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This retrospective registry-based cohort study aimed
to estimate the incidence and prevalence of genoder-
matoses in the Swedish population and to analyse as-
sociated healthcare usage. Patients diagnosed with
genodermatoses were identified from the patient re-
gistry of Sahlgrenska University Hospital (Gothenburg,
Sweden) between 2016 and 2020. Clinical data from
medical records were used to verify diagnoses recor-
ded in the National Patient Registry (NPR). The NPR
was then searched for International Classification of
Diseases, Tenth Revision (ICD-10) codes Q80-82 and
Q84 from 2001 to 2020. The local cohort included
298 patients with 36 unique genodermatosis diagno-
ses. Verification of these diagnoses in the NPR sho-
wed positive predictive values of over 90%. The NPR
search yielded 13,318 patients with 73 unique diag-
noses, including ichthyoses (n=3,341; 25%), poroke-
ratosis (n=2,277; 17%), palmoplantar keratodermas
(n=1,754; 13%), the epidermolysis bullosa group
(n=1011; 7%); Darier disease (n=770; 6%), Hailey-
Hailey disease (n=477; 4%) and Gorlin syndrome
(n=402; 3%). The incidence and prevalence of each
diagnosis were calculated based on the nationwide co-
hort and are reported. A total of 149,538 outpatient
visits were registered, a mean of 4.6 visits per patient.
This study provides a valuable resource for the epide-
miology of genodermatoses by reporting on the inci-
dence and prevalence of 73 different genodermatoses.
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Hereditary skin diseases, also called genodermatoses,
are caused by pathogenic variants in various genes
expressed in the skin. The current number of genoder-
matoses is well over 700, but the exact number is not
known. In 2009, 560 distinct disorders were defined as
genetic skin diseases in the Online Mendelian Inheritance

SIGNIFICANCE

Healthcare systems may be unaware of the healthcare re-
quirements and numbers of patients with rare diseases,
including genetic diseases. This study provides important
insights into the incidence, prevalence, and healthcare uti-
lization associated with genodermatoses in Sweden. The
large sample size and comprehensive data collection met-
hods used contribute to a better understanding of the epi-
demiology of 73 different genodermatoses, including some
of the most prevalent, such as ichthyoses and porokerato-
sis. The positive predictive values of over 90% for the diag-
noses verify the accuracy of the findings. This information
can be used to improve healthcare planning and resource
allocation for patients with genodermatoses.

in Man® (OMIM®) database (1, 2). These disorders were
associated with 501 unique protein-encoding genes; the
rapid development of next generation sequencing (NGS)
technology has resulted in yearly new discoveries (3).
Although new genodermatoses are continuously being
described, only approximately 100 genodermatoses are
listed in the International Classification of Diseases,
Tenth Revision (ICD-10) (4). The ICD-10 is widely
used to register healthcare data, and forms a basis for
the allocation of healthcare resources, for disease-based
money transfers, and for insurance benefits for patients.

In the ICD-10, the genodermatoses are divided into
blocks: congenital ichthyosis; epidermolysis bullosa
(EB); other congenital malformations of skin; and other
congenital malformations of the integument. Certain
syndromes with important skin findings, including neu-
rofibromatosis and Gorlin syndrome, are also classified
as phacomatoses or other specified congenital malforma-
tion syndromes affecting multiple systems, and there are
several other rare diseases scattered in various chapters
of the ICD-10, which have a genetic background and
skin findings.

According to the European Union’s definition, rare
diseases are conditions with an incidence < 1:2,000
(5). Most genodermatoses are rare diseases, but their
incidence or prevalence is often unknown. The estima-
ted incidence of genodermatoses varies from 1:250 for
ichthyosis vulgaris to 1:500,000 for lamellar ichthyosis
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(6, 7). On the other hand, the estimates for the same
disease may vary considerably, e.g. from 1:30,000 to
100,000 for Darier disease (8).

The genodermatoses exhibit great phenotypical va-
riability, from mild to life-threatening. The most severe
genodermatoses, including some subtypes of EB and
ichthyosis, have gained more attention in the medical
literature than others. For example, a search in PubMed
returns 7 times more studies on EB or ichthyosis than
on porokeratosis. Most studies on genodermatoses con-
centrate on a single disease or a group of closely related
diseases, and studies on diagnosis, pathogenesis or
treatment predominate in number over epidemiological
studies. Large registry studies of rare diseases are, ne-
vertheless, important, as they may reveal circumstances
not otherwise detectable, e.g. increased mortality and
comorbidities (9—11).

Nationwide registries provide an opportunity to form
larger study cohorts on rare diseases (12, 13). The natio-
nal patient registry (NPR), hosted by the Swedish Natio-
nal Board of Health and Welfare, collects information on
all inpatient and outpatient visits and uses the Swedish
version of ICD-10 diagnosis coding (ICD-10-SE). The
diagnoses are automatically transferred from hospitals
to the NPR, and positive predictive values (PPVs) of the
NPR have previously been shown to be high (85-95%)
(14). Diagnosis validation studies on EB and ichthyoses
have been carried out recently using the Danish National
Patient Registry (15, 16). These studies have analysed
the PPVs of first-time diagnoses of ichthyosis and EB
made at specialized dermatological departments in the
Danish National Patient Registry. The validity of first-
time diagnoses of EB ranged from low to average, but
for the most common ichthyoses it was over 80%.

The primary aim of this study was to investigate the
occurrence of genodermatoses at the Department of
Dermatology and Venereology at Sahlgrenska Univer-
sity Hospital (SUH) and to use this data to validate the
diagnostic precision in the NPR. The incidence rates of

the ICD-10-SE coded genodermatoses, as recorded in
the NPR, were studied in the Swedish population. The
secondary aim was to benchmark the healthcare usage
for this patient group by analysing the number of doctor’s
appointments in all hospital departments of dermatology
in Sweden.

MATERIALS AND METHODS

Local patient cohort

The study was carried out with the approval of the Swedish Ethi-
cal Review Authority (approval number 2020-06202) and SUH.
The catchment population of SUH covers the Gothenburg area
in Sweden and comprises approximately 750,000 residents. The
digital patient registry of SUH was first searched for patients who
had had an outpatient visit at the Department of Dermatology and
Venereology at SUH and who had received an ICD-10-SE diagno-
sis corresponding to a genodermatosis (i.e. Q80—Q82, excluding
Q82.2 — mastocytosis and Q82.5 — congenital non-neoplastic
nevus), a phacomatosis (Q85 for neurofibromatosis and tube-
rous sclerosis) or Q87.5 to cover Gorlin syndrome. This search
covered the time-period from 1 January 2016 to 31 December
2020. The patient records were reviewed for clinical data to
validate the diagnosis and to identify any misdiagnoses or cle-
rical errors. The evaluation was based on clinical descriptions,
photographs, histopathology, family history and molecular ge-
netic analyses. The numbers of physicians’ appointments were
retrieved.

The unique personal identity number, which is assigned to all
permanent residents in Sweden, was used to link the local patient
cohort to the diagnoses and associated patients registered in the
NPR. The PPVs were calculated for all diagnoses represented in
the cohort and separately for porokeratosis, EB, ichthyosis, Da-
rier disease and Hailey-Hailey disease by dividing the number of
true positives by the number of true positives plus false positives
(i.e. true positive / (true positive + false positive)). True positive
was defined as SUH positive and NPR positive, while false positive
was defined as SUH negative and NPR positive.

Nationwide patient cohort

To collect nationwide data, the NPR for both inpatients and out-
patients was searched for ICD-10-SE codes Q80—Q82 (ichthyoses
and EB), Q84 (congenital malformations related to skin or skin

Table I. Diagnoses in local cohort in Sahlgrenska University Hospital, Department of Dermatology

ICD-10 Swedish ICD-10-SE Name of disorder/diagnosis Patients, n
Q80.0-Q80.9 Q80.0-Q80.9 Ichthyosis 26
Q810-Q81.9 Q81.0-Q81.9 Epidermolysis bullosa 12
Q82.8 Q82.8D Benign familial pemphigus (Hailey-Hailey disease) 15
Q82.8E Keratosis follicularis (Darier’s disease) 13
Q82.8F Inherited keratosis palmaris et plantaris 10
Q82.8 Q828H-Q82.8R and Q82.8W * 10
Q828T Porokeratosis (Mibelli) 117
Q82.9 Q82.9 Congenital malformation of skin, unspecified 3
Q85.0 Q85.0%* Neurofibromatosis 32
Q85.1 Tuberous sclerosis 15
Q85.8-Q85.9 Other phakomatoses, not elsewhere classified and Phakomatosis, unspecified 5
Q87 Q87 Other specified congenital malformation syndromes affecting multiple systems 15
Q87.5 Q87.5 Other congenital malformation syndromes with other skeletal changes, Gorlin syndrome 18
No diagnosis 6
Total 297

*1-3 patients in each of these diagnostic categories: cutis verticis gyrata, hemangiomatosis (systemic), hidrotic ectodermal dysplasia, keratosis follicularis spinulosa
decalvans, pseudoxanthoma elasticum, acrokeratosis verruciformis (Hopf), other congenital malformation of skin. **Contains neurofibromatosis 1 and 2.

ICD-10: International Classification of Diseases, Tenth Revision.
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appendages) and Q87.5 (other congenital malformation syndro-
mes with other skeletal changes) for Gorlin syndrome in the time
period from 1 January 2016 to 31 December 2020. The diagnosis
codes Q82.2 (mastocystosis) and Q82.5 (congenital non-neoplastic
nevus) were excluded for the purposes of this study. The number
of patients with each of the ICD-10-SE codes and the number of
outpatient visits were retrieved. The incidences of the diseases or
closely related disease groups were calculated.

RESULTS

Local patient cohort

A total of 297 patients had been registered with a
diagnosis of a hereditary skin disease at the Department
of Dermatology and Venereology SUH over the period
2016 to 2020. There were 179 (60%) female and 118
(40%) male individuals, and the total number of diffe-
rent diagnoses was 36. The diagnosis was made for the
first time for 226 patients in 2016 to 2020, and the age
at diagnosis ranged from 1 day to 94 years. The median
age at the first visit was 45 years.

The distribution of diagnoses in the local cohort is
shown in Table I and Fig. 1. The largest patient group,
39%, was that of porokeratosis, with 117 patients. The
second most common was neurofibromatosis (n =32;
11%), of which 31 had neurofibromatosis 1, and 1 had
neurofibromatosis 2. Ichthyosis was the third largest
group (n=26; 9%), followed by Gorlin syndrome (n=18;
6%) and Hailey-Hailey disease (n=15; 5%). Darier
disease (n=13), and EB (n=12) totalled approximately
4% each. No Q diagnoses or evidence of a genoder-
matosis was found in 18 of the patient files. Almost
two-thirds (21/36) of diagnoses were represented only
by 1 or 2 patients, and 20% of all patients had 1 of these
rarest diseases. There were several diagnoses with only 1
patient, especially among the ichthyoses and in the group
of Other congenital malformations of skin, classified in
ICD-10-SE as Q82.
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Fig. 1. Distribution of the most common hereditary skin
diseases treated at Sahlgrenska University Hospital in
2016 to 2020.

The diagnosis of most patients was based on clinical
findings. Of all patients, 16% (n=49) had undergone
skin biopsy for diagnostic purposes during follow-up.
Molecular diagnosis was performed for 13% (n=39) of
the patients. Various methods were used: carrier testing
for a known familial pathogenic variant (5 patients);
Sanger sequencing of single genes; gene panels using
NGS; and whole-exome sequencing (2 patients who were
siblings). Overall, 31 patients/families received genetic
counselling at the Department of Clinical Genetics and
Genomics of SUH.

To estimate the use of healthcare services by the
patients with genodermatosis, the numbers of outpatient
doctors’ appointments during the follow-up period were
collected. Overall, patients with genodermatoses made a
total of 748 outpatient visits, with a mean of 2.51 visits
per patient. Of these, 184 patients (61.5 %) had only 1
registered visit and 79 patients (26.5 %) had 2—4 visits.
Sixteen patients > 10 visits, and, collectively, this group
made 112 visits, which comprises 15% of the total num-
ber of visits.

Of all Q-diagnoses at the Department of Dermato-
logy and Venereology of SUH, 90% were true positives
(recorded in the NPR). The PPV for all the diagnoses
was 96.1% (95% confidence interval (CI), 92.4-98.2%).
It was 90.9% (95% CI, 62.3-98.4%) for Darier disease,
93.1% (95% CI, 86.2-96.8) for porokeratosis, and 100%
for ichthyosis, for EB, for Hailey-Hailey disease and for
Gorlin syndrome.

Nationwide patient cohort

In the nationwide cohort, 13,318 individuals (Table IT)
were identified for analysis of incidence and prevalence
of hereditary skin diseases in the Swedish population.
They had a total of 73 genodermatosis diagnoses in NPR
(Table III). The distribution of the most common here-
ditary skin diseases in Sweden are shown in Fig. 2. The
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Table II. Age at first visit of the nationwide cohort

Age at first visit, years

Sex Min Median Max Mean SD n (%) NA SE
Male 0 16 99 24.42 23.97 23,805 (43.8) 0 0.16
Female 0 21 108 27.90 23.68 30,599 (56.2) 1 0.14
Total 0 18 108 26.38 23.87 54,404 (100) 1 0.10
NA: data not available; Min: minimum; Max: maximum; SD: standard deviation; SE: standard error.
Table III. Incidence, prevalence and mean number of patient visits for genodermatoses in the nationwide cohort
Incidence Period
Swedish Patients, Visits, Mean visits per per 100,000 prevalence
ICD-10 ICD-10 Name of disorder/diagnosis n n patient, n person-years 1:
Q800 Q800 Ichthyosis vulgaris 876 2,136 2.44 0.4598 11,000
Q801 Q801 X-linked ichthyosis 261 620 2.38 0.1370 36,000
Q802 Q802 Lamellar ichthyosis 273 2,342 8.58 0.1433 34,000
Q803 Q803 Congenital bullous ichthyosiform erythroderma 86 242 2.81 0.0451 110,000
Q804 Q804 Harlekinfetus 20 66 3.30 0.0105 470,000
Q808 Q808 Other congenital ichthyosis 146 597 4.09 0.0766 64,000
Q808A Ichthyosis follicularis 51 184 3.61 0.0268 180,000
Q808B Ichthyosis hystrix 16 46 2.88 0.0084 590,000
Q808C Ichthyosis linearis circumflexa 21 332 15.81 0.0110 450,000
Q808D Rud syndrome 2 7 3.50 0.0010 4,700,000
QB808E Trichothiodystrophy 6 15 2.50 0.0031 1,600,000
Q808w Other congenital ichthyosis 38 169 4.45 0.0199 250,000
Q809 Q809 Congenital ichthyosis unspecified 1,545 5,433 3.52 0.8109 6,000
Q810 Q810 Epidermolysis bullosa complex 355 1,203 3.38 0.1863 26,000
Q811 Q811 Epidermolysis bullosa letalis Herlitz syndrome 66 439 6.65 0.0346 140,000
Q812 Q812 Epidermolysis bullosa dystrophica 95 1,769 18.62 0.0499 99,000
Q818 Q818 Other epidermolysis bullosa 65 199 3.06 0.0341 140,000
Q819 Q819 Epidermolysis bullosa. unspecified 430 2,249 5.23 0.2257 21,000
Q820 Q820 Hereditary lymphoedema 420 1,356 3.23 0.2204 22,000
Q821 Q821 Xeroderma pigmentosum 87 630 7.24 0.0457 110,000
Q823 Q823 Incontinentia pigmenti 227 1,674 7.37 0.1191 41,000
Q824 Q824 Ectodermal dysplasia (anhidrotic) 323 2,222 6.92 0.1695 29,000
Q828 Q828 Other specified malformations of the skin 1,425 3,652 2.56 0.7479 6,000
Q828B Cutis laxa (hyperelastica) 242 366 1.51 0.1270 38,000
Q828D Benign familial pemphigus (Hailey-Hailey disease) 477 4,274 8.96 0.2504 19,000
Q828E Keratosis follicularis (Darier’s disease) 770 6,809 8.84 0.4041 12,000
Q828F Inherited keratosis palmaris et plantaris 1,754 3,763 2.15 0.9206 5,000
Q828G Acanthosis nigricans benigna (congenital) 41 47 1.15 0.0215 23,000
Q828H Cutis verticis gyrata 50 88 1.76 0.0262 190,000
Q8281 Juvenile elastoma 25 31 1.24 0.0131 380 000
Q828K Erythrokeratolysis hiemalis 3 5 1.67 0.0016 3,100,000
Q828L Hemangiomatosis (systemic) 108 253 2.34 0.0567 87,000
Q828M Hidrotic ectordermal dysplasia 69 122 1.77 0.0362 140,000
Q828N Keratosis follicularis spinulosa decalvans 2,408 2,937 1.22 1.2639 3,000
Q828Q Pseudoexanthoma elasticum 134 645 4.81 0.0708 70,000
Q828R Acrokeratosis verruciform (Hopf) 51 78 1.53 0.0268 180,000
Q828s Bloom syndrome 8 18 2.25 0.0042 1,200,000
Q828T Porokeratosis (Mibelli) 2,277 4,929 2.16 1.1951 4,000
Q828w Other congenital malformation of the skin 142 299 2.11 0.0745 66,000
Q829 Q829 Congenital malformation of the skin, unspecified 1,068 1,880 1.76 0.5605 8,000
Q840 Q840 Congenital alopecia 111 196 1.77 0.0583 84,000
Q841 Q841 Congenital morphological disturbances of hair, not elsewhere classified 25 33 1.32 0.0131 380,000
Q841A Monilethrix 19 37 1.95 0.0100 500,000
Q841B Pili annulati 10 15 1.50 0.0052 940,000
Q841C Pili torti 12 20 1.67 0.0063 780,000
Q841D Trichostasis spinulosa congenita 6 6 1.00 0.0031 1,600,000
Q841E Wooly hair nevus 13 23 1.77 0.0068 720,000
Q841W Other morphological disturbances of hair, not elsewhere classified 5 5 1.00 0.0026 1,900,000
Q842 Q842 Other congenital malformations of hair 57 92 1.61 0.0299 170,000
Q842A Hypertrichosis lanuginosa congenita 29 33 1.14 0.0152 320 000
Q842B Congenital hypertrichosis 35 48 1.37 0.0184 270,000
Q842C Ulerythema ophryogenes 350 589 1.68 0.1837 26,000
Q842w Other congenital malformations of hair 10 20 2.00 0.0052 940,000
Q843 Q843 Anonychia 8 10 1.25 0.0042 1,200,000
Q844 Q844 Congenital leukonychia 17 32 1.88 0.0089 550,000
Q845 Q845 Enlarged and hypertrophic nails 129 667 5.17 0.0677 72,000
Q846 Q846 Other congenital malformations of nails 37 66 1.78 0.0194 250,000
Q846A Congenital nail clubbing 6 7 1.17 0.0031 1,600,000
Q846B Congenital koilonychia 4 6 1.50 0.0021 2,400,000
Q846C Congenital brittle nails 8 16 2.00 0.0042 1,200,000
Q846D Congenital onychorrhexis 2 2 1.00 0.0010 4,700,000
Q846E Congenital onychodysplasia of index fingers (Iso-Kikuchi) 2 4 2.00 0.0010 4,700,000
Q846F Nail atrophy (congenita) 10 11 1.10 0.0052 940,000
Q846G Onychoheterotopia congenita 8 18 2.25 0.0042 1,200,000
Q846H Platyonychia (congenita) 6 11 1.83 0.0031 1,600,000
Q846W Other congenital malformations of nails 94 111 1.18 0.0493 100,000
Q848 Q848 Other specified congenital malformations of integument 86 346 4.02 0.0451 110,000
Q848A Aplasia cutis congenita 502 1,204 2.40 0.2635 18,000
Q848B Focal dermal hypoplasia 27 147 5.44 0.0142 350,000
Q848D Bitemporal scars with abnormal eyelashes 3 5 1.67 0.0016 3,100,000
Q848w Other specified congenital malformations of integument 8 9 1.13 0.0042 1,200,000
Q849 Q849 Congenital malformations of integument, unspecified 61 185 3.03 0.0320 150,000
Q875 Q875 Other congenital malformation syndromes with other skeletal changes 402 4,093 10.18 0.2110 23,000

ICD-10: International Classification of Diseases, Tenth Revision.
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largest patient group was ichthyosis, with a total of 3,341
patients (25% of the total number of patients). The second
largest patient group was porokeratosis (n=2,277; 17%),
followed by hereditary keratosis palmaris et plantaris
(n=1,754; 13%), and EB (n=1011; 7%). There were
770 patients (6% of the total) with Darier disease, 477
with Hailey-Hailey disease (4% of the total), and 402
(3%) with Gorlin syndrome. Since patients could have
more than 1 Q diagnosis, the total number of patients is
greater than the number of unique patients.

The most common hereditary skin disease in the
nationwide cohort was porokeratosis with a prevalence
of 1:4,000, followed by hereditary keratosis palmaris
et plantaris at 1:5,000. In the ichthyosis patient group,
Q80.9 (congenital ichthyosis, unspecified) was the most
common diagnosis, followed by ichthyosis vulgaris
(Q80.0), lamellar ichthyosis (Q80.2), and X-linked
ichthyosis (Q80.1). Rarer forms of ichthyosis, such as
ichthyosis linearis circumflexa and ichthyosis hystrix,
were also recorded in ICD-10-SE. In the EB patient
group, the most common diagnosis was Q81.9 (EB,
unspecified). EB simplex (Q81.0) was the second most
common diagnosis, followed by EB dystrophica (Q81.2),
and EB letalis (Herlitz syndrome Q81.1).

Overall, a total of 149,538 outpatient visits were
registered; a mean of 4.6 visits per patient. The diag-
nosis with the largest number of visits per patient was
Q87.5 (representing Gorlin syndrome) with 10.2 visits
per patient. The mean number of outpatient visits and
the prevalence and incidence of genodermatoses in the
nationwide cohort are shown in Table II1.

DISCUSSION

The incidence and prevalence of most genodermatoses
are, at best, rough estimates based on data from single
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Fig. 2. Distribution of the most common hereditary skin
diseases in Sweden in 2001 to 2020.

centres. For several rare genodermatoses no reliable
data exists. The current study reports the incidence and
prevalence of 73 hereditary skin diseases in a nationwide
cohort, illustrating the relative frequencies.

Two patient cohorts were included in this study. The
first was a local cohort of 297 patients from a single
dermatological clinic in a university hospital. This cohort
also included patients with phacomatoses and Gorlin
syndrome. This cohort was used to validate the diagnoses
in the NPR and to collect detailed data on, for example,
age at diagnosis and diagnostic methods. The second
cohort was nationwide and consisted of 13,318 persons
who had visited secondary referral centres for hereditary
skin disease within public healthcare.

Scrutiny of the patient records of the local cohort
and comparisons between the diagnoses of this cohort
and the diagnoses in the NPR showed that the PPV for
all diagnoses was high (over 90%), suggesting that the
diagnoses in the nationwide cohort are reliable.

As in other university hospitals in Sweden, the patients
attend the Department of Dermatology in SUH by refer-
ral from primary healthcare, regional hospitals, private
specialist clinics and other units in the hospital. Thus,
the data of the local cohort represents an accurate des-
cription of the patients with genodermatoses seen within
specialized healthcare, and the results can be generalized
to other dermatology referral centres.

The emphasis of dermatology services is on the first
visit; the follow-up of most patients takes usually place
in the referring unit. This explains why most patients had
only 1-4 outpatient visits. However, there is a subgroup
0f'5.4% (16/297) of the patients who required >10 visits.
This may be interpreted as a sign of a severe disease,
difficulties in finding satisfactory treatments and/or
treatment that requires specialist follow-up, e.g. acitretin
medication or multiple skin cancers.
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This study noted a substantial unmet need for mole-
cular diagnostics, since only 39/297 (13%) patients in
the local cohort had a molecular diagnosis. The diagnosis
of hereditary skin diseases has traditionally been based
on clinical findings supported with histopathology. The
availability of NGS-based gene panels has increased the
likelihood of getting a molecular diagnosis for hereditary
skin diseases in a fraction of the time and at more af-
fordable cost. It seems that a change of thinking among
clinicians, wider availability of clinical genetics services,
and a redistribution of budget resources are needed to
increase the use of molecular diagnostics.

The relative occurrence of various diagnoses in the
local cohort yielded somewhat surprising results: the 2
most common diagnoses were porokeratosis and neuro-
fibromatosis. In the current edition of ICD-10 there is
only a diagnostic code for porokeratosis (Mibelli), but
there are several clinical types of porokeratosis heredi-
tary in an autosomal dominant manner (2, 17, 18). Thus,
hereditary porokeratosis would be a more correct term.
We have recently shown that porokeratosis is a common
genodermatosis (18).

The second largest diagnostic group in the local co-
hort was neurofibromatosis, with 32 clinically verified
diagnoses. The patients had been referred either for di-
agnosis or for removal of cutaneous neurofibromas with
CO, laser. Phacomatoses, including neurofibromatosis,
were not included in the nationwide search because
the ICD-10-SE version has only one code, Q85.0, for
both neurofibromatosis 1 and neurofibromatosis 2, and
previous studies from Finland showed that healthcare
registers include many false diagnoses for neurofibro-
matosis 1 (19).

Ichthyosis and EB are prominent diseases, as judged
by the number and impact of publications, which may
be due to the presence of severe forms of these diseases.
Based on a previously reported estimate of a high (1:250)
prevalence of ichthyosis vulgaris (7), we expected icht-
hyoses to be the most common genodermatosis in the
cohort, but this was not the case, since only 24 patients
(8% of the total number of patients) had this diagnosis
in the local cohort. A possible explanation for this is
probably related to the fact that most patients with icht-
hyosis vulgaris are treated within the primary healthcare
or that this genodermatosis is misdiagnosed as atopic
dermatitis. The relative number of patients with EB in the
whole cohort was lower than expected. It is possible that
patients with mild EB are missing, since, without mole-
cular diagnostics, these patients may not have received
a correct diagnosis and were not included. The dominant
diagnostic subclassification was “unspecified” of both the
ichthyoses and EB, which could be due to clinicians not
being able to identify the subtypes of EB and ichthyosis
appropriately in the first patient examination.

Both Darier disease and Hailey-Hailey disease were
more common in the current study than previously
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estimated (20, 21), with a prevalence of 1:12,000 and
1:19,000, respectively. Both are hereditary in an auto-
somal dominant manner. Since the conditions become
manifest in the third decade of life, they may be less
visible than childhood-onset genodermatoses, but be-
cause they are completely penetrant, they may reduce
the functionality of these patients who then seek medical
attention with a low threshold.

Hereditary keratosis palmaris et plantaris was another
common genodermatosis in the study, with an estimated
prevalence of 1:5,000. With the advent of molecular diag-
nostics with NGS-based gene panels, hereditary keratosis
palmaris et plantaris may be more heterogeneous than
previously thought, and a more robust molecular-based
classification may emerge. Since there are also very mild
cases, it is possible that full coverage of this disease is
not possible (22).

Keratosis follicularis decalvans is a rare, X-linked
disease with specific ichthyosis and loss of hair (23, 24).
The local cohort included 1 patient, but, surprisingly, in
the NPR cohort there were many patients. The register
data showed, however, that certain hospitals were over-
represented in making this diagnosis and approximately
half of the patients were women. Thus, we decided not
to report the incidence and prevalence of keratosis fol-
licularis decalvans.

In the nationwide data there were 9 genodermatoses
that had only been diagnosed in 1 or 2 individuals. This
could be interpreted as a sign that some hereditary skin
diseases are ultra-rare in the clinical setting. Alternati-
vely, incorrect diagnostics is possible, and this highlights
the need for more accurate, molecular-based diagnostics
in the field of hereditary skin diseases.

One of the drawbacks of the current study is incomple-
te ascertainment. Since referrals for mild genodermatosis
may be redirected from university clinics to private
dermatologists without an assessment in the university
clinic, it is possible that the study has not included all
patients with genodermatosis. The nationwide cohort was
pseudonymized before it was delivered to us, and thus we
could not validate the diagnoses from patient journals.
Performing epidemiological studies on rare diseases is
challenging because the number of patients is low, and
most diseases do not have specific diagnosis codes. Since
the genodermatoses represent a variety of diseases with
different expressions and occurrences, there may be di-
agnostic delays and uncertainties in the recording of the
diagnosis. Correspondingly, the diagnostic accuracy in
clinical work may not always be sufficient for making
proper diagnoses of rare diseases.

Patients with rare diseases may be invisible in clinical
centres that do not have a specific interest in rare diseases.
It is likely that the number of patients and their service
usage or needs are not recognized even if they have
chronic symptoms and decreased functionality. This
study provides a unique resource for the epidemiology of
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genodermatoses, since it is mandatory to report diagnoses
to the NPR from all public hospitals in Sweden, enabling
the extraction of high-quality epidemiological data. The
findings of this study will be of use for benchmarking
the resources required for this patient group, including
doctors and nurses, as well as genetic counselling.
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