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Bullous pemphigoid (BP) is an autoimmune blistering skin disease with increasing incidence. BP is
associated with neurological disorders, but it has not been established, what subtypes of dementia

* and stroke are associated with BP, and what is the temporal relation between these diseases. Also,

. the association between BP and psychiatric disorders is controversial. We conducted a retrospective

. nationwide study, using the Finnish Care Register for Health Care diagnoses between 1987 and 2013.

. The study population of 4524 BP patients were compared with 66138 patients with basocellular

. carcinoma (BCC), neurological and psychiatric comorbid disorders were evaluated for both groups, and
associations were estimated by Cox regression and logistic regression analyses. The strongest risk of
developing BP was found after diagnosis of multiple sclerosis (MS) (OR=5.9, 95% CI 3.9-8.5). Among
psychiatric diseases, the corresponding risk was strongest in schizophrenia (OR=2.7, 95% Cl 2.0-3.5),
and as a novel finding, also personality disorders (OR=2.2, 95% CI 1.3-3.3) preceded BP. In conclusion,
many psychiatric disorders, especially schizophrenia, carry heightened risk for BP. Furthermore, several

. neurological diseases which cause central nervous system inflammation or degeneration were related

: to BP, and the association was strongest between MS and BP.

. Bullous pemphigoid (BP) is an autoimmune skin disease with incidence varying between 0.25 and 4.28/100.000
- per year'~. The age-adjusted incidence of BP has been reported to be on the rise'~*. BP typically presents with
. severe itching and blistering of the skin, but in up to 20% of patients blisters are completely absent and only
: excoriations or eczematous, urticated lesions are observed®. BP typically affects elderly people, has many comor-
. bidities and carries an elevated risk of death compared with the general population of the same age!. The patho-
. genesis of BP is characterized by autoantibodies directed against the hemidesmosomal components between the
. basal keratinocytes of the epidermis and the extracellular matrix of the dermis, resulting in subepidermal blister
. formation. The main autoantigen is bullous pemphigoid antigen 180 (BP180, also known as BPAG 2 or collagen
© XVII), though BP patients may also have autoantibodies against bullous pemphigoid antigen 230 (BP230 or
: BPAG1), another hemidesmosomal protein®.

Several studies have established an association between BP and neurological disorders, especially stroke,
dementia and Parkinson’s disease>®. The mechanism behind this association has been suggested to be an autoin-
flammatory reaction against BP180 or the neuronal isoform of BP230 in the human brain®!°. However, previous
studies did not specify the types of dementia or cerebrovascular stroke. Neurological disorders precede BP>S, but
it is unclear, whether the risk of developing neurological disorders is elevated after a diagnosis of BP.
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To date, only a few studies have examined the epidemiological association between BP and psychiatric con-
ditions. It has been reported that BP patients are more likely than the general population to have schizophrenia
before their BP diagnosis’, and unipolar and bipolar disorders are also associated with BP*!. On the contrary,
another study found no connection between BP and depression'? and none of these studies have reported whether
the risk for psychiatric disorders is elevated after the diagnosis of BP.

In order to clarify which neurological and psychiatric disorders are associated with BP and their temporal
relationships, we conducted a nationwide, retrospective study using the Finnish Care Register for Health Care
with one of the largest BP cohorts to date. Patients with comprehensive register data of diagnoses, comorbidities
and dates of death were available thanks to highly reliable Finnish registries'’.

Results
Characteristics of BP patients and controls. We found 4524 patients with BP (2719 [approx. 60%]
women) and 66138 patients with BCC (36240 [approx. 55%] women) among individuals who were aged over 40
years and who had been treated in Finnish hospitals between 1987 and 2013. The mean =+ standard deviation age
at the time of diagnosis was 77 &= 11 years for BP and 73 + 12 years for BCC. The crude incidence of BP in Finland
was 2.5/100,000 per year and using the European standard population as a reference, the age-adjusted incidence
was 1.8/100,000 per year.

The most common neurological comorbidities in BP patients were cerebral infarction (n = 859), ‘other or
unspecified dementia’ (n=607), and Alzheimer’s disease (n=617) and among psychiatric (primary) diagnoses,
depression (n=259) (Table 1).

Neurological and psychiatric diseases and the risk of BP.  Several central nervous system (CNS),
but not peripheral nervous system diseases were associated with BP. Patients with multiple sclerosis (MS) had
5.9-fold higher risk of developing BP later in life compared with controls (Table 2). In comparison with controls,
dementias were also strongly associated with heightened risk of subsequent BP: ‘other or unspecified dementia’
with 3.8-fold, vascular dementia with 3.6-fold and Alzheimer’s disease with 2.6-fold. The risk for subsequent
BP was 2.1-fold higher in patients with subarachnoid hemorrhage, 2.6-fold higher in intracerebral hemorrhage
and 1.8-fold higher in cerebral infarction than in controls. Among psychiatric diseases, especially schizophrenia
(2.7-fold increased risk), schizotypal and delusional disorders (2.1-fold increased risk) and personality disorders
(2.2-fold increased risk) preceded BP significantly more often than BCC (Table 2).

Compared with controls, BP patients had a significantly higher risk of neurological and psychiatric disor-
ders following the diagnosis of BP, the risk of epilepsy was 2.0-fold higher, schizotypal and delusional disorders,
1.8-fold, and dementias 1.2-1.7-fold. The risk for viral meningitis was 2.3-fold and that for viral encephalitis
2.0-fold higher (Table 2).

The mean time between diagnosis of dementia and that of BP was three years while MS patients developed
BP approximately 12 years after MS diagnosis. Psychiatric diagnoses occurred between approximately 7 and 11
years before BP (Table 2).

Discussion

Our comprehensive, nationwide, registry-based study showed that several psychiatric disorders preceded BP.
These disorders included schizophrenia, schizotypal and delusional disorders, bipolar affective disorder, major
depressive disorder, personality disorders, and ‘neurotic, stress-related and somatoform disorders. In previous
studies, psychiatric comorbidity in BP has been controversial”'"! and the association between BP and schizo-
phrenia has emerged only in the study by Chen and coworkers (2011), which found similar elevation of risk as did
our study. Our results support those of Bastuji-Garin and colleagues!!, which showed an association of BP with
bipolar affective disorder and major depressive disorder.

Our finding of an association between BP and dementias are in line with previous reports, particularly with
the pioneering work of Langan and colleagues®, which showed that diagnosis of dementia elevates the risk for
BP. However our study is the first to classify BP-associated dementias into specific diagnostic categories, and the
first to demonstrate that the risk of developing BP was nearly 3-fold after a diagnosis of Alzheimer’s disease, and
nearly 4-fold higher following a diagnosis of vascular dementia, as well as one of ‘other or unspecified dementia’

While previous studies have used an undefined category of stroke, we divided cerebrovascular disorders into
subarachnoid hemorrhages, intracerebral hemorrhages, and cerebral infarctions. We found that each, despite
different pathophysiology, carried an approximately 2-fold elevated risk for subsequent BP compared with con-
trols. Among neurological disorders the strongest association, however, was found between MS and BP. In a large
cohort of MS patients, the risk of developing a subsequent BP was nearly 7-fold'*. Our novel finding was that BP
occurred on average 12 years earlier in MS patients than in BP patients in general.

Regarding diagnoses following a BP diagnosis, we showed that the risk of developing epilepsy was increased
2-fold whereas the risk for incident dementias and cerebrovascular diseases was elevated, but not to the same
extend as the risk for epilepsy. The previous studies, except the ones considering motor neuron diseases® and
strokes'®, have most probably missed this connection because of small study populations or short follow-up time.
Still, the 2-fold increased risk of viral meningitis or viral encephalitis following a diagnosis of BP was unexpected.
Although the small number of cases can bias this result, one possible explanation for true causality could be the
common practice of treating BP with immunosuppressive drugs.

The highest risk of developing BP in our study was in MS, a well-known autoimmune disease of the CNS.
Besides MS, evidence has accumulated that neuroinflammation also plays a role in various of the other neurolog-
ical and psychiatric diseases that showed an increased risk of BP in this study. Neuroinflammatory mechanisms
have been recognized in neurodegenerative diseases such as Alzheimer’s disease!® and Parkinson’s disease!” as
well as in schizophrenia'®, but also in diseases with a more acute clinical phenotype e.g. cerebral infarction'’. In
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Central nervous system diseases

Alzheimer’s disease 331.0 A/F00, G30 343/274 1520/3867
Vascular dementia 437.8X, 437.8 A/F01 100/101 325/964
Other/unspecified dementia 331.2X,290.0 A/F03, G31° 342/265 1092/2462
Parkinson’s disease 332.0A/G20, F02.3 146/45 812/730
Multiple sclerosis (MS) 340.0 A/G35, F02.89*G35 35/1 112/30
Essential tremor 333.1A/G25.0 18/8 240/150
gDaeriggel?:rative diseases of basal 333.0 A/G23 4 16/34
Narcolepsy and cataplexy 347.1 A/G47 .4 0/0 4/3
Subarachnoid hemorrhage 430.1A,430.0 A, 430.9X/160 33/6 236/186
Intracerebral hemorrhage 431, 432/161,162 100/64 517/862
Cerebral infarction IOAAIILA, 4339 AI’GA;M.O A ASIA AN 539/320 4080/4208
Epilepsy 345/G40° 148/77 981/715
Migraine 346.0 A, 346.1 A, 346.9X/G43 22/9 432/177
323.8B,053.1A,054.3B,052.0A, 063.2 A, 056.0 A,
Viral encephalitis 055.0 A, 049.9X, 064.0 A, 063.8X, 063.9X, 062.8X, 5/10 92/84

062.9X, 139.0 A/A84, A85, A86, B01.1+, A83.8,
A83.9, G05.1%, B05.0+, B02.0, B00.4

047.0 A, 047.1 A, 047.8X, 047.9X, 320.0 A, 054.3 A,
053.0 A, 049.8X, 049.9X/A87, G02.0*, G03.9, 6/8 89/66
B05.1+, B02.0, B02.1, B00.4

323.8A,036.1A,036.1B,013.8A,013.8B, 137.1X/

Viral meningitis

Bacterial meningoencephalitis G04.2, G05.0* 0/0 8/4
Bacterial meningit Y500 A, 0750 A, 01308, 3269%100, 01+ 0 3817
Peripheral nervous system diseases

Dystonia 333.6 A/G24¢ 11/1 119/59
Etr}il‘;agyii;;’t'}i‘?: of muscles and 359¢/G71, G72f 22/26 185/308
Cranial nerve disorders 350, 352/G50, G51, G52 43/12 684/317
Motor neuron disease (ALS) 335.2A,335.2B,335.2C/G12.2 3/4 16/57
Polyneuropathy 357.0A, 356, 357.8)223’769;51/G61, G62.8,G62.9, 46/13 528/350
Mitochondrial myopathy -8/G71.3,G32.8* 1/0 2/5
Psychiatric diseases®

(Sflf‘c‘li‘:ltlyrfgﬂs?}’l‘l‘if:flf‘;?t‘l’\‘,‘:ld?s‘g?ﬁfsr)s 297.1A,297.3 A, 298.8 A, 298.9X/F22-29 81/33 584/316
Schizophrenia 295/F20, F21 53/5 343/72
Manic episode -8/F30 2/2 36/28
Bipolar affective disorder 296.2,296.3,296.4, 296.7 A/F31 19/1 195/66
Major depressive disorder 296.1A,296.8A,300.4A/F32,F33,F34.1 200/59 2095/970
Neurotic, stres_s-related and 300", 309.0 A, 309.2C, 309.2D, 309.2E, 309.3 A, 95/37 1226/564
somatoform disorders 309.4A,309.8 A, 309.8X, 309.9X/F40-45, F48

Personality disorder 301/F60-69 21/2 185/31

Table 1. The number of neurological and psychiatric diseases among patients with bullous pemphigoid
(BP) and basocellular carcinoma (BCC) before and after the corresponding (BP/BCC) diagnosis.
Abbreviations: ICD, International Classification of Diseases; BP, bullous pemphigoid; BCC, basocellulare
carcinoma. *Primary diagnoses, "Excluding G31.2, “Excluding G40.51, G40.52, ‘Excluding G24.0#, °Excluding
359.4 A,359.4B, fExcluding G71.10#, G71.3, G72.0#, G72.1, G72.2, 8Not corresponding diagnosis in ICD-9,
"Excluding 300.4 A.

addition, depression® and, recently, bipolar and stress-related disorders??2 have been suggested to have neu-
roinflammatory changes as pathophysiological factors. In neuroinflammation, different disease-specific patho-
mechanisms either peripherally or centrally, trigger the activation of glia, which in turn leads to the production
of inflammatory mediators®.

Autoimmunity against BP180 is recognized as a crucial event in the pathogenesis of BP, but it is completely
unknown what triggers the increase in autoantibodies in elderly people®*. BP180 is strongly expressed in the cor-
tex and hippocampus, regions of the brain that are predilection areas for e.g. Alzheimer’s disease-related lesions®*.
In addition, the neuronal isoforms of BP230 are widely expressed in the human central and peripheral nervous
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Mean time to BP, Mean time to comorbid

OR (95% CI)* years (std.dev) HR (95% CI)* disease, years (std.dev)
Central nervous system diseases
Alzheimer’s disease 2.64(2.33-2.99) 3.1(2.5) 1.24 (1.09-1.40) 4.0 (4.0)
Vascular dementia 3.58 (2.84-4.49) 3,0(2.7) 1.67 (1.36-2.05) 3.5(3.8)
Other/unspecified dementia 3.84 (3.37-4.37) 3.1(3.0) 1.75 (1.54-1.99) 3.7(4.1)
Parkinson’s disease 2.40 (2.00-2.87) 4.6 (4.0) 1.13 (0.83-1.52) 2.2(2.8)
Multiple sclerosis (MS) 5.87(3.93-8.53) 12.2 (6.0) 0.67 (0.09-4.95) 1.6 (9
Subarachnoid hemorrhage 2.05(1.40-2.92) 8.5(6.0) 0.58 (0.26-1.31) 34(3.2)
Intracerebral hemorrhage 2.62(2.10-3.24) 6.8 (5.6) 1.30 (1.01-1.68) 3.5(3.4)
Cerebral infarction 1.79 (1.62-1.97) 5.5(4.9) 1.30 (1.16-1.46) 4.1 (4.0)
Epilepsy 2.33(1.95-2.77) 7.9 (6.8) 1.97 (1.55-2.49) 3.8(3.7)
Viral encephalitis 0.80 (0.28-1.77) 8.5 (5.6) 2.04 (1.05-3.93) 2.8(3.4)
Viral meningitis 1.06 (0.41-2.24) 7.3(6.4) 2.28 (1.09-4.77) 3.6(3.9)
Psychiatric diseases®
Schizotypal and delusional disorders | 2.06 (1.62-2.60) 7.5(6.2) 1.82(1.27-2.61) 3.7 (4.5)
Schizophrenia 2.65(1.95-3.51) 11.7 (9.0) 1.36 (0.55-3.37) 3.3(4.6)
Bipolar affective disorder 1.70 (1.02-2.66) 9.4 (6.8) 0.31 (0.04-2.23) 7.9 ()
Major depressive disorder 1.51 (1.29-1.75) 7.1(5.2) 1.14 (0.88-1.49) 3.7 (4.4)
iﬁng;ﬁr ilslss;:cllaetrzd and 1.27 (1.02-1.57) 7.3(5.8) 1.24 (0.89-1.74) 29 (3.0)
Personality disorder 2.17 (1.33-3.33) 11.2(7.7) 1.25 (0.30-5.23) 6.8 (9.5)

Table 2. Odds ratios (OR) in patients with neurological or psychiatric disease for bullous pemphigoid
(BP) and mean time to BP diagnosis. Hazard ratios (HR) in patients with BP for neurological and psychiatric
diseases and mean time to comorbid (neurological or psychiatric) diagnosis. Only diseases with statistically
significant OR or HR included. OR, odds ratio; std.dev, standard deviation; HR, hazard ratio. *°Adjusted for sex
and age, "Primary diagnoses, cIncludes only one case, std.dev cannot be calculated.

systems®*?°. This, and BP’s association of several neurological and psychiatric diseases, has led to a hypothesis that
neuroinflammation could lead to a cross-reactive immune response between neural and cutaneous antigens®*'°.

So far only a handful of studies have analyzed the association between BP and neurological disorders at the
molecular level by measuring IgG reactivity against BP autoantigens in the sera of patients with neurological
diseases?®~?8. A recent study failed to detect autoantibodies against BP180 or BP230 in patients with Parkinson’s
disease (n=125) and MS (n = 50). However, the mean age of patients with Parkinson’s disease was 63 years and
that of MS patients only 33 years, which may explain this study’s negative results?’. In contrast, another very
recent study found that nine out of 24 patients with Parkinson’s disease and six out of 26 patients with various
dementia types had antibodies against BP180%. In this study, the age of the patients was not reported. The associa-
tion between BP autoantibodies and dementia has also been shown in a French study of 69 dementia patients and
69 controls (aged over 69 years)* in which BP180 autoantibodies were detected in 7% of subjects with dementia
(Mini-Mental State Examination, [MMSE] score <24), but not in controls (MMSE score >24). Using ELISA
assays, our research group has recently analyzed the IgG reactivity to BP autoantigens in the sera of 115 patients
with Alzheimer’s disease and 40 neurologically healthy controls. Autoantibodies against the immunodominant
NC16A domain of BP180 were found in 19% of Alzheimer’s disease patients, but only 2% of controls had positive
results. The levels of BP180 autoantibodies correlated with the level of cognitive decline®.

Another factor behind the association between neurological and psychiatric disorders and BP could be the
medication used for these diseases. Chronic use of both spironolactone and phenothiazine antipsychotics has
been demonstrated to be associated with BP'!. For now, the role of drugs serving as triggers for BP is poorly
understood. The genetic background and HLA (human leukocyte antigen) -association in BP seems to be of less
importance than in another autoimmune blistering skin disease, pemphigus®. Still, association between BP and
HLA-DQB1*0301 antigen has been reported among Caucasian patients®!. There is also a possibility that unknown
changes in the immune systems of elderly people lead to the loss of immunotolerance against BP180/BP230 sep-
arately in the skin and brain.

Ours is one of the largest studies of BP, neurological and psychiatric diseases, and covers a long study period.
Even so, the number of cases of personality disorder and bipolar affective disorder was relatively small and con-
sequently further studies are required to confirm our findings. One limitation of the data set we examined was
that data for outpatient visits were not available before 1998. A major limitation in the use of administrative reg-
istry data is that direct validation of diagnoses is not possible. However, studies assessing the internal validity of
Finnish registries and comparing registry information with patient records have confirmed that the coverage and
accuracy of Finnish registry data are well-suited for epidemiological research'.

We conclude that the association between BP and schizotypal and delusional disorders, dementias, epilepsy,
and cerebrovascular diseases was bidirectional, but the risk of developing BP was higher after the corresponding
neurological or psychiatric diagnosis than vice versa. However, the risk of incident BP was highest in patients
with MS, and what is more, these patients were remarkably younger at the time of BP diagnosis than BP patients
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in general. Clinicians who treat neurological or psychiatric patients should take into account the possibility of BP:
to examine the skin carefully, to screen for pruritus and to remember that pruritus may also manifest as anxiety.
It also has to be remembered that in many BP cases, pruritus can precede blistering of the skin by several months,
disturb sleeping, thus strongly affecting the individual’s cognition as well. In future, large prospective studies with
well-characterized cohorts of neurological and psychiatric patients are required to understand in more detail the
association of BP with neuroinflammation. It is also important to address the molecular mechanism leading to
the breakage of immunological tolerance against BP autoantigens in the human brain.

Methods

Populations and databases. This was a retrospective database study of all BP cases diagnosed in every
Finnish hospital between 1% Jan 1987 and 31* Dec 2013. The patient records were obtained from the statutory
Finnish Care Register for Health Care (former name the Finnish Hospital Discharge Register) maintained by the
National Institute of Health and Welfare, and selected by diagnoses based on the International Classification of
Diseases (ICD 9 codes 6945 A and 6945B, and ICD 10 code L12.0). The Care Register covers all hospitals admin-
istered by local authorities, municipal federations and central government as well as the largest private hospitals.
Each record contains the identification numbers of the patient and hospital, primary and subsidiary diagnoses,
and duration of hospital stay. The Care Register also covers outpatient visits from 1998 onwards. In Finland,
ICD-9 was used between 1987 and 1995 and ICD-10 since 1996.

In this study, the control population was formed of patients having basocellular carcinoma (BCC) (ICD 9
codes 1730A-1739A and ICD 10 codes C44.01, C44.11, C44.21, C44.31, C44.41, C44.51, C44.61, C44.71, C44.81,
C44.91) since it is a common diagnosis, affects people in advanced age as does BP, and is not inflammatory in
origin. The neurological and psychiatric comorbid diagnoses, including both primary and subsidiary diagnoses
(Table 1), were gathered for both BP patients and controls from the Care Register for Health Care. To ensure the
validity of psychiatric diagnoses, we calculated the association between BP and psychiatric diseases using solely
primary psychiatric diagnoses made in the specialized care setting. The dates of death were provided by the
Population Register Centre. Only records of patients aged 40 years and above were included in the study since BP
is rarely seen in younger individuals">*2,

Ethical aspects and permissions. The data of the study population and controls were obtained with-
out identification and patients were not contacted, which is why a statement of the ethical committee was not
required. However, permission was obtained from the National Institute of Health and Welfare and from the Data
Protection Ombudsman.

Outcomes. The primary outcome in this study was association between BP and neurological and psychiatric
disorders. The secondary outcome was to determine any temporal causality between BP and neurological and
psychiatric diseases, i.e. which condition precedes the other. A third outcome was to calculate the incidence of BP
in the whole of Finland within the specified 26-year time period.

Statistical analyses. The characteristics of the study population were presented as proportions and means.
The associations between BP and a history of neurological and psychiatric disorders were evaluated using a logis-
tic regression model and presented with odds ratios (OR) and 95% confidence intervals (CI). The risk of develop-
ing neurological and psychiatric disorders during follow-up for BP or BCC were compared between patients and
controls using the Cox proportional hazards regression model and presented with hazard ratios (HR) and 95% CI.
The duration of follow-up was defined as the time from the date of diagnosis of BP or BCC to the date of diagnosis
of neurologic or psychiatric disorder of interest. If the diagnosis of neurological or psychiatric disorder of interest
did not appear, the follow-up ended at the date of death or at the date of last visit record. Both statistical models
were adjusted for age at the time of diagnosis and for gender.

The crude incidence rate was calculated as the ratio of the number of new BP cases in one year to the num-
ber of individuals who were at risk. The age-standardized incidence was calculated using indirect method and
the Revised European Standard Population 2013 (ESP2013) as a reference. The standard population of Finland
between 1987 and 2013 for different age groups was provided by Statistics Finland (http://www.tilastokeskus.f1).

All Statistical analyses were performed using STATA (Data Analysis and Statistical Software, MP 13, StataCorp
LP, College Station, TX 77845, USA) and the SAS software package (version 9.4, SAS Institute, Inc) and two sided
P-values less than 0.05 were considered statistically significant.

References

1. Forsti, A. K., Jokelainen, J., Timonen, M. & Tasanen, K. Increasing incidence of bullous pemphigoid in Northern Finland: a
retrospective database study in Oulu University Hospital. Br. J. Dermatol. 171, 1223-1226 (2014).

2. Joly, P. et al. Incidence and mortality of bullous pemphigoid in France. J. Invest. Dermatol. 132, 1998-2004 (2012).

3. Langan, S. M. et al. Bullous pemphigoid and pemphigus vulgaris-incidence and mortality in the UK: population based cohort study.
BMJ 337, a180 (2008).

4. Schmidt, E. & Zillikens, D. Pemphigoid diseases. Lancet 381, 320-332 (2013).

5. Brick, K. E. et al. A population-based study of the association between bullous pemphigoid and neurologic disorders. J. Am. Acad.
Dermatol. 71, 1191-1197 (2014).

6. Langan, S. M., Groves, R. W. & West, J. The relationship between neurological disease and bullous pemphigoid: a population-based
case-control study. J. Invest. Dermatol. 131, 631-636 (2011).

7. Chen, Y. J. et al. Comorbidity profiles among patients with bullous pemphigoid: a nationwide population-based study. Br. J.
Dermatol. 165, 593-599 (2011).

8. Ong, E. L., Goldacre, R. & Taghipour, K. The relationship between motor neuron disease and bullous pemphigoid: an English cohort
study. J. Am. Acad. Dermatol. 69, 836-837 (2013).

SCIENTIFICREPORTS | 6:37125 | DOI: 10.1038/srep37125 5


http://www.tilastokeskus.fi

www.nature.com/scientificreports/

9. Seppanen, A. Collagen XVII: a shared antigen in neurodermatological interactions? Clin. Dev. Immunol. 2013, 240570 (2013).

10. Kunzli, K., Favre, B., Chofflon, M. & Borradori, L. One gene but different proteins and diseases: the complexity of dystonin and
bullous pemphigoid antigen 1. Exp. Dermatol. 25, 10-16 (2016).

11. Bastuji-Garin, S. et al. Risk factors for bullous pemphigoid in the elderly: a prospective case-control study. J. Invest. Dermatol. 131,
637-643 (2011).

12. Teixeira, V. B., Cabral, R., Brites, M. M., Vieira, R. & Figueiredo, A. Bullous pemphigoid and comorbidities: a case-control study in
Portuguese patients. An. Bras. Dermatol. 89, 274-278 (2014).

13. Sund, R. Quality of the Finnish Hospital Discharge Register: a systematic review. Scand. J. Public Health 40, 505-515 (2012).

14. Langer-Gould, A., Albers, K. B., Van Den Eeden, S. K. & Nelson, L. M. Autoimmune diseases prior to the diagnosis of multiple
sclerosis: a population-based case-control study. Mult. Scler. 16, 855-861 (2010).

15. Yang, Y. W,, Chen, Y. H., Xirasagar, S. & Lin, H. C. Increased risk of stroke in patients with bullous pemphigoid: a population-based
follow-up study. Stroke 42, 319-323 (2011).

16. Heneka, M. T. et al. Neuroinflammation in Alzheimer’s disease. Lancet Neurol. 14, 388-405 (2015).

17. Hirsch, E. C. & Hunot, S. Neuroinflammation in Parkinson’s disease: a target for neuroprotection? Lancet Neurol. 8, 382-397 (2009).

18. Muller, N., Weidinger, E., Leitner, B. & Schwarz, M. J. The role of inflammation in schizophrenia. Front. Neurosci. 9, 372 (2015).

19. Lourbopoulos, A., Erturk, A. & Hellal, F. Microglia in action: how aging and injury can change the brain’s guardians. Front. Cell.
Neurosci. 9, 54 (2015).

20. Bhattacharya, A., Derecki, N. C., Lovenberg, T. W. & Drevets, W. C. Role of neuro-immunological factors in the pathophysiology of
mood disorders. Psychopharmacology (Berl) 233, 1623-1636 (2016).

21. Fanning, J. R, Lee, R., Gozal, D., Coussons-Read, M. & Coccaro, E. F. Childhood trauma and parental style: Relationship with
markers of inflammation, oxidative stress, and aggression in healthy and personality disordered subjects. Biol. Psychol. 112, 56-65
(2015).

22. Naaldijk, Y. M, Bittencourt, M. C., Sack, U. & Ulrich, H. Kinins and microglial responses in bipolar disorder: a neuroinflammation
hypothesis. Biol. Chem. 397, 283-296 (2016).

23. Nishie, W. Update on the pathogenesis of bullous pemphigoid: an autoantibody-mediated blistering disease targeting collagen XVII.
J. Dermatol. Sci. 73, 179-186 (2014).

24. Seppanen, A. et al. Collagen XVII is expressed in human CNS neurons. Matrix Biol. 25, 185-188 (2006).

25. Claudepierre, T. et al. Collagen XVII and BPAG1 expression in the retina: evidence for an anchoring complex in the central nervous
system. J. Comp. Neurol. 487, 190-203 (2005).

26. Foureur, N. et al. Correlation between the presence of type-2 anti-pemphigoid antibodies and dementia in elderly subjects with no
clinical signs of pemphigoid. Ann. Dermatol. Venereol. 133, 439-443 (2006).

27. Recke, A. et al. Parkinson’s disease and multiple sclerosis are not associated with autoantibodies against structural proteins of the
dermal-epidermal junction. Br. J. Dermatol. 175, 407-409 (2016).

28. Messingham, K. A. et al. Autoantibodies to Collagen XVII Are Present in Parkinson’s Disease and Localize to Tyrosine-Hydroxylase
Positive Neurons. J. Invest. Dermatol. 136, 721-723 (2016).

29. Kokkonen, N. et al. Increased Levels of the Bullous Pemphigoid BP180 Autoantibody Are Associated with More Severe Dementia in
Alzheimer’s Disease. J. Invest. Dermatol. doi: 10.1016/j.jid.2016.09.010. [Epub ahead of print] (2016).

30. Alpsoy, E., Akman-Karakas, A. & Uzun, S. Geographic variations in epidemiology of two autoimmune bullous diseases: pemphigus
and bullous pemphigoid. Arch. Dermatol. Res. 307,291-298 (2015).

31. Delgado, J. C. et al. A common major histocompatibility complex class IT allele HLA-DQB1* 0301 is present in clinical variants of
pemphigoid. Proc. Natl. Acad. Sci. USA 93, 8569-8571 (1996).

32. Marazza, G. et al. Incidence of bullous pemphigoid and pemphigus in Switzerland: a 2-year prospective study. Br. J. Dermatol. 161,
861-868 (2009).

Acknowledgements
This research was funded by the Medical Research Center Oulu doctoral programand The Finnish Medical
Foundation (grant/salary to A-K.F, not involvement in the study).

Author Contributions
A.-KE,JJ,HA, AS,KM., M.T. and K.T. participated in the study design, writing and editing the manuscript and
formulating the final conclusions. A.-K.F. and J.J. analyzed the data. A.-K.E, J.]. and K.T. prepared Tables 1 and 2.

Additional Information
Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Forsti, A.-K. et al. Psychiatric and neurological disorders are associated with bullous
pemphigoid - a nationwide Finnish Care Register study. Sci. Rep. 6, 37125; doi: 10.1038/srep37125 (2016).

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images
MM o1 other third party material in this article are included in the article’s Creative Commons license,

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

© The Author(s) 2016

SCIENTIFICREPORTS | 6:37125 | DOI: 10.1038/srep37125 6


http://creativecommons.org/licenses/by/4.0/

	Psychiatric and neurological disorders are associated with bullous pemphigoid – a nationwide Finnish Care Register study

	Results

	Characteristics of BP patients and controls. 
	Neurological and psychiatric diseases and the risk of BP. 

	Discussion

	Methods

	Populations and databases. 
	Ethical aspects and permissions. 
	Outcomes. 
	Statistical analyses. 

	Acknowledgements
	Author Contributions
	﻿Table 1﻿﻿. ﻿ The number of neurological and psychiatric diseases among patients with bullous pemphigoid (BP) and basocellular carcinoma (BCC) before and after the corresponding (BP/BCC) diagnosis.
	﻿Table 2﻿﻿. ﻿ Odds ratios (OR) in patients with neurological or psychiatric disease for bullous pemphigoid (BP) and mean time to BP diagnosis.



 
    
       
          application/pdf
          
             
                Psychiatric and neurological disorders are associated with bullous pemphigoid – a nationwide Finnish Care Register study
            
         
          
             
                srep ,  (2016). doi:10.1038/srep37125
            
         
          
             
                Anna-Kaisa Försti
                Jari Jokelainen
                Hanna Ansakorpi
                Allan Seppänen
                Kari Majamaa
                Markku Timonen
                Kaisa Tasanen
            
         
          doi:10.1038/srep37125
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 The Author(s)
          10.1038/srep37125
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep37125
            
         
      
       
          
          
          
             
                doi:10.1038/srep37125
            
         
          
             
                srep ,  (2016). doi:10.1038/srep37125
            
         
          
          
      
       
       
          True
      
   




