. In CD, 
tissue Transglutaminase performs targeted deamidation of gluten that results in binding 
to DQ2/DQ8 with higher affinity. Tissue Transglutaminase antibodies are measured 
using enzyme linked immunosorbent assay with guinea pig liver or human recombinant 
tTG as the substrate – a quantitative method that is a cheaper approach than EMA62.  
 

Table 1, Performance of serologic screening tools in CD119. 
H = Significant heterogeneity by Pearson’s χ2 

Analysis Sensitivity (95% 
CI) 

Specificity (95% 
CI) 

Prevalence of CD in 
tested populations 

IgA EMA-ME, 
adult 0.974 (0.957-0.985) 0.996 (0.988-0.999) ≈40% 

IgA EMA-ME, 
child 0.961 (0.945-0.973) 0.974 (0.963-0.982) ≈40% 

IgA tTG-HR, adult 0.981 (0.901-0.997) 0.981 (0.958-0.991) ≈16% 

IgA tTG-HR, child 0.957 (0.903-0.981) 0.990 (0.946-0.998) ≈53% 

IgA AGA, adult 0.75-0.90 (H) 0.80-0.90 (H) ≈36% 

IgA AGA, child 0.80-0.95 (H) 0.80-0.95 (H) ≈36% 
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In a review of the diagnostic accuracy of serologic tests for CD119 it was concluded 
that, below a CD prevalence of approximately 35% to 40% (note that the CD 
prevalence is ≈1% in the general population1 and that the CD prevalence seldom is 
more than 20%, even in groups with high risk of the disease38), the positive predictive 
value of IgA-EMA and tTG-based tests tends to drop from approximately 90% - 100% 
to approximately 80% or less. Two recent studies, conducted in clinical settings with a 
CD prevalence of 3.5% and 3.9% respectively, found positive predictive values of a 
positive EMA or tTGA of only 29-76%118, 127. Hence, positive serologic test results 
should be confirmed by intestinal biopsy before making a diagnosis of CD and before 
instituting lifelong dietary changes. The negative predictive value on the other hand 
(proportion of individuals that have a negative test result that do not have the disease) is 
very high (95-100%) up to a CD prevalence of approximately 45%, then dropping of119. 
Seronegative CD still occurs. For this reason duodenal biopsy in patients with a high 
suspicion of CD still is recommended even if the serologic testing is negative128. 
 
There are no clear guidelines as to the optimal means to monitor adherence to a GFD. 
Symptom improvement alone may not be enough, especially since increasing numbers 
of atypical or silent CD cases are being diagnosed. Moreover, multiple studies have 
shown that the sensitivity of EMA, tTGA or AGA is related to the grade of histological 
damage in CD, with decreased sensitivity in less severe histological grades129, 130. E.g. 
Hopper et al showed that in 48 individuals with CD on a “strict GFD” for >1 year, 16 
patients had persisting villous atrophy, of which as many as 44% had normalized 
serology118. Optimally, remision should be based on repeat duodenal biopsy, symptom 
response, dietary questioning, and serologic status as a composite assessment118, 131. 
 
2.5.3 Genetic testing 

The strong association between HLA-DQ2/DQ8 has opened for genetic testing, 
involving typing of HLA, which has been available for some time. Since the majority 
of HLA-DQ2/DQ8 carriers do not develop CD, a positive test for DQ2 or DQ8 in an 
unselected population has a positive predictive value for CD of only 3%132. The value 
of the test is its high negative predictive value132-134 Correctly used, HLA-typing can 
contribute in defining a population not needing repeated testing over time to identify 
development of EMA or tTGA132. At present, HLA typing of individuals with 
suspected CD is not routinely used in Sweden in order to decrease the need for small 
bowel biopsies135. 
 
2.5.4 Small intestinal biopsy 

The small intestinal biopsy is still regarded as the gold standard when diagnosing 
CD116, 117, 135, 136. It is true that serological tests for CD such as EMA or tTGA are both 
highly sensitive and specific, and consequently some researchers have even suggested 
abandoning duodenal biopsies altogether137 when diagnosing CD. However, the poor 
positive predictive value (proportion of individuals that have a positive test result that 
actually have the disease, defined as villous atrophy) of serological tests in most 
clinical settings does not support such a development62, 118, 128. Instead, in recent years, 
a number of researchers have advocated an increased use of duodenal biopsies in the 
diagnosis and management of CD rather than the opposite118, 138. 



 

18 

Histopathologically, CD displays a range in severity. Several scoring systems for the 
histological evaluation of the intestinal mucosa damage have been suggested. The 
classification according to Marsh is usually applied130:  
 

- Type 0: Normal small bowel mucosa (also referred to as preinfiltrative). Normal 
villous architecture and < 30 IEL per 100 enterocytes. Patients in this group are 
identified based on serologic criteria only and may never develop CD. 

- Type 1: In the infiltrative lesion the mucosa has a normal villous architecture, a normal 
height of the crypts and the epithelium is infiltrated by an increased number of IEL 
representing >30 IEL per 100 enterocytes139. In earlier days >40 IEL per 100 
enterocytes have been considered abnormal140, but as reflected by revised classification 
schemes139, there is a trend towards a lower “normal” number of IEL. Intraepithelial 
lymphocytosis is however relatively non-specific. With a clinical or family history and 
serological evidence of CD, this observation is suggestive, but not diagnostic, of the 
disease141. 

- Type 2: The hyperplastic lesion is characterized by unaltered villous architecture, 
increased IEL and crypt hyperplasia.  
The presence of a type 2 lesion alone is sufficiently non-specific not to immediately 
elicit the diagnosis of CD without other factors suggestive of the diagnosis. 

- Type 3a: Partial villous atrophy with minor villous blunting. 
- Type 3b: Subtotal villous atrophy with moderate villous blunting. 
- Type 3c: Total villous atrophy, i.e. no visible villi.  

Although different degrees of villous atrophy can be induced by numerous diseases, 
villous atrophy is suggestive of CD, even without symptoms or positive serology. 
 
Figure 3: a. Normal mucosa. b. Intraepithelial lymphocytosis. c. Partial villous atrophy. 
d. Total villous atrophy. (Photomicrographs obtained from Prof. Åke Öst, earlier 
chairman of the Swedish National Steering Group for Small Intestinal Pathology) 
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CD is the most common cause of enteropathy by far, but villous atrophy and 
intraepithelial lymphocytosis are not exclusive to CD. There are other conditions 
known to produce similar histopathological findings (Table 2). It is however important 
to point out, that in a Swedish setting, other diagnoses than CD as cause of villous 
atrophy are extremely rare. In one pathology department (Örebro, Sweden) 0.3% of all 
biopsy samples with villous atrophy (n = 1,712) were explained by other diagnoses 
than CD142. 
 
Table 2. Differential diagnoses of small bowel biopsy specimens sharing features of 
CD141: 
 

1) Increased intraepithelial lymphocytes 
a. Allergies to proteins other than gluten (eg, chicken, cow’s milk, eggs, fish, rice 

and soy; entities cause both raised intraepithelial counts and villous 
architectural changes) 

b. Autoimmune conditions, various (eg, systemic lupus erythematosus) 
c. Bacterial overgrowth 
d. Blind loop syndrome 
e. Dermatitis herpetiformis 
f. Giardiasis 
g. Graft-versus-host disease 
h. Helicobacter pylori 
i. Inflammatory bowel disease 
j. Irritable bowel syndrome 
k. Microscopic colitis 
l. Non-steroidal anti-inflammatory drugs 
m. Tropical sprue (entities cause both raised intraepithelial counts and villous 

architectural changes) 
n. Viral enteritis 

2) Crypt hyperplasia or villous flattening 
a. Allergies to proteins other than gluten (eg, chicken, cow’s milk, eggs, fish and 

soy; entities cause both raised intraepithelial counts and villous architectural 
changes) 

b. Autoimmune enteropathy  
c. Collagenous sprue 
d. Common variable immunodeficiency 
e. Drug-induced 
f. Hypogammaglobulinaemic sprue 
g. Ischaemia 
h. Kwashiorkor 
i. Radiation therapy 
j. T cell lymphoma, associated enteropathy 
k. Zollinger–Ellison syndrome 
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When interpreting duodenal biopsy specimens a few things are important to keep in 
mind: 

- There is a risk for variability in the interpretation of biopsies, especially if the 
specimens are inadequately oriented, obliquely cut or not optimally stained143. 
Optimally two independent reviewers should assess all biopsy specimens in 
candid communication with the clinician144. 

- In assessing villous height and crypt depth, it is necessary to identify at least 3 
or 4 intact adjacent villi that are cut perpendicularly. Tangentially cut sections 
lead to an artificial appearance of villous atrophy and a potential overdiagnosis 
of CD145. 

- Lesions associated with CD sometimes have a patchy distribution, which make 
false negative duodenal biopsy results possible146, 147.  

- There are natural differences in villous architecture across populations that can 
be dramatic. Variants of villous morphology include141: 

1) Finger-like, with a cylindrical core and rounded apex 
2) Leaf-like, with a broad flattened base with a tapering apex 
3) Tongue-like, with a broad flattened base and rounded apex 
4) Ridge-like, with a flat linear base that is less in width than its height. 

- In the duodenum it is not unusual to see branched villi or villi containing fused 
tips. Mixed populations of villi are common.  

- Gastric metaplasia, gastric heterotopia and heterotopic pancreas can be 
observed within the small bowel141. 

- Biopsy forceps crush and destroy tissue and thus evaluation of specimen 
margins should be done with caution; in addition to damaging cells, this mode 
of tissue procurement may introduce artefactual haemorrhage in the sample. 
Superficial biopsy specimens lacking a muscularis mucosa can cause artefactual 
separation of the villous bases, resulting in the appearance of shorter and thicker 
villi.  

 
Given the heterogeneous distribution of lesions in CD and normal differences in small 
bowel histology, four to six biopsy specimens are recommended to ensure that decent-
sized specimens are obtained for analysis and that patchy changes are less likely to be 
missed148. It is important that the clinician provides a description of the location and 
gross appearance of the area sampled147. Despite this practice, false negatives can 
occur146. If the clinical suspicion is high, repeat duodenal biopsy examination or 
sampling of more distal small bowel should be considered.  
 
Healing of the small bowel mucosa proceeds in a caudal to cephalad direction. This 
may take anywhere from 6 to 24 months after induction of treatment and in some cases 
the extent of recovery may remain incomplete149. 
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2.6 TREATMENT 
2.6.1 Dietary guidelines 

A gluten free diet (GFD) is the only accepted treatment for CD. Historically, rice, corn 
and potatoes were substitutes for gluten containing grains. Today a number of nutrient 
dense grains, seeds, legumes and nut flours offer increased variety, improved 
palatability and higher nutritional quality to the GFD. These grains and seeds include 
amaranth, buckwheat, flax, Indian rice grass, millet, tef, quinoa and sorghum 20. 
Sources of gluten-free starches that can be used as flour alternatives are20:  

- Cereal grains: amaranth, buckwheat, corn (polenta), millet, quinoa, sorghum, 
teff, rice (white, brown, wild, basmati, jasmine), montina (Indian rice grass).  

- Tubers: arrowroot, jicama, taro, potato, tapioca (cassava, manioc, yucca).  
- Legumes: chickpeas, lentils, kidney beans, navy beans, pea beans, peanuts, 

soybeans.  
- Nuts: almonds, walnuts, chestnuts, hazelnuts, cashews. 
- Seeds: sunflower, flax, pumpkin. 

 
The inclusion of oats in the GFD was controversial for many years. Numerous short- 
and long-term studies in both children81, 150 and adults80, 151-153 from the last decade 
have however suggested that oats can be safely included in the GFD20. The main 
problem with oat products is the occasional contamination by wheat, rye and barley. 
The anecdotal occurrence of mucosal inflammation in individuals consuming 
uncontaminated oat products can be explained by avenin-reactive mucosal T-cells that 
can cause mucosal inflammation78. 
 
The inclusion of wheat starch products has also been controversial for many years20. 
However, recent studies suggest that wheat starch is a safe and well-tolerated addition 
to the GFD, when the GFD is otherwise strict154-156, and wheat starch is therefore 
accepted for individuals with CD in for example Sweden and Finland, but not in the 
USA or Canada. 
 
Since gluten typically cannot be totally avoided (because of residual amounts of gluten 
in “gluten free” products etc.) it has been important to define tolerance levels, which 
have been estimated to be between 20 and 100 parts per million157-159. However, more 
studies are needed to settle on a safe limit of gluten contamination in gluten-free 
products158. Since individual CD patients respond differently to small amounts of 
gluten, it is reasonable that the treatment is individually adapted. Although a second 
small intestinal biopsy is not usually required to establish a diagnosis136, 160, it is 
important to confirm mucosal integrity in follow up of the patient. 
 
At diagnosis of CD, patients often have nutritional deficiencies. Therefore, patients 
should be assessed for deficiencies of vitamins and minerals, including 
folic acid, B12, fat-soluble vitamins (e.g. vitamin D), magnesium, zink, iron, and 
calcium at diagnosis of CD, and any such deficiencies should be treated20. Vitamin 
deficiencies may also occur in patients who have been on a GFD for a long time (more 
than 10 years)161. Therefore, vitamin and mineral supplementation is a useful adjunct 
therapy to the GFD162. 
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Even if underweight is more common among individuals with yet undiagnosed CD 
than in the general population163, normal weight and overweight is by far the most 
common body composition in adult CD163, 164. The small intestine has considerable 
functional reserve and this explains why many individuals have no evidence of 
malabsorption165. Moreover, studies of adolescents have indicated an increased risk of 
obesity when adhering to a GFD166. It has been suggested that when individuals start a 
GFD the mucosa heals but the total food intake/energy intake remains the same. In 
addition to this the GFD in itself can be nutritionally imbalanced with high lipid 
consumption166. Consequently, individuals on a GFD should be monitored with respect 
to BMI. 
 
2.6.2 Why be compliant to a gluten free diet? 

In the vast majority of patients with CD, strict compliance to a GFD in CD results in 
healing of the intestinal mucosa (malabsorption stops) and likely in decreased general 
inflammation114. For children and adults with symptomatic gastrointestinal CD, 
benefits of compliance to a GFD are obvious and often swift clinical improvement with 
normal bowel habits and normalization of anthropometric values is seen. A GFD will 
lead to significant improvement in bone density167, 168. It also corrects iron deficiency169 
and restores growth in children with CD170. Benefits of a GFD in diabetes type 1 on 
hemoglobin A1c has not been conclusively demonstrated171, 172. Compliance to a GFD 
improves quality of life in CD patients with gastrointestinal symptoms173. Studies from 
different countries have reported positive, negative or no effect173-175 of a GFD on 
quality of life in asymptomatic, screening detected CD. 
 
The long term effects of compliance to a GFD includes reduction of the increased 
mortality176, risk of lymphoma177 and risk of adverse pregnancy outcomes8 seen in 
individuals with CD. It is however important to point out that the direct evidence of a 
protective effect of a gluten-free diet against complications such as non-Hodgkin 
lymphoma178-180 or autoimmune disease181, 182 has not been formally proven. The 
assumption that dietary compliance protects against complications is often based on 
data on duration of gluten exposure47, which per se is very difficult to disentangle from 
age at CD diagnosis181, 183. In studies that have actually examined the effect of dietary 
compliance, data on compliance have often been collected retrospectively through 
patient chart reviews and without the data collector being blinded to the outcome (e.g. 
cancer vs. not cancer). This increases the risk of bias. Finally, few studies have had 
sufficiently long follow up to examine the effect of a GFD in CD diagnosed in 
childhood regarding outcomes commonly seen late in life (e.g. cancer, myocardial 
infarction, fractures and death). 
 
Moreover, the absolute majority of studies assessing the long term effects of CD and a 
GFD have been restricted to “classic” CD with gastrointestinal symptoms. Information 
regarding the long term effect of a GFD in “silent” CD, detectable only by screening, is 
however lacking. 
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2.6.3 Achieving compliance… 

Achieving compliance to a GFD is difficult. Reasons for transgressions include poor 
palpability of gluten free foods, absence of acute symptoms after “cheating”, 
difficulties finding GFD in social contexts outside the home, high cost of GFD in many 
countries and contamination of products claimed to be gluten free184. It is 
recommended that a team approach to the follow-up of the newly diagnosed CD patient 
include regular supervision by an interested physician, medical nutritional counseling 
by a dietician and access to local and national support groups184, 185. Since the GFD is 
complex and can easily overwhelm the patient it is reasonable to complete nutritional 
education in multiple visits. An ambitious educational program concerning the GFD at 
the start is important, since dietary compliance and intestinal damage at follow up can 
be predicted by baseline education186. 
 
Compliance of individuals diagnosed in adolescence or adulthood and symptomless 
individuals diagnosed through screening is often described as low. In a Swedish study, 
adults diagnosed with CD at an age of <4 years were 80% compliant, whereas adults 
diagnosed with CD at > 4years of age were 36% compliant). In Italy adolescents with 
symptomless CD diagnosed through mass screening showed lower compliance in 
comparison with age-matched patients diagnosed with symptomatic CD187 whereas a 
Finnish study found good dietary compliance also in adults with screening detected 
CD188. 
 
2.6.4 Assessing compliance 

Once a diagnosis of CD has been made, there is no single method that allows for 
assessment of compliance: Self-reported compliance is often overrated. Asymptomatic 
CD patients cannot be followed for symptom response. EMA and tTG titers have been 
used as proxies for dietary compliance, but there is no agreement in the literature that 
EMA189 or tTG118 are reliable markers in monitoring compliance or histological 
response to treatment. In a study by Hopper et al, 48 patients were treated for one year 
with a GFD. 16/48 patients had persisting villous atrophy and as many as 7 of the 16 
patients with villous atrophy (44%) had “false” negative tTG serology118. 
 
However, duodenal biopsies also have limitations: Persisting mucosal damage may be a 
result of refractory CD rather than poor compliance190 (Refractory CD and duodenal 
cancer are however very rare in comparison with “ordinary CD with low dietary 
compliance131, 190). Moreover, normal mucosa may mirror the patchy occurrence of 
mucosal injury in active CD146 rather than a completely healed mucosa. Optimally, 
compliance should be estimated through a combination of duodenal biopsy 6-12 
months after introduction of a GFD, symptom response, dietary questioning, and 
serologic status as a composite assessment118, 131. 
 
2.6.5 Other treatment strategies 

Therapy of CD is usually straightforward with a strict GFD as the “only” medication. 
However, in the unusual cases of refractory CD, corticosteroids or immunosuppressive 
drugs can be tried20, 190. Moreover, alternative treatment strategies may well be 
available in the future: The structure of transglutaminase 2 was recently discovered and 
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may help in designing inhibitors of transglutaminase 2 to treat CD191. Another potential 
treatment strategy is to ingest enzymes that digest gluten192, thereby increasing the safe 
threshold for gluten intake157, 158.  
 
2.7 SCREENING 

As mentioned earlier, the majority of individuals with CD are undetected (and 
untreated) and may suffer risks of long term complications. Ever since cheap and 
highly effective serologic screening for CD has been available, the need for general 
population screening has been under debate10, 193, 194. At present there is fairly 
widespread consensus that screening for CD in the general population is NOT 
warranted – instead increased alertness in high risk groups is called for14, 15. Here 
follows a brief summary of what to think of when considering screening: 
 
The crucial questions in considering general population screening are whether we are 
doing more harm than good for the individuals being diagnosed and if the public means 
are spent on the right things. Guides published already 30 to 40 years ago still provide a 
relevant framework that can be applied to the issue of screening individuals for CD195, 

196. Criteria that need to be fulfilled to consider screening for a disease are:  
 

1. The disease should be an important health problem, i.e. high prevalence and/or 
a serious condition.  

2. The diagnostic criteria should be generally accepted. 
3. Screening tests should be available and acceptable to the public. 
4. The natural history should be understood, with advantage to earlier treatment 

and agreement on who needs treatment and when. 
5. Treatment for the disease should be accepted and available. 
6. Cost-benefit favorable. 
7. Needs for repeat testing should be clear. 
8. Predictors of response to treatment. 

 
CD is an important health problem with a screening detected prevalence of 1-3% in 
Sweden, the majority of which remains undiagnosed. Apart from the well documented 
array of symptoms and decreased quality of life in untreated CD, it is also a condition 
associated with a number of very serious complications including sepsis, lymphoma, 
fractures, depression and increased mortality. Diagnostic criteria of CD are clear cut37, 

62, 97, 117 (even if algorithms for the detection of CD without a biopsy have been 
suggested137) and excellent screening tests are available and acceptable to the public119. 
 
However, most studies on covering the total burden of CD have included only 
individuals with symptomatic/clinically diagnosed CD, whereas there is limited data on 
the natural history of CD detected by screening and consequently on the benefit of early 
treatment in this group. When asymptomatic patients are encouraged to withdraw 
gluten from their diet lifelong, this may instead increase the burden of disease and 
impair quality of life. 
 
When it comes to costs, a major concern in screening for CD is that a single positive 
test for tTGA or EMA has a positive predictive value for biopsy confirmation of CD 
(villous atrophy) of only approximately 30%–80%118, 127, 128. This means that in a 
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population based screening program thousands of people unnecessarily would have to 
go through an upper endoscopy, which would be both troublesome for the individual 
and relatively expensive. 
 
The optimal age at which to begin and to repeat testing is undefined. Some reports have 
suggested that testing before the age of 3 years does not seem warranted197 and that 
screening school-age children would be likely to detect most, but not all, cases14. The 
benefits of treatment in individuals with symptomatic CD are obvious and well 
described. Results from reports assessing short term effects of a GFD in screening 
detected CD are both reassuring188 and disappointing198. Screening for CD has not been 
conducted long enough to be able to assess the long term effects of GFD in the group of 
symptomless CD. 
 
In summary, there are limited data on the natural history of CD detected by screening in 
both children and adults. It is also unclear whether early or preventive treatment alters 
natural history. Therefore general population screening for CD is NOT warranted at 
present. Instead increased alertness and screening for CD in high risk populations is 
recommended. 
 
2.8 COMPLICATIONS TO AND CONDITIONS ASSOCIATED WITH CD 

STUDIED IN THIS THESIS 

CD is a widely underdiagnosed condition and therefore screening for CD in risk groups 
of the disease is recommended14, 15, 37. The identification of possible risk groups eligible 
for screening for CD is therefore important. In this thesis we have explored possible 
complications and associated conditions of CD in order to shed new light on the burden 
of illness related to CD and to identify groups at high risk of CD, where screening for 
CD may be considered. We also assessed the effects of a gluten-free diet on the risk of 
lymphoma, an important complication of CD.  
 
Given the immunological character of CD, we have investigated the possibility that 
patients with CD are at increased risk of both infections (Paper I and III) and other 
autoimmune diseases (Paper II). Since CD is a condition characterized by 
malabsorption it has also been reasonable to investigate the association of BMI and a 
future diagnosis of CD (Paper IV).  
 
The widespread belief that treatment of CD with a GFD may positively affect the risk 
of long-term complications of CD, such as lymphoma, is based on few, small studies 
that suffer from a number of limitations7, 178-180. Hence, this association was also 
studied (Paper V). 
 
2.8.1 Urinary tract infections 

Urinary tract infection (UTI) is the most common bacterial infection during 
pregnancy199. Among pregnant women, some 1-4% will develop acute cystitis for the 
first time whilst pregnant200 and 1- 2% will develop pyelonephritis201. UTI, especially 
pyelonephritis, may also be an indicator of immunosuppression202.  
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To the best of our knowledge, only two studies on CD and the risk of UTI have been 
published203, 204. The former studies are limited by the small sample size and 
retrospective data collection.  
 
We used the Swedish National Registry data to assess the risk of UTI in pregnant 
women (a) who had a diagnosis of CD prior to infant birth, (b) those who received a 
diagnosis of CD after infant birth and (c) women without a diagnosis of CD. 
 
2.8.2 Immune Thrombocytopenic purpura 

Immune Thrombocytopenic Purpura (ITP) is an autoimmune disease205, with an annual 
incidence of approximately 5/100,000 person-years206-208. ITP is divided into an acute 
or a chronic form (more than 6 months’ duration)205. The acute form is usually self-
limiting and primarily found in previously healthy children. The chronic form occurs 
primarily in adults209 and often has an insidious onset209. The primary cause of long-
term morbidity and mortality is haemorrhage (serious bleeding occurs in 3-10% of 
patients)209, 210. Treatment ranges from careful monitoring to oral prednisone, 
intravenous immune globulin and splenectomy208. 
 
A number of case reports support a positive association between CD and (ITP)211-220. 
Despite these findings, no large study has been undertaken to evaluate the relationship 
between CD and ITP221. 
 
The objective of this study was to examine the relationship between an inpatient 
diagnosis of CD and an inpatient diagnosis of ITP, and vice versa, through linkage with 
the Swedish national population- based registers. 
 
2.8.3 Sepsis 

Sepsis is an infectious disease characterized by a systemic inflammatory response with 
tachycardia, fever, hyperventilation and affected white blood cell count222. Several 
factors may predispose to an increased tendency of severe infection in CD such as 
increased risk of hyposplenism223-227 and increased mucosal permeability228-231 .  
 
With the exception of one mortality study232 (showing a 7-fold increased risk of death 
from sepsis among individuals with CD), we know of only case-reports of severe 
infection in CD233-235. In the mortality study, data on sepsis were limited to information 
from death certificates232. That investigation also failed to consider the underlying 
etiology of sepsis.  
 
For these reasons, we assessed the risk of sepsis in individuals with CD by use of 
Swedish national inpatient register data. 
 
2.8.4 BMI (Underweight and overweight) 

The classic presentation of CD is commonly described as diarrhoea, anaemia and 
weight loss4, 5, 128 but to the best of our knowledge, there are no studies that assess the 
association between Body Mass Index (BMI) and undiagnosed CD.  
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The few studies describing the BMI-characteristics in individuals at diagnosis of CD35, 

164, 236 and/or after introduction of a gluten-free diet (GFD)164, 188, 236-238 show 
contradictory results164, 236 or suffer from limitations such as low study power, and lack 
of reference groups. Another reason to examine the relationship between CD and BMI 
is that many case reports165, 239-245 and one larger study 246 suggest that a diagnosis of 
CD may be delayed considerably due to overweight or obesity in patients with CD. 
 
The main objective of this study was to examine BMI in individuals with undiagnosed 
CD in two large, general population-based registers and to assess how BMI may 
contribute in identifying individuals with undiagnosed CD. 
 
2.8.5 Compliance to a gluten free diet and risk of lymphoma by subtype 

CD is associated with a 3 to 6-fold increased risk of malignant lymphoma of any type6, 

180, 247-249. There is a widespread belief that treatment of CD with a GFD may positively 
affect the risk of long-term complications of CD, such as lymphoma250, 251. However, 
only a few studies have directly evaluated the role of dietary compliance in lymphoma 
development 7, 178-180. Whereas two of these studies have found an increased risk of 
lymphoma in individuals with poor compliance to a GFD compared to good dietary 
compliance178, 180, another study found no such difference179. Previous reports are 
limited by small sample size7, 178-180 and retrospective data collection that was 
unblinded to lymphoma status178. To the best of our knowledge, no earlier studies have 
compared the potential effect of a GFD on lymphoma risk in CD by subgroups of 
lymphoma20.  
 
To assess the relationship between diet compliance and risk of lymphoma overall and 
lymphoma subtypes in individuals with CD, we conducted a case-control study, nested 
in a Swedish population-based cohort of 11,650 individuals with an inpatient diagnosis 
of CD. 
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3 AIMS 
 

The overall aim of this thesis was to identify groups with high risk of CD and vice 
versa. We also wanted to assess the effect of compliance to a GFD on the risk of 
lymphoma in CD. 
 
The specific aims were: 
 
To investigate if there is a difference in risk of UTI during pregnancy or of repeated 
episodes of UTI before pregnancy between (I) women who had a diagnosis 
of CD prior to infant birth, (II) women who received a diagnosis of CD after infant 
birth and (III) women who never received an inpatient diagnosis of CD (Study I). 
 
To investigate if there is an increased risk of an inpatient diagnosis of ITP in 
individuals with an inpatient diagnosis of CD and vice versa. 
 
To investigate if there is an increased risk of an inpatient diagnosis of sepsis in 
individuals with an inpatient diagnosis of CD and vice versa. More specifically we 
aimed to investigate the risk of an inpatient diagnosis of pneumococcal sepsis in CD. 

 
To investigate the prevalence of underweight, normal weight and overweight in young 
men and fertile women with an inpatient diagnosis of CD, and to assess the association 
of underweight, normal weight and overweight with a future inpatient diagnosis of CD. 
 
To assess the relationship between diet compliance and risk of lymphoma overall and 
lymphoma subtypes in individuals with CD, and to explore the potential importance of 
CD phenotypes at diagnosis for risk of lymphoma. 
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4 SUBJECTS AND METHODS 
4.1 SETTING 

The studies in this thesis were all conducted in Sweden, a country well suited for 
epidemiological research252. The most important factors for successful epidemiological 
research in Sweden have been the use of national registration numbers assigned to all 
Swedish citizens combined with the existence of nation-wide high-quality health and 
population registers based on these registration numbers. The public health care system 
with transparent referral systems, virtually no private institutional care, an ethnically 
and socio-economically homogenous population and a generally high public acceptance 
to registration and participation in research projects have ensured that the registers are 
population-based. 
 
4.2 DATA-SOURCES 
4.2.1 The Swedish National Registration Number 

Since 1947 every legal resident of Sweden is assigned a national registration number 
(or personal identification number) as a unique ten-digit (nine-digit at introduction) 
personal identifier, which is used in a wide variety of contexts, including health care253. 
The national registration number makes it possible to establish links between different 
registers. The national registration number consists of six digits for the birth date (year - 
month - day), followed by three digits that identify the individual and a tenth digit 
which is a check digit. 
 
4.2.2 The Swedish hospital discharge (Inpatient) register (study I-V) 

Individuals with a discharge diagnosis of CD have been the study base in all studies in 
this thesis. The Swedish hospital discharge (Inpatient) register was established by The 
National Board of Health and Welfare in Sweden in 1964. The registration is based on 
individual discharges rather than on individuals and each patient record contains the 
patient’s unique national registration number, date of admission and discharge, one 
main diagnosis and up to seven contributory diagnoses (coded according to the 
International Classification of Diseases, seventh through tenth revision). In addition to 
the above; surgical procedures, department and hospital of admission are recorded. The 
coverage of the register was 60% of the Swedish population in 1969, 85% in 1983 and 
100% since 1987 and onwards.  
 
The accuracy of diagnoses in the Swedish hospital discharge register is generally 
regarded as high254, but the accuracy naturally differs between diagnoses (and calendar 
periods for some diseases). In a subset of adults with lymphoma, the diagnosis of CD 
was correct in 85%255. 
 
4.2.3 The Swedish medical birth register (study I and IV) 

The Swedish Medical Birth Registry was established in 1973 to compile information on 
ante- and perinatal factors, and their importance for the health of the infant. 
More than 99% of all deliveries in Sweden (85,000-120,000 deliveries per year) from 
1973 are accounted for in the registry256. The registry contains individual data on 
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previous gestation, smoking habits, medication, family situation, hospital, length of 
gestation, type of delivery, diagnoses of mother and the newborn child, operations, type 
of analgesia, sex, weight, length, size of head, birth-conditions, place of residence, 
nationality, etc256. 
 
Since its start in 1973, the content of the Medical Birth Registry has varied slightly and 
a revised procedure for recording ante- and perinatal data came into effect in 1982. 
Data in the registry are collected from standardized medical records completed by 
medical personnel throughout pregnancy and after delivery. A recent validation of the 
Medical Birth Register found that most variables in the register are of very high 
quality256. 
 
 
4.2.4 The Swedish conscripts’ register (study IV) 

The Swedish conscripts’ register (or the National Service Register) contains personal 
information of all Swedish men (and women volunteering) attending conscription. 
Variables in the register are national registration number, year (before 1997) or date 
(after 1997) of conscription, height, weight, cognitive test results and test results of 
strength (hand, biceps, quadriceps) and endurance (test bicycle) among others. Even 
though The Military Archives (“Krigsarkivet”, founded in 1805 and keeper of military 
records from the 16th century and onwards) has been responsible for inspection and 
control of military records since 1943, easily accessible, computerized records of 
Swedish conscripts is only available since 1983 and onwards257 (records on microfilm 
are accessible since the middle of the 1960s and onwards) and administered by The 
National Service Administration which is also responsible for conscription, entrance 
assessments, enlistment and reporting on persons serving in the Total Defence. 
 
Until the middle of the 1990s virtually all Swedish men attended conscription, which is 
regulated by law. Since then all men are no longer called to attend conscription because 
of changed defense political priorities. The proportion of young Swedish men attending 
conscription has declined between 1995-2000 (98% of all men in 1996, 90% in 1999 
and 80% in 2000)257. Both coverage and quality of the register data is excellent until 
1995 (<1% data irregularities and <6% data missing in all variables)257. 
 
 
4.2.5 The Swedish cancer register (study V) 

Since 1958 it is mandatory for both hospital departments and histopathological 
laboratories in Sweden to report all malignancies (with the exception of some diagnoses 
that have been included in the register later than 1958) to the Swedish Cancer Register 
at the time of diagnosis. Reports are sent from hospital departments and pathologists to 
one of six regional oncology centers for quality checks and (re-)coding according to the 
International Classification of Diseases, seventh revision (ICD-7). Some 99% of the 
registered cases are morphologically verified258 and the completeness of the 
registrations has been estimated to be close to 100%258. Since 1958, some 2,500 cases 
of cancer have been identified through the Cause of Death Register (without having 
been reported to the Cancer Register). As a comparison, more than 50,000 cases of 
cancer were reported to the Cancer Register in the year 2005 alone. For malignant 
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lymphoma, detailed information regarding classification within the groups of non-
Hodgkin lymphoma and Hodgkin lymphoma has only been available the last few years. 
No information of stage at diagnosis is recorded. Cancers incidentally detected at 
autopsy are flagged and cancers only reported on death certificates are not included. 
 
4.2.6 The register of population and population changes (study I-IV) 

Statistics Sweden maintains the register of population and population changes since 
1960. The register contains official Swedish census data of all residents in Sweden 
alive at the end of each year (national registration number, name, current address and 
date of death in subjects recently diseased). Since 1969, the register also collects 
information on dates of emigration. Data are computerized since 1967 and are collected 
and updated by the local tax offices. 
 
 
4.3 STUDY DESIGN 

In this section the study design of each study is summarized. The corresponding 
references are given in the individual papers. 
 
4.3.1 Study I 

The first study is a historical cohort study with prospective registration of data. We 
combined data from two Swedish national medical registries, the Swedish hospital 
discharge register and the Medical Birth Registry, in order to:  

1) analyze the risk of urinary tract infection (UTI) during pregnancy in some 1000 
pregnant women with a discharge diagnosis of CD compared to all women in 
the register without such a diagnosis. 

2) analyze the risk of repeated episodes of UTI before pregnancy in some 700 
pregnant women with a discharge diagnosis of CD compared to all women in 
the Medical birth register without a discharge diagnosis of CD. 
 

Information regarding exposure (Discharge diagnosis of CD before first pregnancy, 
Discharge diagnosis of CD after first pregnancy and No Discharge diagnosis of CD 
(reference group)) as well as outcome (UTI) has been collected prospectively by 
“blinded” medical personnel (with no knowledge of the present study). 
 
In separate analyses, we adjusted for potential confounders: Diabetes mellitus, maternal 
age at delivery, parity, nationality and calendar period. From 1982 to 1983 and onwards 
we also had data on civil status and smoking status (non-smoker versus smoker). 
Logistic regression was used to calculate odds ratios (ORs) and 95% confidence 
intervals (95% CI) for UTI in women with CD.  
 
4.3.2 Study II and III 

The second and third studies both comprise historical cohort studies and case-control 
studies with prospectively collected data. In a cohort study of all individuals with 
discharge diagnoses of CD (some 15,000) and some 70,000 reference individuals 
(without such a diagnosis) matched for age, gender, calendar year and county. Cox 
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regression was used to estimate the risk of subsequent discharge diagnoses of Immune 
Thrombocytopenic Purpura (ITP) (study II) and sepsis (study III).  
 
In a case control design, conditional logistic regression was used to assess the risk of 
exposure (diagnosis of ITP or sepsis prior to CD) in 15,000 cases (individuals with 
diagnoses of CD) and 70,000 matched controls. Diagnoses of CD as well as ITP and 
sepsis were identified through the Swedish Hospital Discharge Register. 
 
 
4.3.3 Study IV 

In order to investigate the impact of CD on body composition, we studied the 
prevalence of underweight, normal weight and overweight in cohorts of young men and 
women at conscription for some 8,000 men and at 10 weeks gestation for some 800,000 
women. The differently exposed cohorts studied were individuals that 1) had a 
discharge diagnosis of CD before the measurement of BMI, 2) had a discharge 
diagnosis of CD after the measurement of BMI and 3) had no discharge diagnosis of 
CD. 
 
In another part of this study we carried out a cohort study of women to assess the risk 
of receiving a diagnosis of CD when having a certain BMI. Cox regression was used to 
assess the risk of CD. We also carried out a case-control study of men to assess the 
risk of being diagnosed as a celiac dependent on the individual’s BMI. Logistic 
regression was used to assess the risk of CD in underweight, normal weight and 
overweight. 
 
4.3.4 Study V 

In this nested case-control study, we identified all individuals with a hospital 
discharge diagnosis of CD between 1964-1995 (n = 11,650) in the Swedish Hospital 
Discharge Register. Using the National Registration Numbers the cohort was linked to 
the Swedish Cancer Register. Thus 77 cases of lymphoma and 220 individually 
matched controls were identified. After exclusion of individuals whose diagnosis of CD 
could not be confirmed upon review of medical files, 59 cases of incident lymphoma 
and137 cohort controls remained.  
 
Two investigators (OO and HH) reviewed all medical records independently and 
blinded to the case-control status. The blinding was achieved by removing all 
information before file review (KES and research assistants) that could give hints of the 
case or control status. The degree of compliance was evaluated through global 
assessment of all the prospectively collected information on compliance available from 
the study. In 21% of study participants the two investigators had differing assessments. 
Still blinded to case-control status the two investigators reviewed these medical records 
again and discussed the assessment until consensus was reached. 
 
Conditional logistic regression was used to calculate odds rations (OR) as estimates of 
relative risk. 
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4.4 STATISTICAL ANALYSES 
4.4.1 Cox proportional hazards model (studies II-IV) 

Cox proportional hazards model is the most commonly applied model in medical time-
to-event studies259. Cox regression is a semi-parametric model that implements the 
proportional hazards model, i.e. constant size of difference between groups over time. 
One or more predictor variables, called covariates, are used to predict an outcome 
(event) variable. The classic univariate example is time from diagnosis with a terminal 
illness until the event of death (hence survival analysis). The central statistical output is 
the hazard ratio (HR).  
 
Hazard is the risk of an outcome in a certain time interval, assuming “survival” to that 
time. The hazard ratio is the relative hazard, when two groups (exposed and unexposed) 
are compared and assumes proportional hazards. If a covariate fails this assumption, 
estimates of relative risk will be inaccurate. For covariates with hazard ratios that 
increase over time, relative risk will be overestimated and for hazard ratios that 
decrease over time, relative risk is often underestimated. 
 
Hazard Ratios for subsequent ITP or Sepsis (studies II and III) were estimated using an 
internally stratified Cox regression. This analysis resembles a conditional logistic 
regression (see below) as individuals with CD are compared with their matched 
reference subjects (the internal strata or risk-sets) before the estimates are summarized. 
Follow-up time started at study entry and ended on the date of first discharge diagnosis 
of ITP or Sepsis, date of emigration, death or the end of the study period (31st 
December 2003), whichever occurred first. When we estimated the association between 
BMI and future CD in women (study IV) we also used Cox regression, but without 
internal stratification. 
 
4.4.2 Logistic regression (studies I -V) 

Logistic regression is a form of regression which is used when the independents are of 
any type (continous and/or categorical) and the dependent is a dichotomy (hence the 
method of choice in most case-control studies). Continuous variables are not used as 
dependents in logistic regression. The impact of predictor variables is usually explained 
in terms of odds ratios.  
 
Whereas risk can be defined as the number of patients who develop an outcome divided 
by the number of patients at risk (risk = p/1, where p is the probability of the event of 
the study), odds can be defined as the number of patients who develop an outcome 
divided by the patients who do not develop the disease (odds = p/(1-p)). The odds ratio 
is simply the cases’ odds of having been exposed to a risk factor divided by the 
controls’ odds of having been exposed to the same risk factor. 
 
4.4.2.1 Unconditional logistic regression (study I and IV) 

Unconditional logistic regression was used to calculate odds ratios and 95% confidence 
intervals for UTI in women with CD (study I). Unconditional and conditional logistic 
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regressions (separate analyses) estimated the association between BMI and 
undiagnosed (future diagnosis of) CD in men. 
 
4.4.2.2 Conditional logistic regression (study II-V) 

In matched case-control studies, conditional logistic regression is used to investigate 
the relationship between an outcome of being a case or a control and a set of prognostic 
factors. In conditional logistic regression every case is compared with his or her 
individually matched controls, thus minimizing the effect of the matching variables. In 
matched case-control studies, odds ratios could also be calculated by an unconditional 
multivariate logistic regression where all the matching variables are included in the 
analysis. However, if unconditional logistic regression is used instead of conditional, an 
overestimate will be obtained. In particular for pair-matching, the estimated odds ratio 
may reach the square of the estimated odds ratio from the conditional logistic 
regression, the latter being the correct result260. 
 
In order to test the relationship between a hospital discharge diagnosis of ITP or Sepsis 
and a subsequent discharge diagnosis of CD (study II and III) we used conditional 
logistic regression to assess the risk of exposure in a case-control design. The 
conditional logistic regression model was also used to estimate the association between 
BMI and undiagnosed (future diagnosis of) CD in men (study IV). Finally, we used 
conditional logistic regression to estimate the association of lymphoma (overall and 
subtypes) and GFD compliance (study V).  

 
4.4.3 Linear regression (study IV) 

Linear regression attempts to explain a relationship between two variables with a 
straight line fit to the data. The regression coefficient gives the change in value of the 
outcome (dependent variable), per unit change in the exposure (predictor variable). 
 
In study IV we restricted our dataset to individuals with a diagnosis of CD and studied 
the relationship of duration (between diagnosis of CD and measurement of BMI) and 
actual BMI through linear regression. In these analyses we adjusted for calendar period 
in men, and for calendar period, age, parity, smoking, and civil status in women. 
 
4.4.4 Significance testing (study IV) 

There are an abundance of tests to compare differences between groups in 
epidemiological research, of which ANOVA (Analysis of variance) and χ2-tests are 
commonly used parametric tests. In short, ANOVA compares means of two or more 
samples to see whether or not they come from the same population. The χ2-test 
measures the difference between actual and expected frequencies. 
 
In study IV we examined BMI, weight and height through one-way ANOVA, with 
Bonferroni post-hoc test for between group comparisons. Prevalence of underweight, 
normal weight, and overweight was compared between groups of different CD-status 
using a χ2-test. 
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5 RESULTS 
5.1 CD AND UTI (STUDY I) 

There was no statistically significant association between undiagnosed CD and UTI 
during pregnancy (OR 1.34; 95% CI 0.76-2.37; p = 0.313); or between CD diagnosed 
prior to infant birth and UTI during pregnancy (OR 0.06; 95% CI 0.00-8.98; p = 0.276). 
Adjusting for potential confounders such as maternal age, parity, nationality, calendar 
period, civil status, diabetes mellitus and smoking did not change the risk estimates. 
Among women with undiagnosed CD, the risk of UTI during pregnancy did not differ 
with time to diagnosis. The OR for UTI during pregnancy in women who received their 
first hospital-discharge diagnosis of CD within 5 years after infant birth was 1.75 (95% 
CI 0.56-5.51; p = 0.334; n = 151), and 1.24 in women diagnosed later than 5 years after 
infant birth (95% CI 0.64-2.41; p = 0.512; n = 635). 
 
 
There was no association between undiagnosed CD and repeated episodes of UTI 
before the current pregnancy (OR 1.36; 95% CI 0.79-2.34; p = 0.275). The OR for 
repeated episodes of UTI in women with CD diagnosed prior to infant birth was 1.12 
(95% CI 0.88-1.43; p = 0.360). Adjustment for maternal age, parity, nationality, 
calendar period, civil status, diabetes mellitus and smoking did not influence the risk 
estimates. Looking specifically at women with undiagnosed CD, there was no 
association between repeated episodes of UTI and either CD diagnosed within five 
years after infant birth (OR 1.43; 95% CI 0.70-2.89; p = 0.327; 62 women with CD) or 
CD diagnosed more than five years after infant birth (OR 1.33; 95% CI = 0.52-3.41; p 
= 0.553; 39 women). 
 
5.2 CD AND ITP (STUDY II) 

CD was associated with an increased risk of later ITP (HR 1.91; 95% CI 1.19-3.11). 
When we excluded individuals with an ICD code of unspecified thrombocytopenia, 
the positive association between CD and ITP decreased marginally (HR 1.70; 95% 
CI 0.85-3.40), but then failed to attain statistical significance. Adjustment for potential 
confounders such as socio-economic index or DM did not change risk estimates more 
than marginally. Formal interaction testing, adjusted for the main effects (CD and 
gender) found that the risk estimate for ITP in males with CD was statistically 
significantly higher than that in females with CD: p=0.040. 
 
Individuals with a diagnosis of CD suffered a 3-fold increased risk of subsequent 
chronic ITP (HR 2.77; 95% CI 1.09-7.04). When we excluded individuals with an ICD 
code of unspecified thrombocytopenia, the HR increased slightly (HR 3.42; 95% CI 
1.08-10.80).  
 
Prior ITP was a positive risk factor for subsequent CD (OR 2.96; 95% CI 1.60-5.50) 
(based on 16 positive events in 15,382 cases of CD versus 27 positive events in 76,824 
matched controls who never had a diagnosis of CD). Individuals with prior chronic ITP 
carried a 6-fold increased risk for later CD (OR 6.00; 95% CI 1.83-19.66) (based on 6 
positive events in 15,382 cases of CD versus 5 positive events in 76,824 matched 
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controls who never had a diagnosis of CD). When we excluded unspecified 
thrombocytopenia, the OR for CD remained significantly elevated in chronic ITP (HR 
15.00; 95% CI 1.56-144.20) but failed to attain statistical significance in ITP of any 
kind (HR 1.88; 95% CI 0.50-7.07). 
 
5.3 CD AND SEPSIS (STUDY III) 

Comparisons with reference individuals from the general population 
CD was positively associated with subsequent sepsis (HR 2.6; 95% CI 2.1-3.0;). This 
risk increase was seen in both males and females, as well as in children and adults. A 
formal interaction test did not indicate that risk estimates differed by age at CD 
diagnosis (p=0.200). When we stratified individuals by age (five groups), we found an 
increased risk of sepsis in all age-bands but in the oldest participant quintile (aged ≥ 74 
years at CD diagnosis) where the HR for sepsis did not attain statistical significance 
(HR 1.4; 95% CI 0.8-2.2). The HR for sepsis in individuals diagnosed with CD before 
the age of three years was 1.9 (95% CI = 1.2-3.0). 
 
Comparisons with inpatient reference individuals 
We found a positive association between CD and subsequent sepsis (HR 1.6; 95% CI 
1.2-1.9; based on subsequent sepsis in 221 reference individuals hospitalized for other 
reasons than CD and 285 individuals with CD), but this risk increase was restricted to 
CD diagnosed in adulthood (HR = 1.5; 95% CI = 1.1-2.1; p = 0.006)(childhood CD: 
HR = 1.0; 95% CI = 0.6-1.9; p = 0.908).  
 
Sepsis due to specific bacteria 
In separate analyses we evaluated the association between CD and subsequent sepsis 
due to specific bacteria. CD was associated with sepsis due to Pneumococci (HR 2.5; 
1.2-5.1) and Staphylococci (1.9; 1.2-3.3), but not due to Gram-negative bacteria (1.4; 
0.9-2.2), all Streptococci (not specified as Pneumococci)(1.1; 0.6-2.1), and 
Meningococci (0.4; 0.1-3.6). 
 
5.4 CD AND BMI (STUDY IV) 

Cohort study of women 
In the female part of the study, we identified 174 women with undiagnosed CD, 550 
with diagnosed CD (prior to the prenatal health visit) and 787,986 pregnant women 
who never had an inpatient diagnosis of CD. The proportion of women with low BMI 
was statistically significantly greater among women with undiagnosed CD (16.7%) 
compared with reference individuals (5.2%), and women with diagnosed CD 
(6.4%)(p<0.001). BMI did not differ significantly between individuals with diagnosed 
CD and reference individuals. As much as 9.2% of women with undiagnosed CD were 
overweight. Among women with diagnosed CD, there was no statistically significant 
difference in BMI according to time from diagnosis of CD until prenatal health visit. 
BMI in women with a diagnosis of CD ≥20 years prior to prenatal health visit had an 
average BMI of 23.7, while those diagnosed 0-9 years prior to diagnosis had an average 
BMI of 22.2. Among women with undiagnosed CD, time between prenatal health visit 
and later diagnosis of CD did not affect BMI (≤7 years: BMI = 21.3; ≥8 years = 21.3).  
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Underweight (BMI<18.5) was associated with undiagnosed (future diagnosis of) CD 
(HR = 2.5; 95% CI = 1.6-3.7; p < 0.001), a risk estimate that did not change with 
adjustment for age, parity, calendar period, civil status and smoking. Overweight 
(BMI≥25) was negatively associated with a future diagnosis of CD. 
 
 
Case-control study of male conscripts 
Through the Swedish Conscript Register, we identified 70 men with undiagnosed CD 
and 1,047 with diagnosed CD. In the matched control population, there were 6,887 men 
with data from the medical examination at conscription. Low BMI was more common 
in men with undiagnosed CD at conscription (14.3%) than in men with diagnosed CD 
(9.8%) or reference individuals (6.5%). High BMI was recorded in 14.3% of men with 
undiagnosed CD. Among men with CD, the highest BMI was found in those with an 
early diagnosis of CD (diagnosis of CD ≥17 years before conscription: BMI = 22.0). 
This category of males primarily represented men with CD diagnosed within the first 2 
years of life. In men with a diagnosis of CD 16 years or less prior to conscription, and 
in men with undiagnosed CD, the average BMI was 21.3-21.4. 
 
 
BMI<18.5 in men was positively associated with undiagnosed (future diagnosis of) CD 
(OR = 2.4; 95% CI = 1.2-4.9; p = 0.011); this estimate did not change notably with 
adjustment for calendar period. When we used a conditional logistic approach, 
comparing male conscripts within the same stratum (one individual with CD and his 
matched reference individuals), the OR for future CD in individuals with low BMI 
increased somewhat (OR = 3.1; 95% CI = 1.3-7.4; p = 0.011).  
 
 
5.5 CD, COMPLIANCE AND RISK OF LYMPHOMA (STUDY V) 

Compared to good dietary compliance, poor compliance was associated with a non-
significantly increased risk of lymphoma overall (OR 1.83, 95% confidence interval 
(CI) 0.78-4.31). In analyses of lymphoma subtypes, poor compliance was more 
strongly associated with an increased risk of B-cell lymphoma (OR 4.74, CI 0.89-
25.33) and extraintestinal lymphoma (OR 2.85, CI 0.68-11.91)), whereas risk of T-cell 
lymphoma (OR 1.01, CI 0.32-3.15) and intestinal lymphoma (OR 0.66, CI 0.17-2.56) 
remained unelevated. The relative risk was independent of latency time. However, 
when accounting for two different scenarios of the significance of missing (translating 
missing to either good compliance or poor compliance), an increased risk of lymphoma 
in association with poor compliance became more evident in the long latency group. 
Even in the extreme and unlikely scenario that all individuals with missing information 
regarding compliance in fact had good compliance, the tendency of increased risks of 
lymphoma in association with poor compliance remained (and actually increased 
because of the conditional logistic regression model). 
 
CD phenotype variants at diagnosis were generally not significantly associated with 
lymphoma risk. 
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6 DISCUSSION 
6.1 METHODOLOGICAL CONSIDERATIONS 
6.1.1 Study design 

In evidence based medicine, randomized trials are considered to provide the highest 
degree of evidence261, and thus by many are considered to be the ultimate gold standard 
for evaluations in health care whereas observational studies based on administrative 
databases often are labeled “fishing expeditions” and other more or less negative 
descriptions. However, the need for observational studies to evaluate health care can be 
justified on several grounds262, 263. Most importantly, not everything is possible to study 
in an experiment. Moreover, experimental studies may be inappropriate because of 
limited size or ethical, legal and political reasons. 
 
There are two main types of epidemiological studies – the cohort study and the case-
control study, and numerous variants of the two259. The choice of study design is 
typically a trade-off between validity (how well does the study reflect the true 
associations in the population under study and do the results apply also to other 
populations?) and efficiency (how do we use time and money the best?).  
. 
6.1.1.1 Cohort studies 

Cohort studies, the archetype for all epidemiologic studies, are well suited for studies of 
rare exposures or multiple outcomes. Cohort studies are typically described as very 
expensive and time consuming. Even though this might be true for large scale 
prospective cohort studies like the Framingham heart study264 or the Nurses Health 
Study265 this is not a problem for historical cohort studies based on registers. In a 
historical cohort, study exposure and outcome are often prospectively registered which 
minimizes risk of recall bias. Moreover, exposure and outcome are often registered 
independently without knowledge of the potential associations to be studied in the 
future, thus minimizing risk of biased registration. The cost of the study is relatively 
independent of the size of the study and researchers don’t have to wait for the outcome 
to happen. The disadvantage with historical cohort studies is that registers seldom are 
designed specifically for the studies that are being undertaken. The lack of exposure 
detail therefore puts a limit on exposure assessment and control of confounding. 
 
6.1.1.2 Case-control studies 

Case-control studies are convenient for studying rare outcomes and/or multiple 
exposures259. The shortcomings typically associated with case-control studies are recall 
bias and inappropriate selection of controls since in contrast to cohort studies, only a 
sampling from the source population is studied. Controls should be selected 
independently of the exposure of interest, be representative of the population that 
generated the cases and have the same person-time exposure experience as the cases266.  
 
Given the relative rarity of CD, we have chosen to conduct historical cohort studies 
(prospective registration of data, n.b.) with a discharge diagnosis of CD as main 
exposure and other conditions as outcome in study I-IV. In studies II and III we have 
also used a case-control design to assess the relative risk of different exposures (ITP 
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and Sepsis) and a subsequent diagnosis of CD. Since lymphoma in CD is uncommon in 
absolute numbers and since assessment of compliance is very labor intensive, we have 
used a nested case-control design in study V (i.e. all individuals with lymphoma among 
all individuals with a hospital discharge diagnosis of CD were identified and matched 
to controls within the cohort of CD). 
 
6.1.2 Internal validity 

Internal validity means that the study measured what it set out to267. Epidemiologic 
studies are afflicted by two broad types of threats to the internal validity: systematic 
error and random error. Random errors can be defined as errors that would be reduced 
to zero if a study became infinitely large whereas errors that would remain even in an 
infinitely large study would be the systematic errors. Another term for systematic errors 
is bias (Similar validity problems can be described in many ways. The categorization 
below is a result of personal preference.).  
 
6.1.2.1 Selection bias 

Epidemiologists apply the term “selection bias” to many biases, including bias resulting 
from inappropriate selection of controls in case-control studies, bias resulting from 
differential loss-to-follow up, volunteer bias, healthy-worker bias, and non response 
bias. In short: Selection bias stems from an absence of comparability between groups 
being studied. The common consequence of selection bias is that the association 
between exposure and outcome among those selected for analysis differs from the 
association among those eligible259. 
 
In the present cohort studies (I-IV) a differential degree of registration of the outcomes 
(ITP, Sepsis, UTI and BMI) between individuals with or without the exposure (CD) is 
impossible to rule out, but not very realistic. To minimize the potential differences 
between theoretical and actual study populations the studies in this thesis were all based 
on continuously updated and complete population based registers, thus giving all 
Swedish residents the same probability of being sampled. 
 
A specific selection bias problem of study IV is that some may claim that there is a risk 
that young men with CD would not be included in the conscript register to the same 
extent as the general population. However, between 1964-1994 all Swedish 18-19-year-
old men (approximately 50,000 men/year except approximately 1,500 men/year 
because of serious handicap, living in institutions etc.) were conscripted and data on 
height and weight were obtained)( Dr Ahlstrand, personal communication257). Men 
with a diagnosis of CD prior to conscription were conscripted to the same extent as 
others (Dr Ahlstrand, personal communication257). 1995-2000 conscription rates started 
to decline (98% of all men in 1996, 90% in 1999 and 80% in 2000)( Dr Ahlstrand, 
personal communication257); and we therefore excluded conscripts from 2001 and 
onwards. 
 
Data on weight and height have been compiled from 1983 onwards in the Medical 
Birth Register. Pre-pregnancy weight (in effect, weight at first antenatal-care visit) data 
are available for 70 per cent of the women and height is known for about 80 per cent of 
the mothers, and only relatively few values are invalid. From these data, it is possible to 
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calculate the body mass index (BMI) for about 65 % of the women with a reasonable 
accuracy256. It is conceivable that women with extreme weight would be less willing to 
measure weight at prenatal checkup and thus induce selection bias. On the other hand it 
is just as probable that midwives would make a greater effort in having weight 
measured when encountering a woman with extreme weight. A rough method of 
assessing the impact of selection bias in this context is to assess consistency of the 
association between CD and BMI in the two independent registers in the study. It is 
reassuring that basically the same results were found in the two parts of the study (IV). 
 
Bias in case-control studies can be introduced by differing participation rates between 
cases and controls. If non-participation among controls is directly or indirectly 
associated with the investigated exposure, the exposure distribution among 
participating controls may no longer reflect that of the source population and person-
time that gave rise to the cases. In our case-control study (study V) all medical records 
of cases were found whereas 85% of medical records of controls could be retrieved 
from the medical institutions where they were stored. It is impossible to know whether 
this difference mirrors a less problematic CD (primarily managed in primary care) 
among controls, or that individuals less prone to seek medical advice (with worse 
dietary compliance as a consequence or because of already very good compliance) are 
more common among controls. Even if the proportion of controls that could be 
included is high, they obviously represent a selection from the original sample of 
controls. 
 
6.1.2.2 Recall bias 

In any study that relies on memory of remote exposures, recall bias is pervasive; either 
as reported in a baseline questionnaire in a cohort study, or in cases that tend to search 
their memories to identify what might have caused their disease whilst healthy controls 
have no such motivation. Thus, better recall among cases is common. In case-control 
studies of the present thesis, information on exposure (CD) did not rely on the memory 
of the patients or their proxies. Instead, exposure was assessed through pre-existing 
data-sources (Study I-IV). 
 
As opposed to earlier studies on CD and UTI203, 204, our data on exposure (CD) and 
outcome (UTI) in study I were obtained independently of each other and from different 
sources (the Hospital Discharge Register and the Medical Birth Register). This non-
differential assessment of exposure and outcome is important. In the current study, 
neither women with undiagnosed CD, nor their midwives were aware of future CD 
diagnoses when completing the birth questionnaires with respect to UTI. 
 
In study V, a case-control study, information of exposure was collected prospectively 
without knowledge of future case-control status and indeed without either the patient or 
the doctor knowing of the outcome of the present study. 
 
6.1.2.3 Surveillance bias/detection bias 

A potential concern with the use of a Hospital discharge diagnosis of CD as exposure is 
the risk of surveillance bias. An individual diagnosed with CD in an inpatient setting 
will undergo a number of investigations and laboratory tests and is likely to come for 
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check up. This will increase the risk that concomitant conditions are detected. In order 
to minimize risk of detection bias we excluded the first year of follow up in study II and 
III. Though surveillance bias due to hospital admission may have influenced our risk 
estimates, it cannot explain our findings. Post-hoc analyses of both ITP and Sepsis 
found increased risk estimates also when we restricted reference individuals to 
inpatients. 
 
6.1.2.4 Misclassification 

Misclassification (or information bias) can be defined as incorrect measurement of 
exposure and/or outcome. If information is gathered differentially for one group than 
for another, then bias results, raising or lowering the relative risk or odds ratio 
dependent on the direction of the bias. By contrast, non-differential misclassification— 
i.e., noise in the system—tends to obscure real differences. 
 
 
6.1.2.4.1 Misclassification - discharge diagnosis of celiac disease 

Validation studies of the population-based Hospital Discharge Register have shown 
that the quality of diagnoses is good254. Unfortunately there are no validation studies of 
the discharge diagnosis of CD from a sample representative of the whole study 
population. In the last study of this thesis (study V) the discharge diagnosis of CD was 
confirmed upon medical record review in 66 cases (CD and lymphoma) and 137 
controls (with CD, without lymphoma) out of the initially identified 264 study 
individuals, corresponding to a positive predictive value of a CD discharge register 
diagnosis of 77%. Nonspecific ICD-codes used in early study periods were more often 
incorrect than more recent and more specific ICD-codes (“Sprue”, 269,00 in ICD-8 
(used in 1969-1986), was correct in only 29% whereas “Celiac Disease”, 269,98 in 
ICD-8 and 579A in ICD-9 (used in 1987-1995) was correct in 86% and 92% 
respectively). The high specificity for CD is not surprising since prior small-intestinal 
biopsy has been a prerequisite for a diagnosis of CD since 1969.  
 
Even if the sensitivity of a discharge diagnosis of CD is likely not as good as the 
specificity, we believe that we have identified a sizeable proportion of those with a 
diagnosis of CD. In a Swedish study by Ivarsson et al.9, the prevalence of diagnosed 
CD was roughly 1/1000. Sweden has 9 million inhabitants and the study population 
involved some 15,000 individuals with CD. Nevertheless, there will be individuals with 
false-negative CD in this study. This should not be a major problem since the 
prevalence of CD is 1%1 and the existence of false-negative CD will only marginally 
affect the relative risks (and if so, will have resulted in a reduction of differences 
between groups). A more important aspect of low sensitivity of CD is the external 
validity of these studies, which will be discussed below.  
 
6.1.2.4.2 Misclassification - Urinary tract infections in the Medical Birth Register 

For the years 1973-1982, diagnoses during pregnancy could be noted in the form of 
ICD codes in the Medical Birth Register. After 1982, this system was replaced with 
check boxes for certain diagnoses regarded as especially important, among them 
“repeated UTI”. In these boxes one could mark differently previous diseases from 
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ongoing diseases. The information provided is based on interviews performed by 
midwives. The check-box method has been shown to be rather poor256, with recorded 
incidence of diseases with a known prevalence in the general population far from 
accurate for a number of diagnoses such as diabetes mellitus and epilepsy.  
 
Between 1973-1982 the measured prevalence of UTI in the Medical Birth Register was 
approximately 1%, compared to the expected prevalence of 1-4%201 of cystitis and 1-
2% of pyelonephritis268. After 1982 the measured prevalence of repeated episodes of 
UTI in the Medical Birth Register was roughly 10%, a number that appears reasonable. 
However, in a validation study from 1998, register data for 548 pregnancies were 
compared with the original medical records. Out of sixty instances of repeated urinary-
tract infections, only nine were recorded in the register256. Moreover, we were not able 
to confirm the diagnoses of UTI since the Medical birth register does not contain 
records of urine culture. In summary both sensitivity and specificity of UTI in the 
Medical Birth Register is likely to be low. Since we do not think there is a difference in 
misclassification between exposed (CD) and unexposed (no CD) these study 
weaknesses will possibly lead to an underestimation of the real association between CD 
and UTI.  
 
 
6.1.2.4.3 Misclassification – discharge diagnosis of Immune Thrombocytopenic 

Purpura 

There is a risk that not all individuals with ITP were identified through a hospital-based 
register. Hospital-based national registers have, however, been used previously to 
identify ITP in both Denmark and Sweden269. In a Danish incidence study of adult ITP, 
1973-95, 89% of all individuals with a diagnosis of ITP had been admitted to 
hospital209. Although we know of no sensitivity study of adult ITP in the Swedish 
hospital discharge register, it is reasonable to assume a similar pattern in Sweden (given 
the similarity of the populations and the health-care systems in the two Scandinavian 
countries). With few exceptions, children with ITP in both Denmark and Sweden are 
admitted to hospital and managed by pediatricians270.  
 
In order to increase sensitivity for ITP in our study, we chose to define ITP as ICD 
codes for both ITP and unspecified thrombocytopenia. Since this definition means a 
lower specificity of ITP, we carried out additional analyses where ITP was defined as 
an ICD code for ITP only. The Hospital discharge register does not contain any data on 
laboratory measurements (such as platelet count, examination of blood film, assessment 
of bone marrow morphology or an estimate of splenic size for the diagnosis of ITP). 
However, the risk estimates increased when we looked at chronic ITP that required at 
least two diagnoses of ITP and naturally has a higher specificity. In our study, we found 
an incidence of ITP (ICD code ITP only) of 3.5/100,000 person-years in individuals 
entering the study in childhood and 3.7/100,000 among those entering the study in 
adulthood. Our ITP incidences are hence consistent with earlier data (ITP in childhood: 
4.8/ 100,000 person-years207; ITP in adulthood: 3.2-6.6/100,000 person-years208). 
Besides, misclassification of ITP will only lead to incorrectly increased risk estimates if 
it differs between those with CD and those without CD. We find such differential 
misclassification unlikely. 
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6.1.2.4.4 Misclassification, discharge diagnosis of sepsis 

The misclassification rate of sepsis is low271, and misclassification will only affect risk 
estimates if it is differential by CD status. We find such bias unlikely. We calculated 
the risk of sepsis according to the criteria of Gedeborg et al (with sepsis specificity 
levels above 90%271), and in the analysis using these criteria there was a more than 2-
fold increased risk of sepsis associated with CD. 
 
The sensitivity of an inpatient diagnosis of sepsis may be low in our study. A recent 
validation of the sepsis diagnosis in the Discharge Register showed that only some 50% 
of those with signs of sepsis in Swedish intensive care units received an inpatient 
diagnosis of sepsis271 (i.e. low sensisitivity). Instead these patients may have received 
diagnoses such as meningitis or pneumonia. There is no reason to suspect that 
differential bias has been introduced because sensitivity for diagnosis of one disease 
(e.g. sepsis) varies by the presence of the second (e.g. CD). Low sensitivity is likely to 
have produced more conservative estimates of risk rather than creating spurious 
associations. 
 
6.1.2.4.5 Misclassification, compliance to a gluten free diet 

As mentioned before, there is no single method that allows for assessment of 
compliance. Optimally, compliance should have been estimated through a combination 
of duodenal biopsy 6-12 months after introduction of a GFD, symptom response, 
dietary questioning, and serologic status as a composite assessment118, 131. However, 
during the study period as a whole, with the majority of study participants diagnosed 
before 1990, serologic testing was uncommon and duodenal biopsy 6-12 months after 
start of a GFD was only performed in 33% of study participants. These limitations are 
however not unique for this study178, 180. Our estimation of compliance was based on 
available information in medical records. In an earlier study the estimated degree of 
compliance derived from medical records differed from what patients claimed in 
interviews by 10%176. Patients may overemphasize their compliance when the dietician 
or doctor asks about it in a clinical situation and dieticians or doctors may (consciously 
or unconsciously) “inflate” the description of the strictness of a patient’s diet in the 
medical records. However, since our assessment of compliance was based on 
prospective notes taken by the treating dietician or physician, without knowledge of 
future presence of lymphoma ("case-control-status"), and (most importantly) since our 
evaluation of these records was blinded to case-control status and carried out by two 
independent reviewers, any bias due to misclassification is likely to be non-differential, 
thus leading to an underestimation of the true association.  
 
Missing data on compliance among cases (15%) and controls (13%) complicates the 
interpretation of the results. We do not know if insufficient information regarding 
compliance is more likely to indicate good or poor compliance, but it is plausible to 
speculate that missing data represents a mixture of both. However, even in the extreme 
(and unlikely) scenario of all missing representing good compliance, a doubled risk of 
lymphoma was indicated in individuals with poor compliance and longer latency times 
(≥ 3 years), thus supporting our overall conclusions.  
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6.1.2.5 Confounding 

Confounding is often described as a mixing or blurring of effects. When a researcher 
attempts to relate an exposure to an outcome, but actually measures a third factor (to 
varying extent in different situations), the results are confounded267. By definition, a 
confounding factor must have an effect (on the outcome) and must be imbalanced 
between the exposure groups to be compared. Furthermore, a confounder must not be 
an effect of the exposure259. Confounding can be adjusted for in many ways, e.g. 
matching, randomization, restriction, stratification and in regression models259. 
 
In the present thesis we have used different methods when trying to address possible 
confounders. In study I and IV (female part of the study) potential confounders such as 
maternal age at delivery, parity, nationality, calendar period, civil status and smoking 
were included in the regression models. In the other cohort studies (II, III and male part 
of IV) all reference individuals were matched to the index persons with CD by sex, age 
at diagnosis of CD, calendar year at diagnosis of CD and county. In these studies Cox 
regression was internally stratified and logistic regression was conditional (in the case-
control part of the studies), thus eliminating confounding by the matching variables.  
 
In studies II and III, we also carried out additional analyses with stratification for sex 
and age at study entry (≤15 years versus ≥16 years). Since individuals with CD are at 
increased risk of another immune mediated disorder that always entails hospital 
admission, i.e. type 1 DM38, 48, we also carried out additional analyzes, adjusted for 
type 1 DM, to rule out a positive association between CD and ITP being caused by 
concomitant DM. In the subset with available data on SEI, we also estimated crude and 
adjusted HRs for the outcomes, since SEI may affect health seeking behaviour272. In the 
nested case-control study (study V) all controls were matched for sex, age at diagnosis 
of CD and calendar year. We also stratified on latency time, lymphoma subtype, 
location of lymphoma etc.  
 
6.1.2.6 Random error/Precision 

Positive findings as well as null results can be due to chance. The role of chance can be 
roughly estimated by p-values and/or width of confidence intervals. Large sample size 
or power gives narrow confidence intervals and small p-values. It is however crucial to 
remember that a high degree of precision says nothing about the validity of the study 
(i.e. does the study really measure what it says it does, and are results clinically relevant 
and applicable to patients in real life). Therefore, consistency with the a priori 
hypothesis, biologic plausibility, presence of a dose response relationship and strength 
of the association must be taken under consideration - irrespective of sample size and 
confidence intervals.  
 
In studies I-IV, the large registry based cohorts enhanced precision and allowed for 
stable risk estimation. In study V the source population was large, but the cases were 
few and information of the exposure under study (degree of compliance) were 
sometimes missing, resulting in wide confidence intervals and non significant results, 
possibly because of lack of power. 
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6.1.3 External validity 

External validity can be defined as the ability to generalize from a study to the reader’s 
patients267. 
 
A potential concern with the use of a hospital based register is the risk that individuals 
with CD in this study had a more severe type of disease than the average individual 
with CD. However, in the earlier part of the study period, hospital admission was 
common as part of the gastrointestinal investigations ultimately leading to a diagnosis 
of CD. This was especially so in children constituting the majority of our study 
population. Even today, some individuals are admitted to hospital when undergoing 
endoscopy with general anesthesia. Our cohort is therefore most likely composed of a 
mix of patients hospitalized for either diagnostic or therapeutic reasons and/or for 
concomitant medical conditions, and the results may not be applicable to individuals 
with atypical CD or even asymptomatic CD diagnosed through screening. 
 
Furthermore, studies I and IV are restricted to pregnant women. These results may not 
be applicable to men or women of other ages (girls or post menopausal women) or 
infertile women. The male part of study IV is based on male conscripts. These results 
may not be applicable to boys, older men or women. The association of underweight 
and undiagnosed CD may not be the same in children or older men. Moreover, the 
prevalence of underweight, normal weight and overweight in undiagnosed CD 
compared to diagnosed CD or individuals without CD is likely not the same in 
countries with prevalence of overweight very different from the Swedish situation (e.g. 
the United States). 
 
 
6.2 FINDINGS AND IMPLICATIONS 

Previous reports have found an association between CD and UTI203, 204 and have 
speculated that this is due to impaired immunological defense against infections in 
active CD, disturbed urinary tract motility in CD or changed bacterial flora in the gut 
predisposing to contamination of the urinary tract. We could not confirm these findings. 
Even if our results pointed in the same direction with ORs for UTI in pregnant women 
with undiagnosed CD consistently above 1 (especially so when CD was first diagnosed 
within 5 years), ORs failed to attain statistical significance. It is possible that there is no 
association between CD and UTI, but the sensitivity and specificity of records of UTI 
in the Medical Birth Register are low and consequently there is an apparent risk of non 
differential misclassification with falsely decreased risk estimates. Although we cannot 
exclude the possibility that active CD is associated with UTI in childhood, we feel 
confident that CD is not a major risk factor for UTI in pregnant women. This is 
especially pertinent in diagnosed CD. Therefore, screening for CD in pregnant women 
with UTI is not warranted. 
 
The association of CD and numerous autoimmune conditions is well documented. 
Nevertheless, to the best of our knowledge, study II is the first study (apart from case 
reports) to report of an association of CD and ITP and vice versa. We found that 
Individuals with CD were at a two-fold increased risk of subsequent ITP of any type 
and at a three-fold increased risk of subsequent chronic ITP. There was also a positive 
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association between CD and prior ITP of any type (3-fold increased risk) or with prior 
chronic ITP (6-fold increased risk). The CD population under study was restricted to 
inpatients. Individuals with an inpatient diagnosis of CD could possibly be suffering 
from a more severe form of CD than the average CD-patient and results may therefore 
not be applicable to all individuals with CD. Since we did not have access to personal 
identification number of study participants, the diagnosis of ITP could not be confirmed 
by review of medical records. If there were misclassification regarding the diagnosis of 
ITP it is likely to be non differential, thus underestimating the association between CD 
and ITP and vice versa. It is therefore interesting that a recently published study, 
unfortunately suffering from insufficient sample size to yield statistically significant 
results, found that AGA- and EMA-positivity was much more common in patients with 
chronic ITP than in “healthy” controls273.  
 
In Study III we found a positive association between CD and subsequent sepsis. Our 
findings are consistent with earlier case-reports of CD and severe infection233-235 as well 
as with the increased risk of death from sepsis reported by Peters et al232. We found 
modestly increased risks of sepsis, with the highest risks seen for pneumococcal sepsis 
(HR 2.4 with inpatient reference individuals and HR 3.9 with general population 
reference individuals.). A British study, published after our study, of individuals with 
an inpatient diagnosis of CD compared to inpatient reference individuals, has 
confirmed our findings (RR 1.84, 95% CI 1.03–3.04)274.  
 
We suggest that hyposplenism in CD may explain the increased risk of pneumococcal 
sepsis in CD. The underlying idea is that hyposplenism is common in CD226, 227 and the 
spleen is important in the defense against encapsulated bacteria275. There was evidence 
that those with CD were at increased risk also of other bacterial forms of sepsis, and it 
is possible that other mechanisms than hyposplenism may contribute to the increased 
risk of sepsis in CD (e.g. increased mucosal permeability228-231, altered composition of 
the intestinal glycocalyx276, difference in the metabolic activity of the intestinal flora in 
those with CD277, malnutrition etc.). It has been advocated that individuals with CD 
should be given prophylaxis or vaccinations against Pneumococci225. Our study adds 
weight to these arguments278.  
 
Several studies have described signs of malabsorption at diagnosis of CD4, 5, 237 and 
others have suggested that presence of overweight does not rule out a diagnosis of CD 
117, 164, 236. We were able to confirm these findings in a prospective study, based on two 
national registers (each study population considerably larger than previous studies on 
BMI in CD), and (for the first time) where BMI values were recorded independently of 
the CD diagnosis. This paper (Study IV) found an association between underweight 
(BMI<18.5) and undiagnosed CD (i.e. diagnosis of CD not yet made at time of BMI 
measurements) in both men and women. To the best of our knowledge, this is the first 
study to evaluate the risk of future diagnosis of CD according to BMI-status.  
 
It might be argued that our study base are individuals with an inpatient diagnosis of 
CD, with possibly higher risk of underweight than the average CD patient. However, 
this study also found that a majority with diagnosed CD have normal weight, and that 
9-14% of individuals with undiagnosed CD even are overweight (BMI ≥25). Moreover, 
prevalence of low BMI differed between undiagnosed CD and diagnosed CD, despite 
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the fact that all individuals with CD had an inpatient diagnosis of CD (female: 16.7% 
vs. 6.4%; male: 14.3% vs. 9.8%). Nevertheless, underweight might not be a good 
predictor for otherwise asymptomatic CD (that would only be detected through 
serologic screening), and the relationship between BMI and CD is therefore applicable 
in young men and fertile women, but not necessarily in men and women of other ages. 
In conclusion we suggest that underweight (BMI<18.5) may help physicians identify 
individuals at increased risk of CD. However, this study also shows that presence of 
overweight does not rule out a diagnosis of CD. 
 
In the present hitherto largest study (Study V) performed with regard to diet 
compliance in CD and lymphoma risk, our results suggest that GFD compliance may 
affect the risk of lymphoma in CD. We found a moderately increased risk of lymphoma 
overall in individuals with poor dietary compliance, that however did not reach 
statistical significance. We also describe, for the first time, the possibility of a marked 
heterogeneity in effect by NHL subtype. Our results indicate that poor compliance 
increases risk of B-cell lymphoma and extraintestinal lymphoma, but not of T-cell 
lymphoma or intestinal lymphoma in patients diagnosed with CD as adults. The 
possibility of a differential effect of a GFD on lymphoma by NHL subtype is novel. 
Apart from associations of weight loss or B12-deficiency and lymphoma, we did not 
find any significant differences in CD phenotypes at diagnosis or clinical improvement 
on a GFD between lymphoma cases and controls. 
 
We speculate that a strict GFD may lead to a lower systemic inflammatory activity in 
CD114 and that such a decrease would be enough to reverse or protect from an 
oncogenic process only in sites far from the intestines. In contrast, a persistent and 
long-standing local intestinal inflammation may continue to oncogenically stimulate 
intestinal lymphocytes in spite of a strict GFD. Maybe individuals with classic CD are 
prone to react with overstimulation of T-cells (and resulting higher risk of T-cell 
lymphomas) irrespective of dietary treatment. It is also possible that the development of 
T-cell lymphomas190 passes the “point of no return” many years before the actual 
diagnosis of lymphoma, but could have been prevented if dietary treatment would have 
been started much earlier. Hence, the present results may not be valid for individuals 
where CD is diagnosed in childhood. 
 
6.3 FUTURE RESEARCH 

Throughout this thesis, an inpatient diagnosis of CD has been used as a proxy for the 
disease itself. Future research projects regarding complications and associated disorders 
of CD should study biopsy confirmed CD as the exposure and also include individuals 
cared for in an outpatient setting. Unfortunately, in study I-IV, we were not allowed to 
identify the study participants and thus review of medical records to validate both 
exposure and outcome was impossible. Future studies should be designed in a way that 
allows for validation of both exposure and outcome.  
 
In clinical practice, there is no consensus on how to manage individuals with latent (or 
potential) CD, since the natural history of the condition is not known. Studies that 
compare individuals with CD and with latent CD with regard to complications and 
associated conditions would be highly interesting. 
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Study V comprises more cases of lymphoma in CD than all previous direct studies 
combined178-180, but we still did not have the power to formally prove an association 
between risk of lymphoma and poor diet compliance, even if our results indicate a 
difference. Hence, large studies with thorough and prospective evaluation of 
compliance during (very long) clinical follow-up of CD are warranted. 
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7 CONCLUSIONS 
 

I) Although we cannot exclude the possibility that CD is associated with UTI 
in children, we feel confident that untreated CD is not a major risk factor for 
UTI in pregnant women. Women with diagnosed CD do not seem to be at 
increased risk for UTI. 

 
II) We found a positive association between CD and both ITP of any kind and 

chronic ITP, irrespective of which disease came first. The evidence is not 
strong enough to recommend screening for CD in ITP. We do however 
suggest an increased awareness of CD in patients with ITP, especially in 
chronic ITP. 

  
III) There is an increased risk of sepsis in patients with CD with the highest risk 

for pneumococcal sepsis. Potential explanations include hyposplenism, 
increased mucosal permeability and an altered composition of the intestinal 
glycocalyx in individuals with CD. These findings add to arguments 
promoting vaccination against pneumococcal infections in individuals with 
CD278. 

 
IV) In young men and women with an inpatient diagnosis of CD, not only 

weight loss but also underweight is associated with undiagnosed CD and 
may help physicians in identifying individuals at high risk of CD. However, 
in fertile women and male conscripts with undiagnosed CD more than 70% 
have normal weight and some 10% are overweight – i.e. normal weight or 
overweight does not exclude the possibility of CD. 

 
V) Compliance to a GFD may affect the risk of malignant lymphoma in 

individuals with CD diagnosed in adulthood or adolescence. More 
specifically, poor compliance seems to increase risk of B-cell lymphomas 
and extra intestinal lymphomas, but not of T-cell lymphomas or intestinal 
lymphomas. These findings have to be confirmed in investigations with 
greater power. 
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9 SAMMANFATTNING PÅ SVENSKA 
 
Celiaki är ett annat ord för glutenintolerans. Patienter med celiaki/glutenintolerans tål 
inte gluten, vilket finns i vete, korn och råg. Sjukdomen är livslång och karakteriseras 
av kronisk inflammation och dåligt näringsupptag. Syftet med denna avhandling var att 
identifiera tillstånd och komplikationer som är kopplade till celiaki. Detta för att belysa 
sjukdomsbördan vid denna sjukdom och för att försöka identifiera grupper med hög 
risk för celiaki, i vilka celiakiscreening ("att aktivt leta efter glutenintolerans") skulle 
kunna övervägas. Ett ytterligare mål med studien var att undersöka hur lymfomrisken 
vid celiaki påverkas av en glutenfri diet. I alla delarbeten har svenska 
populationsbaserade register använts. 
  
Vi länkade det svenska patientregistret och det medicinska födelseregistret för att 
studera risken för urinvägsinfektion (UVI) vid celiaki. Risken för UVI jämfördes 
mellan 829 kvinnor som fått en slutenvårdsdiagnos celiaki före graviditet (då UVI 
registrerades), 895 kvinnor som fått slutenvårdsdiagnos celiaki efter graviditet och 1.7 
miljoner kvinnor som inte fått en slutenvårdsdiagnos celiaki. Vi fann lätt förhöjda (ej 
statistiskt signifikanta) risker för UVI bland kvinnor som ej ännu fått celiakidiagnos 
(AOR = 1.37; 95% CI = 0.78-2.43; p= 0.276) och ingen ökad risk för kvinnor som fått 
celiakidiagnos före graviditet (AOR = 1.02; 95% CI = 0.79-1.32; p = 0.864). Det är inte 
motiverat att screena alla gravida med UVI för celiaki. 
 
Immun Trombocytopen Purpura (ITP) är en blodsjukdom (patienten har låga nivåer av 
blodplättar, vilket kan ge blödningar). I studie II jämfördes 14,347 individer med en 
slutenvårdsdiagnos celiaki med 69,967 matchade referensindivider (utan celiaki) med 
avseende på risk för en slutenvårdsdiagnos ITP och vice versa. Individer med celiaki 
hade en ökad risk för ITP efter celiakidianos (Hazard ratio (HR) = 1.91; 95% = 1.19-
3.11; p = 0.008) samt för kronisk ITP efter celiakidiagnos (HR 2.77; 1.09-7.04; p = 
0.033). Det omvända sambandet var ännu starkare. Individer med ITP hade en 
trefaldigt ökad risk för senare celiaki (Odds ratio (OR) = 2.96; 95% CI = 1.60-5.50; p = 
0.001) och individer med kronisk ITP hade en sexfaldigt ökad risk för senare celiaki 
(OR = 6.00; 95% CI = 1.83 -19.66; p = 0.003). Läkare bör vara medvetna om denna 
riskökning vid uppföljning av ITP-patienter och tröskeln bör vara låg för att testa tTGA 
eller EMA i denna grupp. 
 
I studie III jämförde vi 15,325 individer med slutenvårdsdiagnos celiaki med 75,325 
matchade referensindivider med avseende på risk för sepsis (blodförgiftning/allvarlig 
infektion med bakterier i blodet). Celiaki var kopplat till en ökad risk för senare sepsis 
(HR = 2.6; 95% CI = 2.1-3.0; p <0.001) och en fyrdubblad risk för pneumokocksepsis 
(HR = 3.9; 95% CI = 2.2-7.0; p < 0.001). Dessutom hade individer som haft sepsis en 
ökad risk att senare få celiaki (OR =2.2, 95% CI =1.7-3.0, p,0.001). Celiakipatienter 
bör därför vaccineras mot pneumokocker. 
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Body Mass Index (BMI) (= vikt i kg/längd i meter2). Normalvikt definieras som BMI 
mellan 18.5-24.9. I studie IV identifierades alla med en slutenvårdsdiagnos celiaki 
(1964-2003) som hade BMI registrerat i medicinska födelseregistret (724 mammors 
pregravida BMI) eller i värnpliktsregistret (1,117 mäns BMI vid mönstring). Kvinnorna 
jämfördes med 787.986 kvinnor utan celiakidiagnos i medicinska födelseregistret och 
männen jämfördes med 6,887 referensindivider utan celiaki. Undervikt var associerat 
med odiagnostiserad celiaki bland såväl kvinnor (HR = 2.5; 95% CI = 1.6-3.7) som 
män (OR = 2.4; 95% CI = 1.2- 4.9). Övervikt är emellertid också vanligt vid 
odiagnostiserad celiaki (9% respektive 14% av kvinnorna och männen som vid BMI-
mätning inte ännu hade fått en celiakidiagnos var faktiskt överviktiga). Dennas studie 
visar att celiaki aldrig kan uteslutas på basen av normalt eller högt BMI samt att 
undervikt ökar sannolikheten för odiagnostiserad celiaki. 
 
I den sista studien undersökte vi om individer med celiaki som slarvat med den 
glutenfria dieten har högre risk för lymfom än individer som hållit en helt strikt 
glutenfri diet. Genom länkning av patientregistret och cancerregistret identifierade vi 59 
fall av lymfom och celiaki samt 137 kontroller med enbart celiaki, matchade för kön, 
ålder vid celiakidiagnos samt kalenderår vid celiakidiagnos. Vi gick igenom alla 
studiedeltagares journaler, blindade för fall-kontrollstatus (dvs den som skulle bedöma 
om en individ hållit strikt glutenfri diet eller inte, kunde inte veta om journalen hörde 
till ett fall eller en kontroll) och fann att slarv med glutenfri diet jämfört med strikt 
glutenfri diet gav ökad risk för B-cellslymfom (OR 4.74, CI 0.89-25.33) och 
extraintestinala lymfom(OR 2.85, CI 0.68-11.91), men inte för T-cellslymfom (OR 
1.01, CI 0.32-3.15) eller intestinala lymfom (OR 0.66, CI 0.17-2.56). Patienter kan 
upplysas om att det mesta talar för att dålig följsamhet till glutenfri diet ger ökad risk 
för lymfom bland individer som diagnostiserats med celiaki som vuxna. Skillnaderna i 
effekt av den glutenfria dieten mellan lymfomtyperna har aldrig tidigare studerats. 
Resultaten väcker intressanta frågor om malignitetsutveckling vid celiaki, men måste 
konfirmeras i ännu större studier. 
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