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Ágrip 

Sóragigt er sjúkdómur sem veldur bólgu og verkjum í liðum og festum. Hún er nátengd 

húðsjúkdómnum sóra eins og nafnið gefur til kynna. Undanfarinn áratug hefur orðið hraður 

vöxtur í fjölda birtra rannsókna um sóragigt, og hluti þeirra rannsókna hefur farið fram á 

Íslandi. 

Markmið þessarar rannsóknar var að finna flesta og helst alla sjúklinga með þegar greinda 

sóragigt á Íslandi til þess að meta algengi sjúkdómsins, birtingarform hans, erfðir og möguleg 

tengsl naglbreytinga við önnur sjúkdómseinkenni. 

Leitað var að sjúklingum á landinu öllu, en aðeins sá hluti Íslendinga sem býr á 

höfuðborgarsvæðinu var lagður til grundvallar algengistölum. Notast var við lista frá fyrri 

rannsóknum á húðsjúkdómnum sóra til þess að finna sjúklinga með sóragigt, en einnig var 

leitað í skrám Landspítala. Öllum sjúklingum var boðið til skoðunar og 71% þeirra sem 

bjuggu á höfðuborgarsvæðinu tóku þátt. Til þess að svara rannsóknarspurningum varðandi 

naglbreytingar voru gögn um sóragigtarsjúklinga sem safnað var í þessari rannsókn borin 

saman við gögn um sömu sjúklinga frá þeim tíma sem þeir tóku þátt í rannsókn á 

húðsjúkdómnum sóra. 

Alls fundust upplýsingar um 346 einstaklinga með greinda sóragigt, en af þeim voru 301 

lifandi með búsetu á Íslandi, og 220 þeirra bjuggu á höfuðborgarsvæðinu árið 2003. Til 

samanburðar voru upplýsingar um 1116 einstaklinga með sóra. Algengi sóragigtar byggt á 

skráðum greiningum var 0.16%, en 0.14% ef leiðrétt var fyrir þeim hluta sem ekki var hægt 

að staðfesta sjúkdóminn hjá við skoðun. Nær tvöfalt fleiri konur en karlar voru með sóragigt. 

Ættingjar sóragigtarsjúklinga voru með hækkaða hlutfallsáhættu (RR) á að fá sjúkdóminn sem 

var 39.2, 12.2, 3.6, og 2.6 fyrir fyrstu til fjórðu gráðu ættingja (p<0.0001). Naglbreytingar 

voru algengari í sóragigt en í sóra, og greining á þremur helstu undirflokkum naglbreytinga 

leiddi í ljós að eingöngu nagllos hefur klíníska þýðingu í sóragigt, með gagnlíkindahlutfall 

(OR) 2.1 fyrir sóragigt á meðal sórasjúklinga, OR 3.8 fyrir smáliðasjúkdóm í sóragigt og 

jákvæða fylgni milli naglloss og fjölda aumra liða (p=0.02).  

Sóragigt er álíka algeng á Íslandi og í nágrannalöndum okkar og er mjög ættlæg yfir marga 

ættliði. Nagllos er mun algengara meðal sóragigtarsjúklinga en sórasjúklinga, tengist 

smáliðasjúkdómi sérstaklega og sóragigtarsjúklingar með nagllos hafa fleiri auma liði. 

Lykilorð: Sóragigt, sóri, algengi, ættgengi, nagllos.  
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Abstract 

Psoriatic arthritis causes inflammation and pain in joints and entheses. It is closely linked to 

the skin disease psoriasis as its name suggests. Over the past decade the number of published 

research papers on psoriatic arthritis has grown rapidly, and some of those studies have been 

performed in Iceland. 

The goal of this study was to find most or all patients in Iceland with previously diagnosed 

psoriatic arthritis to study the prevalence, clinical presentation, inheritance, and the possible 

relationship between nail changes and other clinical symptoms. 

Although cases were sought from all of Iceland, only those living in the Reykjavik area 

were included in prevalence estimates. All patients were invited for a physical examination. 

Information on psoriasis patients collected for previous studies was used to find patients with 

psoriatic arthritis, and a search of the records of Landspitali hospital was performed as well. 

Data on psoriatic arthritis patients collected for this study were compared to data previously 

collected on psoriasis patients to analyze the connection between nail changes and clinical 

symptoms in psoriatic arthritis. 

Information on 346 individuals with diagnosed psoriatic arthritis was found, of whom 301 

were alive in 2003, with 220 living in the Reykjavik area; 71% of them participated in the 

physical examination portion of the study. Information on 1116 psoriasis patients was 

available for comparison. The prevalence of diagnosed psoriatic arthritis was 0.16%, but 

0.14% when the proportion of individuals without confirmable disease at examination was 

taken into account. Nearly twice as many women as men had the disease. Family members of 

psoriatic arthritis patients had a relative risk (RR) of 39.2, 12.2, 3.6, and 2.6 for having the 

disease for first- to fourth degree relatives (p<0.0001). Nail changes were more common in 

psoriatic arthritis than psoriasis and only onycholysis was clinically important in psoriatic 

arthritis, with an odds ratio (OR) of 2.1 for developing arthritis among psoriasis patients, OR 

of 3.8 for having small joint involvement among psoriatic arthritis patients, and a positive 

correlation between the presence of onycholysis and the number of tender joints (p=0.02) 

Psoriatic arthritis has a similar prevalence in Iceland as in neighbouring countries and is 

very familial over multiple meioses. Onycholysis is more prevalent in psoriatic arthritis than 

in psoriasis, is linked to small joint disease, and correlates with having more tender joints. 

Keywords: Psoriatic arthritis, psoriasis, prevalence, heritability, onycholysis. 
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Figure 1 - The number of articles on psoriatic arthritis in 

PubMed from 1990-2009. Following a stable period from 

1990-2001 there has been a rapid increase in the number of 

publications. (Corlan, 2011). 
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The growing literature on 
psoriatic arthritis 

1 Introduction 

Autoimmune diseases are a group of 

over 80 diseases that the National 

Institutes of Health in the United 

States estimates affect 5% - 8% of 

the population of that country 

(Autoimmune Diseases Coordinating 

Committee, 2005).  

Simple extrapolation suggests 

that as many as 520 million people 

around the world may suffer from 

autoimmune diseases at any given 

time. Most are chronic conditions, 

with no known cure. However, over 

the past two decades new 

medications have emerged that hold 

the promise of a better life for patients suffering from many of these conditions. This progress 

in the field of treatment has invigorated clinical research into autoimmune diseases, with 

increased funds becoming available and previously neglected diseases receiving appropriate 

attention. Psoriatic arthritis is an example of a disease which had received little attention for 

many years, but has seen exponential growth in interest and activity in the first decade of the 

twenty first century, as illustrated in figure 1  

This thesis summarizes the current literature on the clinical features, diagnosis, treatment, 

and epidemiology of psoriatic arthritis, and then describes research on psoriatic arthritis 

performed from 2003-2010 in the setting of the general population of Reykjavik, Iceland and 

subsequently published in peer reviewed journals, resulting in new insights regarding the 

prevalence, familiality, and clinical features of psoriatic arthritis. 

1.1 Psoriatic arthritis 

Psoriasis is one of the most common autoimmune diseases. Its prevalence varies between 

societies from around 0% in Samoa to 11.8% in Arctic-Kasach'ye (Christophers, 2001). In a  

recent review it was reported that the prevalence among adults ranged from 0.91% to 8.5% in 

18 studies (Parisi et al., 2012). Interestingly, half of the 12 studies based on self-report 
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reported a prevalence of 3% or higher, while four of six studies based on records and/or 

physical examination found the prevalence was <2% (Parisi, et al., 2012). Based on these data 

it seems reasonable to conclude that the prevalence of psoriasis is 1%-3% in the general 

population, and that less than 2% of the adult population has been diagnosed with psoriasis in 

Northern European countries such as Norway and the United Kingdom.  

Psoriasis is a T-cell-mediated, chronic, autoimmune, inflammatory skin disease that results 

in skin thickening, erythema, and scaling, often resulting in pruritus (Nestle et al., 2009). 

Even when limited to the skin it causes a significant reduction in quality of life, with physical 

and mental functioning reduced similarly to that seen in cancer, hypertension, heart disease, 

diabetes, and depression (Rapp et al., 1999). It is furthermore associated with the metabolic 

syndrome, hypertension and diabetes, and severe psoriasis is associated with an increased risk 

of myocardial infarction (Gelfand et al., 2006; Love et al., 2011; Qureshi et al., 2009), a risk 

that may be mitigated with systemic treatment, although conflicting results have been reported 

(Abuabara et al., 2011; Ahlehoff et al., 2012). Psoriasis is considered a skin disease and is not 

known to directly involve organs other than the skin and nails, with one exception: arthritis. 

Psoriatic arthritis is an inflammatory arthritis present in 6.25% - 48% of psoriasis patients 

(Gladman, 2009; Reich et al., 2009). In studies conducted prior to 2000 it was found to affect 

0.02% - 0.05% of the general population (Hellgren, 1969; Lomholt, 1963; van Romunde et 

al., 1984). However, more recent studies have placed the prevalence between 0.06% and 

0.25%, and in all studies published in 2005 or later the prevalence has been found to be higher 

than 0.15% (De Angelis et al., 2007; Gelfand et al., 2005; Madland et al., 2005; Pedersen et 

al., 2008; Reich, et al., 2009; Trontzas et al., 2005; Wilson et al., 2009b). Reasons for this 

increased prevalence have not been pursued directly, but it has been suggested that they may 

include increased detection of psoriatic arthritis, differences in case definition, and study 

design (Setty & Choi, 2007). It should be noted that all of the population based studies are 

based on diagnosed psoriatic arthritis only, and the actual prevalence is no doubt higher, as 

some cases are never diagnosed by a physician. However, it is unlikely that more accurate 

figures will become available as it is not feasible to perform population based studies with 

screening using interviews, physical examination and imaging studies for a disease as rare as 

psoriatic arthritis.  

In addition to prevalence studies there have been attempts to define the incidence of 

psoriatic arthritis, both among psoriasis patients and in the general population. These studies 

suggest an incidence ranging from 0.1 to 23.1 per 100,000 in the general population 



  

23 

(Alamanos et al., 2003; Hukuda et al., 2001; Kaipiainen-Seppänen, 1996; Savolainen et al., 

2003; Shbeeb et al., 2000; Söderlin et al., 2002), with four of the six studies reporting a range 

from 3.0 – 6.6 new cases per 100,000 individuals annually. Most studies have shown an equal 

gender distribution among both psoriasis and psoriatic arthritis, with some notable exceptions 

as in Sweden where the male/female ratio was found to be 0.4 (Söderlin, et al., 2002). 

However, the general consensus is that there is no clear gender predilection in this disease 

(Gladman, 2009; Setty & Choi, 2007). 

Psoriatic arthritis causes substantial additional morbidity compared to that described 

among psoriasis patients (Rapp, et al., 1999; Zachariae et al., 2002). It has long been held that 

psoriatic arthritis is associated with an increased standardized mortality rate (Wong et al., 

1997) although a recent study did not replicate this finding (Buckley et al., 2010). Data have 

not conclusively supported an increased risk of cardiovascular disease so far, although cross 

sectional data and the results of a sub-analysis in a study of psoriasis suggest that this is the 

case (Gladman et al., 2009; Han et al., 2006; Li et al., 2012). Thus, psoriatic arthritis is a 

severe, fairly common autoimmune disease with significant comorbidities.  

1.2 Pathology 

Psoriasis is a T-cell driven disease that causes epidermal hyperplasia, with an influx of 

autoimmune effector cells including monocytes, neutrophils, and dendritic cells (Nestle, et al., 

2009). Lymphocytes migrate to the skin via the cutaneous lymphocyte antigen (CLA), a 

process that may be enhanced by expression of HLA Cw0602 (Johnston et al., 2004). 

Erythema is also an important feature of psoriasis and is caused by increased growth and 

dilation of superficial blood vessels in the skin (Nestle, et al., 2009). 

Joint and synovial findings in psoriatic arthritis are T-cell driven as in the skin, and the 

prominent hyperplasia of blood vessels in skin is echoed in the synovium (Fearon & Veale, 

2001). As in rheumatoid arthritis, psoriatic arthritis causes hyper proliferation of the lining 

cells of the synovium, resulting in the formation of an invasive, inflammatory tissue mass 

called pannus (Anandarajah & Ritchlin, 2004). However, some pathological features 

differentiate psoriatic arthritis clearly from rheumatoid arthritis, the most prominent being the 

distinct patterns of hyper vascularity seen in these two diseases. While the vascular growth in 

rheumatoid arthritis is very regular, in psoriatic arthritis the vessels are quite tortuous and 

chaotic, a difference clearly visible arthroscopically as demonstrated in figure 2 (Reece, et al., 

1999).  
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Figure 2 - The left panel shows the tortuous pattern associated with psoriatic synovium and the right panel 

shows the straight, regular hypervascularity of rheumatoid arthritis. Arthroscopic images reproduced 

with the kind permission of Dr. Douglas Veale (Reece et al., 1999). 

 

The end result of pannus formation in rheumatoid arthritis is bony erosions, and these are 

present in psoriatic arthritis as well. However, the similarities end there. Psoriatic arthritis is 

associated with the presence of simultaneous bony proliferation and destructive change at the 

affected joint. The pencil-in-cup deformity is considered pathognomic, and involves a 

whittling down to a narrow tip of the distal end of a phalangeal bone, while the base of the 

adjacent phalanx flares out to form a cup-like structure, usually at the distal interphalangeal 

joint (DIP), a joint rarely if ever involved in rheumatoid arthritis (Wassenberg et al., 2001). 

While rheumatoid arthritis and psoriatic arthritis are both T-cell driven diseases, the T-cell 

subsets observed are not the same. In both psoriatic skin and synovium CD8+ cells 

predominate, while CD4+ cells are more common in rheumatoid arthritis (Reece, et al., 1999). 

Recent studies suggest that CD8+ T cells play a pivotal role in the pathogenesis of psoriasis, 

as the great majority of lesional T-cells are CD8+ and psoriasis lesions do not develop when 

CD8+ cell migration from the dermis into the epidermis is inhibited. Most recently, the 

important role played by the Th-17 subset of CD4+ T-cells in psoriatic disease has become 

apparent (Lowes et al., 2008), suggesting that the a role for the Th-17/IL23 axis is a potential 

target for treatment of psoriatic disease (Maeda et al., 2012). Indeed, it appears that a recently 

developed monoclonal antibody that blocks interleukin 12 and 23 through their common p40 

subunit (ustekinumab) is very effective for psoriasis (Griffiths et al., 2010),  effective in 

psoriatic arthritis (Gottlieb et al., 2009), but is not being tested further as a treatment for 

rheumatoid arthritis. Direct blocking of IL17 (ixekizumab) and its receptor (brodalumab) have 

been tested and appear promising in the treatment of psoriasis (Leonardi et al., 2012; Papp et 

al., 2012), but no studies for psoriatic arthritis are available.   
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Psoriatic arthritis is clearly a T-cell driven autoimmune disease, and a host of cytokines is 

produced, including tumor necrosis factor (TNF) alpha, interferon (IF) gamma, interleukin 

(IL) 1, IL 8, IL 10, and vascular growth factors, but the only synovial fluid marker shown to 

have an association with diseases activity on physical examination is the expression of IL23A 

mRNA (Celis et al., 2012). 

In summary, the pathology of psoriatic arthritis is that of a T-cell driven autoimmune 

response leading to a complex cascade of cytokine production which most closely resembles 

that seen in psoriatic skin but is clearly different from rheumatoid arthritis. The importance of 

these distinctive features in the pathogenesis of psoriatic arthritis is supported by the 

discovery of treatments that specifically target psoriatic disease. 

1.3 Familiality 

Psoriatic arthritis is a familial disease. Two proband-based studies have reported a lambda-s 

(also known as K-factor) of 47.0 - 48.8, suggesting that first degree relatives of patients with 

psoriatic arthritis have a nearly 50-fold risk of developing the disease compared to the general 

population (Moll & Wright, 1973a; Myers et al., 2005). However, these studies are limited by 

their use of lambda-S, lambda-O, lambda-P or lambda-1 (the Sibling, Offspring, Parent, or 1
st
 

degree relative recurrence risk ratio, respectively) as a surrogate for lambda-R (the true 

relative recurrence risk ratio). This approach is problematic, as ascertainment bias and over 

reporting can lead to substantial inflation of these recurrence risk ratios, an effect that is more 

pronounced in rare conditions (Guo, 1998). Furthermore, proband based studies of familiality 

are generally restricted to 1
st
 degree relatives, as proband reports regarding the disease status 

of more distant relatives are inherently less reliable. In addition to these shortcomings of the 

proband method, it relies on the prevalence of the disease in the underlying population being 

known, and is sensitive to this information being correct (Guo, 1998). None of the previously 

available studies of the familiality of psoriatic arthritis have been performed in populations 

where the prevalence of psoriatic arthritis was known. Therefore, there exists a need for more 

accurate estimates of the familiality of psoriatic arthritis, and no information on the risk in 

other than 1
st
 degree relatives has previously been made available. 

1.4 Genetics 

There have been many attempts at linking psoriatic arthritis to specific HLA genes, and 

studies have shown that there is a strong association with HLA B27 and HLA-Cw06, but also 

with HLA-B13, HLA-B38/39, HLA-B57, and HLA-DRB1. However, it is not clear how 
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many of these associations are independent, and how many are a result of linkage 

disequilibrium in the MHC region (Rahman & Elder, 2012). 

Recent data suggest that the association between HLA-Cw0602 and PsA may be 

misleading, as it confers a high risk for psoriasis, but is protective when looking at the risk for 

developing arthritis after psoriasis has developed (L. Eder et al., 2012). In those PsA patients 

who do have HLA-Cw06 it is associated with an increased lag from the onset of skin disease 

to the onset of arthritis as well as a mild form of psoriatic arthritis (Ho et al., 2007; Queiro et 

al., 2006). Finally, while nail changes in patients with psoriasis are associated with an 

increased risk of developing psoriatic arthritis (Wilson et al., 2009a), patients carrying HLA-

Cw06 are less likely to have nail changes (Gudjonsson et al., 2006). This unexpected pattern 

of associations clearly illustrates the need to study psoriatic arthritis separately from psoriasis, 

both among psoriasis patients and outside of psoriasis populations, rather than considering the 

arthritis as an extension, or severe form, of the skin disease.  

In addition to HLA genes, psoriatic arthritis has been linked to several other changes in the 

genome. An area on the arm of chromosome 16q was among the first to show an association 

with the disease (Karason et al., 2003), and genome wide single nucleotide polymorphism 

studies have since identified variants in IL23R, IL12B, TRAF3IP2, TNIP1, and TNFAIP3 

that are associated with psoriatic arthritis (Bowes & Barton, 2010; Ellinghaus et al., 2010; 

Hüffmeier, Uebe, et al., 2010; Stuart et al., 2010; Tejasvi et al., 2012). Most recently a meta-

analysis of PsA cases extracted from published genome wide association studies (GWAS) 

found an association near the rel-locus on chromosome 2p16 (Hüffmeier, et al., 2010). The 

associations found with IL23R and TNFAIP3 are particularly interesting given the association 

of psoriatic disease with TH17 lymphocytes, and the success of ustekinumab, an IL23 

inhibitor, in suppressing psoriasis (Gottlieb, et al., 2009). At least three separate consortia, 

one based in the United States and two in Europe, are performing large genome wide 

association studies of psoriatic arthritis, and results should become available soon. 

To date the only genetic difference between psoriasis patients and psoriatic arthritis 

patients detected outside of the HLA region is a deletion in the epidermal differentiation 

complex associated with skin diseases but not arthritis (de Cid et al., 2009; Hüffmeier, 

Estivill, et al., 2010). In a candidate gene study of 41 known rheumatoid arthritis 

susceptibility genes only one single nucleotide polymorphism (SNP) was associated with 

PsA, but while it conferred an increased risk for rheumatoid arthritis it was protective for the 

development of psoriatic arthritis (Bowes et al., 2012).  
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1.5 Clinical features 

The hallmark clinical feature of psoriatic arthritis is the inflamed synovial joint, a symptom 

shared by all inflammatory arthritidies. However, the disease has other features, all linked by 

the theme of inflammation. Some of these help differentiate psoriatic arthritis from 

rheumatoid arthritis, and many are shared by a group of diseases called the 

spondyloarthritides.  

While most patients with psoriatic arthritis develop the disease after the skin disease, close 

to 20% develop arthritis before any skin disease is evident (Gladman et al., 1987; Olivieri et 

al., 2009; Scarpa et al., 1984). Indeed, it has been suggested that there exists a subset of 

psoriatic arthritis patients with no skin disease, psoriatic arthritis sine psoriasis, which can be 

identified using family history, clinical, and genetic features. It is possible that some of these 

patients will never develop the skin disease (Olivieri, et al., 2009). 

Spondylitis, dactylitis, enthesitis and uveitis are all well recognized features of psoriatic 

arthritis (Gladman, 1998), and in some patients back pain or enthesitis may predominate or 

even be the only symptom apart from skin disease (Salvarani et al., 1997). The non-articular 

features are shared with other arthritides such as reactive arthritis, inflammatory bowel 

disease associated arthritis and ankylosing spondylitis (Gladman, 1998). These diseases form 

a group named the spondyloarthritides, lumped together because of their similarities, but each 

has distinguishing features. In the case of psoriatic arthritis, the presence of psoriasis in the 

patient or a close relative distinguishes it from the other spondyloarthritides. 

1.5.1 Clinical subgroups 

Although the concept of psoriatic arthritis was known from the early 19
th

 century, 

classification of psoriatic arthritis into clinical subsets was first described by Moll and Wright 

(Moll & Wright, 1973b). They described five subgroups: DIP arthritis, asymmetric 

oligoarthritis, symmetric polyarthritis, arthritis mutilans, and axial disease. However, later 

work suggests that the most useful clinical subclasses of psoriatic arthritis are peripheral, 

axial, entheseal, and mutilating disease as described in detail below. It should be noted that 

these clinical subgroups are not mutually exclusive, so an individual patient may have 

symptoms consistent with one or more of them at any given time. 
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1.5.1.1 Peripheral disease 

Inflammation of large or small synovial joints outside of the axial skeleton in psoriatic 

arthritis is known as peripheral arthritis and affected 86% of patients in a recent study, making 

it by far the most common form of psoriatic arthritis (Wilson, et al., 2009b).  

Peripheral arthritis is the inflammation of the synovium of a joint resulting in swelling, 

which may be visible or palpable. There is no difference in the clinical appearance of an 

inflamed peripheral joint in psoriatic arthritis compared to other inflammatory arthritides. 

However, the joint distribution can provide a clue to the underlying disease, as distal 

interphalangeal joints (DIP) are rarely swollen in patients with rheumatoid arthritis, while 

they may be involved in psoriatic arthritis.  

In their groundbreaking work on psoriatic arthritis, Moll and Wright suggested separate 

subcategories within peripheral arthritis for symmetric and asymmetric arthritis (Moll & 

Wright, 1973b). It has since been shown mathematically that the number of involved joints 

directly affects perceived symmetry (Helliwell et al., 2000). Once this has been taken into 

account and the data re-examined it has been demonstrated that even in the data presented by 

Moll and Wright the predominant subgroup was symmetric arthritis or 56% and 84%, rather 

than the 15% reported in their classic paper, and these revised figures are in line with 

subsequent series (Helliwell, 2009).  

Although oligoarthritis and polyarthritis are sometimes still considered separately in 

psoriatic arthritis, usually with the fifth involved joint marking polyarthritis, recent data 

indicate that this is not a helpful way of dividing peripheral psoriatic arthritis into further 

subgroups (Helliwell et al., 2007). 

1.5.1.2 Axial disease 

Inflammation involving the axial skeleton is known as spondylitis or spondyloarthritis. The 

prototypical disease in this group is ankylosing spondylitis, and the spondyloarthritides draw 

their name from this presentation of the disease. However, the prevalence of this disease 

manifestation varies between the individual spondyloarthritides, and in the case of psoriatic 

arthritis 2-5% have exclusively axial disease while up to 40% have some evidence of spinal 

involvement (Gladman, 1998). The spondyloarthritis seen in psoriatic arthritis is less 

symmetrical than in ankylosing spondylitis, marginal and non- marginal syndesmophytes are 

present rather than strictly marginal as in ankylosing spondylitis, and the disease may skip 

over vertebrae in psoriatic arthritis. It is considered less severe than the form seen in 

ankylosing spondylitis (Gladman, 1998). 
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Figure 3 - Fluorescent optical images of the hands of patients with arthritis. Upper left: Patient with 

psoriatic arthritis showing tracking of inflammation along tendon lines with inflammation of DIP and 

PIP joints. Upper Right: Patient with rheumatoid arthritis showing inflammation mostly confined to 

individual joints. Bottom: Inflammation in a triangular pattern directly proximal to the fingernails 

characteristic of psoriatic arthritis, known as the Werner sign. (Image reproduced with the kind 

permission of Dr. Werner (Werner, et al., 2010)) 

1.5.1.3 Enthesitis 

Some authors suggest that entheseal involvement is the root pathological mechanism in 

psoriatic arthritis, and that the observed synovial inflammation is a “spillover” of 

inflammation from primary inflammatory involvement of entheseal structures (Benjamin & 

McGonagle, 2009; McGonagle et al., 2007). Whether that is the case remains to be elucidated, 

but regardless it is clear that entheseal involvement is often a prominent feature of psoriatic 

arthritis, and may be the only form of musculoskeletal inflammatory involvement in some 

patients (Salvarani, et al., 1997). Because enthesitis is difficult to diagnose clinically, it is not 

as clearly defined as other forms of psoriatic arthritis. However, entheseal and tenosynovial 

patterns of inflammation seen on magnetic resonance imaging (MRI) may help differentiate 

between psoriatic arthritis and rheumatoid arthritis (Narváez et al., 2012). It appears that 

entheseal involvement detected by ultrasound is common among patients with psoriasis as 

they have an OR of 2.6 for having enthesitis when compared to individuals with other skin 

diseases. (Naredo et al., 2011). MRI and ultrasound are costly and/or operator dependent 
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imaging techniques, and therefore the recent introduction of imaging of inflammation using 

fluorescent dyes shown in figure 3 may help diagnose and evaluate patients with psoriatic 

arthritis more efficiently and accurately in the future (Werner, et al., 2010). 

1.5.1.4 Arthritis mutilans 

Mutilating arthritis is the least common form of psoriatic arthritis, but clearly the most severe. 

Recent data from the Nordic countries suggests it may be as rare as 4.5 per 1,000,000 

inhabitants (Gudbjornsson et al., 2012). Its features are so striking that although it involves 

only peripheral joints it is considered a separate clinical subgroup from regular peripheral 

arthritis. It is a form of arthritis where there is, often rapid, destruction of all bony tissue in a 

joint or even an entire digit. As a result the affected digit retracts in the same way a telescope 

would, leading to the descriptive term “digital telescoping” (Moll & Wright, 1973b). The 

prevalence of this condition is not clear but it may affect up to 5% of patients with psoriatic 

arthritis, while this number must be interpreted with caution given different definitions of this 

condition (Helliwell, 2009). Interestingly, there may be a higher prevalence of positive anti- 

cyclic citrullinated peptide (aCCP) antibodies in these patients (Korendowych et al., 2005). 

Perhaps in part due to the lack of a clear definition, little is known about this feature in the era 

of modern disease modifying anti-rheumatic agents outside of case reports and clinical 

anecdotes reported by clinicians. 

1.5.2 Nail disease 

Nail changes have traditionally been considered a part of the skin disease psoriasis and are not 

reported as a feature of other spondyloarthropathies (Jiaravuthisan et al., 2007). The major 

subtypes of nail changes described in psoriasis and psoriatic arthritis are onycholysis, pitting, 

and subungual hyperkeratosis, all shown in figure 3. These three subtypes are applied 

consistently across all texts that address nail change subtypes in psoriatic disease. In addition, 

oil spots, salmon spots, ridging, and dystrophy are described in various texts but are less 

clearly defined, are not used across the literature, and the term nail dystrophy is even used 

interchangeably to describe severe nail damage and as an umbrella term for any structural nail 

abnormalities (Eastmond & Wright, 1979; Jiaravuthisan, et al., 2007; Jones et al., 1994). To 

facilitate comparison with the existing literature we have focused on onycholysis, pitting, and 

subungual hyperkeratosis in our analysis of nail changes in psoriatic patients. 
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Figure 4 - From left: Onycholysis, pitting, and subungual hyperkeratosis. Images kindly provided by 

Jóhann Elí Guðjónsson. 

Nail changes are far more common in patients with psoriatic arthritis than in patients with 

skin disease as 15% - 50% of patients with psoriasis have nail changes but the same is true of 

up to 85% of patients with PsA (Gladman et al., 2004; Jiaravuthisan, et al., 2007; Lavaroni et 

al., 1994). This has led some investigators to focus on this aspect of the disease. Magnetic 

Resonance Imaging (MRI) studies suggest that nail changes represent a continuation of 

inflammation originating in entheseal structures and may be a manifestation of arthritis 

(Scarpa et al., 2006; Tan et al., 2007). Recently it was reported that nail changes are an 

independent risk factor for later developing arthritis (Wilson, et al., 2009a). 

None of these recent studies have explored subtypes of nail changes, even though an 

association between DIP joint involvement in PsA and onycholysis was reported over 20 

years ago. (Torre Alonso et al., 1991) Furthermore, the early literature on psoriatic arthritis 

suggests that onycholysis is more important than other nail changes in psoriatic arthritis, 

while nail pitting seems to be fairly common in non-psoriatics, suggesting it may be a poor 

discriminator between psoriatic and non-psoriatic causes of nail disease (Eastmond & Wright, 

1979; Robertson & Braune, 1974; Torre Alonso, et al., 1991). 

These insights into nail changes, old and new, are exciting as they have the potential to 

open a “window” into the otherwise invisible world of entheseal changes in psoriatic arthritis. 

The need for a clear understanding of the association of specific subtypes of nail changes with 

psoriasis and psoriatic arthritis is therefore pressing.  
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Figure 5 - Fluorescent optical image 

showing dactylitis of the fourth digit of the 

left hand involving the MCP, PIP,  and DIP 

joints simultaneously as well as the soft 

tissues between them. (Image reproduced 

with the kind permission of Dr. Werner 

(Werner et al., 2010)) 

 

 

1.5.3 Other features 

Dactylitis is a term that refers to inflammation of an 

entire digit. It is associated with all of the 

spondyloarthritides and is seen in 35% of patients 

with psoriatic arthritis in cross sectional studies 

(Gladman, 1998). It is not a feature of rheumatoid 

arthritis and can therefore be helpful in making a 

diagnosis of a spondyloarthritis. Figure 5 shows a 

fluorescent optical image of dactylitis of the fourth 

digit in an individual with psoriatic arthritis.  

Uveitis is another clinical feature that is shared 

across all of the diseases that make up the 

spondyloarthritides. It is less common in psoriatic 

arthritis than in ankylosing spondylitis, and seems 

to have different clinical characteristics. It has been 

reported that ocular inflammation may be 

associated with psoriatic skin disease without 

arthritis (Rehal et al., 2011). 

1.5.4 Disease activity 

Because of the heterogeneous presentation of psoriatic arthritis described above, measuring 

disease activity can be challenging. The difference between the set of clinical features present 

in two individuals with psoriatic arthritis can present a problem similar to that faced by lupus 

researchers in terms of how to measure disease activity.  It is not clear how disease activity 

indices can be constructed to reliably capture an improvement in all subtypes of disease, while 

still having the ability to detect improvement in patients who have disease that is mostly or 

entirely limited to a subset of features. This presents the clinician with a poser, as it is not 

clear if the results of a clinical trial for a new compound that shows an improvement in one 

aspect of disease, such as peripheral arthritis, can be generalized to other aspects such as 

dactylitis or uveitis. Thus, the study and classification of the clinical features of psoriatic 

arthritis remains an active field of investigation 40 years after the seminal publication by Moll 

and Wright, and is likely to remain so for years to come. 
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Table 1 - Domains for assessment of psoriatic arthritis and preferred methods for assessing each domain. 

Based on published results from OMERACT 8 regarding core domains and voting results (Gladman, 

Mease, Strand, et al., 2007), a report on outcome measure discussions at OMERACT 8 (Gladman, Mease, 

Healy, et al., 2007), and a review of the literature regarding the preferred assessment tools for each 

domains.  
a
=(Gladman, et al., 2007)  

b
=(Gladman, et al., 2004) 

c
=(Fernandez-Sueiro et al., 2009) 

d
=(Healy 

& Helliwell, 2007) 
e
=(Healy & Helliwell, 2008). PASI=Psoriasis  Area and Severity Index; HAQ=Health 

Assessment Questionnaire; SF36= Medical Outcomes Study 36-Item Short-Form Health Survey; 

PsAQoL= Psoriatic Arthritis Quality of Life Index; ND = Not Determined during OMERACT 8 

discussions; VAS=Visual Analog Scale; KFSS=Krupp´s Fatigue Severity Scale; FACIT=Functional 

Assessment of Chronic Illness Therapy; mNAPSI=modified Nail Psoriasis Severity Index; LDI=Leeds 

Dactylitis Index; LEI= Leeds Enthestitis Index. Core domains as defined by OMERACT 8 are in boldface. 

 

Recently, efforts have been made to arrive at a consensus regarding the most important 

domains of disease to monitor in clinical trials, and at OMERACT 8 72% of participants 

agreed on a set of 6 core features, shown in bold typeface in table 1. While the most 

appropriate tool for each domain has not been formally defined, review of the literature 

reveals that for most domains there is either a de-facto consensus or strong evidence 

supporting the use of one tool over other available tools as detailed in table 1. 

Attempts to create combined skin and joint disease indices include the Modified 

Composite Psoriatic Disease Activity Index and the Disease Activity index for PSoriatic 

Arthritis but there is not a consensus regarding their usefulness (FitzGerald et al., 2012; 

Helliwell et al., 2012; Mease, 2011). Therefore, the 66/68 swollen/tender joint count and the 

PASI score remain the standard for evaluating joint and skin activity in psoriatic arthritis. 

Domain OMERACT 8 vote results Preferred assessment tool 

Peripheral joint activity 96% 66/68 joint count 
a, b

 

Skin activity 86% PASI 
a
 

Physical function Not voted on separately HAQ, SF36 function 
a
 

Health related quality of life 92% SF36, PsAQoL 
a
 

Pain Not voted on separately ND 
a
 

Global assessment 95% Patient global VAS 
a
 

Fatigue Not voted on separately ND, candidates include KFSS 

and FACIT-fatigue
 a
 

Nails Not voted on separately mNAPSI 
a
 

Spinal disease 59% ND 
a
, but Modified Schöber 

test, Lumbar side flexion, and 

Cervival rotation have been 

shown to be suitable 
a, c

 

Dactylitis 66% LDI, LDI basic 
a, d

 

Enthesitis 63% LEI 
a, e

 

Imaging 72% ND
 a

 

Acute phase reactants 9% ND
 a
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Figure 6 - The CASPAR criteria. (Taylor et 

al., 2006). † Current psoriasis is assigned a 

score of 2; all other features are assigned a 

score of 1. 

To meet the CASPAR (ClASsification criteria 

for Psoriatic ARthritis) criteria, a patient must 

have inflammatory articular disease (joint, 

spine, or entheseal) with ≥ 3 points from the 

following 5 categories: 

 1.  Evidence of current psoriasis, a personal 

history of psoriasis, or a family history of 

psoriasis. 

- Current psoriasis is defined as psoriatic 

skin or scalp disease present today as 

judged by a rheumatologist or 

dermatologist.† A personal history of 

psoriasis is defined as a history of psoriasis 

that may be obtained from a patient, family 

physician, dermatologist, rheumatologist, or 

other qualified health care provider. 

- A family history of psoriasis is defined as 

a history of psoriasis in a first- or second-

degree relative according to patient report. 

 2.  Typical psoriatic nail dystrophy including 

onycholysis, pitting, and hyperkeratosis 

observed on current physical examination. 

 3. A negative test result for the presence of 

rheumatoid factor by any method except 

latex but preferably by enzyme-linked 

immunosorbent assay or nephelometry, 

according to the local laboratory reference 

range. 

 4. Either current dactylitis, defined as swelling 

of an entire digit, or a history of dactylitis 

recorded by a rheumatologist. 

 5. Radiographic evidence of juxtaarticular 

new bone formation, appearing as ill-

defined ossification near joint margins (but 

excluding osteophyte formation) on plain 

radiographs of the hand or foot. 

1.6 Diagnosis 

Psoriatic arthritis is in most cases a 

subspecialty diagnosis, as the disease needs to 

be distinguished from both rheumatoid arthritis 

and osteoarthritis as well as less common 

arthritic conditions. However, it is important to 

recognize that the level of expertise actually 

applied in the diagnosis of arthritic conditions 

varies by country, and that within some health 

care systems primary care physicians may have 

been trained to diagnose inflammatory 

arthritides. Furthermore, while it is important to 

use a specialist diagnosis in trials, it may be 

appropriate in population based studies to 

accept the diagnosis of a non-specialist, 

depending on the type of analysis planned. 

The gold standard for clinical diagnosis of 

psoriatic arthritis remains the rheumatologist 

opinion, most often using as a template the 

original definition of Moll and Wright of an 

inflammatory arthritis associated with psoriasis 

that is usually rheumatoid factor negative. 

While at least nine different classification 

and/or diagnostic criteria have been proposed 

since (Svensson et al., 2002; Taylor, et al., 

2006), the CASPAR criteria appear to be 

gaining acceptance as the standard for clinical 

studies (Coates et al., 2012; Tillett et al., 2012; 

van den Berg et al., 2012). 

Applying the CASPAR criteria is fairly straightforward as summarized in figure 6. 

However, using the CASPAR criteria requires the full set of variables to be available for each 

individual, as missing data will likely reduce sensitivity. It can still be applied to older 

datasets with missing data as a sensitivity analysis to get a general idea of how close the 
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dataset is to meeting the CASPAR criteria, but if data points are missing the results must be 

interpreted with appropriate caution. An important benefit of using the CASPAR criteria is 

that they allow for the use of family history of psoriasis to establish the diagnosis in an 

individual without skin disease. This allows future studies to include the entity described in 

the literature as psoriatic arthritis sine psoriasis in a systematic manner (Olivieri, et al., 2009). 

1.7 Treatment 

Psoriatic arthritis used to be considered a mild disease, and the primary treatment was with 

non-steroidal anti-inflammatory drugs (NSAIDs) (Cuéllar et al., 1994). However, in the 1990s 

it was conclusively demonstrated that psoriatic arthritis is an erosive disease that causes 

significant morbidity, and may increase mortality (Gladman et al., 1998; Gladman, et al., 

1987). As a consequence the recommended treatment currently involves early use of disease 

modifying anti-rheumatic drugs (DMARDs), including methotrexate (Gossec et al., 2012).  

Advances in the treatment of psoriatic arthritis have mostly mirrored those of rheumatoid 

arthritis. Unfortunately drug trials in psoriatic arthritis have been few and small compared to 

trials in rheumatoid arthritis, with the exception of the recent introduction of TNF inhibitors 

discussed below. Due to the lack of large trials of non-biological disease modifying drugs, 

psoriatic arthritis patients have been treated as if they had rheumatoid arthritis, on the 

assumption that the effects will be similar. Recent data suggest that this may not always be 

the case. The first randomized trial of methotrexate did not find that it prevents erosions in 

psoriatic arthritis as it does in rheumatoid arthritis, at least not in doses of 15mg per week or 

less (Kingsley et al., 2012). Furthermore, a recent review of the use of DMARDs in psoriatic 

arthritis concluded that “The evidence of efficacy with traditional DMARD is scarce, the 

effect is small, and the evidence of effect on radiographic progression is even lower.” 

(Soriano, 2012). However, until more data become available the current practice of using 

similar treatment schemes for psoriatic arthritis and rheumatoid arthritis will likely continue. 

With the introduction of TNF inhibitors as an effective treatment for arthritis, double blind 

randomized trials of these medications have been performed in psoriatic arthritis and have 

clearly demonstrated their efficacy (Ash et al., 2012). More recently, medications targeting 

other parts of the immune system such as abatacept which targets co-stimulation of T-cells, 

and ustekinumab which targets IL12/IL23 have shown promising results in trials (Gottlieb, et 

al., 2009; Griffiths, et al., 2010; Mease et al., 2011). Direct blocking of IL17 (ixekizumab) 
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and its receptor (brodalumab) has not been tested in psoriatic arthritis (Leonardi, et al., 2012; 

Papp, et al., 2012), although studies in psoriasis are promising.   

In addition to targeting the autoimmune disease directly, recent data on comorbidities of 

psoriasis suggest that there might be a role for targeting risk factors for cardiovascular disease 

more aggressively in this patient population (Semb et al., 2012). No specific guidelines on 

how to approach this have been published, but the European League Against Rheumatism 

(EULAR) guidelines for approaching this issue for rheumatoid arthritis patients include the 

suggestion that the same should be applied to patients with ankylosing spondylitis and 

psoriatic arthritis, despite the lack of data supporting this approach (Peters et al., 2010). 

1.8 Summary 

Psoriatic arthritis is an inflammatory arthritis associated with psoriasis that causes significant 

morbidity and probably increases mortality. It has received less attention than some other 

autoimmune diseases, but recently there has been increased research activity and a body of 

knowledge is being rapidly accumulated. 

This thesis presents the results of a study of 220 individuals with psoriatic arthritis, of 

whom the author has personally examined 156 using pre-defined criteria. In addition to this 

group of patients I have used data on 1116 psoriasis patients from the Icelandic population 

collected by my colleague Johann Eli Gudjonsson to compare features in psoriasis patients to 

those seen in psoriatic arthritis patients. 
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2 Aims 

The objective of the study presented in this thesis was to increase our understanding of the 

epidemiology and disease presentation of psoriatic arthritis. To achieve this we defined the 

following set of aims: 

First, we aimed to describe the prevalence, demographics and disease course among 
psoriatic arthritis patients in Reykjavik, Iceland. 

 

Second, we aimed to define the familiality of the disease using novel methods, 

extending the current knowledge regarding risk in first degree relatives to more 

distant relatives, and to understand when the risk approaches that of the general 

population. 

 

Third, we aimed to define if there is a link between psoriatic nail disease and small 

joint disease in general, rather than only distal interphalangeal joint disease as other 

researchers have previously demonstrated. 

 

Fourth, we aimed to explore whether the association between psoriatic arthritis and nail 

disease varied by the subtype of nail disease. 
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3  Materials and methods 

3.1 Study population 

The study population involved all 

individuals living in the Reykjavik capital 

area in 2003. Individuals living outside of 

this area were excluded due to limited 

access to rheumatology services outside of 

the Reykjavik area.  The study group was 

arrived at through the process shown in 

figure 7 based on two methods, as 

described in detail below. 

 First, we used the method used in 

previous epidemiological studies of 

psoriatic arthritis (Shbeeb, et al., 2000) 

and screened all psoriasis patients who had been located in the Reykjavik area for studies of 

psoriasis for psoriatic arthritis.  

However, we were concerned that many psoriatic arthritis patients might not have skin 

disease that was significant enough to result in a diagnosis of psoriasis, and that consequently 

many cases would be missed by recruiting from the psoriasis population alone. We therefore 

used the electronic diagnosis records of Landspitali University Hospital reaching back to 1981 

to locate patients who had received a diagnosis consistent with psoriatic arthritis from a 

rheumatologist. 

Combining these two methods resulted in the largest list of psoriatic arthritis patients living 

in the Reykjavik area yet assembled. We considered different methodologies to test the 

completeness of the list. Our first choice was to apply catch-and-release techniques to 

estimate the total population. However, further scrutiny revealed that this methodology would 

be inappropriate, as our methods were consciously designed to capture a different set of 

patients with the second method (i.e. hospital based records). Thus, our methods failed the 

basic premise of this useful and often applied methodology, namely that an individual has to 

have a similar chance of being captured in both the capture and recapture rounds for the 

method to work. The chosen approach to ascertain the completeness of the list involved 

contacting all rheumatologists in Iceland, asking them for the number of patients with 

Figure 7 – The study group was formed by combining 

two data sources with dissimilar backgrounds to ensure 

maximum coverage. Only patients who had died before 

the study began were excluded from this list. 
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psoriatic arthritis they were following, and comparing that number to the number of patients 

reporting that rheumatologist as their treating physician. This method showed that our list 

contained over 90% of the individuals known to be treated by rheumatologists for psoriatic 

arthritis in the Reykjavik area, as well as some who were no longer following with their 

rheumatologist. 

Once the list had been confirmed to be satisfactorily complete as described above we 

proceeded to invite all of the psoriatic arthritis patients for a study visit. During this visit the 

patients completed a questionnaire on their background and health, participated in a detailed 

physical examination performed by a physician, including body measurements, and finally 

donated a blood sample for genetic and other studies. Those patients who had previously 

participated in studies of psoriasis already had detailed phenotypic data and biosamples 

available for study from a previous point in time, but still completed a full evaluation for this 

study as well. These data were used to perform all of the analyses described in this thesis.  

3.1.1 Additional subjects - aim four 

For the fourth objective described in this thesis we added data from a previous study of 

psoriasis to allow for more detailed analysis of nail changes. Cases were located from 

community sources, primarily a local psoriasis patient group, and were invited for a physical 

examination over a period of 5 years. Psoriasis patients without active skin disease were 

excluded, as were children under the age of 18. The details of the recruitment and data 

collection methods have been published (Gudjonsson, et al., 2006). 

3.2 Data collection 

All data used in pursuing aims 1-3 were collected in 2003-2004 by Thorvardur Jon Love and 

Bjorn Gudbjornsson, except for the geneaology database which was constructed by deCode 

Genetics. To complete aim 4 we compared our new dataset to data collected in 1997-2002 by 

Johann Eli Gudjonsson for a study of psoriasis. 

3.2.1 Psoriatic arthritis 

Psoriatic arthritis patients who accepted the invitation to participate were invited to schedule a 

study appointment at a clinical study center in Reykjavik. At the beginning of this 

appointment subjects completed a detailed questionnaire including information on their 

childhood, exposure to infections and vaccinations, and medical history. They were then 

interviewed by a physician using a structured interview form to extract such details as the 

time of disease onset, time of diagnosis, treating rheumatologist, and more. Next, a structured 
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physical examination was performed, including a full 66/68 swollen/tender joint count, PASI 

skin score, nail change classification, and measurements of height and weight. Only 

fingernails were evaluated due to the high frequency (17%) of fungal toenail infections in 

Iceland (Sigurgeirsson et al., 2002).  Finally, a blood sample was drawn for genetic analysis. 

3.2.1.1 Confirmation of diagnosis 

Several sets of classification criteria for studying psoriatic arthritis were available at the time 

of our study, but none of them were widely recognized or accepted as a standard. For this 

study we chose the SweSpa criteria (Svensson, et al., 2002) as a way to arrive at an 

independently confirmed diagnosis of psoriatic arthritis. As a result, our data are based on two 

definitions of psoriatic arthritis.  

First, patients with a diagnosis of psoriatic arthritis by a rheumatologist were considered to 

have psoriatic arthritis, and this group was used to estimate the prevalence in the Icelandic 

population in a way that could be compared to the results of other similarly designed studies, 

and in the analysis of familiality. Second, only those patients meeting the SweSpa criteria 

were used to calculate a more conservative estimation of prevalence, and this smaller group 

was then used to study the demographics and disease characteristics further in aims one, three, 

and four. 

3.2.2 Psoriasis comparison group 

The details of the data collection performed for the psoriasis group have been published 

elsewhere (Gudjonsson, et al., 2006). Only a subset of data concerning the skin and nail 

involvement was used to complete aim four of this thesis. All patients were asked if they had 

been diagnosed with PsA by a rheumatologist to allow for a comparison between those with 

skin disease alone and those who had arthritis as well. The analysis of our data from aim one 

has shown that this self-report of psoriatic arthritis among psoriasis patients is highly 

predictive of independently confirmable psoriatic arthritis, with 83% meeting the SweSpa 

criteria (Svensson, et al., 2002) and a minimum of 80% meeting the CASPAR criteria. (Love, 

et al., 2007; Love, et al., 2010).  

3.3 Statistical analysis 

Statistical methods varied based on the objective and available data, and are described in 

detail in each paper. Briefly, confidence intervals for prevalence estimates were calculated 

using poisson distributions and comparisons between groups were performed using the t-test 

and chi-squared test (Love, et al., 2007). Familiality was ascertained using the kinship 
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coefficient (KC) and relative risk (RR), employing the computerized genealogy database at 

deCode genetics (Karason, et al., 2009). Multivariate logistic regression models were 

constructed to estimate the association between individual types of nail changes and various 

features of psoriatic arthritis (Love, et al., 2010; Love, et al., 2012). For readability and 

accuracy, the data analysis sections from the methods of the four papers presented in this 

thesis are included here verbatim in chapters 3.2.1 through 3.2.4. 

3.3.1 Data analysis section from paper I  

The study data were stripped of information allowing identification of individuals before the 

analysis of data began and the code for this information was kept in a separate, encrypted 

database. The study was approved by the National Bioethics Committee of Iceland (approval 

03- 006) and the Data Protection Committee of Iceland. Informed consent was obtained from 

all the participants in the study. Data were analyzed using Statview 5.0 statistical software. 

Chi-squared and t-tests were used for comparisons of dichotomous values and means, 

respectively. When predicting the number of confirmable cases based on inclusion of 

examined patients, direct standardization was used to correct for age and sex discrepancies 

between the group of patients who were examined and those who were not. We calculated 

95% confidence intervals for prevalence rates using binomial distribution. All reported p 

values are based on 2-tailed analysis.  

3.3.2 Data analysis section from paper II 

3.3.2.1 Assessment of inheritance  

The RR for disease in relatives is a measure of the risk of disease in a relative of an affected 

person as compared with the risk in the population as a whole. Obtaining valid estimates of 

the RR is, however, not straightforward, because many sampling schemes may lead to biased 

or inaccurate estimates (Guo, 1998). The use of a population-based group of patients 

eliminates some of this potential sampling bias. In addition, a near-complete genealogy 

database facilitates identification of patients who are related to other patients. It is important 

to note that only probands were used in our analysis, and no attempt was made to recruit 

relatives of cases of PsA. This design avoids the potential overestimation of familiality when 

secondary cases are recruited through probands, as described by Sun-Wei Guo (Guo, 1998). 

3.3.2.2 Kinship coefficients 

We incorporate a kinship coefficient (KC), a measure of identical by-descent sharing, to 

assess whether the affected individuals are more related than a set of matched controls. The 
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KC for a pair of individuals is the probability that, for a particular autosomal locus, two 

randomly selected alleles, one from each individual, are inherited from a common ancestor 

(Cannon-Albright et al., 1994). We determined the mean pair-wise KC for the set of PsA 

patients and compared this with the distribution of the mean pair-wise KC for 10 000 sets of 

matched controls. Each patient was matched to a single control individual in each control 

group. The controls were drawn at random from the genealogical database and were matched 

on the year of birth, gender and the number of ancestors recorded in the genealogy database. 

Because of the large size of the pedigrees, there was a computational problem in accurately 

determining the KC. Monte Carlo simulations were used to approximate the average pair-wise 

KC for each group. A total of 100 000 simulations were performed to ensure that the Monte 

Carlo errors had a negligible effect on the results. Empirical P-values were calculated by 

counting how many sets of controls had average pair-wise KCs larger than the set of affecteds 

being tested. The contribution of close relatives dominates the KC values. To show that 

increased relatedness extends beyond FDRs [First Degree Relatives], the results of KC 

calculations were refined by excluding the genetic contributions from relatives at one or two 

meioses, up to and including seven meioses. The KC is expressed as a genealogical index of 

familiality, calculated as the mean KC—10000 (Risch, 1990). All P-values reported are 

nominal. 

3.3.2.3 Relative Risk 

To assess the significance of the RR obtained for a given group of patients, we compared their 

observed values with the RR computed for up to 1000 independently drawn and matched 

groups of control individuals [25]. The control individuals were selected in the same manner 

as described above for the KC calculations. Empirical P-values can be calculated using the 

control groups; thus, a P-value of 0.05 for the RR would indicate that 5% of the matched 

control groups had values as large as or larger than that for the patient’s relatives or spouses. 

The number of control groups required to obtain a fixed accuracy of the empirical P-values is 

inversely proportional to the P-value. We therefore selected the number of control groups 

generated adaptively up to a maximum of 1000. When none of the values computed for the 

maximum number of control groups was larger than the observed value for the patient’s 

relatives and mates, we report the P-value as being <0.001. Using a variance stabilizing 

square-root transform, an approximate CI may be constructed based on the distribution of RR 

for control groups. 
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3.3.3 Data analysis section from paper III 

The association between small joint involvement and nail disease was evaluated using the 
2
 

test. Statistically significant associations defined by a p-value of 0.05 or less were evaluated 

further in a multivariate logistic regression model. Age and gender were included as 

covariates in all multivariate analyses. Other potential covariates were identified based on 

clinical experience and information in the literature, and then tested for a univariate 

association with small joint disease, using the 
2
 test for categorical variables and univariate 

logistic regression for continuous variables. Odds ratios (ORs) were calculated with 95% 

confidence intervals (CIs). Those variables that were significantly associated with the main 

outcome of small joint disease on univariate analysis at a p-value of 0.05 or less were 

included in the multivariate analysis as covariates. Statistical analysis was performed using 

JMP version 7 from SAS. 

3.3.4 Data analysis section from paper IV 

Statistical analysis. The chi-square test was used to test for associations between 

dichotomous characteristics and the t-test for comparison of the mean of continuous variables. 

All variables found to be associated with PsA at a p value of 0.05 or less were included in a 

multivariate logistic regression model. Age and gender were included in all multivariate 

models. Due to concerns for potential collinearity between subtypes of nail changes, a 

correlation matrix was constructed to identify any strong correlations between nail change 

subtypes, and the stability of the model was tested further by calculating the mean variance 

inflation factor (VIF) as well as the VIF for each independent variable. This was in addition to 

the collinearity testing built into the statistical analysis package used. Goodness of fit was 

calculated using the Hosmer – Lemeshow method.  We furthermore performed post-hoc 

sensitivity analysis where we divided nail changes into three scenarios: onycholysis without 

pitting, pitting without onycholysis, and pitting occurring with onycholysis, and tested each 

for association using the chi-square test. Finally, we tested for univariate associations between 

subclasses of nail changes and skin activity (measured by the PASI score) and joint activity 

(measured using tender and swollen joint counts). The results of this analysis were further 

analysed in three post-hoc linear regression models to estimate the strength of associations of 

the three subgroups of nail changes with the aforementioned skin and joint measures, 

adjusting for age and gender. Statistical analysis was performed using STATA version 11. 
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Figure 8 - Selection process for inclusion in study group  (Love et al., 

2007) – Reprinted with the kind permission of the Journal of 

Rheumatology 

4  Results 

The results corresponding to the four aims presented in this thesis have been published in 

peer-reviewed journals, and the resulting papers are included as reprints at the end of this 

thesis. What follows is an overview of these results, but the full results are in the individual 

publications. When referring to the results presented here, the individual published papers 

should be cited rather than this thesis. 

4.1 Study group 

We found 346 patients who 

had either a diagnosis of 

psoriatic arthritis in their 

medical record or a self-

reported diagnosis of psoriatic 

arthritis by a rheumatologist, 

or both as described in the 

methods section. Of these, 

301 were alive and 220 of 

them were living in the 

Reykjavik area at the time of 

the study (2003). Thirty of 

these 220 patients were 

present in both data sources. 

Figure 8 details how the 

eligible study group for the 

Reykjavik study of psoriatic 

arthritis was defined. Of the 

301 patients with a diagnosis 

of psoriatic arthritis, 187 

(62%) participated in the full 

study including physical 

examination, and 156 (71%) 

of the patients living in the 

Reykjavik area did the same. 
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Different subsets of the Reykjavik study group were used for each aim of the study. For the 

prevalence estimates we used the full group of 220 patients found in the Reykjavik area to 

arrive at an estimate of the prevalence of diagnosed psoriatic arthritis. Data on 131 patients 

from the Reykjavik area with verifiable disease on physical examination in 2003 were used to 

further evaluate the demographics and disease course as reported in interviews and on 

questionnaires, and recorded on physical examination. For the familiality analysis we 

combined data on the 220 patients identified in the Reykjavik area with genealogical data 

from deCode Genetics to compare the relative relatedness of individuals with and without 

psoriatic arthritis. The analysis of the relationship between nail changes and small joint 

arthritis made use of patient material from outside the Reykjavik area, increasing the number 

of eligible patients with confirmed psoriatic arthritis to 154 in this analysis. Finally, we used 

data on 1116 patients with psoriasis whose nails had been examined in a previous study on 

psoriasis to determine the association between nail changes and arthritis among patients with 

psoriasis, and reported data on subsequent nail findings among those with arthritis several 

years later. 

4.2 Prevalence 

Census data were used to establish that 134,253 individuals were living in the study area of 

Reykjavik in 2003. To arrive at an estimate of prevalence directly comparable to other studies 

 

Figure 9 - Prevalence of psoriatic arthritis by age and gender. Numbers are per 100,000 individuals age 

18 years and older living in Reykjavik at the time of the study. Data are categorized by age groups and 

gender. (Love, et al., 2007) – Reprinted with the kind permission of the Journal of Rheumatology 
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using self-reported diagnoses and/or medical records to establish the diagnosis of psoriatic 

arthritis we included all 220 individuals and calculated a prevalence of 164 per 100,000 (95% 

CI 143–187). This represents our estimate of the prevalence of diagnosed psoriatic arthritis in 

the Reykjavik area in 2003. 

However, our data set allowed us to refine this estimate further based on the confirmation 

rate of psoriatic arthritis among our study group. We found that in 84% of patients examined 

we could confirm the diagnosis of psoriatic arthritis using previously published criteria (Love 

et al., 2006). Using this confirmation rate, we calculated a revised prevalence rate of 139 per 

100,000 (95% CI 112–169). This estimate represents the point prevalence of active or 

confirmable psoriatic arthritis in the Reykjavik area in 2003. 

The prevalence of diagnosed psoriatic arthritis was higher in women (208 per 100,000, 

95% CI 175–245) than in men (118 per 100,000, 95% CI 93–147), and this was also true for 

the refined estimates of independently confirmed disease (174 per 100,000, 95% CI 145–209 

vs. 101 per 100,000, 95% CI 78-128). When plotted against age the prevalence increased as 

expected with age, but then dropped after age 67 as illustrated in figure 9. 

4.3 Demographics and disease activity 

The mean age of patients participating in the study was 54 and 56 years for men and women, 

respectively, as presented in table 2 along with additional demographic data. Men had onset 

of skin disease later in life than women, and there was a trend towards the same pattern for 

arthritis. Eleven patients reported 

developing arthritis before any 

skin symptoms appeared, another 

eleven reported simultaneous 

presentation of skin and joint 

symptoms, but the most common 

presentation was that of skin 

disease preceding joint disease, 

reported by 83 patients. The 

remaining 26 patients could not 

recall the order of onset of their 

symptoms. Among those patients 

who developed skin disease first 

Table 2 – Demographic information on 131 patients included in the 

study. (Love, et al., 2007) – Reprinted with the kind permission of 

the Journal of Rheumatology 
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the mean time that passed until 

arthritis developed was 16 years. 

Those patients who reported 

arthritis as their first symptom 

developed skin disease at a mean 

of 6 years later. The demographic 

characteristics are summarized in 

table 2. 

At the time of evaluation, 

98.5% of the included patients had 

active skin and/or joint disease, 

but two patients were included 

because of their clear history of 

inflammatory arthritis associated 

with psoriasis; both were receiving immunosuppressive therapy at the time of their 

evaluation. Skin disease was active in 115 (88%) with an average PASI score of 4.1, 

peripheral joint disease was active in 104 (79%) with mean swollen and tender joint counts of 

5.1 and 5.5, respectively. One patient had active dactylitis, and 7 patients (5%) had 

inflammatory back pain without peripheral involvement. Further information on skin and joint 

involvement is presented in table 3. At the time of examination 42 patients (32%) were taking 

disease modifying drugs (DMDs), and an additional 29 (22%) had previously used DMDs.  

Table 4 - Subcategories of PsA at disease onset and at the time of evaluation. (Love, et al., 2007) – 

Reprinted with the kind permission of the Journal of Rheumatology 

Table 3 - Frequency and severity of skin and joint involvement. 

(Love, et al., 2007) – Reprinted with the kind permission of the 

Journal of Rheumatology 
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4.4 Disease course and treatment 

Oligoarthritis was the most common presentation of psoriatic arthritis in the study group, and 

was the predominant pattern in 44% at the time of examination. We found that 78 patients 

(60%) had a different pattern of psoriatic arthritis at the time of their examination than they 

recalled having at the onset of their disease. Table 4 presents the number of patients in each 

disease category at the onset of disease and in 2003, a mean of 20 years after onset of 

psoriatic arthritis. 

We analyzed the use of DMDs by disease pattern and found that patients with 

oligoarthritis, polyarthritis, and inflammatory back pain all had similar odds of having been 

administered a DMD (47%, 50%, and 44%, respectively, 48% combined). One of 11 patients 

(9%) with enthesitis reported DMD use (p = 0.01). Patients with any type of peripheral 

arthritis were twice as likely to have received a DMD as those who had no peripheral arthritis 

(48% vs 24%, respectively; p = 0.03).  

4.5 Familiality 

Linking the deCode genealogy database 

with our list of 220 patients with 

psoriatic arthritis we were able to 

construct pedigrees that illustrate the 

high penetrance and familial nature of 

psoriatic arthritis in the Icelandic 

population. Figure 10 is an example of 

such a pedigree, demonstrating 

significant clustering of PsA patients.  

We calculated the kinship coefficient 

(KC) for patients and controls, and the 

results are presented in figure 11. The 

KC was statistically significantly higher 

among patients than in the control group, and this was true up to seven meioses from the 

proband at p<0.0001. The KC values were 5.0, 3.4, 1.7, 1.3, 1.0, 0.8 and 0.7 for the first seven 

excluded meioses (p<0.0001 for all values). 

The recurrence risk (RR) in relatives (lambda-R) was calculated for first to fifth degree 

relatives, and the results are presented in table 5. A statistically significantly increased RR 

Figure 10- Pedigree of a family where psoriasis and psoriatic 

arthritis are common. White indicates healthy individual, 

black psoriasis and blue psoriatic arthritis. Disease status for 

earlier generations is not known. 
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was observed in first- to 

fourth degree relatives, with 

RR values of 39.2, 12.2, 

3.6, and 2.6, respectively, 

all p-values <0.001. 

In addition to evaluating 

the KC and RR for the 

entire group we compared 

the effect by gender and 

found no significant effect. 

We attempted to calculate 

the RR in spouses, but as no 

spouse of a psoriatic 

arthritis patient had the disease we were unable to calculate this value. This was to be 

expected based on our prevalence estimates for psoriatic arthritis, as the expected number of 

psoriatic arthritis patients among 220 spouses would be 0.35. Three spouses had psoriasis, or 

1.2% (95% CI 0.3% - 3.8%), similar to the background population prevalence of psoriasis. 

4.6 Nail disease and small joint involvement 

Of 301 patients with diagnosed psoriatic arthritis living in Iceland in 2003, 187 participated in 

this part of the study. For the analysis presented here we used only data on those 154 patients 

in whom we could verify the diagnosis of psoriatic arthritis using previously published 

criteria as discussed in the methods section. Table 6 presents data on their disease 

characteristics. 

Figure 11 - Kinship coefficients (KCs) for the risk of developing 

psoriatic arthritis. For excluded meioses 0-7 the p-value is <0.0001. 

Table 5 - Relative risk (RR) estimates for having psoriatic arthritis over five 

generations. (Karason et al., 2009) – Reprinted with the kind permission of 

Rheumatology (Oxford) 
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Nail changes in general were not 

associated with the presence of small 

joint involvement. However, on 

univariate analysis of individual 

subtypes of nail changes, onycholysis 

had an association with small joint 

disease, and the OR was 2.80 (95% CI 

1.34–5.85). Other factors that were 

associated with small joint disease in 

the univariate analysis were higher 

numbers of swollen joints and 

decreased disease duration. 

The independent contribution of 

these factors to the association with 

small joint disease was evaluated 

using multivariate logistic regression, 

adjusting for age, gender, disease duration, and the number of swollen joints. Patients with 

onycholysis had an OR of 3.42 (95% CI 1.41–8.92) for having small joint involvement in this 

multivariate model. The details of the analysis are presented in table 7. 

 

 

  

Table 6 - Clinical characteristics of 154 patients with 

psoriatic arthritis. (Love et al., 2010) – Reprinted with the 

kind permission of the Scandinavian Journal of 

Rheumatology 

Table 7 - Predictors of small joint involvement presented as 

odds ratios with 95% confidence intervals. (Love, et al., 

2010) – Reprinted with the kind permission of the 

Scandinavian Journal of Rheumatology 
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4.7 Onycholysis and arthritis in psoriasis 

Among 2547 individuals recruited from the community based on self-reported psoriasis or 

family history of psoriasis, 1116 patients age 18 years and older had their disease verified on 

physical examination, and data on nail disease recorded. These patients formed the study 

group in this part of the study. The mean age at psoriasis onset of was 21 (95% CI 20-21) 

years and 56% were women. Chronic plaque psoriasis was seen in 94%, and arms, scalp, and 

legs, were most often involved (84%, 70%, and 70%, respectively). Nails were involved in 

37% (95% CI 34%-40%) and the most common type of nail change was onycholysis, found in 

29% (95% CI 26%-32%). Table 8 summarizes the characteristics of these patients, grouped 

by the presence or absence of arthritis. 

Of the 1116 psoriasis patients, 187 or 17% (95% CI 15%-19%) reported a diagnosis of 

psoriatic arthritis by a rheumatologist. Univariate analysis revealed that age, gender, 

onycholysis and pitting were associated with arthritis in this group (p<0.05). These five 

variables were included in a multiple logistic regression model to evaluate the independent 

contribution of each variable. We tested the model for collinearity as described in the methods 

section, and found no variance inflation. Onycholysis was the only type of nail change that 

remained associated with PsA in the multivariate analysis with an OR of 2.06, p < 0.001. 

Table 9 summarizes the results of the multivariate model. 

Table 8 - Baseline characteristics of the study group. (Love, Gudjonsson, et al., 2012) – Reprinted 

with the kind permission of the Journal of Rheumatology 
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In addition to building the 

multivariate model we performed 

a post-hoc analysis described in 

the methods section to better 

illustrate the different 

contributions of onycholysis and 

pitting, as they often co-occur in 

the same individual. We found that the OR for PsA in this analysis was 1.95 in patients with 

onycholysis without pitting (p<0.001), 1.76 when both onycholysis and pitting were present 

(p=0.009), and 1.52 when pitting was present without concurrent onycholysis (p=0.16). 

Of the 187 PsA patients who participated in the original study of psoriasis, 139 (74%) 

returned for the second study focusing on PsA at a mean of 3.8 years later (median 4, IQR 3-

4). These patients all had complete skin, joint, and nail evaluations. Most of them (97%) were 

seen three or more years after their initial evaluation for the first study. The prevalence of 

each of the three types of nail changes had increased from the first examination to the second 

examination, with the overall proportion of patients with some nail involvement rising from 

approximately 53% to about 80%. Fewer than 4% of those with nail changes at the first visit 

were without nail changes at the second visit. 

Questions from one of the reviewers of this paper prompted the design of a post-hoc 

analysis, intended to give insights into the relationship between nail findings and the severity 

of skin and joint symptoms. This analysis indicated that there was a univariate relationship 

between each of the subtypes of nail changes and skin disease activity as captured by the 

PASI score, but the correlation with joint counts was weaker, with only onycholysis being 

associated with a higher tender joint count at a p-value of 0.05 or lower. Details of the results 

of the univariate analysis are presented in table 10. 

Using a multivariate linear regression including each nail change subtype we found that 

only onycholysis was independently associated with any of the three disease activity measures 

at a statistically significant level, namely the tender joint count, but there was an interesting 

trend towards a positive association between pitting and PASI score, and a negative one 

between pitting and tender joint count (both p=0.09). The details of this analysis are presented 

in table 11. 

Table 9 - Results of the multivariate regression model. (Love, et 

al., 2012) – Reprinted with the kind permission of the Journal of 

Rheumatology 
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5 Discussion 

We have performed a population based study describing the prevalence and characteristics of 

psoriatic arthritis in Reykjavik, Iceland. Using the Icelandic genealogy database we have 

expanded on previous findings on the familiality of psoriatic arthritis to show that an 

increased risk is not limited to first degree relatives but extends to at least four degrees of 

genetic separation. Finally, we have used our data to study nail disease in psoriatic disorders, 

both in the context of arthritic symptoms and skin disease, and found associations with 

onycholysis that have not been previously described. 

5.1 Study group 

The study group was selected to include as many patients with psoriatic arthritis as possible. 

To achieve this we aimed to find all patients in Iceland who carried this diagnosis at the time 

of the study. By combining two approaches we found 60% more cases in the Reykjavik area 

than would have been predicted by extrapolating from the only study available at the time 

(Shbeeb, et al., 2000). However, it is never possible to exclude the possibility that cases were 

missed, a potential weakness of this and other studies trying to establish the population 

prevalence of a disease. It should be noted though that missing cases would primarily affect 

the first paper presented in this thesis. 

This study can only speak to the prevalence and characteristics of diagnosed psoriatic 

arthritis in the general population, and it is conceivable that undiagnosed cases are in some 

way different from diagnosed cases of psoriatic arthritis, for instance in terms of disease 

severity. However, the findings presented here should at a minimum be generalizable to cases 

of diagnosed psoriatic arthritis in populations of Northern European descent. 

5.2 Prevalence 

Our finding of a prevalence of 0.16% for psoriatic arthritis in Iceland fits well with the 

published literature from similar populations in the 21
st
 century (Alamanos, et al., 2003; De 

Angelis, et al., 2007; Gelfand, et al., 2005; Madland, et al., 2005; Pedersen, et al., 2008; 

Reich, et al., 2009; Shbeeb, et al., 2000; Trontzas, et al., 2005; Wilson, et al., 2009b), lending 

credibility to the claim that we were successful in locating most patients with diagnosed 

psoriatic arthritis at the time we collected our data. While one study from Greece suggested a 

dramatically lower prevalence, this may be an effect of a genetically different population as 

well as differences in environmental exposures and methodology (Alamanos, et al., 2003).  



  

55 

As described in the methods section, we first screened patients with psoriasis for psoriatic 

arthritis, and interestingly using this approach alone would have led to an estimate of 

approximately 100 per 100,000, which is what had been previously reported at the time based 

on the population of Rochester county (Shbeeb, et al., 2000). But expanding our methods to 

find patients with the diagnosis of psoriatic arthritis regardless of their psoriasis status led to a 

higher prevalence estimate. This is particularly interesting as results based on the same 

Rochester county data published in 2000, but now adopting the method of looking for a 

diagnosis of psoriatic arthritis regardless of the presence of a diagnosis of psoriasis as we have 

done in this thesis, were recently published, and the updated point prevalence for the year 

2000 was found to be 158 per 100,000 – very close indeed to our point prevalence estimate of 

163 per 100,000 in Iceland in 2002 (Wilson, et al., 2009b). 

Estimating the prevalence of a disease based on diagnosed cases only always excludes 

from consideration cases that are present in the population but have not yet been diagnosed. 

We saw evidence of this in our efforts as the prevalence of psoriatic arthritis appeared to 

decrease linearly with increasing distance from the Reykjavik area, as would be expected 

given the near complete absence of rheumatology practices outside of Reykjavik. Therefore, 

our prevalence estimate must be seen as a minimum number, and the true prevalence is likely 

higher. With increasing awareness and focus on psoriatic arthritis, it is possible that more 

cases are already being diagnosed than before. It could therefore be interesting to repeat this 

study and compare the current prevalence of diagnosed disease to what we observed 10 years 

ago. However, given the time and effort required to repeat a prevalence study it seems prudent 

to recommend that resources should rather be focused on better understanding the pathology 

of this complex disorder. 

5.3 Demographics and disease activity 

Our findings regarding the demographic composition of our group of psoriatic arthritis 

patients were in line with what previous groups have reported with regards to age. However, 

we found that psoriatic arthritis patients in Iceland are more likely to be women, while most 

other large series have reported a male:female ratio of close to 1:1 (Kane et al., 2003; Lopez-

Montilla et al., 2002; Shbeeb, et al., 2000; Stern, 1985; Svensson, et al., 2002). On the other 

hand, some smaller patient collections have shown a similar predilection for women (Alenius 

et al., 2002; Green et al., 1981; McHugh et al., 2003). The most obvious potential explanation 

for our finding is that due to an unmeasured bias, for instance among patients and/or 

physicians in Iceland, male patients with psoriatic arthritis are less likely to present to a 
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physician and/or are less likely to receive a diagnosis of psoriatic arthritis than women. 

However, we have no data to support that this is, in fact, the explanation for our observation, 

nor do we think it would be possible to measure this type of bias reliably. The most prudent 

interpretation of our finding is therefore that although interesting it should not be generalized 

to other populations as evidence that this gender bias is an inherent feature of psoriatic 

arthritis unless similar data surface in other large studies. 

Age at disease onset and disease activity were similar in our group to that reported from 

other groups (Lihi Eder et al., 2011; Gladman, et al., 1987; Wilson, et al., 2009a), including 

an earlier onset of disease in women, both in skin and joints. Our finding that most patients 

develop joint disease after developing skin disease is also in line with previous reports. Skin 

and joint activity scores were similar to those reported in other publications on unselected 

patients with psoriatic arthritis (Lindqvist et al., 2008; Reich, et al., 2009).  

Perhaps the most striking finding in our prevalence study was that of a dramatic reduction 

in prevalence after age 67. Among the potential explanations would be that older patients are 

more likely to have any arthritis dismissed as age-related changes or osteoarthritis, and would 

therefore be less likely to receive a diagnosis of psoriatic arthritis. Similarly, older patients 

may have been diagnosed with rheumatoid arthritis due to lack of awareness of the psoriatic 

phenotype and its distinct features. However, as these hypotheses are difficult to test, one 

cannot exclude the possibility that psoriatic arthritis patients die at an earlier age than their 

peers, causing a drop in measured prevalence of the disease. This hypothesis is supported by 

data from Toronto, showing an increased standardized mortality rate among psoriatic arthritis 

patients, compared to the general population, and that the excess deaths may be from coronary 

artery disease (Wong, et al., 1997). Combined with a large and growing literature on the 

association between autoimmune diseases such as rheumatoid arthritis and psoriasis on the 

one hand and cardiovascular disease on the other, the hypothesis of psoriatic arthritis causing 

increased mortality seems increasingly plausible. At this time there is no population based 

study available on the relative risk for cardiovascular disease in psoriatic arthritis patients 

compared to the general population, but some cross sectional studies seem to hint at such an 

association (Gladman, et al., 2009; Han, et al., 2006; Tam et al., 2008). We are currently 

planning studies of mortality and cardiovascular disease in the Icelandic population, as well as 

collaborating with others on similar studies using British healthcare databases. Initial findings 

from the latter cohort did not reveal an increased mortality among psoriatic arthritis patients 

(unpublished data). 
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5.4 Disease course and treatment 

Oligoarthritis was the most common pattern of initial joint involvement, but was the pattern in 

less than half the patients at the time they were examined for this study. Patients commonly 

expressed a different disease pattern at the time of our examination than what they had 

experienced at the onset of their disease, supporting the idea that psoriatic arthritis is a 

fluctuating disease and that the number of joints involved and the presence or absence of 

symmetry may not reflect any inherent properties of the disease (Helliwell, 2009; Helliwell, et 

al., 2000; Helliwell, et al., 2007). Therefore, these types of disease patterns should not be 

relied on to guide treatment or to differentiate psoriatic arthritis from other types of arthritis. 

These observations were limited by our design as we relied on patient recall of the symptoms 

at the onset of disease, but their agreement with the observations of others suggest the data we 

present here are indeed accurate (Lindqvist, et al., 2008; McHugh, et al., 2003). 

More than half of the patients had received some form of oral disease modifying therapy. 

The high proportion of patients being treated with NSAIDs only may reflect the treatment 

paradigm at the time, as psoriatic arthritis was regarded a mild form of inflammatory arthritis 

that often responded well to conservative treatment (Gladman, 2009). However, given the 

unfavorable long term safety profile of NSAID medications and new insights into the true 

nature of psoriatic arthritis as an inflammatory, destructive arthritis, it is likely that today we 

would observe a different treatment pattern (Ash, et al., 2012; Gossec, et al., 2012). 

5.5 Familiality 

Psoriatic arthritis was found to be an order of magnitude more familial than rheumatoid 

arthritis in our study. Previous proband based studies had suggested that the sibling recurrence 

ratio was high, but suffered from crude estimates due to uncertainty regarding the true 

underlying prevalence of psoriatic arthritis in the population. As an example, one study used 

the prevalence of psoriatic arthritis among siblings of patients in Canada as the nominator and 

the prevalence of psoriatic arthritis in the United States found in a telephone survey as the 

denominator to calculate a sibling recurrence rate of 30 (Chandran et al., 2009). However, 

using the prevalence estimate from Rochester county in 2000 would have resulted in an 

estimate of 76, while the revised prevalence figure from 2011 from the same data source 

would have given a figure of 47.5 (Shbeeb, et al., 2000; Wilson, et al., 2009b). This flaw in 

the traditional method of estimating the sibling recurrence risk has been elegantly 

demonstrated by others, and should be taken into account when comparing our results to those 

of other studies (Guo, 1998).  
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The population based estimate presented here represents the only study to date of the 

familiality of psoriatic arthritis performed in a population where the underlying population 

prevalence was known with reasonable certainty. Even more importantly, the methods we 

used relied neither on this number nor the traditional method of sibling recurrence risk 

estimation, and our results are therefore not subject to the shortcomings described above. By 

taking advantage of the genealogy database of deCode genetics we have arrived at a more 

accurate figure for first degree relative risk than was previously possible, and have 

furthermore for the first time published data on the recurrence risk in more distantly related 

individuals than would be possible in a traditional familial recurrence study. 

Our description of how the genetic effect is attenuated with the number of meioses 

separating individuals is new and unique in the literature. It is particularly informative as it 

suggests a very strong genetic effect, yet the pattern is not compatible with a simple genetic 

disease but rather a complex multigenic disease. This finding of a strong familiality 

emphasizes the importance of genetic studies as a method of understanding the pathology of 

this complex disease. But the incomplete penetrance suggests that there is also an important 

role for a trigger, such as an infectious agent, physical or mental trauma. This author has 

demonstrated elsewhere that adiposity increases the risk for psoriatic arthritis (Love, Zhu, et 

al., 2012). Other studies have suggested trauma as a trigger (Doury, 1993; Olivieri et al., 

1991; Pages et al., 1992; Punzi et al., 1998). These findings have led us to plan studies to 

explore trauma, infections, vaccinations, pregnancy, smoking and alcohol as potential risk 

factor for psoriatic arthritis. 

5.6 Nail disease and small joint involvement 

Our finding of an association between nail disease in psoriatic arthritis and involvement of 

small joints in general was expected, based on a previous report of an association between 

distal interphalangeal (DIP) joint involvement and nail changes (Scarpa, et al., 2006). The 

exclusive association with onycholysis was not expected, although we have since found 

literature that provided some hints of such a relationship (Torre Alonso, et al., 1991), 

including descriptions from one of the pioneering descriptive studies of psoriatic arthritis 

nearly 40 years ago (Eastmond & Wright, 1979). This knowledge appears to have been lost in 

the interim as most recent studies refer to “nail changes” as a group without differentiating 

between the clearly different morphologies involved. The findings from this study caused a 

change in our planned aim for the final paper presented in this thesis, in that we changed our 

data analysis plan so that we might more rigorously address the question of differential 

associations between various subtypes of nail changes and psoriatic arthritis. 
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5.7 Onycholysis and arthritis in psoriasis 

The results from the last paper presented in this thesis clearly demonstrate that onycholysis is 

more strongly associated with arthritis than either pitting or subungual hyperkeratosis, and 

that once those patients who have both onycholysis and pitting have been removed from the 

pitting group it becomes clear that the latter is probably not associated with arthritis at all, as 

was suggested in early studies of psoriatic arthritis (Eastmond & Wright, 1979). Even more 

striking is the trend towards a negative association between pitting and the number of affected 

joints, while the skin score is positively associated with pitting. Finally, the observation that 

the presence of onycholysis is associated with a higher number of tender joints seems to 

further underline the importance of this specific nail change in psoriatic arthritis. 

The results are strengthened by the fact that we present two distinct analyses performed at 

two points in time by two independent assessors. The first assessment showed an independent 

association between onycholysis and arthritis, and the second assessment, performed at a 

different time by a different physician, showed a relationship with disease severity as well. 

Because we had already shown in our previous paper that onycholysis might be 

particularly important in psoriatic arthritis, we designed this part of the study rigorously to 

avoid potential problems with collinearity between different types of nail changes. Therefore, 

we believe that the statistical methods are sound, and that our findings are not a product of a 

flaw in our selected methods, but rather a reflection of a true association. A potential 

weakness of this study was the small size of the follow up group, and we present the post-hoc 

analysis data with the caveat that we have performed multiple tests in a small group. 

However, we are comfortable presenting these data in the manner we did due to the fact that 

they agree with our hypothesis to analyze data on more than 1,000 psoriasis patients, and 

furthermore they agree with published data from 20 and 40 years ago (Eastmond & Wright, 

1979; Torre Alonso, et al., 1991). We would furthermore like to stress that we have not come 

across any analysis of subtypes of nail changes in psoriatic arthritis that contradicts our 

finding. 

Based on these findings we suggest that researchers exploring the relationship between nail 

changes and psoriatic disease always record and analyze their data based on at least the three 

subclasses of nail changes reported on here. 
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6  Conclusions 

Psoriatic arthritis is a complex disease which results in significant morbidity and increases 

mortality. It has received less attention than some other autoimmune diseases in the past, but a 

rapidly growing part of the medical literature now focuses on this important disease. 

The results presented in this thesis allow us to conclude that the prevalence of diagnosed 

psoriatic arthritis in Iceland in 2002 was at least 0.14% in the adult population, and that it was 

likely 0.16%. However, it does not answer the question of the true prevalence of psoriatic 

arthritis. Some cases were certainly missed, and undiagnosed psoriatic arthritis was not 

included. With increased awareness it is plausible that the number of diagnosed patients will 

grow, and a similar study performed today would perhaps result in a higher estimate. Taken 

together, these limitations mean that the figure presented should be interpreted as the 

minimum prevalence at the time of our ascertainment. However, our findings presented here 

give us and other researchers a starting point for future studies of psoriatic arthritis in Iceland 

and elsewhere, as well as solid baseline knowledge to build on when discussing the disease 

from an epidemiological and public health perspective. Although refinement of the prevalence 

estimate may be feasible, this should not be a high priority. There are many questions 

regarding the risk factors for and consequences of psoriatic arthritis that are more pressing. 

We also found that psoriatic arthritis is more common in women. This is at odds with most 

of the published literature on psoriatic arthritis, although some cohorts have a similar gender 

ratio. It is possible that this result is a consequence of a diagnostic bias, as men may not seek 

care as soon for arthritis, or may not bring up their psoriasis when examined by a 

rheumatologist. However, as these are speculations we cannot rule out based on our data that 

there is a real gender difference with respect to psoriatic arthritis prevalence and we 

encourage other researchers to look at their data closely with respect to potential gender 

differences in the disease phenotype. This should in many cases be possible within existing 

datasets, making this an effort that may deliver new insights without much financial cost. 

The disease pattern we describe of a changing phenotype is not a new finding and it is our 

opinion that it should not be explored further separately in other studies. However, 

prospective studies should publish these data as a secondary finding when possible, as this 

will over time clarify and solidify our understanding of the fluctuating nature of this disease 

Psoriatic arthritis is clearly a highly familial disease, and our results support and add to 

previously published data. These results emphasize the importance of genetic research in 
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psoriatic arthritis, but the need for understanding potential triggers for psoriatic arthritis is 

also pressing. The findings on familiality presented here should not be understood as evidence 

that the key to future treatment and prevention of psoriatic arthritis necessarily will be found 

through the study of genetics. On the contrary, we may find that the only way to understand 

and prevent this debilitating disease is to find, understand, and then inactivate or intercept the 

triggers that move an individual from a state of genetic susceptibility to a state of disease. 

One such insight into potential clues to who is at high risk for psoriatic arthritis and might 

benefit from preventive treatment comes from the observation that nail involvement can 

predict later development of arthritis in psoriasis patients (Wilson, et al., 2009a). This adds 

more weight to the finding we present of the specific importance of onycholysis in the context 

of arthritis. The next logical step would be to confirm that onycholysis is the most important 

factor in predicting the onset of arthritis later. Our group of over 800 psoriasis patients 

without arthritis examined carefully for subtypes of nail changes a decade ago gives us an 

opportunity to answer this question by conducting a study where we contact all of them to 

determine who has now developed arthritis. We hope to perform this study soon. Also of 

interest would be an exploration of the types of cells and cytokines one might find in affected 

nails compared to unaffected nails, but we have not designed such studies yet. Clearly there 

may be opportunities to utilize the nail as a „window“ into the pathology that drives psoriatic 

disease and we have just begun to scratch the surface of understanding the processes involved. 

The future of research in the field of psoriatic arthritis is bright. With more young 

researchers adopting this disease for their career in research, partly through the efforts of such 

organizations as the Group for Research on Psoriasis and Psoriatic Arthritis (GRAPPA), there 

is a clear momentum towards improved diagnosis and treatment of this debilitating disease. 

Our research and that of others over the past decade has clarified many aspects of the 

phenotype of psoriatic arthritis but much work lies ahead in describing risk factors that lead to 

arthritis and comorbidities that accompany the disease. We intend to continue taking part in 

this effort and have planned studies that utilize the population presented here, as well as data 

on populations in the United Kingdom and the United States in collaboration with researchers 

at the University of Boston, University of Pennsylvania, and Harvard. 

Hopefully we will be able to continue contributing to a pool of knowledge that will lead us 

to a day when the diagnosis of psoriatic arthritis no longer carries with it the morbidity we 

now know it brings with it. 
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ABSTRACT
Objectives: Determine the prevalence, demographics, and course of psoriatic arthritis

(PsA) in the Reykjavik area of Iceland.

Methods: Two hundred and twenty patients, 18 years of age or older, living in the

Reykjavik area of Iceland, were located in a community registry of psoriatic patients

and in hospital records. Of these, 156 (71%) were interviewed and examined for

verification of skin and joint disease according to published criteria.

Results: Prevalence of PsA in the adult population was estimated to be 164 per

100,000 (95% CI 143-187), adjusted to 139 per 100,000 (95% CI 112-169) after

exclusion of 25 individuals. The female to male ratio was close to 2:1. The mean age

of skin disease onset was 23 years, with significantly earlier onset in women (20 vs.

26 years; p = 0.01) but no significant difference for the onset of joint disease. Mean

duration of PsA was 20 years. Oligoarthritis was most common (44%), followed by

polyarthritis (31%), enthesitis (8%), and inflammatory back pain (7%). According to

patients’ recall of clinical features at onset, 78 patients (60%) had changed categories

of PsA at the time of the study, most frequently from polyarthritis to oligoarthritis

(48%), followed by oligoarthritis to polyarthritis (36%). These changes seemed

independent of disease modifying drugs (DMD), which 54% had received.

Conclusions: Psoriatic arthritis in the Reykjavik area of Iceland has a prevalence of at

least 0.14% and is strikingly more common in women. The majority of patients

reported a change in the pattern of affected joints during the course of their disease.
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INTRODUCTION
Psoriatic arthritis (PsA) is an inflammatory joint disease affecting patients with

psoriasis and is an entity separate from rheumatoid arthritis (RA) [1]. Diagnostic

criteria are being developed [2], but the definition proposed by Moll and Wright in

1973 of a usually seronegative inflammatory arthritis associated with psoriasis is

often used [3].

Population based studies have shown a prevalence of PsA ranging from 57 per

100,000 in Greece to 195 per 100,000 in Norway, while a telephone survey in the US

showed a prevalence of 250 per 100,000 [4-7]. On the basis of recent reports on the

prevalence of PsA in patients with psoriatic skin lesions and estimates of the

population prevalence of psoriasis, a prevalence range of 300 to 1000 cases per

100,000 has been suggested [8]. It should be noted that reports dating back to the

1930s and 1940s in the US indicated a prevalence of arthritis among psoriatic patients

as high as 32-40% [9], and studies of psoriasis in various populations have shown a

range of prevalence from 0% to 11.8%, with most in the 0.5%-2.5% range [10, 11].

Because of these varying reports and estimates of the population prevalence of both

psoriasis and PsA, further studies are needed to directly address the prevalence of

PsA.

Following the early work on PsA by Wright [12], several attempts have been made to

define disease subcategories [13-16]. The initial five subcategories have been

modified through time, and it has been suggested that only two or three subsets of

disease are relevant, namely: oligoarthritis, polyarthritis and spondylarthritis [14, 16].

A mathematical model recently applied to the clinical classification of RA and PsA

confirmed that DIP joint involvement, enthesitis, spinal involvement and dactylitis are

useful to differentiate between these two diseases. However, the model also indicates

that the symmetrical joint involvement of RA is a consequence of a higher number of
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involved joints, and that symmetrical involvement is just as likely in PsA when the

same number of joints are affected [17].

Textbooks and most review articles describe psoriatic arthritis as a disease that affects

men and women equally [8]. However, relatively few studies have addressed possible

gender differences. Reviewing data from 15 studies published over 20 years reveals

male to female ratios ranging from 1.3 to 1.6 [13, 17-20] to female to male ratios of

1.3 to 1.6 [21-23]. However, a ratio close to 1:1 is most commonly reported [7, 15,

24-27].

The goal of this study was to determine the prevalence of psoriatic arthritis in the

Reykjavik area of Iceland and to describe the demographics, clinical features, and the

disease course in this population.
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METHODS
Study group
The study involved patients with psoriatic arthritis in the Reykjavik area of Iceland,

where 63% of the adult population resides. Landspitali University Hospital (LUH)

serves as a primary hospital for Reykjavik and its suburbs, and it is the only secondary

and tertiary care hospital in Iceland.

Patients were recruited from two sources, as shown in figure 1. First, from a database

of 1386 patients with verified psoriasis created during ongoing studies of psoriasis

[28, 29]. This database contains information on about 1% of the Reykjavik population

and its recruitment sources included all affected members of the Icelandic Psoriasis

Foundation (SPOEX), all available relatives and other family members of these

patients regardless of whether or not they were reported to have psoriasis, and patients

recruited through a publicity campaign. Patients who only had pustular psoriasis were

not included. From this database 152 individuals who lived in the Reykjavik area in

2003, and reported that they had been diagnosed with PsA by a rheumatologist, were

included in the present study.

The second source was an electronic registry of patients admitted to the LUH between

1981 and 2001. It yielded 98 patients who had been diagnosed with PsA and lived in

the Reykjavik area in 2003. As 30 patients were present in both these databases they

jointly provided 220 potential PsA patients for evaluation.

Clinical examination
As indicated in figure 1, these 220 patients were initially contacted by letter, followed

by a phone call; 21 individuals (10%) could not be reached or did not respond. Of the

remaining 199, 162 (81%) agreed to participate in the study, but 6 patients did not

turn up. The remaining 156 patients, or 71% of the original study group, were

eventually interviewed and examined by one of two physicians; an experienced
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rheumatologist (BG) or a resident physician (TJL) trained by the rheumatologist for

this task. Skin and joints were evaluated for evidence of psoriasis and PsA and a

focused history was acquired. The patients also answered a questionnaire regarding

their skin disease and their arthritic symptoms.

Inclusion criteria
The inclusion criteria used for this study are derived from those of the Swedish

Psoriatic Arthritis Registry (SwePsA) [27] requiring that the patients fulfill the

following two criteria. First, at least six consecutive weeks of one or more of the

following: Inflamed joint(s), tenosynovitis, inflammatory back pain, enthesitis or

dactylitis. Second, the patients had to have been diagnosed with psoriasis by a

dermatologist or have psoriatic skin lesions at the time of the examination. Patients

who did not have an active arthritis were included if they had been diagnosed with

PsA by a rheumatologist and were on remitting drugs at the time of the study.

However, patients who reported a diagnosis of a rheumatic disease other than PsA

when interviewed, or who were observed to have another rheumatic condition when

examined, were excluded.

Of the 156 patients examined, 25 (16%) were excluded because they did not fulfill the

above conditions. The remaining 131 patients (84%) had verifiable PsA and were

included in the study.

Disease Assessment
Extent of joint involvement was assessed according to the American College of

Rheumatology (ACR) joint count for tenderness and swelling, with 66 and 68 joints

evaluated, respectively. Both counts include the DIP joints, and have previously been

shown to be useful in PsA [30]. Skin affliction was rated by the PASI score [31].

Radiographs were not evaluated, as radiographic changes were not part of the
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diagnostic criteria used. However, over two thirds of the patients had previously been

examined by radiography as a part of diagnostic procedures.

The patients were initially divided into the following predefined subgroups based on

their joint involvement: Inflammatory back pain, symmetric polyarthritis, asymmetric

polyarthritis, oligoarthritis, enthesitis and arthralgia. However, during the course of

the analysis the subgroups were reduced to four: oligoarthritis, polyarthritis,

inflammatory back pain or enthesitis. This was done by merging the two groups of

polyarthritis and defining joint tenderness as a form of joint affliction, distinguishing

between oligo- and polyarthritis based on the number of tender joints. This reflects the

trend towards simplified classifications referred to in the introduction [17]. Figure 2

shows how subgroups were defined. Thus, the patients were classified as having

peripheral arthritis even though they also had inflammatory back pain and/or

enthesitis, and inflammatory back pain if they had enhtesitis but no peripheral

arthritis. Only those patients with exclusive enthesitis at the time of the study were

classified as having enthesitis.

Data analysis and ethical considerations
The study material was stripped of information allowing identification of individuals

before the analysis of the data began and the code for this information was kept in a

separate, encrypted database. The study was approved by the National Bioethics

Committee of Iceland (approval #03-006) and the Data Protection Committee of

Iceland. Informed consent was obtained from all the participants in the study. The

data were analyzed using the Statview 5.0 statistical software package on a personal

computer. The chi-squared and t-tests were used for comparisons of dichotomous

values and means, respectively. When predicting the number of confirmable cases

based on inclusion of examined patients, direct standardization was used to correct for
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age and gender discrepancies between the group of patients who were examined and

those who were not. We calculated 95% confidence intervals for prevalence rates

using binomial distribution. All reported p values are based on two-tailed analysis.
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RESULTS
Prevalence
According to census data, 134,253 individuals, aged 18 years or older, lived in the

Reykjavik area of Iceland in 2003 when the study was done [32]. Based on this, a

prevalence of 164 per 100,000 (95% CI 143-187) was calculated when all 220

individuals with self reported or hospital diagnosed PsA were included. Of the 156

patients who could be examined, PsA was confirmed according to the inclusion

criteria in 131 or 84% (figure 1) and the confirmation rate was similar for patients

recruited from the community and hospital databases. There was no obvious selection

bias regarding the individuals who could not be reached for clinical evaluation, so we

extrapolated the inclusion ratio for the patients who were examined clinically to all

the 220 patients in the original study group, correcting for age and gender, resulting in

an adjusted prevalence ratio of 139 per 100,000 (95% CI 112-169).

Notably, a higher prevalence was observed among women (208 per 100,000, 95% CI

175-245) than among men (118 per 100000, 95% CI 93-147), and this held true for

our adjusted prevalence calculations as well (174 per 100,000, 95% CI 145-209 vs

101 per 100,000, 95% CI 78-128). Figure 3 shows the adjusted prevalence grouped by

gender and age.

Demographics
Demographic data for the 131 patients who passed the inclusion criteria are presented

in table 1. The mean age at onset of psoriatic arthritis was 35 years, with 40% of

patients having onset of symptoms in their fourth decade of life. Age at disease onset

varied by gender, with the men having an average onset of skin symptoms 5.9 years

later than the women (p = 0.01) and joint symptoms 3.4 years later (p = 0.12). For the

83 patients who reported developing skin symptoms before joint symptoms, the

arthritis presented on average 16 years later. Eleven patients reported simultaneous
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onset of skin and joint symptoms, another 11 insisted that the joint symptoms

preceded the skin lesions while 26 patients did not recall which came first. The mean

time from the onset of joint symptoms to the onset of skin symptoms was 6 years

among the 11 patients who reported that arthritis preceded the skin disease. It should

be noted that 42 patients (32%) were taking a disease modifying drug (DMD) at the

time of the study, mostly methotrexate (67%), and a total of 71 patients (54%)

reported having used a DMD at some stage.

Skin and joint involvement
At the time of the evaluation, 115 patients (88%) were found to have active skin

involvement with an average PASI score of 4.1. Peripheral joint involvement was

observed in 104 (79%) of the patients, 89 (68%) with swelling and 97 (74%) with

joint pain on palpation. Both skin and joint involvement was present in 90 patients

(69%) while two individuals (1.5%) had neither joint nor skin symptoms at the time

of the study. Only one patient was included based solely on the presence of enthesitis

but none had tenosynovitis only. Nail involvement was detected in 104 individuals

(79%) and small joints were affected in 42 (40%) of patients with nail involvement

compared with 5 of the 27 (19%) with no nail involvement (p = 0.059). These

findings are summarized in table 2. Dactylitis was observed in one patient (<1%), and

another reported a clear past history of dactylitis.

Patterns of joint affliction and treatment
Oligoarthritis was the most common presentation both at disease onset (66%) and at

the time of the examination (44%). However, 78 patients (60%) changed categories

during the course of the disease and 13 (10%) had no clinical evidence of active

arthritis when they were examined, although they all had a clear history of joint

disease verified by their rheumatologist. Enthesitis was observed in 64 (49%), arthritis
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in 104 (79%), and signs of inflammatory back pain, i.e. likely spondylarthritis, were

observed in 36 (27%) of the patients. Changes in the disease course are shown in table

3, where joint symptoms at onset as recalled by the patients and findings by objective

evaluation at entry to the present study are presented. Peripheral arthritis coexisted

with enthesitis in 52 patients (40%), and with inflammatory back pain in 29 patients

(22%). While 71 patients reported that they had received a DMD at some stage, 55

(42%) said that their DMD treatment had been targeted at their arthritis. However,

patients with oligoarthritis, polyarthritis and inflammatory back pain all had similar

odds of having been administered a DMD (47%, 50%, and 44%, respectively, 48%

combined). In contrast, only one of eleven patients (9%) presenting with enthesitis

reported DMD use (p = 0.01). Patients with peripheral arthritis were twice as likely to

have received a DMD as those who did not have this type of PsA (48% vs. 24%,

respectively, p = 0.03).
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DISCUSSION
This cross-sectional study is based on a cohort of 220 patients who were recruited

from both hospital and community based registers and had previously been diagnosed

with PsA by rheumatologists. It addresses the prevalence of psoriatic arthritis in the

Reykjavik area of Iceland, as well as the clinical and demographic features of these

patients. Our finding of an adjusted prevalence of 139 per 100,000 is relatively high

when compared with the 57 - 195 per 100,000 range reported in previous population

based studies [4, 6, 7]. However a recent telephone survey in the US suggested a

prevalence as high as  250/100,000 [5], which is considerably higher than even our

unadjusted prevalence of 164 per 100,000, a figure based in large part on self report

of PsA diagnosis.

Explanations for these discordant prevalence findings may include the wide range of

prevalence of psoriatic skin disease reported in different populations [10, 11],

differences in study design and the lack of universally accepted diagnostic criteria for

PsA. Furthermore, psoriatic arthritis remains a diagnostic challenge, and is likely to

be under diagnosed. Thus, it has been reported that even rheumatologists may fail to

diagnose patients with typical features of PsA [33]. Information obtained from clinical

databases without a careful confirmatory evaluation may, on the other hand,

overestimate the prevalence as shown by the present study.

We are not aware of any previous demographic study in which the majority of

patients with self-reported PsA have been carefully examined and the diagnosis

verified in accordance with published criteria. It should be noted in this context that

the diagnosis could not be verified for 16% of the participants in the present study

although they had all previously been diagnosed with PsA.

Studies of PsA among patients with psoriatic skin disease have suggested a

prevalence ranging from 6% to 48%, with designs varying from prospective referral
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or record review studies [7, 21, 22, 25] to a self reported questionnaire study [34].

Some of these studies were based on psoriasis patients attending hospital clinics, and

may therefore be skewed towards those with severe disease who are more likely to

develop PsA [21]. The prevalence of PsA amongst the patients in our community

based psoriasis register was 16% [29].

Previous studies have shown a wide range of gender ratios in PsA. Our finding of a

female to male ratio approaching 2:1 among PsA patients is strikingly different from

the female to male ratio for the skin disease in our psoriasis registry (1:1.3, p<0.001).

This calls for further scrutiny as it is different from the 1:1 gender ratio most

frequently reported for PsA. It is not likely that the relatively high prevalence of PsA

amongst women in our study is due to underestimation of axial arthritis in men

because the frequency of this form of PsA was similar to previous studies reporting

equal gender prevalence [4, 6]. Thus, objective evidence for inflammatory back pain

as the exclusive presentation of PsA was found in only 7% of our patients and

peripheral disease in 79%, which is in line with some previous studies [4, 6, 7, 21].

Three of the 9 patients classified as PsA on the basis of axial disease alone had been

diagnosed with the help of radiographic imaging, and the remaining 6 had all

previously been diagnosed by a rheumatologist, very likely with the help of an

imaging technique.

Reported mean age at onset of psoriatic arthritis ranges from 35 to 41 years [7, 19, 21]

and we found it to be 35 years. Skin symptoms of psoriasis been shown to have an

earlier age of onset in women [28, 35] and our data support this.

No subgroup classification of psoriatic arthritis is universally accepted and our

approach takes into account a trend towards reduced numbers of subgroups. In a

previous study in which 87 patients were followed prospectively for 5 years it was
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found that 21% of PsA patients changed their disease pattern, most often progressing

from oligo- to polyarthritis (43%) [23]. We found that 60% of our patients had

changed categories during an average disease course of twenty years, but most

commonly from poly- to oligoarthritis (48%) while 36% of the patients had

progressed from oligo- to polyarthritis. These changes may partly reflect inherent

features of the disease, but could also to some extent result from therapy as more than

half of our patients had been treated with a DMD at some stage. It should be noted,

however, that this aspect of our study is based on patients’ recollection of the onset of

their joint symptoms which obviously introduces a memory bias, and the data should

be interpreted accordingly.

The main strength of our study is that all available patients from both community and

hospital based data sources, who had all previously been diagnosed with PsA, were

recruited. Each source has different selection biases, that complement each other.

Thus, hospital based patients tend to have severe disease and, therefore, a relatively

high prevalence of PsA [21]. Conversely, PsA may be under diagnosed in population

based cohorts, especially in patients with minimal skin lesions. The psoriasis register

includes all affected members of the Icelandic Psoriasis Association as well as their

relatives and family members, and it should be emphasized in this context that

members of extended families are still very interactive in Iceland. When these

individuals were re-evaluated according to predefined and published criteria 16% did

not have verifiable PsA (figure 2). This is important as prior studies of the prevalence

and demographics of PsA have either relied on patient records [4, 6, 7], or self report

over the phone [5].

The main shortcoming of the present study is that the participants were not randomly

recruited from the population living in the Reykjavik area of Iceland, but such a
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strategy is hardly realistic for complex diseases with prevalence well below 1%. As it

is likely that relatively mild PsA is under diagnosed in psoriasis patients, especially

those who only attend dermatological clinics or health centers, our adjusted PsA

prevalence of 0.14% is probably an underestimate.

Further studies are clearly needed to refine epidemiological information on psoriatic

arthritis, including gender ratios, as well as prospective studies with multiple follow–

up visits to monitor the disease course over long periods.
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TABLES
Table 1 – Some relevant demographic features of the PsA patients

Males (n=54) Females (n=77) P
BMI on day of examination,

mean kg/m2 ± SD (n) 28 ± 5 (51) 29 ± 6 (69) 0.42

Age at examination,
mean years ± SD (n) 56 ± 13 (54) 54 ± 14 (77) 0.38

Age at onset of skin disease,
mean years ± SD (n) 26 ± 12 (48) 20 ± 12 (61) 0.01

Duration of Psoriasis,
mean years ± SD (n) 30 ± 12 (48) 34 ± 14 (61) 0.15

Age at onset of Psoriatic Arthritis,
mean years ± SD (n) 37 ± 13 (52) 34 ± 12 (75) 0.12

Duration of Psoriatic Arthritis,
mean years ± SD (n) 19 ± 10 (52) 21 ± 13 (75) 0.35

Skin to joint onset,
mean years, ± SD (n) 11 ± 12 (46) 13 ± 12 (59) 0.24

Demographic information on the 131 patients who satisfied the inclusion criteria.
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Table 2 - Frequency  and severity of skin and joint involvement at the
time of the study (N=131)
Active psoriasis (skin or nails) n (%) 125 (95)

Skin involvement n (%) 115 (88)

PASI score mean (SD) 4.1 (4.2)
median (25-75%) 2.8 (1.1-5.7)

Nail involvement n (%) 104 (79)

Active peripheral arthritis n (%) 104 (78)

Joint swelling n (%) 89 (68)

ACR swollen joint count mean (SD) 5.1 (4.0)
median (25-75%) 2.0 (3.0-7.3)

Joint tenderness n (%) 97 (74)

ACR tender joint count mean (SD) 5.5 (4.7)
median (25-75%) 2.0 (4.0-7.0)

ACR = American College of Rheumatology
PASI = Psoriasis Area and Severity Index
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Table 3 - Subcategories of psoriatic arthritis at onset and at the time of
evaluation (n=131)

C
at

eg
or

y 
at

 o
ns

et
 a

s 
re

ca
lle

d
by

 t
he

 p
at

ie
nt

Category at examination as evaluated by rheumatologist
Oligo-

arthritis
(n=58)

Poly-
arthritis
(n=40)

Inflammatory
back pain

(n=9)

Enthesitis
(n=11)

None 2)

(n=13)

Oligoarthritis
(n=86) 391 31 2 7 7

Polyarthritis
(n=31)

15 8 2 3 3

Inflammatory back pain
(n=7)

3 1 3 0 0

Enthesitis
(n=1)

0 0 1 0 0

Unknown 3

(n=6)
1 0 1 1 3

1) Bold numbers indicate patients who stayed in the same category.
2) This group of patients had no disease activity on examination.
3) This group of patients could not remember their symptoms at the onset of PsA.
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FIGURES
Figure 1

This flowchart details how cases were located, contacted, examined and
finally included or excluded based on previously published criteria.
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Figure 2

This flowchart illustrates the method used for subgroup classification. As each patient
may have multiple symptoms simultaneously, each symptom was assigned a
significance, with peripheral joint involvement being the most significant and
enthesitis the least significant. Patients who had none of these symptoms were
excluded from the study.
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Figure 3

0
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18-27 28-37 38-47 48-57 58-67 >67
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Female

(n=5) (n=18) (n=33) (n=42) (n=52) (n=36)

Adjusted prevalence of psoriatic arthritis, calculated using the number of patients in
the entire study group predicted to have verifiable psoriatic arthritis based on the ratio
of verifiable disease in the 71% of patients that were examined, with the results
adjusted for age and gender. Numbers are per 100,000 individuals age 18 years and
older, living in Reykjavik at the time of the present study. Data are presented
categorized by age groups and divided by gender.
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Figure Legends
Figure 1
This flowchart details how cases were located, contacted, examined and finally

included or excluded based on previously published criteria.

Figure 2
This flowchart illustrates the method used for subgroup classification. As each patient

may have multiple symptoms simultaneously, each symptom was assigned a

significance, with peripheral joint involvement being the most significant and

enthesitis the least significant. Patients who had none of these symptoms were

excluded from the study.

Figure 3
Adjusted prevalence of psoriatic arthritis, calculated using the number of patients in

the entire study group predicted to have verifiable psoriatic arthritis based on the ratio

of verifiable disease in the 71% of patients that were examined, with the results

adjusted for age and gender. Numbers are per 100,000 individuals age 18 years and

older, living in Reykjavik at the time of the present study. Data are presented

categorized by age groups and divided by gender.
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ABSTRACT
Objective To measure the associations between subtypes of nail changes and psoriatic

arthritis among psoriasis patients.

Materials and Methods Patients age 18 and older with active psoriasis were examined

for skin and nail changes and asked if they had been diagnosed with psoriatic arthritis.

Patients with arthritis were invited for a separate study 1-6 years after their initial visit.

Univariate and multivariate analyses were used to test the strength of associations

between subtypes of nail changes and arthritis.

Results Of 1116 patients with psoriasis, 37% (95% CI 34%-40%) had nail changes. Age,

any nail change, onycholysis, and pitting were each associated with psoriatic arthritis on

univariate analysis. Multivariate analysis showed that onycholysis was the only type of

nail change independently associated with psoriatic arthritis (OR 2.05, p<0.001). Nail

changes persisted and had increased in prevalence at the follow-up examination which

occurred a mean of 3.8 (median 4, IQR 3-4) years later. Previously reported associations

between psoriasis location and arthritis were not seen in this dataset.

Conclusion Psoriatic arthritis is associated with onycholysis. Associations with pitting

and subungual hyperkeratosis were not statistically significant. Subtypes of nail changes

should be analysed separately in future studies of psoriatic arthritis.
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INTRODUCTION

Psoriatic arthritis (PsA) is an inflammatory joint disease associated with psoriasis.(1)

While PsA affects 0.1-0.2% of the general population, it is 100 times more common

among patients with psoriasis, affecting 8%-16% in population based studies.(2-4) This

high prevalence results in a large absolute risk of PsA even if a risk factor is associated

with a modest effect size. Confirming the risk of PsA associated with a clinical or

laboratory finding among psoriasis patients requires carefully designed prospective

studies, but cross sectional association studies can help identify candidate risk factors.

Such associations also have the potential to shed light on the pathophysiology of PsA.

Previous studies show that PsA is associated with nail changes.(5) While 15% - 50% of

patients with psoriasis have nail changes the same is true of up to 85% of patients with

PsA.(2, 5-7) Recent MRI studies suggest that nail changes represent a continuation of

inflammation originating in entheseal structures and may be a manifestation of

arthritis.(8, 9) These studies have not explored subtypes of nail changes, while an

association between DIP joint involvement in PsA and onycholysis has been

reported.(10) We have previously reported an association between onycholysis and small

joint arthritis not limited to DIP joints.(11) These associations were not seen for either

pitting or subungual hyperkeratosis. Thus, there exists a need for a better understanding

of the relationship between subtypes of nail changes among psoriasis patients and the

presence of PsA.

We have performed a cross sectional study of the association between subtypes of nail

changes in psoriasis and the presence of arthritis in a large population of psoriasis
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patients. Furthermore, we report the findings of a follow-up evaluation of nail changes

among the PsA patients up to 6 years after the initial visit.

MATERIALS AND METHODS

We performed a cross sectional study of patients with psoriasis and PsA. Psoriasis cases

were located from community sources, primarily a local psoriasis patient group. These

patients were invited for a physical examination over a period of 5 years. Patients without

active skin disease and children under 18 years of age were excluded. Pattern of skin

involvement was recorded, as was nail involvement and family history of psoriasis. The

details of the recruitment and data collection methods have been described

previously.(12)

Diagnosis of arthritis. All patients were asked if they had been diagnosed with PsA by a

rheumatologist. As commonly used criteria for the diagnosis of PsA were not available

until after the initial part of this study had concluded, the gold standard of rheumatologist

diagnosis reported by the patient was accepted. However, the majority of patients who

reported arthritis (76%) have been examined in a separate study, where 83% met the

SweSpa criteria (13) and a minimum of 80% met the CASPAR criteria, confirming that

this group of patients is homogenous and has PsA by current definitions. (2, 11)

Follow-up. One year after the psoriasis recruitment ended we invited those patients who

had reported PsA to participate in a separate study where they were evaluated for skin,

nail and joint disease as previously described.(2) The Psoriasis Area and Severity Index

(PASI) score was used to evaluate severity of skin disease and tender and swollen joint

counts were used to measure the severity of peripheral arthritis. The patients who

participated in this second evaluation represent the follow-up group in this report.
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Ascertainment of skin and nail disease. The initial examination was performed by a

board certified dermatologist (JEG), in training at the time. The follow-up examination

was performed by a rheumatologist in training at the time (TJL), with specific training for

this task provided by an experienced rheumatologist (BG). Only fingernails were

evaluated due to the high frequency (17%) of fungal toenail infections in Iceland.(14) In

addition to nail changes, the location and type of skin lesions was recorded.

Statistical analysis. The chi-square test was used to test for associations between

dichotomous characteristics and the t-test for comparison of the mean of continuous

variables. All variables found to be associated with PsA at a p value of 0.05 or less were

included in a multivariate logistic regression model. Age and gender were included in all

multivariate models. Due to concerns for potential collinearity between subtypes of nail

changes, a correlation matrix was constructed to identify any strong correlations between

nail change subtypes, and the stability of the model was tested further by calculating the

mean variance inflation factor (VIF) as well as the VIF for each independent variable.

This was in addition to the collinearity testing built into the statistical analysis package

used. Goodness of fit was calculated using the Hosmer – Lemeshow method. We

furthermore performed post-hoc sensitivity analysis where we divided nail changes into

three scenarios: onycholysis without pitting, pitting without onycholysis, and pitting

occurring with onycholysis, and tested each for association using the chi-square test.

Finally, we tested for univariate associations between subclasses of nail changes and skin

activity (measured by the PASI score) and joint activity (measured using tender and

swollen joint counts). The results of this analysis were further analysed in three post-hoc

linear regression models to estimate the strength of associations of the three subgroups of
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nail changes with the aforementioned skin and joint measures, adjusting for age and

gender. Statistical analysis was performed using STATA version 11.

RESULTS

We included 1116 patients age 18 or older with psoriatic lesions after examining 2547

patients with self-reported psoriasis or family history of psoriasis from the community.

The mean age at onset of psoriasis was 21 (95% CI 20-21) and 56% were women. The

most common type of skin disease was chronic plaque psoriasis in 94%, and the most

commonly involved sites were the arms, scalp, and legs, with 84%, 70%, and 70% of

patients having involvement of these sites, respectively. Nails were involved in 37%

(95% CI 34%-40%) of patients, and the most common nail change was onycholysis,

found in 29% (95% CI 26%-32%). Table 1 presents these and other characteristics of the

study group.

Nail changes and arthritis

When asked about arthritis, 187 patients or 17% (95% CI 15%-19%) reported having

been diagnosed with PsA by a rheumatologist. Age, gender, onycholysis and pitting were

each associated with PsA on univariate analysis at a p value of less than 0.05. These five

variables were included in a multiple logistic regression model to evaluate the

independent contribution of each variable. We tested the model for collinearity and found

a mean VIF of 1.10 with a range of 1.02 to 1.19, confirming variance inflation was not an

issue in the model. Goodness of fit testing revealed a Hosmer-Lemeshow chi-square

value of 5.25 with p=0.73, indicating there was not a lack of fit in the model.

Onycholysis was the only type of nail change that remained associated with PsA in the
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multivariate analysis with an OR of 2.06, p < 0.001. Table 2 summarizes the results of

the multivariate model.

Based on the findings from the multivariate model we performed a post-hoc sensitivity

analysis as described in the methods section. The OR for PsA in this analysis was 1.95 in

patients with onycholysis alone (p<0.001), 1.76 when both onycholysis and pitting were

present (p=0.009), and 1.52 when only pitting was present (p=0.16).

Follow-up of nail changes

At a mean of 3.8 years after the initial physical examination (median 4, IQR 3-4), 139 of

the 183 PsA patients (76%) returned to participate in a study of PsA and were evaluated

for skin, joint and nail involvement. Most (97%) were seen 3 or more years after their

first visit. All types of nail changes had increased in prevalence from the first to the

second examination, with the overall prevalence of nail changes rising from about 53% to

around 80%. Less than 4% of patients who had nail changes at the initial visit were free

from nail changes at their follow-up visit.

Further post-hoc analysis of this group suggested by reviewers showed univariate

relationships between all subtypes of nail changes and skin disease activity measured

with the PASI score, and a weaker relationship between onycholysis and tender joint

count as presented in Table 3. Linear regression models incorporating all types of nail

changes showed a trend towards an association between pitting and the PASI score and a

negative association with the tender joint count (p=0.09 for both), as well as an

association between onycholysis and the tender joint count (p=0.02), as shown in table 4.
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DISCUSSION

We performed an analysis of associations between subtypes of nail changes and PsA in a

large population based sample of psoriasis patients. Our findings show that onycholysis

has a stronger association with arthritis than other types of nail changes, including pitting.

Nail changes among PsA patients tended to persist, and increased in frequency over time.

We did not observe previously reported associations between psoriasis site and arthritis.

It has been suggested that pitting and onycholysis are a part of the joint disease in PsA

rather than the skin disease based on anatomical observations.(15) We have previously

reported that onycholysis, but not other nail changes, is associated with small joint

arthritis in PsA patients.(11) The data presented here lend further support to the idea that

onycholysis is the subtype of nail changes that is most closely associated with arthritis.

We present findings from two points in time. Using multivariate analysis we have shown

that at the first time point the presence of arthritis was associated with onycholysis, and

that at the second time point the tender joint count, but not the PASI score, was

associated with onycholysis. It is important to note that the evaluation at the first

timepoint was done by a different physician than at the second timepoint, and that data

from the first visit were not available to the physician determining fingernail status at the

second visit. The presence of arthritis, arthritis activity and skin activity were not

associated with the other two types of nail changes evaluated. This finding is timely

given the recent report from a prospective study that nail changes in patients with

psoriasis predict the onset of arthritis.(4)

Although limited by its cross-sectional design, this is a population based study of a large

number of psoriasis patients. While nearly one in five PsA patients did not meet the
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CASPAR criteria, this classification effort was incomplete due to lack of data. Thus, the

data presented here are based on rheumatologist diagnosis and should be interpreted

accordingly. Prospective studies of the risk of PsA will be needed to confirm our results

and calculate the risk for PsA associated with onycholysis, but considering the prior

literature on this subject,(10, 11, 16) future studies of the risk of arthritis associated with

nail changes should collect and analyse data on the subtypes of nail changes.

Both the nail matrix and the nail bed are in direct contact with entheseal structures,(9, 15)

yet we found only an association between onycholysis and arthritis. Although pitting may

also be entheseal-related, it is a very common type of nail change in the general

population, affecting as much as 58% of healthy individuals in one study whereas less

than 2% had onycholysis.(17) Furthermore, the presence of nail pitting alone is a poor

discriminator between psoriatic and other causes, while onycholysis favours a psoriatic

origin.(16) Thus, pitting is less specific to psoriatic disease than onycholysis, perhaps

explaining the complete lack of association seen in our sensitivity analysis of patients

with pitting but no onycholysis.

In summary, we found an association between onycholysis and psoriatic arthritis in

patients with psoriasis independent of other subtypes of nail changes. Future studies

should report on the subtypes of nail changes.
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TABLE 1

All Skin only Skin and
arthritis

p

Age at examination, mean (95% CI) 47 (46-48) 46 (45-47) 51 (49-53) <0.001*

Age at psoriasis onset, mean (95% CI) 21 (20-21) 21 (20-21) 21 (19-23) 0.51

Male (n, %) 492 (44%) 427 (46%) 65 (35%) 0.005*

Skin involvement (n, %) 1116 (100%) 933 (84%) 183 (16%) NA

Scalp 774 (70%) 648 (70%) 126 (68%) 0.545

Ear 261 (23%) 212 (23%) 49 (26%) 0.311

Trunk 473 (43%) 389 (42%) 84 (45%) 0.427

Axillae 61 (5%) 52 (6%) 9 (5%) 0.671

Arms 935 (84%) 780 (84%) 155 (83%) 0.759

Groins 81 (7%) 70 (8%) 11 (6%) 0.431

Legs 780 (70%) 646 (70%) 134 (72%) 0.535

Perianal 74 (7%) 59 (6%) 15 (8%) 0.398

Nail involvement (n, %) 415 (37%) 316 (34%) 99 (54%) <0.001*

Pitting 204 (18%) 155 (17%) 49 (26%) 0.002*

Onycholysis 322 (29%) 241 (26%) 81 (43%) <0.001*

Subungual hyperkeratosis 137 (12%) 106 (11%) 31 (17%) 0.052

Table 1 - Baseline characteristics of the study group and the results of a univariate comparison

between patients with psoriasis only and psoriasis with arthritis. P values represent results of the

chi-square test for dichotomous variables and the t-test for age, and * indicates significance at

p=0.05 level.

TABLE 2

OR 95% CI P

Age at examination 1.02 1.01 - 1.03 <0.001

Male 0.50 0.36 - 0.71 <0.001

Onycholysis 2.05 1.43 - 2.93 <0.001

Pitting 1.46 0.97 - 2.21 0.07

Table 2 – Results of the multivariate logistic regression

model. OR=Odds Ratio, CI=Confidence Interval
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