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Purpose: Inherited ichthyosis is a monogenetic disease characterized by hyperkeratosis and

scaling of the skin, with large interindividual variation in severity. It can affect quality of life

for patients and their families. Population-based data on inherited ichthyosis are lacking,

which hampers studies into its epidemiology.

Patients and Methods: Based on medical record review, we validated diagnoses of

inherited ichthyosis in two nationwide population-based registries commonly used for

epidemiological research: The Danish National Patient Registry and the Danish Pathology

Registry. The study period was January 1, 1977, through December 31, 2015. Validation

samples were taken from one regional hospital without a specialized dermatological depart-

ment and two specialized dermatological departments. Positive predictive values (PPVs)

were estimated overall and for each coding system (ICD-8, ICD-10 and SNOMED), includ-

ing for specific ICD-10 codes.

Results: We identified 1772 first-time diagnoses of inherited ichthyosis; 363 patients were

diagnosed at the departments selected for validation, and 307 of these patients (84.6%) had

medical records enabling validation.We observed an overall PPVof 73.3% (95%CI: 68.1–77.9).

For ICD-8, ICD-10, and SNOMED diagnoses, the PPVs were 73.2% (95% CI: 58.1–84.3),

74.7% (95% CI: 69.0–79.7), and 46.2% (95% CI: 22.1–71.7), respectively. In analyses for ICD-

10 diagnoses, we observed much higher validity of diagnoses from the specialized departments

(PPV 79.7%; 95% CI: 74.1–84.3) than the regional hospital (PPV 5.9%; 95% CI: 0.6–24.3). The

PPVs for specific diagnoses were 80.1% for ichthyosis vulgaris and 96.6% for X-linked

ichthyosis but below 45% for remaining, rarer, subtypes.

Conclusion: The PPV of first-time diagnosis of inherited ichthyosis made at specialized

dermatological departments in the Danish National Patient Registry is approximately 80%.

Diagnoses from the Danish Pathology Registry had low PPVs precluding their use for

research.
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Introduction
Inherited ichthyosis is a group of rare genetic skin diseases (genodermatosis) with

known monogenetic causes.1 Ichthyosis is defined as a disease with abnormal

terminal keratinocyte differentiation, which primarily presents as hyperkeratosis

and/or scaling of the skin.2 Associated morbidity varies between subtypes, with the

most severe cases of ichthyosis requiring highly specialized levels of care.3,4 The

clinical and genetic variability, as well as unclear genotype-phenotype correlations,
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make further investigations into the epidemiology, patho-

genesis, comorbidity and prognostic factors of this disease

warranted. Furthermore, validated cohorts of certain sub-

types, such as X-linked ichthyosis, are needed for clinical

studies.

Unfortunately, studies of rare diseases, such as inher-

ited ichthyosis, are hampered by the low disease preva-

lence and the lack of validated databases. The Danish

National Patient Registry (DNPR) and The Danish

Pathology Registry (DPR) are two large nationwide data-

bases which provide a potential framework; however, in a

recent study of another genodermatosis, epidermolysis

bullosa (EB), we found evidence of insufficient validity

of diagnostic codes.5 For the DNPR, the positive predic-

tive value (PPV) was 77% for diagnoses registered after

the introduction of the 10th edition of International

Classification of Disease (ICD-10) and only 31% for diag-

noses registered in the preceding 8th edition (ICD-8). The

PPV was only 0% for SNOMED codes used in the Danish

Pathology Registry. Diagnosis and registration of inherited

ichthyosis in nationwide registries may be associated with

similar challenges.5 The first consensus report on nomen-

clature and classification of inherited ichthyosis was not

published until 2010,2 illustrating the ambiguity of the

clinical diagnostics that this rare genetic disease has been

subject to over the years.

In the current study, we therefore investigated the

validity of a first-time diagnosis of inherited ichthyosis in

the DNPR and the DPR using review of medical records as

reference.

Patients and Methods
Setting
Denmark has a universal healthcare system, guarantee-

ing residents unrestricted access to general practitioners

and hospitals, including highly specialized treatments.

Health services are routinely recorded in the various

registries using the Civil Personal Registration (CPR)

number, which is a unique personal identifier assigned

to all Danish residents by the Civil Registration

System.6,7 In this study, we identified all patients with

a first-time diagnosis of inherited ichthyosis recorded in

the DNPR and the DPR during the study period from

January 1, 1977 to December 31, 2015. Subsequently,

patient records were acquired and reviewed to validate

the diagnoses registered.

Identification of Study Population
We searched the DNPR for first-time contacts with inher-

ited ichthyosis recorded as either a main or secondary

diagnosis. The DNPR includes data on all somatic hospital

admissions since 1977 and all visits to emergency rooms

and outpatient clinics since 1994.7 For each hospital con-

tact, start and end dates for the contact, the hospital

department, and relevant diagnoses (one main and optional

secondary diagnoses) are registered. Diseases are regis-

tered by the physician in charge of discharge or outpatient

contact using the Danish version of the International

Classification of Diseases (ICD). The ICD-8 revision was

used from 1977 and was replaced by the ICD-10 after

1993. We considered all inpatient, emergency room, and

outpatient clinic contacts, including those that were

ongoing at the end of the study period. We included

ICD-8 code 757.20 labelled “Ichthyosis” and ICD-10

code Q80 for “Inherited ichthyosis”. Although the consen-

sus statement suggests that some rare diagnoses of inher-

ited ichthyosis are not included within this code list,2 in

our experience, “other” or “unspecified” ichthyosis (ie,

Q80.8 or Q80.9) are the most commonly used in clinical

practice. Of note, only syndromic forms of ichthyosis were

within the scope of this study.

We also searched the DPR for patients registered with

ichthyosis. The DPR includes results from histopathologi-

cal investigations completed at all Danish departments of

pathology since 1997. The Registry was established to

supplement other Danish registries (eg, DNPR) and con-

tains information relating to patient diagnosis and treatment

from both hospitals and the primary sector. Registration is

performed by the investigating pathologist using the Danish

version of the Systematized Nomenclature of Medicine

(SNOMED).8 We included all patients registered with the

SNOMED code M74410 labelled “Ichthyosis”. There are

no other Danish SNOMED codes consistent with ichthyo-

sis. As for the ICD-8 code, the Danish SNOMED code for

ichthyosis is less specific for inherited ichthyosis than the

ICD-10 code and may thus include other ichthyosis forms.

Validation
To validate the ichthyosis diagnoses, we selected all

patients with a first-time diagnosis from two dermatologic

departments (at Aarhus and Bispebjerg University

Hospitals) and one regional hospital (Herning Central

Hospital). One author (MK) reviewed the medical records

and collected relevant data on a predefined set of clinical
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descriptions, family histories, and results from histopatho-

logical examinations and molecular genetic tests. The clin-

ical findings extracted included signs of scaling, color,

shape and localization of scales; age at manifestation;

syndromal signs; and other significant specific manifesta-

tions (see Supplementary Table 1).2 Family history was

considered positive if there was one or more similar or

confirmed cases in the family. Presence of one or more of

the following histopathological characteristics was consis-

tent with positive histology: orthohyperkeratosis, absent

stratum granulosum, thickened stratum granulosum, reten-

tion hyperkeratosis, lymphohistiocytic infiltrates, or epi-

dermolytic hyperkeratosis.2 Genetic verification was

considered present if the medical record included informa-

tion stating that there was a positive molecular genetic test

consistent with inherited ichthyosis.

Based on the information extracted, we classified

diagnoses as ‘not inherited ichthyosis’, ‘probable inher-

ited ichthyosis’ and/or “confirmed inherited ichthyosis”.

A diagnosis was considered to be “probable” inherited

ichthyosis if the clinical information described scaling

of the skin and an age of manifestation before adult-

hood. Patients who in addition to such manifestations

had positive family history, histology and/or genetic

verification (all considered of equal importance) were

categorized as “confirmed”. Of note, confirmed cases

formed a subgroup of probable cases (ie, groups were

not exclusive). The remaining patients were classified as

“not inherited ichthyosis”. In cases where available

information was cause for doubt (eg, wording or other

causes), MS or UK (both with broad expertise in diag-

nosis of patients with genodermatoses) were consulted.

Thus, we based the first level of confirmation primarily

on clinical description, while family history and para-

clinical findings had higher diagnostic specificity. The

exact clinical information, eg, the distribution and mor-

phology of the scaling, other clinical features such as

accentuated palmoplantar markings, presence of eczema

or incidence of cryptorchidism, together with the

description of the histology and the specific genetic

variant, if known, were used to classify cases into

ICD-10 subgroups of inherited ichthyosis according to

the classification proposed by Oji et al.2

We collected and processed data from medical records

through the REDCap (Research Electronic Data Capture)

—an electronic tool hosted by Aarhus University to ensure

secure data capture for research studies.9 The study

involved no patient contact.

Statistical Analysis
As an estimate of the validity of diagnoses, we computed

the positive predictive value (PPV) for first-time diagnoses

of inherited ichthyosis in the DNPR and the DPR, respec-

tively. The PPV was defined as the proportion of patients

with a probable or confirmed diagnosis of inherited

ichthyosis. We used the Wilson’s method to compute

95% confidence intervals for proportions based on data

for at least 40 patients; otherwise, we used the Jeffrey’s

method.10 We estimated PPVs for each registry overall, for

the individual coding systems, and for ICD-10 codes, in

subgroups defined by type of department (specialized or

regional), sex, age at diagnosis (below 1 year, 1–5 years,

6–15 years, 16–64 years, and above 64 years), calendar

year of diagnosis (before 2001, between 2001 and 2008,

and from 2009 to 2015), type of diagnosis (primary or

secondary), type of contact (admitted or outpatient clinic),

and the most specific level of the diagnosis code.

Statistical analysis was performed by MK using Stata

software (StataCorp. 2015. Stata Statistical Software:

Release 14.2. College Station, TX: StataCorp LP).

The study was approved by the Danish Data Protection

Agency (journal number 2013-58-0026, case number

1-16-02-668-15) and collection of the relevant data from

the medical files was approved by the National Board of

Health (case number 3-3013-1606/1/). Per Danish law, no

written informed consent is needed in studies based on

registry data. The study was carried out in accordance with

the principles of the Declaration of Helsinki.

Results
Figure 1 shows the study flowchart. During the study

period, 1,772 patients had a first-time diagnosis of inher-

ited ichthyosis in the DNPR and/or the DPR, of which 637

were identified at specialized dermatological departments

and 1135 from non-dermatological departments. Of all

diagnoses, 363 (20.5%) were recorded at one of the three

departments selected for validation. We were unable to

retrieve the medical records for 56 (14.4%) of these

patients: 4/238 (1.7%) at the Department of Dermatology

in Aarhus University Hospital, 45/96 (46.9%) at the

Department of Dermatology at Bispebjerg University

Hospital, 7/29 (24.1%) at Herning Central Hospital.

Thus, the final sample validated included 307 persons.

Compared with the total study population, this validated

population had a younger median age at diagnosis, a lower

proportion of females, and a greater proportion of
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diagnoses identified with the ICD-10 system (Table 1).

The low proportion of records identified at Bispebjerg

University Hospital was due to erasing of records from

early calendar periods (Supplementary Table 2), as record-

keeping was not legally required by the time of review

(Supplementary Table 2). Comparing the validation sam-

ples at the specialized departments, there was a lower

proportion of females and lower median diagnosis age

for those identified at Aarhus University Hospital than at

Bispebjerg University Hospital (Supplementary Tables 3

and 4).

Of the 307 first-time diagnoses validated, we classified

225 as probable and 82 as not inherited ichthyosis. Of the

225 classified as probable, 107 were further classified as

confirmed, yielding PPVs of 73.3% (95% CI: 68.1–77.9)

and 34.9% (95% CI: 29.7–40.3), respectively (Table 2).

Among confirmed cases, 75 had histological verification,

25 had positive family history, and 56 had genetic verifi-

cation. Of the 82 records classified as “not inherited

ichthyosis”, 46 (56%) represented other diagnoses, 18

(22%) had insufficient evidence to satisfy validation, and

18 (22%) had too sparse material for validation. The mis-

classified other diagnoses included acquired ichthyosis

(n=14), cerebral palsy (n=14; ICD-10 code: G80.9);

unspecified contact dermatitis (n=2); psoriasis (n=2); para-

neoplastic acanthosis (n=1); Sjögrens syndrome (n=6);

infant harlequin phenomenon (n=1); CHILD syndrome

1772 persons with first-time diagnosis of 
inherited ichthyosis recorded during study period

363 persons diagnosed at departments selected 
for validation

307 persons with medical records available for 
validation

225 persons classified as “probable inherited 
ichthyosis”

1409 persons diagnosed at departments not 
included in validation sample

82 persons classified as “not inherited 
ichthyosis”

107 persons classified as “confirmed inherited 
ichthyosis”

56 persons excluded because of missing 
medical records

Figure 1 Flowchart illustrating the validation process of the inherited ichthyosis diagnoses.

Table 1 Characteristics of Persons with First-Time Diagnosis of

Inherited Ichthyosis in the Danish National Patient Registry and

Pathology Registry, Total Study Population and Validated Population

Characteristics Total Study

Population

Validated

Population

Total 1772 (100%) 307 (17.3% of

Total)

Female 845 (47.7%) 114 (37.1%)

Median age at diagnosis (IQR),

years

38 (8–66) 15 (4–43)

Coding system for diagnosis

ICD-8 516 (29.1%) 41 (13.4%)

ICD-10 1100 (62.1%) 253 (82.4%)

SNOMED 156 (8.8%) 13 (4.2%)

Abbreviations: ICD, International Classification of Diseases; IQR, interquartile

range; SNOMED, Systematized Nomenclature of Medicine.
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(n=2); unspecified congenital linear nevi (n=2); and loca-

lized palmoplantar keratodermas (n=2). Of 18 records with

insufficient data to satisfy validation, medical records sug-

gested that 2 were syndromic ichthyoses, 3 were X-linked

ichthyosis, 4 were autosomal recessive ichthyoses, 2 were

other ichthyoses, and 7 were ichthyosis vulgaris.

The overall PPV was driven by the results for the ICD-8

(PPV 73.2%; 95% CI: 58.1–84.3) and ICD-10 (PPV 74.7%;

95% CI: 69.0–79.7), whereas the PPV for SNOMED codes

was low (PPV 46.2%; 95% CI: 22.1–71.7).

When stratifying results for ICD-10 codes, PPVs for

probable diagnoses were remarkably higher for specialized

departments and increased with decreasing age at diagno-

sis (Table 3). We observed no substantial variation by sex,

calendar period of diagnosis, or the type or setting of

diagnoses. Much lower estimates where found when

restricting to confirmed diagnoses. Comparing the specia-

lized departments, estimates were higher for Aarhus

University Hospital (PPV 84.0%; 95% CI: 78.9–88.5)

than for Bispebjerg University Hospital (PPV 63.3; 95%

CI: 49.3–75.3) (Supplementary Table 5).

Considering probable diagnoses, PPVs for the complete

(subtype-specific) ICD-10 code was 80.1% (95% CI: 72.7–

86.0) for ichthyosis vulgaris; 96.6% (95% CI: 85.0–99.6) for

X-linked ichthyosis; 42.9% (95%CI: 20.3–68.1) for lamellar

ichthyosis; and 40.0% (95% CI: 9.4–79.1) for congenital

ichthyosiform erythroderma (Supplementary Table 6). For

the remaining ICD diagnoses, PPVs were 0%, as no cases

were classified as probable during this validation.

Discussion
In this validation study of inherited ichthyosis, we found a

PPV of 73–75% for first-time ICD diagnoses recorded in

the DNPR when considering diagnoses classified as at

least probable based on medical record review. The results

were driven by findings at dermatological departments.

The validity of SNOMED diagnoses in the DPR was

only 46%.

No previous study has examined the validity of ichthyo-

sis diagnoses in the Danish registries. Our findings are,

however, similar to our recently published study concerning

validity of EB,5 except for better validity of ichthyosis

diagnosis codes from the ICD-8 system in the current study.

We investigated validity using two reference standards.

The PPV for probable diagnoses likely represents a more

full clinical spectrum, including milder forms of inherited

ichthyosis where diagnosis is based solely on clinical pre-

sentation. Meanwhile, we expect that the confirmed group

consists mainly of cases with a severe clinical presentation

or a need for confirmation with respect to the choice of

treatment or to implement prenatal molecular diagnosis for

patients’ offspring. Thus, the probable group may be the

most relevant measure of the precision of the diagnostic

process as it takes place in the clinical practice in Denmark.

The PPVs of inherited ichthyosis were higher for the

ICD diagnoses compared to the SNOMED diagnoses.

Histopathological findings are generally considered non-

diagnostic for inherited ichthyosis.2 The low PPV of

SNOMED codes reflects that most cases identified by

SNOMED codes did not have the sufficient characteristic

clinical features recorded in their medical records.

For the ICD-10 codes, the PPV was highest for the

specialized dermatological departments, which is expected

both because of experience with the condition and because of

a greater disease prevalence. Notably, many of the cases

identified at the regional department were cerebral palsy

(14 of 17 cases), which is probably due to the alphanumerical

similarity of the ICD-10 codes (G80.9 for cerebral palsy and

Q80.9 for unspecified ichthyosis), thus representing miscod-

ing rather than misdiagnosis. The pattern with better PPV for

the lowest diagnosis age is expected for congenital condi-

tions where many cases manifest with characteristic symp-

toms at birth or in early childhood and where especially the

patients with the most severe phenotypes are likely to be

referred to dermatological departments. The PPVs of the

disease-specific ICD-10 diagnoses showed that the diagnoses

Table 2 PPVs (95% Confidence Interval) for the Coding of Inherited Ichthyosis in the DNPR and the DPR, Overall and by Coding

System

Coding System for Diagnosis Total Validated, n Probable, n Confirmed, n PPV for Probable, % PPV for Confirmed, %

ICD-8 41 30 18 73.2 (58.1; 84.3) 43.9 (29.9; 59.0)

ICD-10 253 189 83 74.7 (69.0; 80.0) 32.8 (27.3; 38.8)

SNOMED 13 6 6 46.2 (22.1; 71.7) 46.2 (22.1; 71.7)

Total 307 225 107 73.3 (68.1; 77.9) 34.9 (29.7; 40.3)

Abbreviations: DNPR, Danish National Patient Registry; DPR, Danish Pathology Registry; ICD, International Classification of Diseases; PPV, positive predictive value;

SNOMED, Systematized Nomenclature of Medicine.
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of ichthyosis vulgaris and X-linked ichthyosis were above

80%. PPVs for other subtypes were below 43% and precision

was poor based on a very low number of registered cases.

There are some potential sources of bias in our study.

Some records included insufficient information to judge the

correct diagnosis, which may have caused us to underesti-

mate the validity. On the other hand, the criteria for fulfilling

a “probable” diagnosis were quite inclusive in order to

accommodate the clinical variability in ichthyosis; this may

have caused overestimation. Furthermore, records were eval-

uated by only one person; it is difficult to predict in which

direction this procedure may have biased the results.

Precision of our estimates is also a concern, as illustrated

by the low number of cases and wide confidence intervals for

especially subgroup analyses and specific diagnoses.

A strength of our study is that we were able to retrieve a

large proportion of records sought for validation. An exception

is records from Bispebjerg in the early calendar period, but as

this seem to have been related to archiving issues and therefore

not the diagnosis itself, we find it unlikely to have biased our

PPVs. This issue is likely to explain the higher proportion of

ICD-10 diagnoses in the validated population compared with

the total study population. The validated population also had a

lower proportion of females and a lower median age at diag-

nosis. The lower proportion of females may be explained by

the fact that the most prevalent single form of inherited

ichthyosis is X-linked and therefore only manifest in males.2

The lower median age at diagnosis may be explained by

overrepresentation of cases from dermatological departments

where more severe cases are seen. Inference based on the

results for the regional hospital is limited based on the low

number of cases validated and our overall results should there-

fore not be generalized to non-specialized departments.

Finally, we were unable to examine completeness of

diagnoses, which is another important measure of quality

of registration. Incompleteness will exist and is expected

to be related to severity of disease. Thus, cases with milder

disease manifestations, that are inherited dominantly, may

either go completely undiagnosed if the family has suffi-

cient experience with handling the condition themselves or

Table 3 PPVs (95% Confidence Intervals) for Probable and Confirmed ICD-10 Diagnoses of Inherited Ichthyosis, Stratified by

Characteristics

Characteristics Count # Probable # Confirmed PPV for Probable PPV for Confirmed

Department type

● Regional 17 1 0 5.9 (0.6; 24.3) 0.0 (0.0; 13.5)

● Specialized 236 188 83 79.7 (74.1; 84.3) 32.8 (27.3; 38.8)

Sex

● Males 155 115 54 74.2 (66.8; 80.4) 34.8 (27.8; 42.6)

● Females 98 74 29 75.5 (66.1; 83.0) 29.6 (21.5; 39.3)

Age at diagnosis (years)

● <1 39 36 21 92.3 (80.9; 97.8) 53.8 (38.4; 68.8)

● 1–5 43 35 15 81.4 (67.3; 90.3) 34.9 (22.4; 49.8)

● 6–15 57 41 16 71.9 (59.2; 81.9) 28.1 (18.1; 40.8)

● 16–64 89 64 28 71.9 (61.8; 80.2) 31.5 (22.8; 41.7)

● >64 25 13 3 52.0 (33.1; 70.5) 12.0 (3.5; 28.7)

Calendar year

● Before 2001 39 29 10 74.4 (59.3; 86.0) 25.6 (14.0; 40.7)

● 2001–2008 97 64 33 66.0 (56.1; 74.6) 34.0 (25.4; 43.9)

● 2009–2015 117 96 40 82.1 (74.1; 88.0) 34.2 (26.2; 43.2)

Type of diagnosis

● Primary 176 130 71 73.9 (66.9; 79.8) 40.3 (33.4; 47.7)

● Secondary 77 59 12 76.6 (66.0; 84.7) 15.6 (9.1; 25.3)

Patient type

● Outpatient 234 175 77 74.8 (68.9; 79.9) 32.9 (27.2; 39.2)

● Admitted 19 14 6 73.7 (51.6; 89.2) 31.6 (14.4; 53.9)

Abbreviations: ICD, International Classification of Diseases; PPV, positive predictive value.
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it may be managed by a general practitioner or a private

practicing specialist.

Conclusion
In conclusion, we found that the validity of first-time inherited

ichthyosis diagnoses recorded at specialized dermatological

departments in the DNPR was at a moderate level of approxi-

mately 80%. However, SNOMED diagnoses in the DPR have

low validity, precluding for identifying inherited ichthyosis for

research. The only moderate validity of the first-time diag-

noses even at the specialized departments, as well as lack of

clinical and paraclinical data, indicates a need for specialized

registers for these diseases. A new database, Danish National

Database for Genodermatoses, has just been launched to

address this need.
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