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Abstract 

Autoimmune blistering disorders (AIBD) are a diverse group of chronic disorders 

characterized by developing skin and mucosal blisters due to immune mediated destruction 

of epidermal and dermo-epidermal structures. Dermatitis Herpetiformis (DH) and Bullous 

Pemphigoid (BP) are of particular clinical significance due to their prevalence, morbidity, 

increased mortality, and association with systemic conditions.  

The thesis relies on Swedish National Patient Register (NPR) data which was established by 

the Swedish National Board of Health and Welfare in 1964. Since 1987, it has provided nearly 

complete coverage of all inpatient care in Sweden, including public and private sectors. 

This abstract illustrates findings from four recent studies conducted in Sweden. These studies 

sought to investigate various epidemiological aspects of DH and BP, including associated 

cancer, mortality rates, comorbidities and incidence trends, and the validity of DH diagnosis 

code in the NPR. 

Study I investigated the national incidence of DH in Sweden between 2005 and 2018. We 

also evaluated the validity of DH diagnoses recorded in the Swedish NPR using the 

International Classification of Diseases, 10th Revision (ICD-10) diagnostic code L13.0.The 

results show that DH's estimated mean annual incidence was 0.93 per 100,000 individuals 

(95% CI: 0.79–1.08). The condition exhibited an equal gender distribution, with a female-to-

male ratio of 1:1, and the mean age at diagnosis was approximately 61 years. While the 

accuracy of DH diagnoses in the NPR was validated by reviewing medical records alongside 

histopathological and immunopathological findings, yielding a positive predictive value 

(PPV) of 62.5%. 

Study II, a nationwide cohort analysis of 5,739 BP patients and 17,168 matched controls, 

investigated the association of malignancy in patients with BP in Sweden from 2005 to 2016. 

Overall, the study found no evidence of an increased occurrence of cancer in patients with 

BP. Notably, men with BP had fewer cases of genital cancer in the year preceding diagnosis. 

In contrast, BP was associated with an increased occurrence of lymphoma and squamous cell 

carcinoma of the skin (cSCC). 

In study III, we had a similar setting as in study II; we retrospectively investigated the 1- and 

10-year mortality and overall all-cause mortality in patients with BP in Sweden. All-cause 

mortality was significantly higher in the BP cohort, with 1-year mortality at 21.2% and 10-

year mortality at 80.2%. Cardiovascular diseases (CVD) was the leading cause of death 

(25.3%). Notably, patients treated with combined methotrexate (MTX), prednisolone, and 
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potent topical steroids showed better survival outcomes compared to those receiving other 

treatments. 

In study IV, with a similar setting as in Studies II and III, we retrospectively studied the 

comorbidities associated with BP before and after BP diagnosis. Before BP diagnosis, patients 

had significantly higher odds of neurological and psychiatric disorders, including dementia, 

Parkinson’s disease, epilepsy, amyotrophic lateral sclerosis (ALS), multiple sclerosis (MS), 

schizophrenia, unipolar/bipolar disorders and suicide. Metabolic, CVD, autoimmune and 

dermatological diseases such as diabetes, stroke, systemic lupus erythematosus (SLE), 

systemic sclerosis, psoriasis, lichen planus, alopecia areata and vitiligo were also more 

common, especially in the year prior to diagnosis. After diagnosis, the overall hazard ratio 

(HR) for developing comorbidities was 2.88 (95% CI: 2.68–3.10) within the first year and 

remained elevated at 1.57 (95% CI: 1.44–1.71) thereafter. BP patients continued to experience 

higher rates of neurodegenerative, psychiatric, autoimmune, metabolic, CVD, and 

dermatological conditions, indicating a substantial and persistent comorbidity burden in this 

population. 

Collectively, these studies highlight critical gaps in epidemiological knowledge and emphasize 

the need for further research, particularly in Sweden, where data remains limited. 

Understanding the incidence, cancer occurrence, mortality rates, and comorbidities 

associated with these blistering disorders can reform healthcare strategies, improve patient 

outcomes, and guide future research efforts into these debilitating conditions. 
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Populärvetenskaplig sammanfattning 

Vår hud är kroppens största skydd, men ibland kan kroppens eget immunförsvar börja 

angripa den. Det leder till ovanliga men allvarliga sjukdomar där blåsor bildas på hud och 

slemhinnor. I min avhandling undersöker jag två sådana sjukdomar, dermatitis 

herpetiformis och bullös pemfigoid. Båda är autoimmuna, det vill säga att kroppens 

försvarssystem felaktigt angriper den egna huden – och kan ge upphov till stort lidande och 

ökad risk för andra sjukdomar. 

För att få en bättre bild av dessa sjukdomar använde jag data från det svenska 

patientregistret, som innehåller information om personer som fått vård i Sverige. Jag 

analyserade uppgifter om tusentals patienter för att ta reda på hur vanliga dessa sjukdomar 

är, hur de påverkar risken för cancer och död, samt om de hänger ihop med andra 

sjukdomar. 

I en av studierna såg vi att dermatitis herpetiformis är mycket sällsynt i Sverige, med mindre 

än en person per 100 000 invånare som får diagnosen varje år. De flesta var runt 60 år när de 

blev sjuka, och lika många män som kvinnor drabbades. 

I en annan studie undersökte vi kopplingen mellan bullös pemfigoid och cancer. Det visade 

sig att risken för cancer före sjukdomsdiagnosen i stort sett var lika mellan grupperna. Ett 

undantag var att män med bullös pemfigoid hade en lägre risk för könsorgancancer året 

innan diagnosen. Däremot såg vi en tydligt ökad risk för både skivepitelcancer i huden och 

lymfom under det första året efter att diagnosen ställts. Detta tyder på att sjukdomen kan 

hänga ihop med en ökad sårbarhet för vissa cancersjukdomar. 

När det gäller dödlighet fann vi att den var hög vid bullös pemfigoid, var femte person avled 

inom ett år, och fyra av fem inom tio år. Hjärt-kärlsjukdomar var den vanligaste 

dödsorsaken. Vissa läkemedel verkade förbättra överlevnaden, särskilt när flera behandlingar 

kombinerades. 

Vi upptäckte också att många patienter med bullös pemfigoid redan innan diagnosen hade 

andra sjukdomar, som demens, Parkinsons, epilepsi, stroke och olika psykiatriska tillstånd. 

Efter diagnosen fortsatte risken för nya sjukdomar att vara förhöjd, särskilt under det första 

året. 

Resultaten från avhandlingen visar att dessa hudsjukdomar inte bara påverkar huden, de kan 

vara en del av större sjukdomssammanhang. Genom att förstå hur de uppkommer och hur de 

hänger ihop med andra sjukdomar kan vården bli bättre på att förebygga komplikationer och 
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anpassa behandlingen efter patientens behov. Förhoppningen är att denna kunskap ska bidra 

till både bättre vård och mer forskning på området, särskilt här i Sverige där det ännu finns 

mycket att upptäcka. 
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1. Introduction 

Autoimmune blistering disorders (AIBD) represent diverse autoimmune disorders that result 

in painful or itchy blisters. Dermatitis herpetiformis (DH) and bullous pemphigoid (BP) 

stand out due to their distinctive clinical presentations, patient demographics, and 

underlying disease mechanisms. This thesis explores the epidemiology of these two AIBD, 

focusing on key outcomes such as disease incidence, cancer, mortality, comorbidities, and the 

validity of the DH diagnosis code in the National Patient Register (NPR).  

BP is a chronic autoimmune condition that predominantly affects the elderly, typically 

occurring after age 60, posing a significant burden due to its high morbidity and mortality (1, 

2). It presents clinically with large, tense blisters, intense itching, and noticeable skin 

inflammation (2). BP arises when autoantibodies mistakenly target key structural proteins 

BP180 and BP230 within the skin's basement membrane (3, 4). This immune-mediated 

damage results in the epidermis separating from the dermis, leading to blister formation (4). 

Epidemiological studies indicate that the prevalence of BP is rising, potentially due to an 

aging global population and improved diagnostic testing (5). The incidence of BP varies 

widely, ranging from 2.6 to 42.8 cases per million across different populations (6-11). 

The exact cause of BP remains unclear, although it is widely believed to involve a 

combination of genetic susceptibility and external environmental factors. Various 

medications, infections, neurological disorders, and other chronic illnesses have been 

implicated in triggering BP (2). BP has been significantly associated with a wide range of 

comorbidities such as hypertension, diabetes mellitus, chronic kidney disease, obstructive 

sleep apnoea, and psychiatric conditions such as schizophrenia and mood disorders (12,13). 

Neurological disorders are particularly prevalent, with BP patients facing over a tenfold 

increased risk compared to the general population (13, 14). The hallmark of the disease, 

circulating autoantibodies against hemidesmosomal proteins, leads to a robust inflammatory 

response characterized by tissue injury and blister formation (2). 

In contrast, DH predominantly affects younger adults and is intimately linked to celiac 

disease (CD) and gluten sensitivity (15). DH manifests clinically as intensely itchy, grouped 

vesicles and papules, typically distributed symmetrically over extensor surfaces, including 

elbows, knees, scalp, and buttocks. Unlike BP, DH is primarily mediated by immunoglobulins 

(Ig) A autoantibodies directed against epidermal transglutaminase (TG3), reflecting a unique 

immunological pathway driven by gluten ingestion (15). Nearly all DH patients exhibit 

intestinal gluten sensitivity, underscoring its categorization as a cutaneous manifestation of 
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CD (16). Recent studies published have reported incidence rates of 3.5, 0.8, and 1.2 per 

100,000, respectively (17, 18, 19). 

Diagnosis of DH and BP relies heavily on clinical evaluation combined with histopathological 

and immunological assessments. In BP, histology typically reveals subepidermal blistering 

with an inflammatory infiltrate of eosinophils and neutrophils. At the same time, direct 

immunofluorescence (DIF) highlights linear deposits of IgG and complement along the 

basement membrane zone (BMZ). Enzyme-linked immunosorbent assay (ELISA) tests 

confirm circulating antibodies to BP180 and BP230 (20). For DH, DIF reveals granular IgA 

deposits concentrated in dermal papillae, and serological testing frequently detects 

antibodies associated with CD, such as anti-tissue transglutaminase (TG2) and anti-

endomysial antibodies (21). 

Treatment strategies for BP involve immunosuppression and anti-inflammatory therapy 

aimed at controlling symptoms and preventing complications. Topical or systemic steroids 

remain the first-line treatment, with topical steroids often preferred due to reduced systemic 

adverse effects. Alternative immunosuppressants, including azathioprine, methotrexate 

(MTX), or mycophenolate mofetil, provide valuable steroid-sparing options. Biologics like 

rituximab have recently demonstrated significant promise for severe or refractory BP cases 

(22). 

Conversely, the cornerstone of DH treatment is strict adherence to a lifelong gluten-free diet, 

often resulting in significant symptom resolution (15). Dapsone is frequently prescribed to 

rapidly control severe pruritus and blistering, though regular monitoring is necessary due to 

its potential hematologic side effects (23). 

Despite sharing critical similarities in diagnostic and immunological aspects, BP and DH 

differ significantly in their clinical and immunopathological profiles. Understanding these 

differences is essential for developing effective patient-centered management plans and 

improving quality of life. Comprehensive epidemiological studies are vital to illuminate the 

full spectrum of these diseases, including incidence rates, mortality risks, associated 

comorbidities, and their overall impact on healthcare systems. Previous studies have shown 

that epidemiological research insights can improve diagnosis, therapeutic innovation, and, 

ultimately, patient outcomes (2,5,15). However, Sweden lacks detailed epidemiological data 

on these AIBD, highlighting the need for targeted research initiatives in this region. 
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2. Historical Overview  

The clinical and scientific understanding of DH and BP has evolved significantly over the last 

century, shaped by advances in dermatopathology, immunology, and molecular biology. 

Although both conditions are characterized by subepidermal blistering, they have distinct 

pathophysiological mechanisms and historical trajectories. 

BP was first described in a modern dermatological context by Walter Lever in 1953, who 

distinguished it from pemphigus vulgaris by its subepidermal blistering pattern and absence 

of epidermal acantholysis (24). Lever's histological characterization marked a crucial turning 

point in classifying AIBD. However, the actual pathogenesis of BP remained elusive until the 

development of immunofluorescence techniques in the late 20th century. By the 1960s, DIF 

studies revealed linear deposition of IgG and complement 3 (C3) along the BMZ, a hallmark 

of BP (25). 

The identification of the specific autoantigens targeted in BP further refined its classification. 

In the 1980s and 1990s, BP180 (type XVII collagen) and BP230, two hemidesmosomal 

proteins essential for dermal-epidermal adhesion, were identified as the primary targets of 

circulating autoantibodies in BP (26). These discoveries helped distinguish BP from other 

subepidermal blistering disorders, such as epidermolysis bullosa acquisita (EBA) and mucous 

membrane pemphigoid. The introduction of ELISA based assays for BP180 and BP230 has 

since improved diagnostic precision and disease monitoring. 

In contrast, DH has a longer but equally complex historical record. American dermatologist 

Louis Duhring first described the disease in 1884, who noted its characteristic clinical pattern 

of pruritic, grouped vesicles on the extensor surfaces and coined the term dermatitis 

herpetiformis (literally "herpes-like dermatitis") (27). For decades, DH was considered a 

purely cutaneous disease, with its systemic associations largely unrecognized. This view 

shifted in the mid-20th century when small intestinal biopsies in DH patients revealed villous 

atrophy consistent with CD (28). This pivotal finding laid the groundwork for recognizing DH 

as the specific cutaneous manifestation of gluten-sensitive enteropathy. 

Subsequent studies in the 1960s and 1970s demonstrated that a gluten-free diet led to 

gastrointestinal and cutaneous remission in DH patients, thus reinforcing the etiological link 

between gluten sensitivity and skin disease (29). Immunopathological advances in the 1970s 

further enhanced diagnostic capability, granular IgA deposits at the tips of dermal papillae, 

demonstrated by DIF, became the gold standard for DH diagnosis (30). This immunological 
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hallmark distinguishes DH from other pruritic dermatoses and remains an essential 

diagnostic tool. 

A breakthrough came in the early 2000s with the discovery that TG3, rather than the TG2 

implicated in CD, is the principal autoantigen in DH (31). The formation of IgA-TG3 immune 

complexes, which are deposited in the dermal papillae, is now recognized as a central feature 

in DH pathogenesis. This antigenic distinction has helped refine diagnostic strategies and has 

implications for disease monitoring, as serological assays detecting anti-TG3 IgA have 

become available in some clinical settings. 

Although DH and BP differ in age of onset, Ig class, autoantigens, and associated systemic 

conditions, their historical study has contributed substantially to the broader understanding 

of autoimmune skin diseases. From initial clinical descriptions to identifying autoantigens 

and developing serological tests, both diseases exemplify the importance of interdisciplinary 

research in dermatology and immunology. Their histories also reflect a broader shift toward 

recognizing the skin as a target and marker of systemic autoimmune processes. 
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3. Background 

3.1 The Skin Structure 

The skin is composed of three primary layers: the epidermis, dermis, and hypodermis (32). 

The epidermis forms the skin’s outer protective layer, while the dermis beneath contains 

connective tissue and is further divided into an upper papillary dermis and a deeper reticular 

dermis (32). Below the dermis, lies the hypodermis, which consists mainly of connective and 

adipose tissues organized into lobules separated by septa (33). 

3.1.1 The Epidermis and Basement Membrane Zone 

The epidermis typically measures between 0.05-0.1 mm in thickness and primarily comprises 

keratinocytes. These cells mature by flattening and losing their nuclei as they move towards 

the skin surface (34). Other cells within the epidermis include melanocytes, Langerhans cells, 

Merkel cells, and lymphocytes (22). Structurally, the epidermis has four layers: stratum 

corneum, stratum granulosum, stratum spinosum, and stratum basale (34). An additional 

fifth layer, stratum lucidum, exists exclusively in thicker skin areas such as the palms and 

soles (32). 

Beneath the deepest epidermal layer (stratum basale) lies the basal lamina, consisting of two 

zones: the lamina lucida and lamina densa, composed mainly of extracellular matrix 

components (33). Together, the basal surface of keratinocytes, basal lamina, and collagen VII 

fibrils, which anchor these structures to the underlying lamina fibroreticularis form the BMZ 

at the dermo-epidermal junction (DEJ) (33). 

3.1.2 Desmosomes and Hemidesmosomes 

Desmosomes and hemidesmosomes are critical adhesion structures within the skin, ensuring 

robust cellular connectivity (32). Beyond skin, desmosomes also occur in myocardial, 

meningeal, and lymph node tissues (32). 

Desmosomes tend to create a strong cell-to-cell adhesion by linking keratinocytes internally 

(35). They consist of transmembrane proteins desmoglein (Dsg) and desmocollin (Dsc) and 

cytoplasmic proteins known as plakins, including plakoglobin, plakophilin, and desmoplakin, 

which anchor to the cell's cytoskeleton (34, 36). 

Hemidesmosomes connect keratinocytes to the BMZ, applying anchoring filaments and 

fibrils (32). Key components of hemidesmosomes include plectin, BP180 (type XVII 

collagen), BP230, α6β4 integrin, laminin 332, laminin γ1, and type VII collagen. Structurally, 
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hemidesmosomes extend from the internal keratin intermediate filaments across to the 

lamina lucida in the BMZ (34). Disruptions or dysfunctions in desmosomes or 

hemidesmosomes underlie the pathophysiology of specific skin conditions such as BP. 

Figure 1: Schematic presentation of the skin, showing the targets of autoantibodies 

(Desmosomes and Hemidesmosomes). Reused from Saschenbrecker et al 2019. Image credit: 

Frontiers in Immunology under CC BY. 

3.2 Different types of Autoimmune Blistering Disorders 

AIBD represent a group of disorders characterized by the immune system mistakenly 

targeting the skin or mucous membranes, leading to blister formation. Clinically, these 

diseases are classified into intraepidermal and subepidermal types, based on the level at 

which blistering occurs within the skin layers (37). 

BP was first described in 1953 as a subepidermal blistering disorder (38). It is the most 

frequently encountered among subepidermal AIBD (37). On the other hand, DH presents 

subepidermally, it differs from other pemphigoid diseases by not targeting antigens located at 

the DEJ, thus placing it separately within the subepidermal AIBD (39). 
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Besides BP and DH, subepidermal bullous diseases also include pemphigoid gestationis, 

mucous membrane pemphigoid, linear IgA bullous disease (LABD), EBA, and anti-p200 

pemphigoid (39).  

Notably, Pemphigus is the only recognized intraepidermal AIBD, although it encompasses a 

diverse range of conditions with varying clinical presentations (40). A detailed overview of 

AIBD and their specific target antigens is provided in Table 1. Detailed descriptions of DH 

and BP are provided in subsequent sections of this thesis, whereas other AIBD will be briefly 

introduced in the context of their respective target antigens. 

Blistering Disorders Target Antigen(s) / Protein(s) Level of 
Blister 

Bullous pemphigoid BP180 (Collagen XVII), BP230 (Dystonin) Subepidermal 
Pemphigoides 
gestationis 

BP180 

Mucous membrane 
pemphigoid 

BP180, Laminin 332, BP230, α6β4 integrin 6 

Linear IgA disease IgA autoantibodies to BP180  
Lichen planus 
pemphigoides 

BP180 

Anti-p200 
pemphigoid 

Laminin ℽ1 

Epidermolysis 
bullosa acquisita 

Type VII collagen 

Dermatitis 
herpetiformis 

IgA antibodies to tissue transglutaminase 
(TG2) and epidermal transglutaminase (TG3) 

Pemphigus vulgaris Desmoglein-3 (and Desmoglein-1 in 
mucocutaneous form) 

Intraepidermal  
 

Pemphigus foliaceus Desmoglein-1 
Paraneoplastic 
pemphigus 

Multiple (Desmoglein-1, -3, envoplakin, 
periplakin, desmoplakin, plectin, α2ML1 , 
B180, BP230) 

Drug-induced 
pemphigus  

Desmoglein-1  

Table 1: Different types of autoimmune blistering disorders with associated target antigens 

or proteins and level of blisters. 

3.3 Autoimmune Blistering Disorders and Their Target Antigens 

In AIBD, the immune system mistakenly targets proteins essential for skin integrity, causing 

characteristic blistering. Below, we explore these diseases by examining the specific 

autoantigens involved, starting from the superficial epidermis. 
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3.3.1 Desmocollin and Desmoglein 1 and 3 

The Dsc and Dsg are transmembrane glycoproteins crucial for connecting desmosomes to 

keratin intermediate filaments via cytoplasmic complexes, including plakoglobin and 

plakophilin (35). Three Dsg isoforms Dsg1-3 interact with four Dsc isoforms Dsc1-4 (41). 

Dsg1 and Dsg3 are primary targets in pemphigus diseases, with antibodies predominantly 

belonging to the IgG class (42). The distribution of skin lesions follows the Dsg compensation 

theory. Specifically, antibodies against desmoglein 1 (Dsg1Ab) disrupt keratinocyte cohesion 

in the upper epidermis, as basal expression of Dsg3 compensates in deeper layers (43). On 

mucous membranes, abundant Dsg3 expression means that antibodies targeting desmoglein 

3 (Dsg3Ab) predominantly cause mucosal lesions, leading to mucosal-dominant pemphigus 

vulgaris (34). 

Both Dsg and Dsc proteins are integral for desmosome function, and disruption of either 

compromises cellular adhesion. Dsc is particularly targeted in pemphigus herpetiformis and 

IgA pemphigus subtypes such as subcorneal pustular dermatosis, and possibly in other 

atypical pemphigus variants as well (41). 

3.3.2 Bullous Pemphigoid Antigen 180 

BP180 is a 180 kDa transmembrane protein expressed mainly in stratified epithelia of the 

skin and mucous membranes and less extensively in simple epithelia (44). It consists of an 

intracellular domain NC16C, a transmembrane domain NC16B, and an extracellular domain 

that includes the clinically significant NC16A region at its N-terminal (45). Approximately 

90% of BP cases involve antibodies targeting this NC16A domain, whereas mucous 

membrane pemphigoid, lichen planus pemphigoides, and LABD typically target the 

intracellular C-terminal region (46). 

In LABD, autoantibodies target a cleaved 120 kDa fragment of BP180 known as LAD-1 (47). 

Unlike BP, LABD primarily involves IgA antibodies, with IgG antibodies playing a 

supplementary role (48). LABD occurs in both adults and children; however, its presentation 

in adults should raise suspicion for a potential drug-induced origin. Clinically, LABD can 

resemble BP, presenting as widespread blistering with or without redness (47). 

Pemphigoid gestationis, occurring during pregnancy, involves autoantibodies against 

BP180’s NC16A domain, among other antigenic sites (49). Though clinically and 

histologically similar to BP, this condition uniquely affects pregnant individuals, with an 

incidence rate of about 1 per 40,000-50,000 pregnancies. It is associated with smaller 
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gestational size and increased risk of preterm birth (50). Subsequent pregnancies or the use 

of hormonal contraception may trigger disease recurrence (51). 

Lastly, lichen planus pemphigoides typically involves autoantibodies against BP180, and 

occasionally BP230, manifesting clinically with both lichenoid and bullous lesions (52). 

3.3.3 Bullous Pemphigoid Antigen 230 

BP230 is a 230 kDa cytoplasmic protein essential for maintaining cell structure, connecting 

intermediate filaments to hemidesmosomes in basal keratinocytes (53). Although BP230 is 

generally considered less critical in causing disease compared to BP180, it may sometimes be 

the primary antigen targeted in BP (54). 

Most BP230-seropositive cases involve IgG antibodies targeting the protein’s C-terminal 

region (53). Notably, IgE antibodies targeting BP230 are associated with more severe BP 

forms (55). 

3.3.4 Laminin 332 

Laminin 332 anchors BP180 and integrins to underlying type VII collagen. In mucous 

membrane pemphigoid, autoantibodies target BP180, BP230, and laminin 332. This subtype 

of AIBD primarily affects mucosal surfaces, particularly oral and conjunctival areas. Patients 

with mucous membrane pemphigoid tend to be younger than those with classic BP and 

predominantly show mucosal symptoms, though skin involvement may also occur (56). 

Brunsting-Perry pemphigoid, a rare variant of mucous membrane pemphigoid, similarly 

involves BP180, BP230, and laminin 332. Lesions typically occur on the head and upper 

body, with occasional mucosal involvement, and often heal with scarring (57). 

3.3.5 Type VII Collagen, Laminin γ1, and Transglutaminase 

Anchoring fibrils at the DEJ primarily consist of type VII collagen, targeted by IgG antibodies 

in EBA (34, 36). Classic or mechanobullous EBA manifests with blistering and scarring, while 

inflammatory EBA resembles BP or mucous membrane pemphigoid clinically. Severe 

complications include fibrosis of extremities or esophageal narrowing (58). 

Antibodies against type VII collagen are also found in bullous systemic lupus erythematosus 

(BSLE). Although BSLE overlaps clinically and histologically with EBA, BSLE typically 

resolves quicker and affects younger individuals (59, 60). 
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Laminin γ1, a 200 kDa protein, is targeted in anti-p200 pemphigoid (36). This disease, first 

identified in 1996, varies clinically and can resemble BP, LABD, or DH (61, 62). Antigen 

recognition occurs through immunoblotting of epidermal or dermal extracts (63). 

DH involves IgA antibodies targeting TG3. TG2 associated with intestinal villus atrophy, is 

also commonly targeted. This disease, linked to CD, presents with itchy blisters and bumps, 

predominantly on elbows, knees, and buttocks (15). 

3.4 Diagnostic Approaches for Autoimmune Blistering Disorders 

Diagnosing AIBD involves clinical evaluation and specialized tests, as clinical manifestations 

can vary greatly even within the same disease category. The Nikolsky sign, a simple clinical 

test where skin friction causes epidermal separation, helps differentiate between intra-

epidermal and subepidermal blisters (64). However, definitive diagnosis requires skin 

biopsies or serum antibody testing. 

3.4.1 Direct Immunofluorescence 

DIF is the gold standard diagnostic tool for identifying AIBD, as it distinguishes autoimmune 

from non-autoimmune blisters (34, 65). DIF involves applying fluorescently-labeled 

antibodies directly to biopsied perilesional skin, identifying tissue-bound antibodies under 

ultraviolet (UV) microscopy (32). The distribution, amount, and type of immune deposits are 

crucial for accurate interpretation (66). False negatives may occur due to inflammation or 

treatment, necessitating repeat testing in uncertain cases. 

3.4.2 Histopathological Examination 

Histopathological analysis, involving standard hematoxylin-eosin staining, assesses cleavage 

levels and inflammatory infiltrates from biopsied lesions (36). Although it’s diagnostic value 

alone is limited, histopathology assists greatly in differential diagnosis. 

3.4.3 Salt-Split Skin Test 

The salt-split skin (SSS) test differentiates subepidermal AIBD by analyzing autoantibody 

binding sites. Perilesional skin biopsies incubated in a salt solution cause separation of 

epidermis from dermis, enabling identification of antibody binding through DIF (37). EBA 

typically displays dermal-side binding (u-serration), while BP shows epidermal-side binding 

(n-serration) (67). 
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3.4.4 Serological Tests 

Serological tests, such as indirect immunofluorescence (IIF) and ELISA, detect circulating 

antibodies non-invasively, affordably, and conveniently. In IIF, patient serum is tested 

against antigen-rich tissues like monkey oesophagus, bladder, or human skin, allowing 

antibody detection upon fluorescent labelling (32, 36). 

ELISA tests are commercially available to detect circulating IgA or IgG antibodies against 

various antigens such as Dsg1, and Dsg3, envoplakin, BP180, BP230, and TG2 (37). 

3.4.5 Western Blotting 

Western blotting identifies specific proteins targeted in AIBD. It involves separating proteins 

through electrophoresis, followed by antibody binding and visualization. Although highly 

specific, Western blotting is primarily useful for detecting proteins involved in pemphigoid 

diseases at the DEJ. Its diagnostic value in other AIBD, however, remains limited (36, 37). 

3.4.6 Other Tests 

Other tests can provide supportive evidence such as intestinal biopsy and human leukocyte 

antigen (HLA) typing. Duodenal histology often reveals changes consistent with CD, and the 

presence of HLA-DQ2 or DQ8 is seen in nearly all affected individuals (68). Their absence 

effectively rules out a DH diagnosis.  
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4. Dermatitis Herpetiformis 

4.1 Epidemiology of Dermatitis Herpetiformis 

DH is a chronic, intensely pruritic AIBD of the skin associated with gluten sensitivity and CD 

(23). It typically manifests between the second and fourth decades of life with a male 

predominance, reflected by a 2:1 male-to-female ratio (15, 69). The prevalence of DH varies 

geographically, with the highest incidence reported in northern Europe, notably Finland, 

where rates range from 10 to 40 per 100,000 individuals (70). In contrast to other AIBD, DH 

is rare in children and has become less common in some countries due to increased diagnosis 

and treatment of CD (71). 

DH is associated with a strong genetic predisposition, particularly involving HLA-DQ2 and 

HLA-DQ8 haplotypes. Approximately 90% of patients with CD, carry the HLA-DQ2 marker, 

whereas a smaller subset carries the lower-risk HLA-DQ8 marker (15, 23). It is considered a 

cutaneous manifestation of CD, with 80–90% of DH patients showing small bowel villous 

atrophy upon biopsy, even if gastrointestinal symptoms are absent (17, 31). Additionally, 

around 10–15% of DH patients have a first-degree relative with the condition (69, 72). 

Patients with DH or their family members may also exhibit other autoimmune disorders, 

such as thyroid disease, pernicious anemia, type 1 diabetes, vitiligo, Addison disease, alopecia 

areate, and hemochromatosis (23, 73, 74). Autoimmune thyroid disease is the most common 

comorbidity, found in up to 30% of DH patients (70). 

4.2 Pathogenesis of Dermatitis Herpetiformis 

The pathogenesis of DH involves immune complex formation and deposition of IgA at the 

dermal papillae. The key autoantigen is TG3, which differs from TG2 in classical CD. Gluten 

ingestion in genetically predisposed individuals leads to the production of IgA antibodies 

against TG3, which deposit in the papillary dermis and activate complement, leading to 

neutrophil recruitment and microabscess formation (75). 

Granular IgA deposition is pathognomonic for DH and can precede cutaneous 

manifestations. Unlike BP, eosinophils are not typically a significant feature. Instead, 

neutrophilic infiltrates dominate and are responsible for the subepidermal blistering seen 

histologically (31). 
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4.3 Clinical Presentation of Dermatitis Herpetiformis  

DH presents with grouped vesicles, papules, and excoriations, particularly on extensor 

surfaces such as elbows, knees, buttocks, and the scalp, which is a helpful diagnostic clue. 

Due to intense pruritus and scratching, intact vesicles are often absent, and erosions with 

crusts are more commonly seen on physical examination (17). In some cases, DH may 

present in its early stages with acral findings such as digital petechiae, which can precede the 

typical pruritic papulovesicular rash. Case reports have documented isolated fingertip 

petechiae as an initial manifestation, emphasizing the importance of considering DH in 

patients with unexplained acral hemorrhagic lesions (76, 77). In other atypical cases, DH may 

mimic other dermatoses, such as atopic dermatitis or prurigo nodularis, especially in the 

elderly. Oral and other mucosal involvement is rare, differentiating DH from other AIBD like 

pemphigus vulgaris (70). Unlike BP, the disease typically spares the flexures and trunk, and 

symmetrical involvement of extensor surfaces is a hallmark. 

Evaluating the severity of DH involves clinical examination, histopathologic and 

immunologic confirmation, serological markers, and patient reported outcome measures. 

Although the number and size of lesions are typically small compared to other blistering 

diseases, the degree of pruritus and tendency for excoriation often reflect disease burden 

more accurately than lesion count alone (15). Importantly, most vesicles rupture rapidly, and 

many patients present primarily with excoriations and post-inflammatory 

hyperpigmentation, making active blister count an unreliable sole measure of severity (15). 

Serological tests, particularly for anti-TG2 and anti-TG3 antibodies, provide useful adjunctive 

tools for monitoring gluten exposure and immune response (31, 75). Persistently high anti-

TG3 titers have been associated with ongoing disease activity and incomplete adherence to a 

gluten-free diet (31). 

Patient-reported outcomes, such as itch severity, sleep disturbance, and quality of life, are 

critical in evaluating disease impact. Instruments like the Dermatology Life Quality Index 

(DLQI) and Psychological General Well-Being for pruritus have been used in DH research 

and clinical practice to quantify subjective disease burden (78). These tools help capture the 

patient's perspective, especially those with minimal skin findings but significant discomfort. 
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Figure 2: Images of dermatitis herpetiformis showing clustered vesicles on the elbows, 

sacral and buttock regions. Reused with permission from www.dermnetnz.org, Image credit: 

DermNet NZ under CC BY 4.0. 

4.4 Differential Diagnoses of Dermatitis Herpetiformis  

The differential diagnosis of DH includes several clinically and histopathologically similar 

conditions. Herpes virus infections may resemble DH due to the occasional presence of 

acantholytic keratinocytes; however, DH typically lacks hallmark viral features such as 

multinucleation, nuclear chromatin changes, or cellular inclusions (69). LABD shares many 

histopathological characteristics with DH, but DH more commonly exhibits acantholysis, 

fibrin deposition at the tips of dermal papillae, and leukocytoclastic. Immunofluorescence 

studies provide clear differentiation by demonstrating linear IgA deposition at the basement 

membrane in LABD (23, 73). BSLE may present similarly on histology; however, it can be 

distinguished through immunofluorescence, which typically reveals linear IgG and IgM 

deposits at the basement membrane, occasionally accompanied by IgA (74). The neutrophilic 

infiltrate in BSLE often extends into the adjacent interstitium, providing another diagnostic 

clue (79, 80). Cicatricial pemphigoid also initially exhibits papillary abscess formation similar 

to DH but progressively shows increased eosinophils and distinct dermal scarring beneath 

the blister. Immunofluorescence typically reveals linear IgG deposition, although isolated IgA 

deposition can occasionally occur, making careful correlation of clinical, histological, and 

immunological findings essential in diagnosis (39, 81). 

4.5 Diagnostic Approach to Dermatitis Herpetiformis 

The gold standard for diagnosing DH is DIF of perilesional skin, showing granular deposits of 

IgA at the DEJ papillae. Serologic tests such as anti-TG2 and anti-TG3 IgA antibodies 

support the diagnosis, particularly when combined with small bowel biopsy findings of 

villous atrophy (17). Histopathology typically shows subepidermal blistering with 
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neutrophilic microabscesses. Uninvolved perilesional skin contains a significantly greater 

number of IgA deposits, and lesional biopsies generally have a higher false negative rate. 

Diagnostic Serologic tests for DH involve specific autoantibodies, including IgA anti-

endomysial antibodies, which are detectable in approximately 80% of DH patients (23). 

Other relevant tests include IgA TG2 and IgA TG3, which uniquely correlate with DH and not 

CD alongside IgA and IgG antibodies to deamidated gliadin peptides and gliadin assays, as 

well as total IgA measurements. Results that fall within borderline ranges can present 

interpretation challenges (31, 82) 

Confirmation for patients with abnormal serological results typically involves a small 

intestinal biopsy to identify gluten-sensitive enteropathy, characterized histologically by 

villous atrophy. This manifests as a flattened intestinal lining rather than the standard 

convoluted structure. However, the intestinal biopsy may occasionally appear normal due to 

prior gluten-free dietary treatment, the patchy nature of intestinal involvement (skip lesions), 

or genuinely unaffected intestinal mucosa (15, 83). 

Genetic testing for specific HLA haplotypes, specifically HLA-DQ2 and HLA-DQ8, may also 

be performed. These haplotypes are commonly identified in virtually all DH and CD cases, 

reinforcing their utility in diagnosis (84,85). 

 

Figure 3: Direct immunofluorescence image showing granular deposits of IgA at the dermo-

epidermal junction papillae. Reused with permission from www.dermnetnz.org, Image 

credit: DermNet NZ under CC BY 4.0. 

28

http://www.dermnetnz.org/


 

Figure 4: Histological images of a vesicular reaction pattern characterized by foci or small 

zones of subepidermal separation with dense clusters of neutrophils and scattered eosinophils 

filling the papillary dermis, forming microabscesses. Reused with permission from 

www.dermnetnz.org, Image credit: DermNet NZ under CC BY 4.0. 

4.6 Treatment and Management of Dermatitis Herpetiformis 

The cornerstone of DH management is a lifelong, strict gluten-free diet, which leads to the 

gradual resolution of skin lesions and underlying enteropathy. Clinical improvement may 

take several months, and adherence is often lifelong (17, 70). 

In the acute phase or cases of diagnostic uncertainty, dapsone is the most effective drug for 

rapid symptom control, often improving symptoms rapidly (15). Dapsone use requires 

monitoring for hemolysis and methemoglobinemia, particularly in patients with G6PD 

deficiency. Sulfapyridine and sulfasalazine are alternative agents for dapsone-intolerant 

individuals (86) 

DH patients require monitoring for dietary adherence, serologic markers, and potential 

nutritional deficiencies, particularly iron, folate, and vitamin D. Skin lesion recurrence often 

indicates dietary non-compliance (17). 

4.7 Malignancies Associated with Dermatitis Herpetiformis 

Patients with DH are at increased risk for intestinal lymphomas, particularly enteropathy-

associated T-cell lymphoma, though the risk significantly declines after long-term adherence 

to a gluten-free diet (17). 
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4.8 Mortality Associated with Dermatitis Herpetiformis 

DH usually has a good prognosis, which is not associated with significantly increased 

mortality when appropriately treated. However, untreated or poorly managed DH with 

ongoing gluten exposure increases the risk of intestinal lymphoma and other complications 

(70). The mortality risk largely reflects the consequences of CD rather than the cutaneous 

manifestations themselves. 
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5. Bullous Pemphigoid 

5.1 Epidemiology of Bullous Pemphigoid 

BP is an AIBD mediated by IgG autoantibodies, primarily affecting elderly individuals and 

often presenting with subepidermal blisters and pruritus (2). It is the most common AIBD, 

with annual incidence rates ranging from 2.4 to 21.7 per million people, depending on the 

population and methodology used (5). Notably, BP incidence increases significantly with age, 

predominantly affecting individuals older than 70 years, a unique feature among 

autoimmune disorders (5, 39, 87). 

BP has the highest incidence in North America and Europe, with reported increases over 

recent decades in countries such as the United Kingdom, Germany, Israel, and Finland (8, 

88-90). Factors contributing to this rise include the aging population, improved disease 

awareness, enhanced diagnostic capabilities, and increased prevalence of risk factors like 

neurological conditions and certain medications (8, 10, 91). 

The incidence of BP in Sweden is estimated at approximately 7.1 per 100,000, with a gender 

distribution showing higher incidence in females below 75 years of age and a shift toward 

male predominance in older age groups, particularly after the age of 80 (11). 

5.2 Pathogenesis of Bullous Pemphigoid 

The exact pathogenesis of BP is not entirely understood, but it involves an interplay between 

genetic predispositions, aging, external triggers such as medications, and disruption of 

immune tolerance (92). The disease process involves antibody-mediated responses against 

two major antigens, BP180 and BP230. The NC16A-terminal of BP180 is most frequently 

targeted, though the C-terminal region may also be involved. IgG and IgE antibodies are 

typically found in patient sera, binding to hemidesmosomes and inducing inflammation (1, 

20). Upon antibody binding, keratinocytes release inflammatory cytokines interleukin (IL) 6 

and 8, activating the complement cascade and recruiting neutrophils and mast cells. This 

inflammatory response, involving proteases and reactive oxygen species, ultimately separates 

the epidermis from the dermis and blister formation (92, 93). 

IgE antibodies in BP attract eosinophils, contributing significantly to the disease severity. 

About half of BP patients have elevated eosinophil levels in their blood, and elevated anti-

BP180 IgE antibodies are found in over 70% of patients, correlating with more severe 

symptoms. Levels of these antibodies typically decline when the disease goes into remission. 
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Additionally, IL-17 has been identified as abundant in BP lesions, and inhibiting this cytokine 

in animal models reduces the severity of BP symptoms (35, 92, 94). 

5.3 Clinical Presentation of Bullous Pemphigoid 

Clinically, tense blisters predominantly on flexural regions and the abdomen characterize BP, 

sparing the extremities. These blisters can range from clear to blood-filled and grow several 

centimeters wide. Though healing usually occurs without scarring, ruptured blisters may 

leave erosions, post-inflammatory color changes, or milia (95-97). 

Severe itching is the hallmark symptom, often preceding visible blister formation. In elderly 

individuals presenting with sudden unexplained pruritus, BP should always be considered, 

even without visible blisters (91, 95). BP frequently presents with lesions of varying 

morphology that coexist and evolve throughout the disease progression, often shifting in 

dominance over time (98). These lesions can appear as macular eczematous patches, 

urticarial-like plaques, excoriations due to intense itching, and, less commonly, vegetative, 

pustular, annular, papular, or nodular forms (93, 96). Notably, BP initially presents with 

urticarial lesions and tends to progress more rapidly to a bullous phase than those beginning 

primarily with eczematous lesions (2). 

Remarkably, BP can also present without the hallmark bullae or the formation of blisters may 

be significantly delayed, appearing several months after initial symptoms (96). These 

atypical, non-bullous, or localized forms represent roughly 20% of all BP cases (2). A 

noteworthy variant, dyshidrosiform BP, is particularly challenging, manifesting 

predominantly as stubborn blistering on the palms and soles, similar to pompholyx. 

Typically, these lesions eventually spread to other body sites (99). 

Furthermore, chronic pruritic non-bullous BP may clinically resemble prurigo nodularis, 

complicating diagnosis (100). Interestingly, BP variants positive exclusively for BP230 

antibodies (BP230Ab) and negative for BP180 antibodies (BP180Ab) often mimic prurigo 

nodularis rather than classic BP, further underscoring the diagnostic complexity (54). 

Mucosal involvement occurs in approximately 10-25% of BP patients, predominantly 

affecting the oral cavity. Less commonly, mucosal symptoms may involve genital and ocular 

areas (93). Although the lesions generally exhibit widespread distribution on the skin, 

localized forms, particularly around the navel or lower extremities, can occur (93,101). 

Rarely, BP presents as erythrodermic, covering extensive skin areas and posing significant 

diagnostic and therapeutic challenges (102). 
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The severity of BP can range from mild, localized skin involvement to severe, widespread 

blistering with systemic symptoms. Proper assessment of disease severity is essential for 

making informed therapeutic decisions, evaluating prognosis, and monitoring response to 

treatment. The evaluation involves clinical examination, standardized scoring systems, 

serological testing, and patient-reported outcomes. 

Clinically, severity is measured by the extent and distribution of blisters, erosions, urticarial 

plaques, and mucosal involvement, which is associated with more aggressive disease (103). 

While most patients with BP have skin-limited disease, oral lesions may occur and indicate a 

more severe phenotype (103). 

One of the most widely used instruments to objectively measure BP severity is the Bullous 

Pemphigoid Disease Area Index (BPDAI). This tool separately scores skin activity, mucosal 

involvement, and damage and includes an assessment of pruritus severity, a key symptom 

affecting the quality of life (104). The BPDAI is reliable and sensitive to change over time in 

clinical settings and trials (104). 

In addition to clinical findings, anti-BP180 NC16A IgG autoantibodies serum levels are 

commonly measured. These titers often correlate with disease activity and can help track 

response to treatment (105). However, this correlation is not absolute, and serological results 

should always be interpreted in the context of clinical findings (105).  

Patient-reported outcome measures are also essential in assessing severity, particularly in 

elderly patients where symptoms like itching and discomfort may disproportionately affect 

well-being. Instruments such as the DLQI and ItchyQoL provide valuable insight into the 

subjective disease burden (106). 

Finally, systemic markers such as C-reactive protein, albumin levels, and complete blood 

count may reflect disease-associated inflammation and nutritional status, especially in frail 

older adults (107). These should be considered in a comprehensive severity assessment. 
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Figure 5: Images of Bullous Pemphigoid showing blisters on the chest, upper limbs, and leg. 

Reused with permission from www.dermnetnz.org, Image credit: DermNet NZ under CC BY 

4.0. 

5.4 Differential Diagnoses of Bullous Pemphigoid 

Due to overlapping clinical and histopathological features, differentiating BP from other 

pemphigoid conditions such as pemphigoid gestationis, mucous membrane pemphigoid, 

anti-p200 pemphigoid, EBA, and BSLE is crucial. These conditions share clinical similarities 

and diagnostic findings, particularly DIF microscopy (67). Bullous scabies may clinically and 

immunologically mimic BP, occasionally exhibiting linear IgM and C3 deposition at the BMZ 

and even BP180Ab or BP230Ab (108,109). Notably, BP can occur secondary to scabies 

infestation, making differentiation even more challenging (109).  

5.5 Diagnostic Approach to Bullous Pemphigoid 

Accurate diagnosis of BP relies on a comprehensive approach integrating clinical 

presentation, characteristic histological and serological findings, and confirmatory DIF. 

DIF microscopy is considered the gold standard diagnostic test for BP, crucial for identifying 

tissue bound autoantibodies (37). Key diagnostic findings include linear deposits of IgG and, 

importantly, C3 component along the BMZ. Histologically, skin biopsies commonly show 

subepidermal blistering accompanied by eosinophil-rich inflammatory infiltrate within the 

dermis (94). Nevertheless, it is essential to note that these histological features are not 

uniquely pathognomonic for BP, underscoring the need for additional diagnostic tools and 

clinical correlation (98). 

IIF further aids diagnosis by detecting circulating autoantibodies in the serum of 

approximately 60-80% of BP patients (96). Enhanced diagnostic accuracy is achieved 

through ELISA, which detects antibodies against BP180Ab in 72-93% of cases. When 
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combining ELISA assays for both BP180Ab and BP230Ab, diagnostic sensitivity increases 

significantly, reaching between 87% and 100% (36). 

For atypical presentations of BP, diagnosis may rely on fulfilling either two primary criteria 

positive DIF, positive serology (ELISA BP180 or BP230), positive IIF, or SSS test or one 

primary criterion combined with at least two minor criteria, which include pruritus, 

characteristic histology, and polymorphic clinical features (98). 

 

Figure 6: Direct immunofluorescence image showing the linear disposition of IgG and C3 

along the basement membrane. Reused with permission from www.dermnetnz.org, Image 

credit: DermNet NZ under CC BY 4.0. 

 

Figure 7: Histological image of an established subepidermal blister containing fibrin and 

inflammatory cells, including eosinophils. Reused with permission from 

www.dermnetnz.org, Image credit: DermNet NZ under CC BY 4.0. 

5.6 Treatment and Management of Bullous Pemphigoid 

The latest 2022 guidelines from the European Academy of Dermatology and Venereology 

(EADV) advocate using topical potent or potent steroids, such as clobetasol propionate 

0.05% cream at doses of 20-40 g daily with gradual tapering, or systemic oral prednisolone 

as initial therapeutic options, adjusted according to disease severity (65). However, practical 
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constraints and adverse effects associated with topical steroids application often necessitate 

considering systemic treatment alternatives. 

When steroids tapering is challenging, or relapse occurs, the EADV recommends adding or 

switching to immunosuppressants like MTX, azathioprine, or mycophenolate mofetil. 

Alternatives such as doxycycline or dapsone may be appropriate in cases where 

immunosuppression is contraindicated or not tolerated. 

A recent comparative study showed no significant difference between MTX monotherapy and 

combined MTX-prednisolone therapy in achieving timely remission of moderate to severe 

BP, though notably, MTX monotherapy was associated with reduced mortality (110). 

Azathioprine and mycophenolate mofetil demonstrate comparable efficacy when 

administered alongside systemic steroids (112). 

For severe or treatment-resistant BP cases, where response to prednisolone (0.75 

mg/kg/day) or conventional immunosuppressants is inadequate, the EADV guidelines 

propose considering advanced therapies, including rituximab, omalizumab, dupilumab, 

intravenous immunoglobulins (IVIg), or immunoadsorption. 

A 2022 systematic review evaluated advanced biologics, revealing complete remission rates 

of approximately 70.5% for rituximab, 67.9% for omalizumab, and 66.7% for dupilumab. 

Partial remission rates were similar across these treatments (112). 

Monitoring disease activity through BP180Ab titers is recommended, as high levels at 

treatment cessation correlate with increased relapse risk (59). BP230Ab titers are less 

indicative of disease activity and thus less valuable for monitoring (36). The EADV guidelines 

recommend using ELISA anti-BP180 levels during follow-up; notably, titers below 27 by day 

150 strongly predict sustained remission, whereas persistently high levels (within 20% of 

baseline) at day 60 predict relapse within one year. 

5.7 Risk Factors for Developing Bullous Pemphigoid 

Long-term use of certain medications, as well as some psychiatric and neurological 

conditions, have been identified as independent risk factors for the development of BP (93). 

In contrast, the link between BP and other conditions, such as malignancies or systemic 

inflammatory diseases, remains less clearly established and continues to be debated (113). 
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5.7.1 Predisposing Factors of Bullous Pemphigoid  

Specific genetic markers, particularly within the HLA system, have been associated with 

increased susceptibility to BP. Among these, the allele HLA-DQB1*03:01 has the strongest 

correlation (114). Variations in HLA class II genes have been implicated in patients from 

various ethnic backgrounds, including Chinese, Iranian, British, and German populations 

(114). Despite these findings, overall, BP is not considered to be strongly genetically driven 

(115). 

Age is a significant risk factor for BP, with incidence increasing substantially in older 

populations. This has been attributed to age-related changes in immune function, such as 

heightened levels of autoantibodies and persistent low-grade inflammation (114). The risk is 

particularly elevated in individuals over 90 years of age, who are reported to have a 300-fold 

higher relative risk of developing BP compared to those aged 60 or younger (96). Moreover, 

physical immobility, such as being bedridden, has also been linked to an increased likelihood 

of BP onset (116). 

5.7.2 Medication-Induced Bullous Pemphigoid 

To date, more than 90 medications have been implicated in triggering BP (117). Cases of 

drug-induced BP tend to present at a younger age, often involve mucosal or palmoplantar 

surfaces, and are typically associated with elevated serum eosinophil levels when compared 

to idiopathic BP (117). It is important to distinguish drug-induced BP from drug-triggered 

BP: in the former, symptoms typically improve after discontinuation of the offending agent, 

while in the latter, symptoms may persist regardless of drug withdrawal (93). 

Many medications associated with BP contain thiol or phenol structures (Table 2). Standard 

drug classes implicated include dipeptidyl peptidase-4 inhibitors (DPP-4i), antibiotics, 

diuretics, non-steroidal anti-inflammatory drugs (NSAIDs), and immune checkpoint 

inhibitors (114). Among these, DPP-4i particularly Vildagliptin, used in managing type 2 

diabetes has shown the strongest association with BP, conferring up to a tenfold increased 

risk (118). Systematically, DPP-4i may interfere with plasmin activity, leading to abnormal 

cleavage of the NC16A domain of BP180, a key autoantigen in BP (117). However, DPP-4i use 

does not appear to alter circulating BP180Ab levels in diabetic patients (119). The clinical 

presentation of DPP-4i-associated BP is often milder, showing fewer erythematous lesions 

and reduced eosinophilic infiltration on histology (120). 

Immune checkpoint inhibitors such as pembrolizumab, nivolumab, durvalumab, and 

atezolizumab have also been linked to the onset or exacerbation of BP (121). Symptoms 
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typically develop after prolonged exposure, with a mean latency of approximately 39 weeks 

for pembrolizumab and 20 weeks for nivolumab (122). Although the exact mechanism 

remains unclear, several hypotheses have been proposed. These include antigenic mimicry 

between tumor cells and basement membrane components, unmasking of subclinical BP 

through enhanced immune activation, and impaired regulatory B-cell function following PD-

1 inhibition (123). 

Vaccinations have also been occasionally reported as potential triggers of BP. Immunizations 

against influenza, swine flu, tetanus, and herpes zoster have all been associated with new-

onset BP, particularly in children, though the underlying mechanism remains uncertain 

(114). It is speculated that vaccine-induced inflammation may compromise the BMZ, 

exposing normally sequestered antigens at the DEJ, thereby initiating autoimmunity (124). 

More recently, COVID-19 vaccines especially those produced by Pfizer and Moderna have 

been temporally linked to BP onset, with reported latency periods ranging from 12 hours to 

21 days post-vaccination (125). Notably, the Pfizer vaccine has been associated with more 

cases than Moderna (126). Despite these associations, continuation with the second vaccine 

dose has generally been advised, even when BP develops following the first dose (125).  

Drug Class Drugs 
Antimicrobials Penicillin, Cephalosporins, Rifampicin, Trimethoprim-

sulfamethoxazole, Metronidazole, Ciprofloxacin, Terbinafine, 
Griseofluvin 

Antihypertensives Furosemide*, Spironolactone*, Valsartan, Nifedipine, Amlodipine, 
Losartan 

Antidiabetics Vildagliptin*, Sitagliptin, Linagliptin, Saxagliptin, Alogliptin, 
Anagliptin, Tenegliptin 

Vaccines Influenza, COVID-19, Swine flu, Tetanus, Herpes Zoster, Pertussis, 
Diphtheria, Polio, Haemophilus influenza type B 

Oncologic 
therapies 

Pembrolizumab, Nivolumab, Ipilimumab, Atezolizumab, Durvalumab 

Topical agents 5-Fluorouracil, Benzyl benzoate, Psoralen 
 

NSAIDs Acetylsalicylic acid, Ibuprofen, Celecoxib, Diclofenac, Mefenamic acid 
 

Other Rosuvastatin*, Escitalopram 
 

Table 2: Reported drugs associated with Bullous Pemphigoid.* drugs most strongly 

associated according to current evidence. Source: Adapted from Verheyden et al 2020 and 

Moro el al, 2020. NSAIDS, Non-steroidal anti-inflammatory drugs. 
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5.7.3 Triggers of Bullous Pemphigoid 

BP can be precipitated by various physical stimuli, including trauma, burns, surgical 

interventions, and exposure to UV radiation (114). Typically, lesions emerge initially at the 

exposure site before progressing to a more widespread distribution (93). 

Phototherapy has also been recognized as a potential trigger for BP (127). Similarly, cases 

have been reported where photodynamic therapy-induced BP, with bullous lesions, either 

localized to the treated area or appearing across multiple anatomical sites (128,129). 

Radiotherapy represents another potential external trigger. It is hypothesized that ionizing 

radiation may contribute to the onset of BP by unmasking epidermal antigens or increasing 

vascular permeability, thereby exposing the BMZ to circulating autoantibodies (130). 

Notably, radiotherapy-induced BP has been frequently reported in breast cancer patients, 

particularly when the irradiation field involves the chest (131). In most cases (72%), the 

disease manifests after the full course of radiotherapy (132). 

5.8 Malignancies Associated with Bullous Pemphigoid 

The relationship between BP and malignancies has been a topic of ongoing debate. In a 

Japanese case-control study, solid tumors were found in 5.8% of BP patients compared to 

only 0.1–0.6% of age-stratified controls, with gastric cancer being the most frequently 

observed malignancy (133). In contrast, an extensive German study involving 1,743 BP 

patients found an association primarily with hematological malignancies but not solid 

tumors. In nearly half of these cases, the malignancy was diagnosed prior to the onset of BP 

(134). A broader meta-analysis concluded that there is no clear link between BP and overall 

cancer risk, although it did suggest a possible association with hematologic cancers 

specifically (135). 

However, this association has not been consistently observed. For instance, an extensive 

Taiwanese study that followed over 36,000 cancer patients, among whom only 22 developed 

BP, found no significant cancer risk among BP patients (136). Likewise, a Finnish study 

involving 3,708 individuals with BP found no overall increase in cancer prevalence compared 

to controls (137). 

5.9 Mortality Associated with Bullous Pemphigoid 

Despite being a skin condition, BP is associated with significantly increased mortality. This 

elevated risk is mainly attributable to the advanced age of most BP patients, the presence of 
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comorbidities, and the frequent use of immunosuppressive therapies (88). Compared to 

healthy individuals of similar age, BP patients face a six-fold higher risk of death (10). A 

systematic review and meta-analysis in Israel estimated the one-year mortality rate in BP at 

23.5% (138). 

Factors contributing to higher mortality include widespread disease, frailty, and 

complications arising from treatment (93). Independent predictors of one-year mortality 

include concurrent diabetes mellitus, diagnostic delays exceeding six months, and being over 

the age of 70 at diagnosis (139). 

After diagnosis, patients with BP also exhibit a markedly increased risk of pneumonia and 

pulmonary embolism, with a threefold higher incidence reported in these individuals (140). 

According to a recent meta-analysis, respiratory illnesses are this population's leading cause 

of death (141). 

The use of systemic steroids, while often necessary, can exacerbate health risks in fragile 

patients. Serious complications include infections, especially pneumonia, new-onset diabetes, 

myocardial infarction, heart failure, stroke, psychosis, delirium, deep vein thrombosis, and 

osteoporotic fractures. Notably, in patients treated with a high dose of prednisolone (1 mg/kg 

daily), the one-year mortality rate has been reported as high as 41% (103). 

5.10 Neurological Comorbidities Associated with Bullous Pemphigoid 

Neurological conditions such as dementia, Parkinson’s disease, cerebrovascular disorders, 

epilepsy, and multiple sclerosis (MS) are among the most commonly observed comorbidities 

in patients with BP, with prevalence rates ranging between 42.7% and 55.8% (96, 114). These 

associations are believed to influence the overall prognosis of BP negatively (142). 

A 2016 meta-analysis found that BP patients exhibited significantly elevated relative risks 

compared to the general population: 4.5 for dementia, 3.4 for Parkinson’s disease, 3.0 for 

epilepsy, 2.7 for stroke, and the highest 12.4 for MS (143). Supporting these findings, a 

Finnish registry-based study reported a 5.9-fold increased risk of developing BP in 

individuals with MS, along with a two-fold increased risk for subsequent epilepsy (144). The 

same study noted elevated risks for BP in individuals with other or unspecified dementia 

(3.8-fold), vascular dementia (3.6-fold), and Alzheimer’s disease (2.6-fold). 

Interestingly, BP180Ab have been detected in the serum of Alzheimer’s patients without 

clinical BP, with antibody levels inversely correlated to cognitive function as measured by the 

Mini-Mental State Examination (145). The central nervous system has identified neural 
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isoforms of both BP180 and BP230, suggesting a potential mechanism of cross-reactivity 

between neural and cutaneous antigens (142,143). 

The emergence of pruritus in elderly patients with neurological disease should raise clinical 

suspicion of BP. Furthermore, anti-BP230 seropositivity has been independently linked to a 

range of neuropsychiatric comorbidities, including dementia, depression, MS, epilepsy, and 

bipolar disorder (146). 

5.11 Psychiatric Comorbidities Associated with Bullous Pemphigoid 

BP is also associated with an increased prevalence of psychiatric disorders, including 

schizophrenia, bipolar disorder, and various personality disorders (142). Schizophrenia 

appears to be more frequent among female BP patients (113). 

According to Försti et al., the relative risk of BP in individuals with schizophrenia, personality 

disorders, and schizotypal/delusional disorders was 2.7, 2.2, and 2.1, respectively (144). 

Notably, the mean time interval between the onset of these psychiatric conditions and the 

subsequent diagnosis of BP ranged from 7.5 to 11.7 years. An extensive Danish registry-based 

study found that the risk of developing BP was elevated in individuals with intellectual 

disabilities, substance use disorders, schizophrenia, and various personality and organic 

psychiatric disorders regardless of psychiatric medication usage. The mean latency period 

observed was approximately 14.6 years (12). However, the study did not find a significant 

association between BP and the later development of psychiatric disorders, except for organic 

conditions. Additionally, systemic steroid treatment for BP is known to potentially induce 

psychiatric symptoms such as mania or psychosis (147). 

The overlapping pathophysiological mechanisms shared between neurological and 

psychiatric disorders, particularly the hypothesis of antigenic cross-reactivity between 

epidermal and neural tissues, may also explain the psychiatric comorbidities observed in BP 

(148). 

5.12 Metabolic and Cardiovascular Comorbidities Associated with Bullous 

Pemphigoid 

BP has been linked with a higher prevalence of metabolic and cardiovascular diseases (CVD), 

particularly diabetes mellitus, hypertension, and ischemic heart diseases when compared 

with age-matched controls (113). A recent meta-analysis found that diabetes mellitus, 

excluding cases associated with DPP-4i use, was present in 20% of BP patients, in contrast to 

13% of controls (149). 
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However, the association between BP and diabetes mellitus remains somewhat controversial. 

One proposed explanation suggests that glycation of proteins within the dermal-epidermal 

junction may trigger BP in diabetic individuals. Since type 2 diabetes is more prevalent in 

older adults, the observed association might reflect age-related comorbidity rather than a 

direct link (96). 

Metabolic syndrome is also notably more common in patients with BP, occurring in 35.2% of 

cases versus 14.8% in controls (113). Additionally, BP patient’s face an increased risk of 

embolic and thromboembolic events, including stroke (114). 

5.13 Autoimmune Comorbidities Associated with Bullous Pemphigoid 

BP has been reported in association with other autoimmune conditions, including 

rheumatoid arthritis and various thyroid disorders. Nonetheless, population-level data 

suggest that BP patients are less likely to develop other autoimmune diseases than age-

matched controls (96). 

5.14 Dermatological Comorbidities Associated with Bullous Pemphigoid 

There is growing evidence that psoriasis is significantly associated with BP (114). A case-

control study conducted in Taiwan involving 140 patients with psoriasis and BP and 38 

patients with BP alone found that the possibility of developing BP was threefold higher in 

individuals with psoriasis (150). 

Among AIBD, BP is the most frequently associated with psoriasis, likely due to shared 

pathogenic pathways (151). However, the two conditions have identified no shared genetic or 

HLA associations (114). While phototherapy in psoriasis treatment may trigger BP, this alone 

does not fully account for the observed association (142). 

Furthermore, a registry-based study identified a strong association between DH and BP, with 

an odds ratio of 22.3 (95% CI: 9.99–49.7) compared to controls with a history of basal cell 

carcinoma (152). Atopic dermatitis has also been linked to a higher likelihood of developing 

BP (114), likely due to shared immunological profiles dominated by Th2-mediated responses, 

serum eosinophilia, and elevated IgE levels. 

Additional dermatologic conditions such as cutaneous lupus erythematosus and lichen 

planus have also been reported in association with BP (114). 
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6. Studies Based on Health Registries 

In recent years, research utilizing electronic health registries has become increasingly 

common, particularly in the Nordic countries (153). In Sweden, digitalizing health data has 

opened significant opportunities for large scale clinical research. Compared to other 

traditional data collection methods, accessing patient data through electronic health records 

tends to be more straightforward from a research governance perspective (154). 

6.1 Swedish Heath Registries 

Today, the vast majority of patient records in Sweden are stored electronically. While these 

systems are primarily designed for clinical care rather than research, they represent a 

valuable data source when carefully managed (154). Sweden benefits from several well 

established national health registries, many of which are maintained by the National Board of 

Health and Welfare. These databases include diagnosis codes, prescription records, and 

demographic data, offering a robust foundation for registry based studies, primarily when 

diagnoses are categorized using the international classification of diseases (ICD) system 

(155). Sweden’s comprehensive and reliable health registries makes it a favorable 

environment for health data research, which we explore in detail in the following sections. 

6.1.1 The Swedish National Patient Register 

The National Board of Health and Welfare established the NPR in 1964. Since 1987, it has 

offered nearly complete coverage of all inpatient care in Sweden, including public and private 

providers. The register contains detailed patient information such as personal identity 

number (PIN), sex, age, county of residence, and hospital code. It also includes clinical data, 

with one primary and up to seven secondary diagnoses coded according to the ICD-10 

classification system. 

Inpatient care reporting is almost complete, while data coverage for specialized outpatient 

care across public and private sectors is approximately 87% (156). A key advantage of the 

Swedish research infrastructure is unique PIN, which allow for patient tracking across 

different healthcare services and facilitate linkage with other national registries. This system 

supports high quality longitudinal research with broad population coverage. 

6.1.2 The Swedish Cancer Register  

The Swedish Cancer Register (SCR), established in 1958 by the Swedish National Board of 

Health and Welfare, includes data on the Swedish population. It is considered a high-quality 
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registry, with nearly 99% of cancer cases morphologically verified (157). The register contains 

detailed information on tumor characteristics, including site, histological type, basis, date of 

diagnosis, and follow-up data such as the date and cause of death and date of migration. 

Multiple sources of clinicians, pathologists, and cytologists report most newly diagnosed 

cancer cases, and reporting is mandatory, resulting in a high coverage rate of approximately 

96% (158). However, the register does not include cancers identified solely through death 

certificates.  

6.1.3 The Swedish Cause of Death Register 

In this thesis, mortality outcomes were identified using data from the Swedish Cause of 

Death Register (SDR), a nationwide database that has documented all registered deaths in 

Sweden since 1952 (159). For each individual, the register records the date and place of death, 

the underlying cause of death, and up to ten contributing causes, all classified according to 

the ICD system. It also includes demographic information such as PIN, sex, age at death, 

country of birth, and whether a forensic autopsy was conducted. The location of death is also 

noted. The register is widely used in public health and epidemiological research in Sweden 

(159). 

6.1.4 The Swedish Prescribed Drug Register 

The Prescribed Drug Register (SPDR), established in July 2005 and maintained by the 

Swedish National Board of Health and Welfare, provides detailed information on all 

prescription drugs dispensed at pharmacies in Sweden. The register includes patient age, sex, 

PIN, the prescribing physician's profession and practice, and drug information, which is 

classified according to the Anatomical Therapeutic Chemical (ATC) system. It does not cover 

over-the-counter medications or vaccines. The register is valuable for assessing drug 

exposure and investigating associations between medications and health outcomes. It 

supports research into drug use's risks, benefits, and economic implications, making it a key 

tool for pharmacoepidemiological studies (160). 

6.2 Validation Studies 

Despite the strengths of registry-based research, ensuring the validity of diagnostic codes 

remains essential to avoid systematic bias. Validation studies aim to confirm that the coded 

diagnoses reflect actual clinical cases based on pre-established disease criteria. Indicators 

such as sensitivity, specificity, and positive predictive value (PPV) are used to assess 

diagnostic accuracy (161). 
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The PPV, in particular, is a crucial metric, as it estimates the likelihood that a positive 

diagnosis in the registry reflects an actual clinical condition. A high PPV suggests that the 

registry codes are reliable, whereas a low PPV raises concerns about misclassification and 

potential data bias (162). Validation studies in Sweden and other Nordic countries have 

generally reported encouraging PPV values for hospital based diagnoses. However, 

conditions diagnosed primarily in primary care settings tend to show lower validity, 

underlining the need for careful interpretation in such contexts (155). 

6.2.1 Validation Studies in Dermatology 

In dermatology, a limited number of validation studies have been conducted. In Sweden, 

these efforts have primarily focused on common conditions such as BP and atopic dermatitis 

(163). Recently, Swedish researchers, including Grönhagen et al., have conducted validation 

studies of BP using ICD-10 codes L12.0 (BP), L12.8 (other pemphigoid), and L12.9 

(unspecified pemphigoid). Their study revealed that 283 out of 307 patients coded for BP met 

diagnostic criteria; the study found a PPV of 92% for BP diagnoses in the NPR, indicating 

high validity (164). Similarly, Persson et al. examined 2,468 patients registered with codes 

L12.0 and L12.9 and reported a PPV of 93.2% (95% CI: 91.3–94.8%) in The United Kingdom 

(165). In the United States, Hsu et al. used the ICD-9 code 694.5 for BP and reported an 

exceptionally high PPV of 99% (95% CI: 93–99%) when the diagnosis appeared in multiple 

registry entries (166).  

Validation studies are largely absent from the literature for rare conditions such as DH. Only 

a few efforts have been made to assess the validity of DH diagnoses, and the present study is 

among the first to be published in this area. As Sweden continues to refine its health data 

infrastructure, further validation studies across medical specialties will be crucial to ensure 

that health registries maintain accuracy and clinical relevance. 

 

45



7. Aims of the Thesis 

The overall aim of this thesis was to gain further insights into the epidemiological aspects of 

blistering disorders by conducting epidemiological research on two blistering skin disorders, 

DH and BP, in Sweden. We analyzed the incidence of DH and validated the ICD-10 code 

L13.0 for DH in the NPR. Furthermore, this thesis included retrospective analyses of 

nationwide case-control cohorts to investigate the association of cancer, mortality, and 

comorbidities with BP.  

Therefore, the specific aims were:  

Study I aimed to estimate the incidence of DH in Sweden and to assess the validity of DH 

diagnosis in the NPR. 

Study II examined the association between BP and cancer in Swedish patients, both prior to 

and following a BP diagnosis, and compared the findings with those of a matched control 

group. 

Study III evaluated 1-year and 10-year mortality rates, as well as overall (all-cause) 

mortality, among individuals with BP in Sweden. The study also investigated how systemic 

treatment influenced mortality outcomes in this patient population. 

Study IV explored the relationship between BP and a range of comorbidities by comparing 

their occurrence before and after BP diagnosis, using a matched control group from the 

Swedish population. 
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8. Methods 

8.1 Overview of Study Designs (Study I-IV)  

Table 3 below briefly summarizes the methods of each study included in this thesis. The 

original publications provide more comprehensive method details. 

 
Study I Study II Study III Study IV 

Study Design Retrospective 
population-
based 
incidence and 
diagnosis 
validation 
study 

Retrospective 
population-
based 
Matched case-
control cohort 
study 

Retrospective 
population-
based 
Matched case-
control cohort 
study 

Retrospective 
population-
based 
Matched case-
control cohort 
study 

Study Population 1,174 5,739 5,738 5,738 
Data Sources NPR, local 

medical 
records, and 
pathology 
reports 
(validation in 
2 counties) 

NPR and SCR NPR, SDR, 
SCR and 
SPDR 

NPR 

Geographical Area Sweden Sweden Sweden Sweden 
Control Population Not applicable 17,168 

matched for 
sex and age 

17,167 
matched for 
sex and age 

17,167 
matched for 
sex and age 

Period of Follow-up January 1, 
2005 – 
December 31, 
2018 

January 1, 
2005 – 
December 31, 
2016 

January 1, 
2005 – 
December 31, 
2016 

January 1, 
2005 – 
December 31, 
2016 

Outcome of Interest Incidence of 
DH and 
validation of 
ICD-10 code 
L13.0 

Cancer 
associated 
with BP 

Mortality 
associated 
with BP 

Comorbidities 
associated 
with BP 

Statistical Models Incidence rate 
estimation 
(Poisson 
normal 
approximatio
n), PPV 
calculation, t-
test, χ² test 

Cox 
regression, 
logistic 
regression 
(prevalence 
odds ratio), 
cluster-robust 
standard 
errors 

Cox 
regression, 
Kaplan-Meier 
survival 
analysis, 
competing 
risk analysis 
(cumulative 
incidence 
functions), 
Schoenfeld 
residuals 

Cox 
regression, 
logistic 
regression 
(prevalence 
odds ratio), 
cluster-robust 
standard 
errors 

Table 3: An overview of the methodological framework and key characteristics (Study I-IV). 

NPR: National Patient Register, PPV: Positive Predictive Value, SCR: Swedish Cancer 

Register, SDR: Swedish Death Register, SPDR: Swedish Prescription Drug Register. 
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8.2 Study population and Data collection  

8.2.1 Study I  

This nationwide, retrospective cohort study was based on registered data provided by the 

Swedish National Board of Health and Welfare. We identified all patients diagnosed for the 

first time with DH between 2005 and 2018, using the ICD-10 code L13.0, recorded either as a 

primary or secondary diagnosis. The dataset included information on sex, age, and year of 

diagnosis. Each patient was included only once, at the time of their first recorded diagnosis. 

The dataset was stratified by sex and age, using 10-year intervals. To calculate incidence 

rates, we obtained population data from Statistics Sweden, which includes the total number 

of residents by sex, age, and year. This enabled us to estimate age- and sex-specific incidence 

rates by relating the mean number of DH cases to the mean background population in 

Sweden during the same study period, which comprised approximately 9.4 million 

individuals. 

To assess the accuracy of the DH diagnoses in the NPR, we conducted a validation study in 

two counties: Västerbotten in the north and Örebro in central Sweden. These counties were 

chosen to represent different population densities and geographic contexts within the 

country. 

We retrieved all DH cases recorded in the NPR in these two counties between 2005 and 2018 

using the ICD-10 code L13.0. Dermatology and pathology departments in both regions were 

contacted to provide access to the medical records and histopathology reports of these 

patients. Two dermatologists independently reviewed the records manually to verify the 

diagnoses. 

8.2.2 Study II-IV  

These nationwide, population-based cohort studies collected patient data from Swedish 

health registries. 

Studies II, III, and IV included all patients aged 20 years and older who received a first-time 

diagnosis of BP by a dermatologist between January 1, 2005, and December 31, 2016. 

Diagnoses were identified through the NPR using the relevant ICD-10 codes for BP: L12.0, 

L12.0A, L12.0B, L12.0W, L12.8, and L12.9. Patients under 20 years old were excluded due to 

the rarity of BP in this age group, which may reflect alternative immunobullous diseases. In 

total, 5,739 BP patients met the inclusion criteria in Study II. However, 5,738 BP patients 

were included in studies III and IV. 
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Using each individual's unique PIN, we linked electronic records across multiple national 

registers, including the NPR, the SCR, the SPDR, and the SDR. This allowed for 

comprehensive and complete patient and control cohort follow-up throughout the study 

period. 

Study II, the SCR identified cancer cases during follow-up. The classification was based on 

the ICD, 7th revision. All major cancer types (ICD-7 codes 140–204.1) were included in the 

analysis. Squamous cell carcinoma of the skin (cSCC), both invasive and non-invasive, were 

classified under ICD-7 code 191, while basal cell carcinomas were not included. Chronic 

lymphocytic leukemia (ICD-7 code 204.1) was categorized under lymphomas. Cancer types 

not included in the major predefined categories were grouped as Other cancers. 

Study III, mortality outcomes were identified using SDR data. Causes of death were classified 

according to the ICD-10. Deaths related to comorbidities coexisting with BP included 

infectious causes (A00–B99), neoplasms (C00–C99), and diabetes (E10–E14). Additional 

comorbid conditions included dementia (F03), basal ganglia diseases such as Parkinson’s 

disease (G20–G26), and degenerative disorders including Alzheimer’s disease (G30–G32). 

CVD (I00–I99) were also evaluated, including hypertension (I10–I15), ischemic heart disease 

(I20–I25), other heart diseases (I30–I52), and stroke (I60–I69). 

Study III retrieved data on prescribed medications from the SPDR. BP patients were 

categorized into seven treatment groups based on the therapy they received at least once 

during the study period. BP patients with treatment initiated within 90 days prior to 

diagnosis were included to account for diagnostic delays. For those who changed treatments, 

classification was based on the final regimen at follow-up to avoid double counting. For 

example, a patient who began with MTX and topical steroids but later received prednisolone 

was assigned to the combination group including all three drugs. 

Study IV, comorbidities were identified using data from the Swedish NPR. During the study 

period, comorbidities were classified according to ICD-9 and ICD-10 codes. A total of 21 

diagnostic codes were included in the analysis. The selection of these comorbidities was 

based on their potential shared pathophysiological mechanisms with BP, including 

autoimmune, inflammatory, metabolic, and systemic processes. In addition, the selection was 

guided by their known prevalence in older populations and by findings from previous studies 

investigating disease clustering in BP. 
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8.2.3 Controls (Study II-IV)  

Controls for Studies II, III, and IV were selected from Statistics Sweden, which maintains 

comprehensive demographic and socioeconomic data on the entire Swedish population. For 

each Study, three controls were matched to each BP case based on sex and age, ensuring 

comparability between the groups. All control subjects were required to be alive, without any 

prior diagnosis of BP, and actively contributing data to the national registers at the time of 

inclusion. Each control was assigned a “pseudo-diagnosis” date corresponding to the 

diagnosis date of their matched case, allowing for temporally aligned analyses of health 

outcomes. Individuals younger than 20 years were excluded from both the patient and 

control groups, given the rarity of BP in this age group and the possibility of alternative 

diagnoses. This approach follows established practices in register-based epidemiology to 

minimize bias and ensure reliable estimates of disease associations. 

8.3 Diagnosis (Study I-IV) 

In Study I, two dermatologists retrospectively reviewed diagnostic tests used to confirm DH 

diagnoses from patient medical records. These included DIF, histological examinations of 

skin or mucosal biopsies, IIF microscopy, and ELISA serology tests. The diagnostic gold 

standard for DH is DIF. A diagnosis was considered confirmed if a positive DIF was 

documented. For patients without positive DIF but with a typical clinical presentation, a 

diagnosis of DH was accepted if at least two additional minor criteria were fulfilled. These 

criteria are based on the 2021 consensus-based S2k guidelines and include positive DH-

related serology, histopathology consistent with DH, rapid clinical response to dapsone, 

improvement on a gluten-free diet, duodenal biopsy showing coeliac enteropathy, compatible 

HLA typing, or a positive iodine patch or oral challenge test.  

However, for Study I, regarding the incidence of DH, diagnosis were already identified in the 

NPR using the ICD-10. As well as study II, III, and IV, diagnoses were identified through the 

NPR using the relevant ICD-10 codes for BP: L12.0, L12.0A, L12.0B, L12.0W, L12.8, and 

L12.9. In Sweden, diagnosis of DH and BP typically relies on a combination of clinical 

features, histopathological examination, and DIF, which remains the diagnostic gold 

standard. 

8.4 Statistical Analysis (Study I-IV) 

Descriptive statistics were used to summarize baseline characteristics. Categorical variables 

were presented as frequencies and percentages, and continuous variables as means with 

standard deviations (SD). 
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In Study I, numerical variables were analyzed using Student’s t-test, and categorical variables 

were compared using the χ² test. Age- and sex-specific incidence rates were calculated by 

dividing the cases in each age group by the corresponding population, expressed per 100,000 

inhabitants. Ninety-five percent confidence intervals (95% CIs) for incidence rates were 

estimated using Poisson normal approximation. The validity of the DH diagnosis in the 

Swedish NPR was assessed by calculating the PPV, comparing registered diagnoses to the 

medical records review. Two-sided p-values were reported, with a p-value <0.05 considered 

statistically significant. Due to the study's exploratory nature, no multiplicity adjustments 

were applied. All analyses were conducted using IBM SPSS Statistics version 27 (IBM Corp., 

Armonk, NY, USA). 

Studies II-IV, multivariable Cox proportional hazards regression models were applied to 

estimate hazard ratios (HR) with corresponding 95% CIs for cancer, mortality, and 

comorbidities associated with BP, respectively. The models adjusted for potential 

confounding by including all matching variables, specifically age and sex.  

In Study II, additional stratification by county of residence was performed. Age was 

dichotomized into ≤80 years and >80 years. For analyses of overall risks, individuals with 

prior diagnoses of the outcome of interest before baseline (BP index date) were excluded. In 

subgroup analyses, individuals previously diagnosed with the specific condition of interest 

prior to BP diagnosis were excluded. 

In Studies II and IV, logistic regression was used to assess the prevalence of cancer and 

comorbidities prior to BP diagnosis, generating prevalence odds ratio (POR). 

In Study III, mortality was further analyzed using Kaplan-Meier estimations, and Cox 

proportional hazards regression models were applied to examine all-cause and cause-specific 

mortality. The proportional hazards assumption was tested using Schoenfeld residuals and 

log-log plots of the negative logarithm of the negative logarithm of survival against log time. 

Cumulative incidence functions were applied for cause-specific mortality using competing 

risks methodology. Only individuals with positive follow-up time were included in survival 

analyses. 

Studies II-IV statistical analyses were performed using STATA® version 15.1 (StataCorp LLC, 

College Station, TX, USA). Statistical significance was defined as a two-sided p-value <0.05. 
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8.5 Ethical Considerations  

The studies included in this thesis are register based studies, so direct patient consent was 

not required. However, formal ethical committee approvals was obtained from Stockholm 

and Linköping for all the studies included in this thesis. Approval numbers are 2013/1146-31, 

2014/79-32, 2014-1637- 32, and 2020-01592, respectively. 
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9. Results 

9.1 Incidence of Dermatitis Herpetiformis (Study I) 

We found 1,724 incident DH patients in Sweden from 2005 to 2018. Among these patients, 

50.3% were female, with a mean age at diagnosis of 60.9 years (SD ±18.7 years, range 1–102 

years). Men were significantly older at diagnosis, with an average age of 64.8 years (SD ±15.5 

years), compared to women at 57.1 years (SD ±20.8 years, p<0.001). Most diagnoses (96.1%, 

n=1,656) were made in outpatient clinics, primarily by dermatologists (81.3%, n=1,401). DH 

was recorded as the primary diagnosis for 81.8% (n=1,411) of these cases. 

We found that the mean annual incidence of DH was 123 cases per year, ranging from 73 to 

160 annually. With an average background population of approximately 9.4 million 

individuals, the incidence rate was 1.3 per 100,000 individuals (95% CI 1.1–1.5). After 

accounting for NPR coverage variations between inpatient and outpatient care, the adjusted 

DH incidence rate was 0.93 per 100,000 inhabitants (95% CI 0.79–1.08) (Figure 8). 

 

Figure 8. The number of incident and prevalent cases of Dermatitis Herpetiformis (DH), 

2001-2018, in Sweden based on data from the National Patient Register (NPR). The dataset 

includes individuals diagnosed with DH in both inpatient and outpatient settings. Light-

coloured bars in the graph indicate a combination of prevalent and incident cases recorded in 

the NPR, which were excluded from the analysis. The study included all patients diagnosed 

with DH between 2005 and 2018 (represented by dark-coloured bars), regardless of age. 
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Patients aged 60–69 years most frequently received a DH diagnosis (n=329). However, the 

highest incidence rate occurred among those aged 80 years or older, at 2.8 per 100,000 (95% 

CI 2.55–3.02). Pediatric incidence rates were considerably low, at 0.3 per 100,000 during the 

first decade of life, rising slightly to 0.6 per 100,000 during the second decade. 

For gender-specific incidence, men aged 80 years or older showed the highest rate at 4.1 per 

100,000, while women's peak incidence occurred in the 70–79-year age group at 2.1 per 

100,000. Incidence rates were significantly higher for women between 30 and 49 years 

(p<0.001) and significantly higher for men aged 60 years and older (p<0.001). 

9.2 Validation of the Code L13.0 (Study I) 

Between 2005 and 2018, 160 patients were recorded in the NPR with a L13.0 diagnosis in the 

counties of Västerbotten and Örebro in Sweden. These diagnoses originated exclusively from 

specialized dermatology outpatient clinics. 

Out of the 160 identified cases, medical records were successfully retrieved and reviewed for 

144 patients (90%). Of this group, 90 cases were confirmed as accurate DH based on clinical 

presentation, biopsy results, immunopathology, and consistent follow-up. The remaining 54 

cases were incorrectly coded as DH in the NPR, typically reflecting other dermatological 

diagnoses such as eczema, BP, or urticaria. This initial review thus suggested a crude PPV of 

62.5% (90/144). 

However, records were unavailable for 16 cases (10%) for various reasons, including 

relocation or incomplete archiving. We applied two scenarios to account for the uncertainty 

these missing cases introduced. First, we assumed that the proportion of true DH among the 

missing cases reflected the proportion of all non-false DH-coded cases in the dataset 

(106/160, or 66.25%). In the second, we assumed that the proportion matched only the 

verified actual positive cases (90/160, or 56.25%). Averaging these two assumptions resulted 

in an estimated actual DH rate of 61.25% among the missing cases. This translated to 

approximately 10 additional DH cases among the 16 unreviewable records. 

When these imputed cases were added to the 90 confirmed cases, the total number of 

accurately diagnosed DH patients rose to 100 out of 160. Accordingly, the final adjusted PPV 

of the NPR for DH in these two counties was estimated to be 62.5% (Figure 9). 
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Figure 9: Flowchart of the patients included in the study population for the validation of 

Dermatitis Herpetiformis (DH) diagnosis in the Swedish National Patient Register (NPR) 

and Estimation of Positive Predictive Value (PPV) 

 

 

 

 

 

 

 

 

 

 

 

 

55



9.3 Demographic Data (Study II-IV) 

The demographic characteristics of patients diagnosed with BP and matched controls in 

studies II, III, and IV are largely similar, with only minor differences. Table 4 below presents 

an overview of these characteristics. 

 Study II Study III Study IV 
BP Controls BP Controls BP Controls 

Subjects, n 5,739 17,168 5,738 17,167 5,738 17,167 
Male, n (%) 2,712 

(47.3) 
8,103 
(47.2) 

2,712 

(47.3) 

8,103 

(47.2) 

2,712 

(47.3) 

8,103 

(47.2) 

Females, n (%) 3,027 
(52.7) 

9,065 
(52.8) 

3,026 

(52.7) 

9,064 

(52.8) 

3,026 

(52.7) 

9,064 

(52.8) 

Follow-up times, 
years, mean± SD 

3.1± 2.9 4.2± 3.1 3.1± 2.9 4.2± 3.1 3.1± 2.9 4.2± 3.1 

Age, years, 
mean± SD  

78.6 
(±12.2) 

78.7 
(±12.2) 

78.6 

(±12.2) 

78.7 

(±12.2) 

78.6 

(±12.2) 

78.7 

(±12.2) 

Patients-years of 
observation 

18,022 71,682 18,022 71,682 18,022 71,682 

Period of follow-
up 

January 1, 2005 – 
December 31, 2016 

January 1, 2005 – 
December 31, 2016 

January 1, 2005 – 
December 31, 2016 

Table 4: Demographic data for studies II, III, and IV. 

9.4 Cancer Associated with Bullous Pemphigoid (Study II) 

9.4.1 Overall and Site Specific Associated Cancer 

We found no significant association between BP and overall cancer incidence compared to 

controls (HR 1.0; 95% CI 0.9–1.1). Over the 11-year study period, 307 new cancer cases were 

recorded within the BP cohort. Although the overall cancer incidence did not differ, specific 

cancer types showed notable associations. BP was significantly associated with a higher 

incidence of cSCC (HR 1.3; 95% CI 1.1–1.6), while an inverse association was observed with 

male genital cancers (HR 0.6; 95% CI 0.4–0.9). 

9.4.2 Cancer Diagnoses Prior to BP Onset 

Pre-diagnostic cancer history was evaluated, showing no overall increased odds of having had 

a prior malignancy among BP patients compared to controls (POR 1.0; 95% CI 0.9–1.0). In 

total, 1,298 patients with BP had a documented cancer diagnosis prior to their BP onset, with 

an average interval of 8.3 years (SD ±6.6) between the cancer diagnosis and the onset of BP. 

Notably, 10% (n = 130) of these malignancies were diagnosed within the year preceding the 

BP diagnosis. Specifically, male genital cancers were less frequently diagnosed in the year 

prior to BP onset (POR 0.4; 95% CI 0.2–0.8). 
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9.4.3 Cancer Diagnoses Following BP Onset 

In the first year following BP diagnosis, patients demonstrated a markedly increased 

association with lymphoma (HR 3.1; 95% CI 1.3–7.6). However, limitations inherent to the 

cancer registry data precluded further subclassification of lymphomas (e.g., cutaneous vs. 

systemic or B-cell vs. T-cell types). 

Beyond the first year post-diagnosis, the association with lymphoma declined, but the 

increased association with cSCC persisted (HR 1.5; 95% CI 1.2–2.0). The inverse association 

with male genital cancers also remained significant during this later period (HR 0.5; 95% CI 

0.3–0.8). 

102 cancer cases were identified within the first year after BP diagnosis (HR 1.1; 95% CI 0.9–

1.4), while an additional 205 cases were diagnosed beyond one year (HR 0.9; 95% CI 0.8–

1.1). 

9.5 Mortality Associated with Bullous Pemphigoid (Study III) 

9.5.1 Overall Mortality Analysis 

The survival analysis comprised 22,875 individuals: 5,713 patients with BP and 17,162 

matched controls. During the study period, 9,790 individuals died—3,192 (55.9%) among BP 

patients and 6,598 (38.4%) among controls. This translated to a crude HR for mortality of 

1.91 (95% CI 1.83–2.00) in BP patients. After adjusting for age and sex, the adjusted HR 

increased to 2.15 (95% CI 2.06–2.24). 

In the control cohort, the median survival among BP patients was significantly shorter at 3.8 

years compared to 7.4 years. One-year mortality rates were considerably higher in the BP 

group (21.2%; 95% CI 20.1–22.2) than in controls (8.0%; 95% CI 7.6–8.4). Likewise, at 10 

years, BP patients exhibited an elevated mortality rate of 80.2% (95% CI 78.2–81.9), 

compared to 65.7% (95% CI 64.3–67.0) in controls. 
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Figure 10: Increased mortality among Bullous Pemphigoid (BP) patients. Kaplan–Meier 

estimates of overall survival for patients with bullous pemphigoid (BP, blue line) and non-BP 

individuals (red line) after 1 (A) and 10 years (B) of follow-up. 

9.5.2 Specific Causes of Mortality 

Among the 3,192 deceased BP patients, CVD were the leading cause of death, accounting for 

25.3% of deaths. Within this category, ischemic heart disease (8.8%), other heart diseases 

(6.8%), and hypertension (1.8%) were most common. Additional significant causes of death 

included dementia (6.7%), stroke (5.9%), cancer (4.8%), infections (2.1%), degenerative 

neurological diseases (2.0%), diabetes mellitus (1.9%), and basal ganglia disorders (0.8%). 

A 

B 
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BP patients exhibited significantly higher mortality rates compared to controls across several 

disease categories: CVD (HR 2.23; 95% CI 2.09–2.38, p < 0.001), diabetes (HR 3.58; 95% CI 

2.76–4.64, p < 0.001), infections (HR 3.20; 95% CI 2.50–4.00, p < 0.001), stroke (HR 2.55; 

95% CI 2.23–2.92, p < 0.001), and dementia (HR 2.24; 95% CI 2.10–2.39, p < 0.001). 

Notably, cancer-related mortality was significantly higher only during the first year following 

BP diagnosis. The cumulative incidence of death, adjusting for competing risks, 

demonstrated that BP patients had a consistently higher incidence of death from CVD and 

infections compared to controls. 

9.6 Impact of Systemic Treatment on Mortality (Study III) 

We evaluated how systemic treatments influenced mortality in patients with BP. Treatment 

data were available for 5,419 patients in the initial cohort of 5,738 BP patients. Treatment 

groups were classified as in Table 5 below. 

Treatment Group Number of Patients 
(n) 

Percentage 
(%) 

Prednisolone combined with potent topical steroids 2,287 40.1% 
Prednisolone alone 299 5.2% 
Potent topical steroids alone 1,060 18.6% 
Methotrexate (MTX) with potent topical steroids 440 7.7% 
MTX combined with prednisolone 61 1.1% 
MTX combined with prednisolone and potent 
topical steroids 

1,225 21.5% 

Other medical therapies 47 0.9% 
Total 5,419 100% 

Table 5: Different treatment groups of Bullous Pemphigoid patients (BP) with total number 

of patients and percentage. MTX: Methotrexate. 

Additionally, 294 patients received no systemic treatment and were excluded, as were 25 

patients who died on the index date. Mortality varied significantly across the treatment 

groups. Patients treated with prednisolone (either alone or with topical steroids) showed 

higher mortality rates, with median survival times of 1.66 years and 1.98 years, respectively. 

By contrast, patients receiving MTX combined with prednisolone and topical steroids 

experienced significantly lower mortality (HR 0.76; 95% CI 0.69–0.83) and had a notably 

more prolonged median survival of 5.20 years. Though this group was small, patients 

receiving "other treatments" also exhibited significantly reduced mortality (HR 0.53; 95% CI 

0.31–0.91, p = 0.023). 
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9.7 Comorbidities Associated with Bullous Pemphigoid (Study IV)  

Table 6 provides a summary of the significant findings regarding comorbidities associated 

with BP, highlighting conditions identified before and after BP diagnosis. These findings are 

discussed in further detail in the following sections. 

Comorbidity 
Category 

Condition Before BP 
diagnosis (POR, 

95% CI) 

Within 1 year 
after BP (HR, 

95% CI) 

Beyond 1 
year after BP 
(HR, 95% CI) 

Neurological Dementia 2.75 (2.51–3.02) 1.94 (1.59–
2.36) 

1.46 (1.29–
1.66) 

Parkinson’s 
Disease 

3.73 (3.05–4.56) 2.09 (1.09–
3.98) 

– 

Epilepsy 2.55 (2.10–3.10) 3.44 (2.11–
5.60) 

1.77 (1.24–
2.52) 

Amyotrophic 
Lateral Sclerosis 
(ALS) 

2.25 (1.46–3.47) – – 

Multiple Sclerosis 
(MS) 

7.56 (4.95–11.56) – – 

Psychiatric Schizophrenia 1.63 (1.06–2.50) – – 
Unipolar/Bipolar 
Disorders 

1.61 (1.17–2.22) 3.75 (1.36–
10.36) 

– 

Suicide 1.82 (1.52–2.18) 1.77 (1.06–
2.98) 

– 

Metabolic Diabetes Mellitus 1.89 (1.74–2.06) 2.47 (1.92–
3.18) 

1.35 (1.11–
1.63) 

Stroke 2.51 (1.99–3.16) – – 
Autoimmune Systemic Lupus 

Erythematosus 
(SLE) 

3.59 (1.10–11.78) – – 

Systemic Sclerosis 1.34 (1.09–1.65) – 2.12 (1.31–
3.42) 

Sjögren’s 
Syndrome 

– – 2.62 (1.08–
6.39) 

Dermatological Psoriasis 2.54 (2.11–3.07) 3.01 (1.50–
6.03) 

1.84 (1.13–
3.00) 

Lichen Planus 3.51 (2.53–4.86) 12.51 (4.67–
33.52) 

3.00 (1.37–
6.55) 

Alopecia Areata 2.53 (1.13–5.66) – – 
Vitiligo 4.50 (2.17–9.34) – – 

Table 6: Summary of significant comorbidities associated with Bullous Pemphigoid,  

Note: Only statistically significant associations (confidence intervals not including 1.0) are 

included. A dash (–) indicates no significant association or insufficient data. 

BP: Bullous Pemphigoid; POR: Prevalence Odds Ratio; HR: Hazard Ratio; CI: Confidence 

Interval. 
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9.7.1 Neurological and Psychiatric Comorbidities  

Prior to the diagnosis of BP, neurological and psychiatric disorders were significantly more 

common among BP patients compared to matched controls. Dementia was notably more 

prevalent, demonstrating a POR of 2.75 (95% CI: 2.51–3.02), Parkinson’s disease (POR: 3.73, 

95% CI: 3.05–4.56), epilepsy (POR: 2.55, 95% CI: 2.10–3.10), amyotrophic lateral sclerosis 

(ALS) (POR: 2.25, 95% CI: 1.46–3.47), and MS (POR: 7.56, 95% CI: 4.95–11.56) were also 

significantly associated with BP diagnosis. 

In addition, psychiatric conditions such as schizophrenia (POR: 1.63, 95% CI: 1.06–2.50) and 

unipolar/bipolar disorders (POR: 1.61, 95% CI: 1.17–2.22) showed increased prevalence. 

Suicide risk was notably elevated, with a POR of 1.82 (95% CI: 1.52–2.18). 

Following the BP diagnosis, neurological disorders continued to show significant 

associations. Dementia was positively associated with BP within the first year (HR: 1.94; 95% 

CI: 1.59–2.36) and remained elevated thereafter (HR: 1.46; 95% CI: 1.29–1.66). Parkinson’s 

disease showed an association within the first year (HR: 2.09; 95% CI: 1.09–3.98), although 

this association was not sustained beyond one year. Epilepsy demonstrated the strongest 

initial association post-diagnosis (HR: 3.44; 95% CI: 2.11–5.60), with a continued, though 

attenuated, association beyond one year (HR: 1.77; 95% CI: 1.24–2.52). 

Psychiatric disorders similarly demonstrated significant association’s post-BP diagnosis. 

Unipolar/bipolar disorders showed an elevated association within the first year (HR: 3.75, 

95% CI: 1.36–10.36), although the broad confidence interval indicates statistical uncertainty. 

Suicide risk remained significantly elevated within one-year post-diagnosis (HR: 1.77, 95% 

CI: 1.06–2.98) but was no longer significant beyond this period (HR: 1.23, 95% CI: 0.90–

1.69). 

9.7.2 Metabolic and Cardiovascular Comorbidities 

BP patients showed an increased prevalence of diabetes mellitus prior to diagnosis, with a 

POR of 1.89 (95% CI: 1.74–2.06). Stroke was also significantly more common before BP 

diagnosis, demonstrating a POR of 2.51 (95% CI: 1.99–3.16). 

Following BP diagnosis, diabetes showed significantly increased association within the first 

year (HR: 2.47, 95% CI: 1.92–3.18), with continued but reduced significance after the first 

year (HR: 1.35, 95% CI: 1.11–1.63). While, stroke did not show a significant association post-

BP diagnosis. 
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9.7.3 Autoimmune Comorbidities 

Autoimmune conditions presented increased prevalence among BP patients prior to 

diagnosis. Systemic lupus erythematosus (SLE) had a POR of 3.59 (95% CI: 1.10–11.78), 

while systemic sclerosis was moderately elevated at a POR of 1.34 (95% CI: 1.09–1.65). 

Conditions such as dermatomyositis, polymyositis, and rheumatoid arthritis were rare, 

making robust statistical conclusions difficult. 

Autoimmune diseases continued to demonstrate an elevated association after BP diagnosis. 

Beyond the first year post-diagnosis, BP was positively associated with systemic sclerosis 

(HR: 2.12; 95% CI: 1.31–3.42) and Sjögren’s syndrome (HR: 2.62; 95% CI: 1.08–6.39). Data 

for dermatomyositis, polymyositis, and rheumatoid arthritis remained insufficient to draw 

firm conclusions. 

9.7.4 Dermatological Comorbidities 

Dermatological conditions were strongly associated with BP, which was particularly close to 

diagnosis. Psoriasis had a notable POR of 2.54 (95% CI: 2.11–3.07). Lichen planus exhibited a 

high association with a POR of 3.51 (95% CI: 2.53–4.86), dramatically increasing within one 

year before BP onset (POR: 20.46, 95% CI: 8.00–52.33). Vitiligo was positively associated 

with BP overall (POR: 4.50, 95% CI: 2.17–9.34), with an extreme association within one year 

prior (POR: 26.96, 95% CI: 3.42–212.87). Alopecia areata showed a strong association before 

BP diagnosis (POR: 2.53, 95% CI: 1.13–5.66). 

Dermatological conditions remained strongly associated with patients even after they were 

diagnosed with BP. Psoriasis showed a strong association within the first year (HR: 3.01; 95% 

CI: 1.50–6.03), with a continued but lower association thereafter (HR: 1.84; 95% CI: 1.13–

3.00). Lichen planus demonstrated a particularly high association within one year (HR: 

12.51; 95% CI: 4.67–33.52), which remained significant beyond one year (HR: 3.00; 95% CI: 

1.37–6.55). 
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10. Discussion: 

10.1 Declining Incidence of Dermatitis Herpetiformis (Study I) 

This study found critical insights into DH, particularly regarding its incidence in Sweden. The 

adjusted annual incidence of DH identified was 0.93 per 100,000 inhabitants in Sweden 

from 2005 to 2018, reinforcing the rarity of DH. This aligns with a declining trend observed 

in other Northern European countries (17, 18). 

The incidence of DH shows considerable variation across different regions. In Sweden, 

incidence rates reported ranged between 0.89 and 1.45 per 100,000 (167, 168), which are 

lower than those reported from Finland (3.5 and 1.2 per 100,000) (17, 19) but higher than the 

incidence observed in the UK (0.8 per 100,000) (18). In Japan, only 91 cases have been 

recorded nationwide over 35 years (169). 

Interestingly, the study reveals a notable demographic shift, with a peak incidence in older 

adults, particularly those over 80, and a higher incidence among older men than women. We 

found that women were predominantly affected at younger ages, notably in the 30–49-year 

group. These age and sex variations may reflect differential dietary habits, genetic 

predispositions, or distinct immunological or hormonal factors influencing the onset of DH 

(17, 72). 

Additionally, the observed higher mean age at diagnosis (60.9 years) compared to previous 

decades could suggest environmental or lifestyle shifts, such as reduced gluten consumption, 

leading to delayed onset or diagnosis of the disease (17,170). 

Another important consideration is the geographical variation noted in pediatric DH 

incidence. Sweden presents a relatively lower pediatric incidence compared to other 

European countries, notably Italy and Hungary (171, 172). These geographical discrepancies 

could result from diverse dietary practices or differences in clinical detection and reporting 

strategies.  

10.2 Low Validity of the Code L13.0 (Study I) 

A key component of our thesis was evaluating the accuracy of the ICD-10 code L13.0 in the 

NPR. Our validation process demonstrated a low PPV of 62.5%, revealing a considerable 

degree of miscoding or misclassification. This low validity highlights the necessity for 

rigorous diagnostic confirmation practices, especially using DIF as a gold standard. 
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Previous validation studies of the inpatient section of the NPR have demonstrated high 

diagnostic accuracy, with PPVs typically ranging between 85% and 95% for most conditions, 

including several autoimmune diseases (156). In particular, a study by Grönhagen et al. 

focusing on BP found a PPV of 92%, confirming the reliability of NPR data for this diagnosis 

(164). Our result of 62.5% is undeniably low; thus, improving coding accuracy through 

systematic training and routine audits is recommended to enhance the reliability of future 

epidemiological research. Proper documentation is key in ensuring that patients receive the 

correct diagnosis and treatment. It helps reduce the risk of medical errors and supports 

better outcomes. Clear and correct coding also improves communication between healthcare 

providers, essential for coordinated care.  

10.3 Cancer Associated with Bullous Pemphigoid (Study II) 

Overall, the possible link between BP and cancer remains a topic of ongoing debate. This 

study examined the association between cancer and BP comprehensively.  

Overall, cancer was not significantly raised in BP patients. This aligns with the results of a 

recent Finnish study that did not support an association between malignancies and BP (137). 

Additionally, A Taiwanese population-based cohort study found a significantly lower 

incidence of BP among individuals with a history of cancer compared to controls, with a 

hazard ratio of 0.47 (95% CI: 0.23–0.94), suggesting that cancer is not a contributing factor 

for BP (136). 

Nevertheless, the timing of BP onset suggests it could be an early sign of underlying 

malignancies. The observed associations align with the existing literature, indicating possible 

common immunological or inflammatory pathways linking BP and specific cancers (39).  

Furthermore, we observed an increased association of cSCC in patients with BP, particularly 

after the first year of diagnosis. This result aligns with existing literature suggesting chronic 

inflammation and immunosuppressive treatments may contribute to skin cancer in 

autoimmune patients (173, 174). A Finnish study found skin cancers and their precursors 

(melanoma in situ, carcinoma in situ of the skin, and actinic keratosis) more frequent among 

BP patients, but in 209 out of 409 skin cancers or precursors followed BP diagnosis (137). 

Enhanced dermatologic surveillance among BP patients may also play a role in early cancer 

detection. 

Another striking observation is the significantly increased association of lymphoma within 

the first year after BP diagnosis. Although the type of lymphoma could not be clarified from 
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the registry data, this finding raises important questions about shared immunological 

pathways or possible paraneoplastic mechanisms (175,176). 

Interestingly, a lower association of male genital cancers including prostate cance was found 

both before and after BP diagnosis. While this association is novel and its mechanisms are 

speculative, prior studies have shown downregulation of BP antigen (BPAG1) in prostate and 

breast cancers, which could suggest a biologically relevant link (177,178). While some studies, 

including our own, report a significant specific cancer association, this may reflect 

coincidental co-occurrence rather than a causal relationship. Among AIBD, only anti-laminin 

332 pemphigoid and paraneoplastic pemphigus are widely recognized to have a firm 

association with malignancy (179,180). 

10.4 Mortality Associated with Bullous Pemphigoid (Study III)  

We found that BP patients experienced significantly higher mortality than the general 

population, with 1-year and 10-year mortality rates reaching 21.2% and 80.1%, respectively. 

The 1-year mortality rate aligns with prior European studies, which have reported ranges 

between 19% and 44% (9, 181, 182). After adjusting for age and sex, BP was associated with a 

2.18-fold higher hazard of death compared to individuals without BP. 

Interestingly, mortality patterns differed by region. The 1-year mortality observed in this 

Swedish study matched closely with findings from Great Britain and Switzerland but 

exceeded those from smaller U.S. hospital-based cohorts (9,181,183,184). Variations in 

mortality may reflect differences in health system infrastructure, patient demographics, and 

methodology. 

The 10-year mortality rate reported in this study is among the highest documented, 

surpassing figures from Israel (69.5%) (138). The older average age of Swedish BP patients 

(78.6 ± 12.2 years) may partly explain this elevated association. This study significantly 

expands our understanding of mortality associated with BP. 

10.5 Major Causes of Mortality in Bullous Pemphigoid (Study III) 

CVD, especially ischemic heart disease, were identified as a major contributor to mortality in 

BP patients. Prior literature supports this association, demonstrating cardiovascular 

comorbidities as critical mortality risk factors in autoimmune conditions (10,139). Another 

study indicated a fivefold increase in CVD mortality among BP patients (185). Possible 

mechanisms include systemic inflammation and the effects of diuretics on medication; for 

instance, they are common in CVD treatment and known BP triggers (116,186). 
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Neurological diseases, including Alzheimer’s and Parkinson’s, also significantly worsened 

prognosis in BP patients, consistent with earlier findings (187, 188). Although the 

pathogenesis remains unclear, shared antigens between neurons and skin have been 

proposed as potential mechanisms (189, 190). 

While the cause of death data should be interpreted cautiously due to coding variability, sex 

was not found to affect mortality outcomes in this study, contrary to a smaller study that 

reported higher risk in females (182). 

10.6 Effect of Systemic Treatment on Mortality in Bullous Pemphigoid (Study 

III) 

We observed that patients with BP who received combination therapy with MTX, 

prednisolone, and potent topical steroids had a longer median survival time of 5.2 years. 

However, such combinations could also increase the risk of adverse effects compared to 

monotherapy. It is important to consider that the observed mortality in this group may 

reflect the underlying severity of the disease or the presence of comorbidities rather than the 

effects of the medications alone. 

Our findings indicate that treatment with MTX, especially when combined with topical or 

systemic steroids, may be associated with improved survival in BP patients. Notably, the 

treatment group receiving MTX together with doxycycline had the lowest mortality rate (HR: 

0.53, p = 0.023), corresponding to a 47% reduction in mortality compared to patients treated 

with prednisolone and topical steroids. This survival advantage may be attributed to lower 

cumulative exposure to systemic steroids, reducing the risk of infections, cardiovascular 

events, and metabolic complications. In addition, doxycycline's anti-inflammatory effects and 

the relatively safer immunosuppressive profile of MTX likely contribute to better long term 

outcomes (191). Nonetheless, the small size of some subgroups and the potential influence of 

confounding factors may limit the generalizability of the findings. It should also be 

acknowledged that treatment decisions are frequently shaped by factors beyond formal 

clinical guidelines. Observed differences in mortality between treatment groups may reflect 

treatment switching, variations in disease severity, or the presence of comorbidities. 

Furthermore, selection bias remains a concern, as patients receiving specific therapies may 

differ systematically from others due to clinician preferences, institutional protocols, or 

individual health status. 
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10.7 Comorbidities Associated with Bullous Pemphigoid (Study IV) 

The findings confirm that BP is associated with a broad spectrum of comorbidities, 

underscoring its systemic impact beyond dermatological symptoms. The overall HR for all 

comorbidities combined was 2.20 (95% CI: 2.08–2.33), consistent with previous large-scale 

studies (140). Patients with BP were nearly three times more likely to have pre-existing 

comorbidities compared to matched controls, particularly within the year before diagnosis. 

This reinforces the hypothesis that comorbidities may contribute to BP pathogenesis or 

reflect shared inflammatory pathways. 

10.7.1 Neurological Comorbidities 

Our findings show a clear link between BP and neurological disorders, confirming that earlier 

studies have suggested that neurodegenerative conditions are often associated with BP. In 

particular, dementia stands out as one of the most frequent comorbidities in BP patients. We 

observed that the HR for dementia increased significantly within the first year after BP 

diagnosis and remained elevated beyond that point. Similarly, Parkinson’s disease was more 

common in patients with BP, with an increased possibility even in the year leading up to 

diagnosis. A recent systematic review and meta-analysis reinforced this connection, showing 

a markedly higher association of all-cause dementia in BP patients, with pooled odds ratios of 

4.25 (95% CI: 2.73–6.61) from case-control studies and a HR of 1.41 (95% CI: 1.20–1.66) 

from cohort studies (192). The link between BP and dementia has been well documented, and 

several mechanisms have been proposed, among them neuroinflammation, shared 

autoantibodies, and disruptions in the blood-brain barrier (183, 193). 

Further supporting this, previous studies found that between 26.4% and 55.8% of BP patients 

had at least one neurological disorder, such as stroke, dementia, or Parkinson's, compared to 

only 9.1% to 20.5% in matched controls (14, 113). 

Another point of interest is the relationship between BP and epilepsy. Previous studies have 

reported a higher prevalence of epilepsy in BP patients (194). 

We also noticed an elevated HR for MS in BP patients, although the CI were wide and the 

number of cases small, making our finding less definitive. This contrasts with an earlier 

population-based study by Kibsgaard et al. (2017) found an increased frequency of MS 

among patients with BP, supporting a potential link between the two conditions (195). 

Nevertheless, our observed POR suggests that patients with BP were more than seven times 

as likely to have a prior MS diagnosis compared to controls. This relationship remained 

statistically significant even when considering MS diagnoses made more than a year before 
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BP onset. One proposed mechanism behind this association is chronic neuroinflammation 

and cross-reactive autoantibodies targeting both myelin in the central nervous system and 

components of the skin basement membrane (195). 

Furthermore, ALS was associated with BP, particularly before the onset of BP. Our findings 

align with earlier reports, such as Chosidow et al. (2000), who identified BP in 3 out of 168 

ALS patients, and Nakane et al. (2016), who described six additional cases where BP 

developed on average 5.6 years after ALS diagnosis (196, 197). These case reports have 

proposed that damage to the nervous system in ALS might trigger an autoimmune response 

due to cross-reactivity with BP antigen 1. While these observations indicate a possible link 

between the two conditions, larger epidemiological studies are still needed to confirm this 

association. 

10.7.2 Psychiatric Comorbidities  

Psychiatric comorbidities, including schizophrenia, unipolar/bipolar disease, and suicide 

risk, were also elevated in BP patients. Research by Egeberg et al. (2020) demonstrated a 

significantly increased prevalence of mood disorders, including major depressive disorder 

and suicide related outcomes among patients with BP, reinforcing the importance of 

psychiatric evaluation in this population (198).  

A recent systematic review and meta-analysis found that individuals with BP are at 

significantly increased risk of developing psychiatric disorders with an odds ratio of 1.77 (95% 

CI: 1.07–2.92), including schizophrenia, with a pooled odds ratio of 2.63 (95% CI: 2.03–

3.39), highlighting the strong link between BP and severe psychiatric comorbidities (199). 

This association may be driven by factors such as chronic pain, persistent pruritus, impaired 

quality of life, and underlying psychiatric vulnerability. 

10.7.3 Metabolic and Cardiovascular Comorbidities  

Among metabolic conditions, we observed a clear link between BP and diabetes, both before 

and after BP diagnosis. The association was strongest within the first year following diagnosis 

and remained elevated beyond that period. These findings are consistent with earlier studies 

reporting an increased prevalence of diabetes in BP patients. A meta-analysis of 17 studies 

found a pooled odds ratio of 2.06 (95% CI: 1.61–2.62), confirming a strong association 

between the two conditions (200). 
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Our results also support the idea of a bidirectional relationship between BP and diabetes. 

Chronic inflammation caused by BP and the frequent use of steroids in treatment may 

contribute to insulin resistance and worsen glycaemic control (201). 

An important aspect of our analysis is the temporal pattern of this association. The increased 

association was particularly notable during the year before and after the BP diagnosis. This 

aligns with findings from studies on DPP-4i, a class of medications used to treat diabetes, 

which have been linked to a higher risk of developing BP. For instance, a pharmacovigilance 

study found that patients using DPP-4i had a greater BP risk than those on sulfonylureas 

(202, 203). However, it is important to note that while our findings reinforce the overall 

association between BP and diabetes, we did not specifically examine the impact of DPP-4i or 

other diabetes medications on BP. 

We also found a strong temporal association between BP and stroke, especially within the 

year preceding diagnosis. A study from Taiwan reported that BP patients had a significantly 

increased risk of ischemic stroke compared to matched controls, with an adjusted HR of 2.37 

(95% CI: 1.78–3.15), suggesting a potential role of endothelial dysfunction and systemic 

inflammation in BP pathogenesis (204). A study of stroke patients and matched controls 

revealed that anti-BP180Ab were detectable in 14% of stroke patients versus 5% of healthy 

controls, suggesting post-stroke immune dysregulation may lead to basement membrane 

autoantibody formation and potentially trigger BP (205). This aligns with our finding of a 

markedly increased stroke risk in the year preceding BP diagnosis, reinforcing the hypothesis 

that stroke may act as a predisposing factor for BP rather than solely being a consequence of 

chronic inflammation in BP patients. This is consistent with research showing that chronic 

inflammatory skin diseases, including BP, are associated with an increased risk of 

thromboembolic events, possibly due to persistent systemic inflammation and vascular 

endothelial dysfunction (206). 

10.7.4 Autoimmune Comorbidities 

Among systemic autoimmune diseases, systemic sclerosis is strongly associated with BP. A 

relationship previously only described in isolated case reports (207). While these individual 

cases suggest a possible clinical overlap, our findings provide broader support for a potential 

link between the two conditions, which may share underlying autoimmune mechanisms. 

Although uncommon, bullous lesions can develop in SLE as part of BSLE, and up to seven 

cases have been reported where SLE and BP occurred together (208). In our study, we 

observed an association between BP and the later development of Sjögren’s Syndrome, 
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particularly when it emerged more than a year after the BP diagnosis. However, current 

evidence on this connection remains limited to isolated case reports (209), and no large-scale 

epidemiological studies have yet demonstrated a consistent association at the population 

level. 

10.7.5 Dermatological comorbidities  

Skin conditions, including psoriasis, lichen planus, vitiligo, and alopecia, were more frequent 

in BP patients. These findings are consistent with prior research, including an extensive 

population-based study showing that psoriasis is associated with a higher risk of BP (150). 

Our findings are consistent with previous reports, including a recent case series that 

described an increased occurrence of BP-like disease in patients with lichen planus, 

particularly presenting as lichen planus pemphigoides. This clinical overlap is believed to 

result from shared autoimmune mechanisms, such as T-cell–mediated inflammation and 

basal keratinocyte damage (210). Additionally, a separate study found that patients with 

vitiligo have a higher risk of developing BP, which may be explained by autoantibody cross-

reactivity targeting both melanocyte and keratinocyte antigens (211). Our results reveal an 

association between BP and alopecia areata. Although this relationship has received limited 

attention in prior studies, the observed co-occurrence in our data supports the hypothesis of 

overlapping autoimmune pathways, potentially involving T-cell mediated inflammation and 

immune dysregulation targeting epithelial and follicular antigens (92). 

10.8 Strengths and Limitations (Study I-IV) 

Study I has several notable strengths. Its nationwide coverage and population-based design 

help minimize the risk of selection bias. The large cohort size and extended 13-year study 

period further enhance the robustness of the findings by improving the reliability of 

incidence estimates and reducing selection bias. To validate the diagnosis of DH in the NPR, 

two dermatologists conducted a manual review of patient records from two counties. This 

validation process enabled a direct comparison between clinical documentation and register 

data, facilitating the detection of discrepancies between the two sources. 

However, the study has some limitations, primarily related to its retrospective design. The 

availability of patient information was restricted to what had been previously recorded, which 

may limit the completeness of the data for individuals diagnosed with DH. Additionally, the 

accuracy of the study's findings depends on the precision of ICD codes reported to the NPR. 

We validated the L 13.0 code in the NPR and conducted a sensitivity analysis using the PPV 

derived from this validation to address this. 
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It is important to note that the NPR lacks data from primary healthcare, potentially leading 

to underreporting. Furthermore, the NPR was validated in only two counties. While this 

approach provided valuable insights, the restricted geographic scope may introduce a degree 

of bias, which should be considered when interpreting the results. 

Studies II, III, and IV share several important strengths and limitations. A notable strength is 

their design as large, population-based cohort studies, providing robust estimates of 

associated cancer (Study II), mortality (Study III) and comorbidity associations (Study IV). 

They use comprehensive patient cohorts representative of the general Swedish population 

and draw data from the validated NPR. Including only incident BP cases helps minimize 

selection bias, ensuring that the analysis includes patients across the full spectrum of disease 

severity. 

However, several limitations are also shared across these studies. All studies rely heavily on 

retrospective data collection, making them dependent on the accuracy and completeness of 

medical records and diagnostic coding in the NPR, thus introducing potential information 

bias and misclassification. Although the NPR has shown high positive predictive value for BP 

diagnoses (12), it remains possible that cases with only a single recorded diagnosis are not 

actual cases, leading to potential overestimation. 

Additionally, the registry-based nature of the data means clinical and immunological patient 

characteristics and precise details of treatment dosage and duration were unavailable. This 

lack of detailed clinical data restricts deeper characterization of patients and limits the ability 

to fully control for confounding. Despite matching cases and controls by age and sex to 

mitigate confounding, the potential for residual unmeasured confounders remains a concern 

across all studies. 

Specifically, Study II acknowledges ascertainment bias, as patients diagnosed with BP might 

be more likely to receive additional diagnoses (e.g., cSCC and lymphoma) compared to the 

general population. Moreover, the shorter follow-up time for BP patients than controls, 

mainly due to higher mortality, may also influence results. 

Study III emphasizes limitations related to variability in treatment practices. A substantial 

number of patients received no treatment, likely due to comorbidities, patient preference, or 

clinical judgment, potentially introducing selection bias and affecting generalizability. 

Another important limitation is that the patients’ treatment doses and durations were not 

known, and variations in treatment were inevitable in clinical practice. These differences may 

have influenced mortality outcomes. Previous studies have shown that patients with BP who 
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received high-dose systemic steroids had higher mortality rates and more side effects. 

Additionally, including patients with treatment initiated before diagnosis might lead to 

overestimating or misclassifying treatment effects. 

Lastly, Study IV underscores limitations concerning external validity, acknowledging that 

findings may not be directly applicable to populations with different ethnic or environmental 

backgrounds. Nonetheless, the extended follow-up period and comprehensive evaluation of 

comorbidities before and after BP diagnosis provide valuable insights into potential risk 

factors and clinical burden. 
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11. Conclusions and Future Prospects 

In this doctoral thesis, we investigated the epidemiology of DH and BP, focusing on 

incidence, mortality, cancer, and comorbidities using comprehensive national register-based 

data from Sweden. These studies contribute to a broader understanding of these two AIBD in 

Sweden. 

In our population-based cohort, we found that the incidence of DH in Sweden between 2005 

and 2018 was relatively low, at 0.93 per 100,000 inhabitants, consistent with trends in other 

Northern European countries (17, 18). Additionally, the incidence of DH rises with age, with 

the highest rates observed in individuals aged 80 and above. The findings also suggest that 

DH affects men and women equally. 

Accurate use of diagnostic codes is essential in register-based research. This study found that 

the specific diagnosis of DH had a PPV of 62.5% in the NPR, which is low compared with 

other diagnoses in the NPR, which is renowned for its high validity (156). This suggests that 

DH is a rare diagnosis and that there is a risk of misdiagnosis. This underlines the 

importance of cautious interpretation of registry data and the need for diagnostic validation 

using clinical and immunopathological criteria.  

Our investigation into malignancy associated with BP revealed a higher incidence of cSCC 

and lymphoma, whereas no increased overall cancer associated with BP was observed. These 

results support the hypothesis that systemic inflammation and immunosuppressive therapy 

may transiently increase cancer susceptibility in BP patients shortly after diagnosis. 

Interestingly, patients with BP showed a lower possibility of developing male genital cancers. 

At the same time, the findings emphasize the need for early detection of cSCC and lymphoma 

in this group, particularly within the first year following a BP diagnosis. 

We further observed that BP is associated with a markedly increased mortality, with CVD 

being the leading cause of death. Notably, combination treatment with MTX, prednisolone, 

and potent topical steroids was associated with a significant survival benefit. These findings 

emphasize the importance of early identification of high-risk patients and implementing 

individualized treatment strategies. 

Additionally, BP was associated with a broad spectrum of systemic manifestations. Patients 

with BP had significantly increased associated neurological, psychiatric, metabolic, 

cardiovascular, autoimmune and dermatological comorbidities both prior to and after 

diagnosis. These comorbidities suggest a complex interplay of immune and 

neuroinflammatory pathways and highlight the systemic nature of BP. 
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Recognition of BP as a disease strongly linked to comorbidity burden and increased mortality 

underscores the necessity for comprehensive patient assessments at diagnosis. A thorough 

review of prior neurological, psychiatric, metabolic and autoimmune conditions may aid in 

early detection and better management. Additionally, regular follow-up is essential to 

monitor for cardiovascular and oncological complications, particularly in older individuals. 

The choice and duration of immunosuppressive therapies must be carefully balanced against 

comorbidity profiles and individual frailty. With the rising incidence of BP in Western 

populations and an aging demographic, a multidisciplinary approach involving 

dermatologists, internists, and neurologists is increasingly important.  

Future research should focus on improving the accuracy of national registries, particularly for 

AIBD, by ensuring correct classification and diagnosis coding, especially for DH. 

Incorporating validation protocols that include DIF, histopathology, and serological testing is 

essential to strengthen diagnostic reliability. Prospective studies are also needed to 

understand better the role of environmental and modifiable risk factors in disease onset, 

particularly in older or vulnerable populations, and to evaluate strategies for prevention. 

In terms of treatment, regimens that include MTX appear promising in improving long-term 

outcomes, but further prospective trials are necessary to confirm both their safety and 

efficacy. More broadly, BP should be recognized not only as a dermatologic disease but as a 

systemic condition with a significant impact on mortality and overall health. Early detection 

of comorbidities, accurate registry documentation, and tailored treatment approaches are 

critical for improving prognosis. 

Finally, further investigation is warranted into the biological mechanisms linking BP to other 

systemic conditions. Such research may also help clarify whether routine cancer screening 

should be considered in patients with BP. Understanding these pathways will be key to 

refining patient care and guiding future therapeutic strategies. 
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