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SIGNIFICANCE
Darier disease and Hailey-Hailey disease are both severe 
skin diseases. Cognition in these diseases has been evalua-
ted and compared with that of matched healthy individuals. 
Significant impairment in cognitive function was found in 
patients with Darier disease compared with controls, while 
no significant difference from controls was found in Hailey-
Hailey disease. This adds to the growing body of evidence 
supporting the view that Darier disease is a disorder not just 
affecting the skin, and that patients might require special 
medical consideration and possibly targeted medication.

Darier disease and Hailey-Hailey disease are severe, 
monogenetic dermatological disorders with mutations 
affecting all cells, making them liable to exhibit extra- 
dermal symptoms. The aim of this study is to assess 
broad cognitive function in individuals with these 
diseases, using an experimental, case-control set-up 
comparing cognition in patients with that in healthy 
controls matched for age, sex and level of educa-
tion. Cognition was assessed with the Cambridge 
Neuropsycho logical Test Automated Battery. Patients 
with Darier disease (n = 29)  performed  significantly 
poorer on 5 of the 10 key cognitive measurements, 
while patients with Hailey-Hailey disease (n = 25) did 
not perform differently from controls. The main con-
clusion is that patients with Darier disease exhibit sig-
nificant impairment in cognitive function, which rein-
forces the view that Darier disease should be regarded 
as a disorder affecting multiple organs, and should 
therefore be given medical consideration, and possibly 
treat ment, as such.

Key words: Darier disease; Hailey-Hailey disease; cognition; 
cognitive impairment; SERCA2; SPCA1.
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Darier disease (DD) and Hailey-Hailey disease 
(HHD) are rare, hereditary and severe dermato-

logical diseases with similar pathophysiology, and a 
similar estimated prevalence of approximately 1:50,000 
individuals (1–4). DD and HHD are mapped to different 
chromosomal locations. DD presents with lifelong and 
widespread greasy hyperkeratotic papules in seborrhoeic 
regions, nail abnormalities, mucous membrane changes 
and malodorous plaques (1, 5) and HHD is characteri-
zed by blistering and painful erosive and erythematous 
plaques in the flexures and sites of friction (4, 6, 7). Both 
diseases are caused by heterozygote autosomal dominant 
mutations; for DD in the ATP2A2 gene, and for HHD in 
the ATP2C1 gene.

The ATP2A2 gene encodes a sarco/endoplasmic re-
ticulum Ca2+-ATPase 2 (SERCA2), which transports 
calcium from the cytosol into the endoplasmic reticulum 

lumen. The protein encoded by the ATP2C1 gene is hu-
man secretory pathway Ca2+/Mn2+-APTase 1 (SPCA1), 
a calcium and manganese pump in the Golgi apparatus 
(8–12). SERCA2 and SPCA1 are ubiquitously expressed 
and of key importance for endoplasmic reticulum and 
Golgi function, sometimes referred to as “housekeeping” 
proteins (13–18). To date, there is a lack of feasible, 
targeted treatments for either disease. 

Cognitive impairment is a hallmark feature of many 
psychiatric and neurodegenerative diseases, making 
it an important area of research within these fields. A 
recent review by Britzolaki et al. (19) summarizes the 
involvement of SERCA2 in neurobiology in general and 
its association with specific neuropsychiatric diseases 
and neurodegenerative disorders, supporting its role as 
an important factor in these areas. However, only loose 
implications can be drawn as to the contribution of SER-
CA2 in cognitive function per se. For SPCA1, there is 
evidence of its expression and activity in several types of 
neuronal cells (20), reports linking it to the fundamental 
neurobiological processes of neural differentiation (21) 
and neural tube closure (22), as well as data implicating 
its role in neurodegenerative disorders (23). 

Only a few case reports of affective symptoms in 
patients with HHD have been reported (24–26), and 
there are no studies connecting HHD or SPCA1 with 
cognitive function or other psychiatric symptoms. Con-
versely, more evidence exists of an association between 
DD and several psychiatric diseases and intellectual 
impairments (1, 27–36), as well as an effect on overall 
cognition (37–39). However, these studies estimate sta-
tistical associations or are population-based in nature, and 
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general cognition has not been tested experimentally at 
the individual patient level with a closely matched con-
trol group in either disease group. Cognitive function in 
itself is at the centre of not only several psychiatric and 
neurological disorders, but also has a pivotal influence on 
everyday life in general. Thus, the results of correct and 
relevant evaluation of cognition can yield information 
of great importance for both the patients themselves and 
the physicians treating them. 

The aim of this study was to assess broad cognitive 
function in groups of patients with DD and with HHD 
and closely matched healthy control subjects. To the best 
of our knowledge, this is the first report experimentally 
investigating and comparing cognitive function in either 
disease group with a closely matched control group, hav-
ing been previously examined mainly through register 
data and questionnaire surveys. 

MATERIALS AND METHODS

Recruitment of participants

Patients were recruited through the dermatology department at 
Karolinska University Hospital (Stockholm, Sweden), as well 
as through family members of known patients. Healthy controls 
were recruited through advertisements in the dermatology clinic 
and through advertisements on the Karolinska Institutet (Stock-
holm, Sweden) website. Controls received symbolic monetary 
compensation for their time (200 SEK). 

Study group

The study included 29 patients with DD, 25 patients with HHD, 
and matched healthy controls in a 1:1 ratio. Controls were matched 
for age, sex and level of education. Age was matched in ± 5-year 
intervals. Level of education was graded in 6 categories according 
to the highest level of education achieved and matched in ± 1-level 
intervals: (i) disrupted education before high school; (ii) disrupted 
high school; (iii) high school education; (iv) university education 
3 years; (v) university education master’s degree; and (vi) PhD

Inclusion criteria were: typical skin lesions in combination with 
typical histopathology and/or family history. Exclusion criteria 
were: age < 18 years, significant ongoing psychiatric disorders, 
neurotropic or psychotropic medication, active substance abuse, 
dementia, acute illness during the past 4 weeks, and pregnancy. 

Clinical assessment

Patients underwent careful history-taking and physical skin exa-
mination. Family history of either DD or HHD was defined as the 
presence of a first- or second-degree relative with the disease veri-
fied at a dermatology clinic. Weight and height were also measured. 

Cognitive assessment

Cognitive assessment was performed with the Cambridge Neu-
ropsychological Test Automated Battery (CANTAB Cognitive 
assessment software, Cambridge Cognition Ltd, Cambridge, UK) 
(40), consisting of a set of tests run on an iPad computer tablet; 
a valid and widespread software in the assessment of cognition 
(41, 42), CANTAB minimizes potential biases, such as cultural 
context, through the use of visually abstract components and 
non-verbal responses (40). It has been shown to have a test/re-
test reliability of 0.75–0.80, which is considered as well within 
the acceptable range (43). The tests lasted approximately 30 min 
and were performed under standardized, undisturbed conditions 
in quiet rooms. 

The test battery, called Core Cognition, consists of 5 sequential 
tests with a total of 10 key measurements: (i) motor screening 
test (MOT) (1 key measurement), (ii) paired associates learning 
(PAL), measuring episodic memory (2 key measurements), (iii) 
reaction time (RTI) (2 key measurements), (iv) spatial working 
memory (SWM), measuring assumptions, planning and strategy 
(2 key measurements), and (v) rapid visual information processing 
(RVP) (3 key measurements). 

The tests evaluate sustained attention, processing speed, episodic 
memory and working memory, yielding a broad assessment of 
general cognition (44). In summary, the tests consist of abstract 
symbols, shapes and numbers appearing on the iPad screen, to be 
selected accurately under time- and precision-based circumstances. 

Statistical analyses

Descriptive statistics was used to summarize study subject demo-
graphics with means and standard deviations (SD). Patients with 
DD and with HHD were compared with their respective matched 
healthy controls using Student’s unpaired t-test with 2-tailed p-
values. p-values < 0.05 were considered statistically significant. 
A Benjamini-Hochberg approach was used for the correction for 
multiple comparisons, performed within each set of tests. Statistics 
were carried out in GraphPad Prism (GraphPad Software Inc., San 
Diego, CA, USA) and Excel (Microsoft). 

Ethics approval

The study protocol was reviewed and approved by the regional 
Institutional Review Board, (approval #2019-01298).

RESULTS

Study group characteristics
Successful matching was performed for age, sex and 
level of education as described in the Methods section. 
Most control subjects were matched with patients from 
both disease groups, in a ratio of 1:1. Study group cha-
racteristics are shown in Table I. 

Table I. Study group characteristics

Variable
Darier disease
n = 29

Darier disease controls
n = 29

Hailey-Hailey disease
n = 25

Hailey-Hailey disease controls
n = 25

Age, years, mean ± SD 54.0 ± 13.0 55.3 ± 9.9 51.5 ± 12.4 51.3 ± 12.5
Female sex, n 20 20 17 17
Level of education (stratified value), mean ± SD 3.0 ± 0.7* 3.7 ± 0.9* 3.6 ± 1.1 3.8 ± 1.0
Height, cm, mean ± SD 169.0 ± 7.2 171.2 ± 7.3 170.9 ± 7.1 171.1 ± 9.4
Weight, kg, mean ± SD 82 ± 14 72 ± 10 75 ± 12 72 ± 14

*Non-significant difference in level of education between patients with Darier disease vs controls.
SD: standard deviation.
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Cognitive assessment
The outcome of the cognitive assessment for all 10 key 
measurements of the 5 tests are summarized in Table II 
and the individual tests and the areas of cognitive fun-
ction they assess are described in more detail in Table 
III. The DD vs controls group showed a statistically 
significant impairment in 5 out of 10 individual key 
measurements, namely both measurements for Reaction 
time and all 3 measurements for Rapid visual information 
processing. In the HHD vs controls group, no statistically 
significant differences were found.

DISCUSSION

This study is the first to experimentally assess cogni-
tion in patients with DD and with HHD compared with 
matched healthy controls and, consequently, the impact 
of SERCA2 and SPCA1 on cognitive function in humans. 

There was a statistically significant impairment in cog-
nitive function in patients with DD, but not in patients 
with HHD. Interestingly, all 5 impaired individual results 
in the DD patient group were found to be in the Reac-
tion time (RTI) and Rapid visual information processing 
(RVP) tests, while the Motor screening (MOT), Paired 
associates learning (PAL) and Spatial working memory 
(SWM) tests were statistically non-significant for all 5 
remaining measurements within these 3 sets of tests. 
However, regarding the actual values for these 5 non-
significant measurements, patients with DD performed 
poorer than controls on every measurement. 

Cognitive impairment
Primarily in early literature, dating back to the late 1950s, 
there are reports of patients with DD being referred to as 
“mentally retarded” or “mentally subnormal”; descrip-
tions that in essence refer to a cognitive disability (37, 

Table II. Cognitive assessment results for Darier disease (DD) vs controls and Hailey-Hailey disease (HHD) vs controls following the 
CANTAB Core Cognition test battery

Variable
DD
Mean  ±  SD

DD controls
Mean  ±  SD p-value

HHD
Mean  ±  SD

HHD controls
Mean  ±  SD p-value

Motor screening test 1,153.0 ± 505.6 964.3 ± 277.7 0.09 947.6 ± 765.6 927.4 ± 273.6 0.90
Paired associates learning 1   9.4 ± 4.4   10.6 ± 4.8 0.37 10.3 ± 4.1 11.5 ± 4.6 0.33
Paired associates learning 2 26.2 ± 17.6   23.9 ± 18.2 0.63 23.4 ± 14.7 21.4 ± 17.9 0.67
Reaction time 1 319.3 ± 97.1 265.8 ± 78.9 0.027* 267.3 ± 83.2 258.6 ± 82.7 0.71
Reaction time 2 454.1 ± 84.6 384.6 ± 37.1 0.0002* 416.1 ± 48.6 389.0 ± 34.3 0.027**
Spatial working memory 1   19.5 ± 9.0   15.3 ± 8.5 0.08 14.9 ± 8.9 13.8 ± 9.4 0.68
Spatial working memory 2     9.4 ± 2.0     8.8 ± 2.3 0.24   8.8 ± 2.3   8.4 ± 2.7 0.54
Rapid visual information processing 1     0.86 ± 0.07     0.90 ± 0.05 0.016*   0.88 ± 0.06   0.91 ± 0.05 0.08
Rapid visual information processing 2 616.0 ± 165.1 508.6 ± 88.0 0.004* 496.4 ± 92.8 502.9 ± 87.4 0.80
Rapid visual information processing 3   0.07 ± 0.12     0.02 ± 0.03 0.024*   0.09 ± 0.17 0.02 ± 0.03 0.029**

Student’s unpaired t-test with 2-tailed p-values were used for statistical analysis. *Statistically significant difference after Benjamini-Hochberg correction for multiple 
comparisons within each set of tests between Darier disease vs controls. **Statistically non-significant difference after Benjamini-Hochberg correction for multiple 
comparisons within each set of tests between Hailey-Hailey disease vs controls.
SD: standard deviation.

Table III. Test descriptions and the areas of cognitive function they explore for the 10 key measurements in the CANTAB Core Cognition 
test battery

Variable Test description Cognitive functions assessed Technical id

MOT Mean latency time (in ms) to correctly respond to a visual stimulus on the screen. Sensorimotor skill and comprehension MOTML
PAL 1 Number of times a subject chose the correct box on their first attempt when 

recalling the pattern locations after initially viewing them on screen. 
Visual memory and rapidly learning novel skills PALFAMS28

PAL 2 Number of times a subject choses the incorrect box on the screen, plus an 
adjustment for the estimated number of errors made in the array of trials, 
attempts and recalls they did not reach. 

PALTEA28

RTI 1 Median time (in ms) to release the response button and select the target stimulus 
after it flashes yellow on the screen. 

Motor and mental response speed, impulsivity RTIFMDMT

RTI 2 Median time (in ms) to release the response button after the presentation of a 
target stimulus. 

RTIFMDRT

SWM 1 Number of times a subject incorrectly revisits a box in which a token has 
previously been found, which is against the test instruction. 

Retention and manipulation of visuospatial information, 
planning, strategy handling and working memory

SWMBE468

SWM 2 Number of times a subject begins a new search pattern from the same box 
they started with previously, which is against the test instruction. If subjects 
always begin a search from the same starting point, we infer that the subject is 
employing a planned strategy for finding the tokens. 

SWMS

RVP 1 The signal detection measure of a subject’s sensitivity to the target sequence 
(string of 3 numbers), regardless of response tendency. In essence, this metric is 
a measure of how good the subject is at detecting target sequences.

Information processing and sustained attention RVPA

RVP 2 Median response latency on the trials where the subject responded correctly. 
Calculated across all assessed trials.

RVPMDL

RVP 3 Number of sequence presentations that were false alarms (i.e. trying to fool the 
subject) divided by the number of sequence presentations that were false alarms 
plus the number of sequence presentations that were correct rejections. This 
yields a probability score for rejecting false alarms.

RVPPFA

Technical id refers to the technical measurement name among the total measurements in the whole Core Cognition test battery, for reference.
MOT: Motor screening test; PAL: Paired associates learning; RTI: Reaction time; SWM: Spatial working memory; RVP: Rapid visual information processing. 
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45). These reports included no experimental assessment 
of cognition or control groups, have limited scientific 
value, and the nomenclature would be deemed unethical 
today. Although impaired cognition may be considered 
a sensitive subject, we believe it is an important topic to 
study, since patients with DD may be in need of syste-
mic medication that targets the brain, and other affected 
organs, in addition to the skin.

The data from the current study are consistent with 
a previous Swedish nationwide, register-based study, 
with diagnoses defined according to International Clas-
sification of Diseases (ICD) codes that found patients 
with DD (n = 770) to have a 6-fold increase in the risk of 
being diagnosed with intellectual disability (38). Perhaps 
most interesting, in congruence with the current results, 
is conscription data from a subset of male patients with 
DD (n = 114) in the study without a diagnosis of intel-
lectual disability showing a highly significantly reduced 
mean score on an IQ test in comparison with matched 
comparison subjects (n = 885) randomly selected from 
the Swedish Total Population Register (38).

The authors identified only one previous study that 
conducted an experimental assessment of cognition on 
patients with DD (n = 19) (39). Researchers found signi-
ficant differences mainly on reading and reading-related 
measures, something that carries the potential for biases 
deriving from factors such as cultural interpretation and 
level of education. The study is also limited by the fact that 
the control group consisted of “skilled learners”, that no 
close matching was done between patients and controls, 
and that the statistics did not include any correction for 
multiple comparisons for the large number of p-values 
(n = 20) (39). Close matching is particularly important for 
rare, chronic diseases, such as DD. Meanwhile, studies 
establishing a link between DD and psychiatric symptoms/
disorders have mostly been estimating statistical associa-
tions, being descriptive and non-experimental, utilizing 
psychiatric questionnaires and register data (1, 27–36). 
Nevertheless, all these data are in line with our results of 
a significant cognitive impairment in patients with DD. 

To our knowledge, there are no reports in the publis-
hed literature linking HHD with cognitive impairment 
or disability, and, for the realm of psychiatric disorders, 
only a few case reports establishing an association with 
affective symptoms (24–26). The results of the current 
study support that subjects with HHD have normal cogni-
tion, which is also the authors’ clinical experience. This 
suggests that there are cellular mechanisms that are able 
to correct for SPCA1 dysfunction, but not for SERCA2 
dysfunction, leading to the significant negative impact 
on cognitive function shown here. 

Systemic disease
Both SERCA2 and SPCA1 are ubiquitously expressed 
“housekeeping” proteins, where the disease phenotypes 

of DD and HHD, respectively, are caused by haploinsuf-
ficiency, meaning that 1 allele is incapable of producing 
adequate protein levels for normal function (8, 13–18, 
46). There is, therefore, reason to suspect and investigate 
whether either disease might be associated with other 
symptoms and diseases apart from the skin. In medical 
literature, HHD has not been found to be associated 
with extradermal symptoms, while, as previously noted, 
there is strong evidence for a direct link between DD 
and psychiatric and intellectual disabilities. Our group 
has recently published reports shedding further light on 
DD as a multi-organ disease, showing associations with 
type 1 diabetes and pancreatic beta-cell dysfunction, as 
well as heart failure (47–49). 

There is ample evidence suggesting the direct im-
portance of SERCA2 in the pathophysiology of psychia-
tric and neurodegenerative disorders. Both experimental 
and large associative studies have identified SERCA2 
and ATP2A2 as important actors in schizophrenia and 
bipolar disorder (50–52), as well as in Parkinson’s di-
sease (53, 54) and Alzheimer’s disease (55–57). These 
and other studies illustrate the importance of SERCA2 
in brain physiology and brain-related disease (19, 58). 
Importantly, patients with DD and with HHD provide 
the unique possibility of direct evaluation of SERCA2 
and SPCA1 in human subjects, something not previously 
done for the assessment of cognitive function in a tightly 
matched fashion. As shown here, the cognitive impair-
ment seen in patients with DD, by extension, adds to 
the growing body of evidence for the role of SERCA2 
in brain physiology and function. 

Clinical implications
The clinical implications of a cognitive impairment in 
patients with DD are potentially wide-reaching. The 
DD patient group displayed statistically significantly 
impaired performance on all measurements within the 
RTI and RVP tests. Reaction time and information pro-
cessing speed has both been linked to increased all-cause 
mortality (59, 60). In addition, slower processing speed 
has been found to be a possible risk factor for the deve-
lopment of mental distress (61), and reaction time has 
been correlated strongly with general mental ability (62). 

Cognitive function is at the centre of myriad aspects of 
everyday life, such as school, work, carrying out social 
interactions and performing all types of executive fun-
ctions in life. Knowledge of an impairment in cognition 
for patients with DD could motivate early evaluation, 
diagnosis and treatment of potential related disabilities. 
Appraising the possible need for supporting measures 
in school could be imperative for the individual, as well 
as possible adjustments and considerations in the work-
place. There might be a need for targeted, systemic drugs 
that can work to alleviate not only dermal symptoms in 
DD, but also the symptoms from other organs, not least 



A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

5/6Comparison of cognitive impairment in Darier disease and Hailey-Hailey disease

Acta Derm Venereol 2021

the brain. A limiting factor in the study was the relati-
vely small number of individuals in each patient group; 
a natural consequence given the rarity of the diseases. 
Also, a higher ratio of matched cases:controls could have 
improved the statistical outcome. 

In the authors’ own experiences, the results of this stu-
dy raise important questions as to how patients with DD 
should be clinically appraised from a cognitive perspec-
tive. To date, there may be limited value to implementing 
cognitive testing as a standard in clinical practice, since 
no treatment is available. Nevertheless, testing could be 
meaningful for the individual, not least in childhood in 
order to better support special educational needs. It is 
likely that these patients do not currently receive proper 
support. Further study is needed, in which children of 
patients with DD who test mutation-positive undergo 
cognitive testing to determine whether the impairment 
described in this paper is also present in early child-
hood. In addition, for adult patients who might benefit 
from diagnosis of an impairment in cognitive function; 
for example, for social services support, the CANTAB 
Core Cognition test battery is a possible tool. However, 
this kind of assessment should mainly be performed by 
specialists, such as psychologists and neuropsychiatrists. 
Finally, genetic counselling is strongly recommended, 
primarily for patients who are planning to conceive, 
with referral to clinical geneticists, so that they can be 
informed about procedures such as preimplantation 
genetic diagnosis. 

Conclusion
A statistically significant impairment in several measure-
ments of cognitive function was observed in patients with 
DD, but not in patients with HHD, compared with closely 
matched healthy controls. These results demonstrate the 
importance of SERCA2 in the brain, and further indicate 
that DD should be treated as a multi-organ disorder and 
not just a dermatological disease, and hence may require 
special consideration. 
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