Open access Cohort profile

Cohort profile: the clinical ‘Psoriasis in
Adolescents’ (PIA) cohort in Denmark

BM)J Open

To cite: Blegvad C,

Andersen A-MN, Groot J, et al.
Cohort profile: the clinical
‘Psoriasis in Adolescents’ (PIA)
cohort in Denmark. BMJ Open
2019;9:031448. doi:10.1136/
bmjopen-2019-031448

» Prepublication history for
this paper is available online.
To view these files please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2019-
031448).

Received 04 May 2019
Revised 29 August 2019
Accepted 10 September 2019

| '.) Check for updates

© Author(s) (or their
employer(s)) 2019. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

'Copenhagen Research Group
for Inflammatory Skin (CORGIS),
Department of Dermatology

and Allergy, Herlev and

Gentofte Hospital, University of
Copenhagen, Hellerup, Denmark
%Section of Epidemiology,
Department of Public Health,
University of Copenhagen,
Copenhagen, Denmark

Correspondence to

Dr Christoffer Blegvad;
christoffer.blegvad.01@regionh.
dk

Christoffer Blegvad,” ' Anne-Marie Nybo Andersen,” 2 Jonathan Groot, 2

Claus Zachariae,' Lone Skov'

ABSTRACT

Purpose Psoriasis is a chronic inflammatory skin disease
that frequently debuts in childhood and adolescence.

We wished to determine environmental and genetic risk
factors for the development of psoriasis in children and
adolescents, as well as to investigate debut type, trigger
factors, course of disease, nature and influence of stress
related to both child and family and risk factors for
comorbidity. The ‘Psoriasis in Adolescents’ (PIA) cohort
will provide data on the relationship between psoriasis
and, respectively, genetic disposition, early-life exposures,
quality of life and comorbidity.

Participants The PIA cohort is nested in the large general
population Danish National Birth Cohort (DNBC). We
invited 390 adolescents with psoriasis and corresponding
maternally predisposed and non-predisposed controls.
Participants underwent an interview and a clinical
examination consisting of a skin inspection and

physical measurements including blood sampling and
microbiological swabs. Additionally, four self-administered
questionnaires on physical and mental health were
completed.

Findings to date The final PIA cohort consists of 81
adolescents with psoriasis, 110 parentally predisposed
and 124 non-predisposed psoriasis-free adolescents. The
validity of the maternally reported psoriasis status from
the DNBC was found to be low on clinical examination
(47.5%). In contrast, the self-reported psoriasis status of
the DNBC mothers was clinically confirmed in 80.8% of
the cases.

Future plans The PIA cohort offers the possibility of
assessing the clinical characteristics, course of psoriasis
and development of comorbidities in adolescents with
clinically confirmed disease from a general population.
Comparison with predisposed and non-predisposed
controls is possible and genetic analyses are scheduled.
We plan to invite the participants for a follow-up in 5-10
years. Furthermore, we plan to include newly diagnosed
adolescents with psoriasis from the 18-year DNBC follow-
up. All information is linkable on the individual level with
data from the DNBC and nationwide registries in Denmark.

INTRODUCTION

Psoriasis is a chronic inflammatory skin
disease with a complex multifactorial aeti-
ology affecting approximately 3% of the
western population.' Both genetics and envi-
ronmental factors influence the onset of
disease. In twin studies, it has been shown

Strengths and limitations of this study

» The ‘Psoriasis in Adolescents’ (PIA) cohort consists
of adolescents with psoriasis, as well as genetical-
ly predisposed and non-predisposed adolescents
without psoriasis, from a large nationwide general
population birth cohort in Denmark.

» Collected information includes clinical characteris-
tics of psoriasis, blood samples for cardiovascular/
metabolic risk factors and genetic analyses, micro-
biological swabs and data on physical and mental
health.

» A major strength of the PIA cohort is the possibility
of linking data to the birth cohort and the national
health registries in Denmark.

» The cohort is limited by the relatively small size;
however, we have clinically confirmed the psoriasis
status.

that up to 70% of the risk of psoriasis can be
explained by genetics; furthermore, having
one parent with psoriasis yields a 30% risk of
the child also having psoriasis, while psori-
asis in both parents increases the risk up to
50%—65%.%"" Several genetic risk loci have
been identified in genome-wide associa-
tion studies, including the PSORSI-9 loci.
PSORSI is located in the major histocom-
patibility complex of chromosome 6p; the
HLA-Cw6 allele coded in this region has
been shown to be particularly important and
it is associated with an early debut of psori-
asis.” ° Known environmental risk factors or
‘trigger factors’ are physical trauma (the
Koebner phenomenon), streptococcal throat
infection, psychological stress, certain drugs,
smoking and obesity.” '’ The age of onset is
bimodal with peaks around 16-22 and 57-60
years; however, around one-third of patients
with psoriasis have had their debut at the age
of 16 yeaurs.69 In children and adolescents, the
overall prevalence has been shown to be 0.7%
with a linear increase from 0.1% at the age of
lyear to 1.2% at 18 years."" The diagnosis of
psoriasis is mostly clinical and based on skin
appearance, although a skin biopsy supports
the diagnosis. In children and adolescents,
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Figure 1 Flowchart showing the recruitment process and
classification of the adolescents from the Danish National
Birth Cohort in the Psoriasis in Adolescents cohort.

psoriasis can be difficult to diagnose because of mild and
overlapping symptoms (eg, atopic and seborrheic derma-
titis) and a lack of validated clinical examination-based
diagnostic criteria.” "*'* The most common type of
psoriasis, plaque psoriasis, manifests itself as well-demar-
cated red and scaly plaques, with itch and discomfort as
common complaints.'” Psoriasis severely affects quality of
life with an impact comparable to other major diseases,
not only in adults but also in children and adoles-
cents."® ' In adults, psoriasis has been shown to be asso-
ciated with a wide range of comorbidities, predominantly
cardiovascular and metabolic diseases, and also depres-
sion and anxiety and autoimmune disorders including
inflammatory bowel disease.'"™™ Previous studies on
children and adolescents with psoriasis have found some
of these comorbidities, or risk factors thereof, to be
increased." **° Since these studies have mainly been
done in highly selected hospital-treated populations, with
small sample sizes, or by retrospectively reviewing, for
example, patient records, we wished to investigate paedi-
atric psoriasis in a more general population, and also
to include psoriasis-free controls for comparison, with
the possibility of prospective data collection." ** We
therefore established a well-characterised clinical cohort
nested in a large, nationwide birth cohort in Denmark
in order to investigate the clinical characteristics, trigger
factors, comorbidities and related risk factors and geno-
type of paediatric psoriasis. Our clinical cohort consists
of adolescents with psoriasis, as well as predisposed and
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non-predisposed psoriasis-free controls: the ‘Psoriasis in
Adolescents’ (PIA) cohort.

COHORT DESCRIPTION

Study population

The PIA cohort is a clinical cohort of adolescents (WHO:
age 10-19 years) with psoriasis, adolescents with no psori-
asis, but with genetic predisposition, and adolescents with
no psoriasis nor predisposition. The clinical study popu-
lation is nested in the large, nationwide birth cohort in
Denmark—the Danish National Birth Cohort (DNBC).*
The DNBC was established from 1996 to 2002 and consists
of the offspring of approximately 100000 expecting
mothers recruited during pregnancy from the general
Danish population. The mothers were included at the
first antenatal care visit at the general practitioner and
candidates were required to speak Danish well enough
to participate in telephonic interviews. The mother and
child have since been followed up with interviews and
online questionnaires at child-age 6 months, 18 months,
7, 11 and 14 years, and an 18-year follow-up is currently
undertaken.

We invited adolescent DNBC participants to join the PIA
cohort based on three selection criteria: (1) adolescents
with maternally reported psoriasis, (2) adolescents with
no psoriasis but with maternal predisposition to psori-
asis and (3) adolescents with no psoriasis nor maternal
predisposition.

The adolescents with psoriasis were identified using
version 2 of the 11-year DNBC follow-up questionnaire to
the mothers. The majority of the participating mothers
received this version. In this, the mothers were asked:
“Has your child ever had an outbreak of the disease psori-
asis?” This information allowed us to identify adolescents
with psoriasis based on their mothers’ self-reported diag-
nosis. Adolescents with no psoriasis, but with maternal
predisposition, were identified using the mother’s first
telephonic interview during pregnancy, where she was
asked the following series of questions: “Have you ever
had any skin disease?” — “Was the skin disease diagnosed
by a doctor?” — “What kind of skin disease?” — “Psori-
asis”. Accordingly, adolescents with no psoriasis, nor
maternal predisposition, were identified.

Recruitment process
In the DNBC, 390 adolescents with maternally reported
psoriasis were eligible for invitation to participate in our
clinical study and all of these adolescents were invited.
We also identified approximately 2500 mothers with
psoriasis, and out of these mother—child pairs and the
entire remaining DNBC population, we correspondingly
invited a similar number of maternally predisposed (391)
and non-predisposed psoriasis-free adolescents (384) by
random selection (figure 1).

From 2016 to 2017, we sent out invitational letters to
the mother—child pairs. Adolescents of legal age (=18
years) were addressed directly. The invitational letter
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contained a self-addressed stamped envelope for prelim-
inary declaration of interest to participate. To maximise
the response rate, we invited all adolescents with mater-
nally reported psoriasis twice, and participants were
compensated for mileage expenses and the adolescents
were offered a gift card (250 DKK). Interested mothers
and adolescents were contacted by telephone and a date
for interview and clinical examination at one of three
locations in Denmark were scheduled. These locations
were the Department of Dermatology and Allergy at
Herlev and Gentofte Hospital, the Department of Derma-
tology at Aarhus University Hospital and dermatological
private practice NORD in Aalborg. Interviews and clin-
ical examinations were undertaken from January 2016 to
June 2017.

For adolescents under the legal age, it was mandatory to
be accompanied by a minimum of one parent/guardian
and consent from both parents/guardians was required;
however, a letter of attorney from the absent parent/
guardian was accepted. Participants were included only
after oral and written consent.

Out of the 1165 invited adolescents from the DNBC, the
overall positive response rate was 32.0%, and we managed
to include 27.1% of the total invited adolescents. Spec-
ified by invitational group, we included 115 (29.5%) of
the adolescents with maternally reported psoriasis, 120
(30.7%) of the adolescents with no psoriasis but with
maternal predisposition and 81 (21.1%) of the adoles-
cents with no psoriasis nor predisposition.

Interview

During an interview on the scheduled day of visit, the
investigator completed a questionnaire by asking the
adolescent a predefined series of questions. In order to
minimise recall bias, the accompanying parent/guardian
was allowed to help. The questionnaire consisted of
psoriasis-specific questions and more general health-re-
lated questions. Regarding psoriasis, the adolescents
were asked about their own psoriasis history and
possible symptoms of psoriasis, family history of psoriasis
and psoriatic arthritis, possible trigger factors for psori-
asis (eg, stress, medication or throat infections) and, if
relevant, present and ever psoriasis-specific treatment.
Adolescents with psoriasis were asked about age and sites
of psoriasis at debut, and the primary clinical phenotype
was characterised. The general part of the questionnaire
covered comorbidities, particularly cardiovascular and
metabolic disease, atopic diseases and inflammatory
bowel disease, as well as history of diaper rash in infancy.
Additionally, information on smoking, alcohol use and
psychosocial areas was included. Finally, general medi-
cation use was recorded. In addition to the research
questionnaire completed by the investigator, the adoles-
cents completed four self-administered questionnaires.
These questionnaires concerned depression (Major
Depression Inventory),”’ general anxiety (The Gener-
alized Anxiety Disorder 7-Item Scale),” activity in daily
life (ad hoc questionnaire) and skin-related quality of

life (The Children’s Dermatology Life Quality Index).”
A subgroup of the adolescents also participated as
members of a focus group in the construction and vali-
dation of a paediatric psoriasis-specific quality of life
assessment tool.

Clinical examination

Regardless of psoriasis status in the DNBC, the clinical
examination of the adolescents included a thorough
inspection of the skin and nails for signs of psoriasis and
other skin diseases, and we also recorded the Tanner
stage.”*” The clinical examination decided the final psori-
asis status of the adolescents irrespective of the status in
the DNBC. Among adolescents with clinically confirmed
psoriasis, the disease severity was assessed and scored
using both Psoriasis Area and Severity Index (PASI) and
body surface area (BSA). PASI assesses redness, scaling,
infiltration and area of the involved skin, whereas BSA
includes only the area.” The distribution of psoriasis was
noted and marked on a diagram and the present psoriasis
phenotype was recorded. The clinical diagnosis of psori-
asis in the adolescents was supported by a history of physi-
cian-diagnosed psoriasis and a predefined set of criteria
on paediatric psoriasis from a Delphi consensus by the
International Psoriasis Council.'* These criteria consist
of either one major criterion or three minor criteria and
we used them to support our psoriasis diagnosis based
on present examination or medical history. Adoles-
cents fulfilling these requirements are termed ‘clinically
confirmed’. Psoriasis in the family was confirmed based
on a history of physician-diagnosed psoriasis and clinical
appearance where possible. The adolescents were cate-
gorised as predisposed if either mother or father had
psoriasis.

Physical measurements, blood samples and microbiological
swabs

For all the clinically examined adolescents, we measured
blood pressure and pulse using a Microlife BP A3 Plus
automatic blood pressure monitor. Height, weight
and hip and waist circumferences were also recorded.
The majority of the adolescents performed spirometry
testing with an EasyOne Volksspirometer spirometer. Blood
samples were collected to measure haemoglobin Alc
(2mL blood), high-sensitivity C-reactive protein, choles-
terol (high-density lipoprotein (HDL), low-density lipo-
protein (LDL), very-low-density lipoprotein (VLDL) and
total) and triglycerides (3mL blood). All analyses were
done per standard protocol at Department of Clinical
Biochemistry, Herlev and Gentofte Hospital. Blood was
also collected for subsequent DNA (6 mL blood) and RNA
(3mL blood) analyses, in addition to serum (4 mL blood)
that was stored in a biobank for potential later analyses.
Furthermore, microbiological swabs (COPAN eSwab) were
taken from the throat and perineum, and the samples
were analysed by standard methods at the Department of
Clinical Microbiology, Herlev and Gentofte Hospital.

Blegvad C, et al. BMJ Open 2019;9:e031448. doi:10.1136/bmjopen-2019-031448



Power calculation and data management

Prior to study start, a power calculation was performed. We
used a hypothetical case—control study, assessing whether
overweight (exposure 10%) is associated with psoriasis
in the adolescents, as a model.’” Cases were adolescents
with psoriasis and the controls were adolescents without
psoriasis. To detect an OR of 2.5 with 80% power and an
o-level of 5%, it was necessary to estimate a minimum
sample size of 302 (151 cases and 151 controls).

All data from the clinical examination, the general
research questionnaire, the four self-administered ques-
tionnaires and the laboratory results were entered in a
secure REDCap database.”® To ensure data consistency, all
information was entered twice by two separate individuals.

Patient and public involvement statement

Patients were first involved at the time of receiving the
invitational letter, but the invited families were active in
the DNBC since inclusion during pregnancy. Our partic-
ipants were not directly involved in the design of the PIA
cohort. On completion of the study, all participants will
receive a concluding letter with study findings and infor-
mation on future perspectives of the research.

FINDINGS TO DATE

Final cohort and validity of the DNBC psoriasis status

The final psoriasis grouping of the adolescents included
in the PIA cohort was determined by the clinical exam-
ination and medical history, irrespective of the a priori
designations recorded in the DNBC: (1) adolescents with
clinically confirmed psoriasis, (2) adolescents with no
psoriasis but with parental predisposition to psoriasis and
(8) adolescents with no psoriasis nor parental predisposi-
tion (figure 1).

After interview and clinical examination, the included
adolescents were classified as follows: 81 adolescents with
clinically confirmed psoriasis, 110 adolescents with no
psoriasis but with parental predisposition to psoriasis and
124 adolescents with no psoriasis nor parental predisposi-
tion. As shown in the flowchart (figure 1), we reclassified
a substantial number of the included adolescents, as we
found some misclassification in the DNBC psoriasis status
of both the adolescents and the mothers.

The majority of the adolescents were of Scandina-
vian descent. The median (range) age in the three
groups were 16.0 (13.5-18.5), 15.3 (13.5-18.0) and 15.6
(13.8-18.4) years, respectively, for the adolescents with
psoriasis, the non-predisposed and the predisposed psori-
asis-free adolescents. The sex ratio was roughly even, with
aslight male predominance in the psoriasis group (53.1%
vs 44.6% vs 44.4%). The adolescents with psoriasis were
found to have mild disease on examination with a median
PASI of 1.2 (range 0.1-11.4) and a median BSA of 1.0%
(range 0.1-12%). This was reflected in the used treat-
ments with topical corticosteroids of moderate-to-high
potency being the most commonly used.

On basis of the clinical examination, secondarily we
had the opportunity to perform a validation of the DNBC
information on psoriasis status of both the mothers and
the adolescents. For practical reasons, we screened the
adolescents with maternally reported psoriasis living
in the western part of Denmark for likelihood of actual
psoriasis on the first telephonic contact. However, all
adolescents with maternally reported psoriasis included
at Herlev and Gentofte Hospital were unscreened and
therefore totally unselected. Unexpectedly, in this latter
unselected group of adolescents, we could only confirm
the diagnosis of psoriasis with a debut before the 11-year
follow-up in 28 out of 59 adolescents (47.5%). In most
cases, the adolescents had atopic dermatitis or unspeci-
fied eczema instead. The telephonic screening explains
why the validity of the maternally reported psoriasis status
appears to be higher in the flowchart, with 70 confirmed
psoriasis cases out of 114 examined adolescents (61.4%,
1 adolescent was excluded), since this number also
includes the actively selected group from the western
part of Denmark. Regarding the mothers, out of the total
120 mothers with self-reported psoriasis at time of inclu-
sion during pregnancy, we could confirm the diagnosis
with a debut before inclusion in the DNBC in 97 of them
(80.8%).

Strengths and limitations

Our PIA cohort offers the opportunity to assess the
course and clinical phenotype of adolescent psoriasis in
a general population. The diagnosis of psoriasis has been
confirmed clinically, and even though no recognised
clinical examination-based criteria on paediatric psori-
asis exist we supported our diagnosis by a predefined set
of criteria.'* We have data on possible trigger factors for
psoriasis and medical history regarding a range of other
diseases and known comorbidities. The cohort includes
genetically predisposed controls and controls with no
predisposition to compare with, and we plan to collect
data prospectively in future follow-ups. Furthermore, the
clinical characteristics are complemented by laboratory
data on cardiovascular and metabolic risk factors and
microbiological carrier status. Additionally, genetic anal-
yses, including gene—environment analysis, will be carried
out to further clarify the complex aetiology of psoriasis,
its phenotypes and trigger factors. Finally, we seek to
investigate the impact of an early debut of psoriasis on
quality of life and to develop a paediatric psoriasis-spe-
cific assessment tool. A great advantage of the PIA cohort
is the possibility of linking data from every follow-up of
the DNBC and also linkage to routinely collected health
data in national registries. The DNBC contains data on
a large variety of subjects relating to the child’s envi-
ronment and development rarely found in the national
registries, including information on home environment,
diet, sleep, allergy, exercise, mental health and parental
predispositions. All inhabitants in Denmark are assigned
a unique 10-digit personal identification number in the
Danish Civil Registration System that allows linkage on
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the individual level with the DNBC and other national
registries, for example, the Danish National Patient
Registry and the Danish National Prescription Registry,
respectively, containing information on all hospital diag-
noses and prescribed medication in Denmark.” **-!

Our cohort is limited by relatively small size; however,
we validated the self-reported psoriasis status of the
DNBC for both the adolescents and the mothers. The
small sample size could make some associations and
differences more difficult to show, and furthermore, even
though the adolescents are from an unbiased general
population cohort the risk of selection bias should still
be kept in mind when generalising any findings from
the PIA cohort. The data from our cohort show that
the self-reported psoriasis status of the mothers in the
DNBC has a high validity comparable to what has previ-
ously been shown in Norway.? This is in contrast with the
low validity of the maternally reported psoriasis in their
offspring. The main reasons for this discrepancy are prob-
ably that only the mothers were asked specifically about
physician-diagnosed psoriasis and that psoriasis in child-
hood can be difficult to diagnose due to mild and over-
lapping symptoms.'> This emphasises the importance of
asking as specific and unambiguous questions as possible
when collecting self-reported data. Importantly, we plan
to invite and add newly diagnosed adolescents with psori-
asis to the PIA cohort using the ongoing 18-year follow-up
of the DNBC. Here, the adolescents are asked specifically
about physician-diagnosed psoriasis, which expectedly
will increase the validity of this information.

COLLABORATION

We are interested in collaborations with other research
groups having data related to psoriasis in children and
adolescents. Please find data sharing statement below.

Acknowledgements We would like to thank the Department of Dermatology,
Aarhus University Hospital, Aarhus, Denmark and dermatological private practice
NORD, Aalborg, Denmark for kindly letting us use their facilities. The Danish
National Birth Cohort was established with a significant grant from the Danish
National Research Foundation. Additional support was obtained from the Danish
Regional Committees, the Pharmacy Foundation, the Egmont Foundation, the March
of Dimes Birth Defects Foundation, the Health Foundation and other minor grants.
The DNBC Biobank has been supported by the Novo Nordisk Foundation and the
Lundbeck Foundation. Follow-up of mothers and children have been supported

by the Danish Medical Research Council (SSVF 0646, 271-08-0839/06-066023,
0602-01042B, 0602-02738B), the Lundbeck Foundation (195/04, R100-A9193),
The Innovation Fund Denmark 0603-00294B (09-067124), the Nordea Foundation
(02-2013-2014), Aarhus Ideas (AU R9-A959-13-S804), University of Copenhagen
Strategic Grant (IFSV 2012) and the Danish Council for Independent Research (DFF-
4183-00594 and DFF-4183-00152).

Contributors LS and A-MNA were the instigators and designers of the study and
took care of funding and all required approvals. CB was the lead investigator and
drafted the manuscript. LS and CZ provided consultant advice on clinical matters.
LS, A-MNA, JG and CZ gave expert advice on, and were integral parts of, the writing
process. All authors have read and approved the final manuscript.

Funding The study was supported by an unrestricted research grant from The LEO
Foundation and from Herlev and Gentofte Hospital. The former funded all laboratory
expenses, salary, mileage allowance and gift vouchers to the participants,
publication fees and daily operations of the project, while the latter covered 6
months salary for CB.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval As required by the law, the project was approved by The National
Committee on Health Research Ethics (protocol no. H-15004238) and the Danish
Data Protection Agency (journal no: GEH-2015-071, I-Suite no: 03641).

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Michalek IM, Loring B, John SM. A systematic review of worldwide
epidemiology of psoriasis. J Eur Acad Dermatol Venereol
2017;31:205-12.

2. Lennberg AS, Skov L, Skytthe A, et al. Heritability of psoriasis in a
large twin sample. Br J Dermatol 2013;169:412-6.

3. Griffiths CEM, Barker JNWN. Pathogenesis and clinical features
of psoriasis. The Lancet 2007;370:263-71.10.1016/S0140-
6736(07)61128-3

4. Swanbeck G, Inerot A, Martinsson T, et al. Genetic counselling in
psoriasis: empirical data on psoriasis among first-degree relatives of
3095 psoriatic probands. Br J Dermatol 1997;137:939-42.

5. Nestle FO, Kaplan DH, Barker J. Psoriasis. N Engl J Med
2009;361:496-509.

6. Henseler T, Christophers E. Psoriasis of early and late onset:
characterization of two types of psoriasis vulgaris. J Am Acad
Dermatol 1985;13:450-6.

7. Boehncke W-H, Schéon MP. Psoriasis. The Lancet 2015;386:983-94.

8. Setty AR, Curhan G, Choi HK. Smoking and the risk of psoriasis in
women: Nurses’ Health Study Il. Am J Med 2007;120:953-9.

9. Raychaudhuri SP, Gross J. A comparative study of pediatric onset
psoriasis with adult onset psoriasis. Pediatr Dermatol 2000;17:174-8.

10. Setty AR, Curhan G, Choi HK. Obesity, waist circumference, weight
change, and the risk of psoriasis in women: Nurses' Health Study II.
Arch Intern Med 2007;167:1670-5.

11. Augustin M, Glaeske G, Radtke MA, et al. Epidemiology and
comorbidity of psoriasis in children. Br J Dermatol 2010;162:633-6.

12. Burden-Teh E, Phillips RC, Thomas KS, et al. A systematic review of
diagnostic criteria for psoriasis in adults and children: evidence from
studies with a primary aim to develop or validate diagnostic criteria.
Br J Dermatol 2018;178:1035-43.

13. Kouwenhoven TA, Bronckers IMGJ, van de Kerkhof PCM, et al.
Psoriasis dermatitis: an overlap condition of psoriasis and atopic
dermatitis in children. J Eur Acad Dermatol Venereol 2019;33:e74-6.

14. Burden-Teh E, Thomas KS, Gran S, et al. Development of clinical
diagnostic criteria for plaque psoriasis in children: an electronic
Delphi consensus study with the International psoriasis Council. Br J
Dermatol.

15. Dubertret L, Mrowietz U, Ranki A, et al. European patient
perspectives on the impact of psoriasis: the EUROPSO patient
membership survey. Br J Dermatol 2006;155:729-36.

16. Rapp SR, Feldman SR, Exum ML, et al. Psoriasis causes as much
disability as other major medical diseases. J Am Acad Dermatol
1999;41:401-7.

17. Randa H, Todberg T, Skov L, et al. Health-related quality of life in
children and adolescents with psoriasis: a systematic review and
meta-analysis. Acta Derm Venereol 2017;97:555-63.

18. Augustin M, Reich K, Glaeske G, et al. Co-Morbidity and age-
related prevalence of psoriasis: analysis of health insurance data in
Germany. Acta Derm Venereol 2010;90:147-51.

19. Gelfand JM, Neimann AL, Shin DB, et al. Risk of myocardial
infarction in patients with psoriasis. JAMA 1735;2006.

20. Ahlehoff O, Gislason GH, Charlot M, et al. Psoriasis is associated
with clinically significant cardiovascular risk: a Danish nationwide
cohort study. J Intern Med 2011;270:147-57.

21. JJ W, Nguyen TU, Poon KYT, et al. The association of psoriasis with
autoimmune diseases. J Am Acad Dermatol 2012;67:924-30.

22. Schmitt J, Ford DE. Psoriasis is independently associated with
psychiatric morbidity and adverse cardiovascular risk factors, but not
with cardiovascular events in a population-based sample. J Eur Acad
Dermatology Venereol 2010;24:885-92.

Blegvad C, et al. BMJ Open 2019;9:€031448. doi:10.1136/bmjopen-2019-031448


http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1111/jdv.13854
http://dx.doi.org/10.1111/bjd.12375
http://dx.doi.org/10.1016/S0140-6736(07)61128-3
http://dx.doi.org/10.1111/j.1365-2133.1997.tb01555.x
http://dx.doi.org/10.1056/NEJMra0804595
http://dx.doi.org/10.1016/S0190-9622(85)70188-0
http://dx.doi.org/10.1016/S0190-9622(85)70188-0
http://dx.doi.org/10.1016/S0140-6736(14)61909-7
http://dx.doi.org/10.1016/j.amjmed.2007.06.020
http://dx.doi.org/10.1046/j.1525-1470.2000.01746.x
http://dx.doi.org/10.1001/archinte.167.15.1670
http://dx.doi.org/10.1111/j.1365-2133.2009.09593.x
http://dx.doi.org/10.1111/bjd.16104
http://dx.doi.org/10.1111/jdv.15213
http://dx.doi.org/10.1111/bjd.17994
http://dx.doi.org/10.1111/bjd.17994
http://dx.doi.org/10.1111/j.1365-2133.2006.07405.x
http://dx.doi.org/10.1016/S0190-9622(99)70112-X
http://dx.doi.org/10.2340/00015555-2600
http://dx.doi.org/10.2340/00015555-0770
http://dx.doi.org/10.1111/j.1365-2796.2010.02310.x
http://dx.doi.org/10.1111/j.1468-3083.2009.03537.x
http://dx.doi.org/10.1111/j.1468-3083.2009.03537.x

23. Tollefson MM, Van Houten HK, Asante D, et al. Association of 42. Tom WL, Playford MP, Admani S, et al. Characterization of lipoprotein
psoriasis with comorbidity development in children with psoriasis. composition and function in pediatric psoriasis reveals a more
JAMA Dermatology 2018;154:286-92. atherogenic profile. J Invest Dermatol 2016;136:67-73.

24. Kwa L, Kwa MC, Silverberg JI. Cardiovascular comorbidities of 43. Goldminz AM, Buzney CD, Kim N, et al. Prevalence of the metabolic
pediatric psoriasis among hospitalized children in the United States. syndrome in children with psoriatic disease. Pediatr Dermatol
J Am Acad Dermatol 2017;77:1023-9. 2013;30:700-5.

25. Kimball AB, Wu EQ, Guérin A, et al. Risks of developing psychiatric 44. Todberg T, Egeberg A, Jensen P, et al. Psychiatric comorbidities in
disorders in pediatric patients with psoriasis. J Am Acad Dermatol children and adolescents with psoriasis—a population-based cohort
2012;67:651-7. study. Br J Dermatol 2016.

26. Edens C, Antonelli M. The prevalence of comorbidities in children 45. Stefanaki C, Lagogianni E, Kontochristopoulos G, et al. Psoriasis in
and young adults with psoriasis and psoriatic arthritis. J Psoriasis children: a retrospective analysis. J Eur Acad Dermatology Venereol
Psoriatic Arthritis 2019;4:22-7. 2011;25:417-21.

27. Lysell J, Tessma M, Nikamo P, et al. Clinical characterisation at onset 46. Mercy K, Kwasny M, Cordoro KM, et al. Clinical manifestations
of childhood psoriasis—a cross sectional study in Sweden. Acta of pediatric psoriasis: results of a multicenter study in the United
Derm Venereol 2015;95:457-61. States. Pedlatr Dermatol 2013;30:424-8.

28. Kwon HH, NA SJ, JO SJ, et al. Epidemiology and clinical features 47. Moustou A-E, Kakourou T, Masouri S, et al. Childhood and
of pediatric psoriasis in tertiary referral psoriasis clinic. J Dermatol adolescent psoriasis in Greece: a retrospective analysis of 842
2012;39:260-4. patients. Int J Dermatol 2014;53:1447-53.

29. Choon SE, Ngim CF, Supramaniam P, et al. Clinico-epidemiological 48. Morris A, Rogers M, Fischer G, et al. Childhood psoriasis: a clinical
profile, including body mass index of Malaysian children with review of 1262 cases. Pediatr Dermatol 2001;18:188-98.
psoriasis. Med J Malaysia 2016;71:171-6. 49. Wu Y, LinY, Liu H-J, et al. Childhood psoriasis: a study of 137 cases

30. Zorko MS, Tockova O. Retrospective study of childhood psoriasis— from central China. World J Pediatr 2010;6:260-4.

Psoriasis Gene to Clinic, 8th International Congress. The Queen 50. Olsen J, Melbye M, Olsen SF, et al. The Danish National Birth
Elizabeth Il Conference Centre, London, U.K, 30th November-2nd Cohort—its background, structure and aim. Scand J Public Health
December 2017. Br J Dermatol 2017;177:e235-307. 2001;29:300-7.

31. Heppt F, Raap J, Sticherling M. Psoriasis in children: a single- 51. Bech P, Rasmussen N-A, Olsen LR, et al. The sensitivity and
centre analysis—Psoriasis Gene to Clinic, 8th International specificity of the major depression inventory, using the present
Congress. The Queen Elizabeth II Conference Centre, London, state examination as the index of diagnostic validity. J Affect Disord
U.K, 30th November-2nd December 2017. Br J Dermatol 2001;66:159-64.
2017;177:e235-307. 52. Spitzer RL, Kroenke K, Williams JBW, et al. A brief measure for

32. Mahé E, Beauchet A, Bodemer C, et al. Psoriasis and obesity in assessing generalized anxiety disorder: the GAD-7. Arch Intern Med
French children: a case—control, multicentre study. Br J Dermatol 2006;166:1092.
2015;172:1593-600. 53. Lewis-Jones MS, Finlay AY. The children's dermatology life quality

33. Lee A, Smith SD, Hong E, et al. Association between pediatric index (CDLQI): initial validation and practical use. Br J Dermatol
psoriasis and waist-to-height ratio in the absence of obesity. JAMA 1995;132:942-9 http://www.ncbi.nim.nih.gov/pubmed/7662573
Dermatology 2016;152:1314-9. 54. Marshall WA, Tanner JM. Variations in pattern of pubertal changes in

34. Au S-chung, Goldminz AM, Loo DS, et al. Association between girls. Arch Dis Child 1969;44:291-308.
pediatric psoriasis and the metabolic syndrome. J Am Acad 55. Marshall WA, Tanner JM. Variations in the pattern of pubertal
Dermatol 2012;66:1012-3. changes in boys. Arch Dis Child 1970;45:13-23.

35. Torres T, Machado S, Mendonga D, et al. Cardiovascular 56. Bozek A, Reich A. The reliability of three psoriasis assessment tools:
comorbidities in childhood psoriasis. Eur J Dermatology psoriasis area and severity index, body surface area and physician
2014;24:229-35. global assessment. Adv Clin Exp Med 2017;26:851-6.

36. Guidolin L, Borin M, Fontana E, et al. Central obesity in children with 57. Sundhedsstyrelsen. Temarapport Om bern OG overveegt 2010.
psoriasis. Acta Derm Venereol 2018;98:282-3. Sundhedsstyrelse, 2010. Available: http://sundhedsstyrelsen.dk/

37. Zhu KJ, HE SM, Zhang C, et al. Relationship of the body mass index publ/publ2010/cff/boernogovervaegt/temarapport_boern_og_
and childhood psoriasis in a Chinese Han population: a hospital- overvaegt.pdf
based study. J Dermatol 2012;39:181-3. 58. Harris PA, Taylor R, Thielke R, et al. Research electronic data capture

38. Ergun T, Seckin Gencosmanoglu D, Karakoc-Aydiner E, et al. (REDCap)—a metadata-driven methodology and workflow process
Prevalence of obesity in paediatric psoriasis and its impact for providing translational research informatics support. J Biomed
on disease severity and progression. Australas J Dermatol Inform 2009;42:377-81.
2017;58:e182-7. 59. Schmidt M, Pedersen L, Serensen HT. The Danish civil registration

39. Koebnick C, Black MH, Smith N, et al. The association of psoriasis system as a tool in epidemiology. Eur J Epidemiol 2014;29:541-9.
and elevated blood lipids in overweight and obese children. J Pediatr 60. Schmidt M, Schmidt SAJ, Sandegaard JL, et al. The Danish national
2011;159:577-83. patient registry: a review of content, data quality, and research

40. Paller AS, Mercy K, Kwasny MJ, et al. Association of pediatric potential. Clin Epidemiol 2015;7:449-90.
psoriasis severity with excess and central adiposity: an international 61. Wallach Kildemoes H, Toft Serensen H, Hallas J. The Danish national
cross-sectional study. JAMA Dermatol 2013;149:166-76. prescription registry. Scand J Public Health 2011;39(7_suppl):38-41.

41. Jensen P, Zachariae C, Iversen L, et al. Cardiovascular risk factors in 62. Modalsli EH, Snekvik I, Asvold BO, et al. Validity of self-reported
children and adolescents with psoriasis: a case—control study. Acta psoriasis in a general population: the HUNT study, Norway. J Invest
Derm Venereol 2014;94:76-8. Dermatol 2016;136:323-5.

6 Blegvad C, et al. BMJ Open 2019;9:e031448. doi:10.1136/bmjopen-2019-031448


http://dx.doi.org/10.1001/jamadermatol.2017.5417
http://dx.doi.org/10.1016/j.jaad.2017.08.034
http://dx.doi.org/10.1016/j.jaad.2011.11.948
http://dx.doi.org/10.1177/2475530318807695
http://dx.doi.org/10.1177/2475530318807695
http://dx.doi.org/10.2340/00015555-1986
http://dx.doi.org/10.2340/00015555-1986
http://dx.doi.org/10.1111/j.1346-8138.2011.01452.x
http://dx.doi.org/10.1111/bjd.13507
http://dx.doi.org/10.1001/jamadermatol.2016.3432
http://dx.doi.org/10.1001/jamadermatol.2016.3432
http://dx.doi.org/10.1016/j.jaad.2011.11.935
http://dx.doi.org/10.1016/j.jaad.2011.11.935
http://dx.doi.org/10.1684/ejd.2014.2291
http://dx.doi.org/10.2340/00015555-2816
http://dx.doi.org/10.1111/j.1346-8138.2011.01281.x
http://dx.doi.org/10.1111/ajd.12491
http://dx.doi.org/10.1016/j.jpeds.2011.03.006
http://dx.doi.org/10.1001/jamadermatol.2013.1078
http://dx.doi.org/10.2340/00015555-1607
http://dx.doi.org/10.2340/00015555-1607
http://dx.doi.org/10.1038/JID.2015.385
http://dx.doi.org/10.1111/pde.12218
http://dx.doi.org/10.1111/j.1468-3083.2010.03801.x
http://dx.doi.org/10.1111/pde.12072
http://dx.doi.org/10.1111/ijd.12225
http://dx.doi.org/10.1046/j.1525-1470.2001.018003188.x
http://dx.doi.org/10.1007/s12519-010-0213-0
http://dx.doi.org/10.1177/14034948010290040201
http://dx.doi.org/10.1016/S0165-0327(00)00309-8
http://dx.doi.org/10.1001/archinte.166.10.1092
http://dx.doi.org/10.1111/j.1365-2133.1995.tb16953.x
http://www.ncbi.nlm.nih.gov/pubmed/7662573
http://dx.doi.org/10.1136/adc.44.235.291
http://dx.doi.org/10.1136/adc.45.239.13
http://dx.doi.org/10.17219/acem/69804
http://sundhedsstyrelsen.dk/publ/publ2010/cff/boernogovervaegt/temarapport_boern_og_overvaegt.pdf
http://sundhedsstyrelsen.dk/publ/publ2010/cff/boernogovervaegt/temarapport_boern_og_overvaegt.pdf
http://sundhedsstyrelsen.dk/publ/publ2010/cff/boernogovervaegt/temarapport_boern_og_overvaegt.pdf
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1007/s10654-014-9930-3
http://dx.doi.org/10.2147/CLEP.S91125
http://dx.doi.org/10.1177/1403494810394717
http://dx.doi.org/10.1038/JID.2015.386
http://dx.doi.org/10.1038/JID.2015.386

	Cohort profile: the clinical ‘Psoriasis in Adolescents’ (PIA) cohort in Denmark
	Abstract
	Introduction﻿﻿
	Cohort description
	Study population
	Recruitment process
	Interview
	Clinical examination
	Physical measurements, blood samples and microbiological swabs
	Power calculation and data management
	Patient and public involvement statement

	Findings to date
	Final cohort and validity of the DNBC psoriasis status
	Strengths and limitations

	Collaboration
	References


