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Summary 
 
 
Psoriasis has considerable impact on the quality of  life (QoL) not only of  patients but also of  their 

relatives.  This impact is as important to consider as clinical parameters in the management of  

psoriasis. This thesis aims to evaluate current practices in QoL measurement and devise new 

solutions to improve these processes, to benef it patients, clinicians and policy makers.  

 

The systematic review describing data f rom 100 psoriasis randomised controlled trials (33 topical, 18 

systemic small molecules, 39 biologics and 19 other interventions) in 33,215 subjects highlights that 

QoL assessment is integral to the assessment of  new therapies and to the management of  psoriasis. 

Amongst a variety of  generic and disease-specif ic measures, the Dermatology Life Quality Index 

(DLQI) is the most commonly utilised QoL tool, though there is heterogeneity in its reporting and 

analysis. The Minimal Important Clinical Dif ference (MCID) is an essential baseline in determining 

treatment ef f icacy, particularly across measures, but remains grossly under-utilised. This thesis 

proposes a novel concept of ómultiple-MCIDô, as well as recommendations on QoL reporting.  

 

In order to address some of  these identif ied recommendations, an electronic version of  the DLQI has 

been validated for the f irst time using International Society for Pharmacoeconomics and Outcomes 

Research (ISPOR) guidelines (n=104). The electronic version was scored equivalently to the paper 

counterpart, was preferred by majority of  patients (76%) and provided advantages such as cost-

ef f iciency, quicker completion times and more accurate data analysis. The electronic Psoriasis Area 

Severity Index (PASI) was also validated demonstrating reduced inter-rater variability. Electronic use of  

these measures would help standardise QoL measurement and propel psoriasis management into the 

digital era. 

 

Whilst QoL information is invaluable for clinical decision-making, generic measures are utilised by 

healthcare policy-makers for resource allocation. This is not always representative of  the impact 

revealed by disease-specif ic QoL measures. In order to solve this dilemma, the DLQI was mapped to 

EQ-5D to generate utility values using ordinal logistic regression (OLR) f rom a dataset of  4,010 

patients. This sample size was large enough to allow it to be split in half  to perform external and 

internal validity. Where previous methods have failed, the OLR mapping method successfully allowed 

the conversion of  DLQI scores to utility values for large cohorts of  patients, using split half  validation 

and Monte Carlo Simulation. This has the potential to be very useful in economic appraisals of  any skin 

disease, including psoriasis. 

 

By standardising QoL measurement, validating its electronic data capture and translating this 

information into meaningful healthy utility information, it is hoped this work further consolidates the 

central role of  QoL assessment in psoriasis. 
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1.1 Background 
 

1.1.1 Brief overview of the three studies  
 

The focus of this PhD thesis is centred around recognising the importance of quality of life 

(QoL) assessment in psoriasis sufferers and the development of novel strategies in 

supporting improvements in patient wellbeing and clinical outcome. The thesis is comprised 

of three separate studies covering key QoL domains that were felt to be central to psoriasis 

management including: QoL reporting in psoriasis randomised controlled trials (RCTs); 

validating relevant electronic patient reported outcome measures (PROMs) in a clinical 

setting and deriving generic economic data from dermatology-specific PROMs. 

 

In brief, a summarised overview of the three parts of this thesis is detailed below: 

 

1) A systematic review to highlight current QoL reporting standards for psoriasis RCTs 

and recommendations for researchers that may arise from this detailed analysis. 

2) Electronic validation of the two most commonly reported outcome measures in 

psoriasis: Psoriasis Area Severity Index (PASI) (Fredriksson and Pettersson 1978), a 

clinical outcome measure, and the Dermatology Life Quality Index (DLQI). 

3) A mapping study to devise a model to enable the derivation of utility values from the 

most commonly used PROM in dermatology, the DLQI (Finlay and Khan 1994) 

 

1.1.2 wŀǘƛƻƴŀƭŜ ŀƴŘ ΨǘƘǊŜŜ-ǇǊƻƴƎŜŘΩ ŀǇǇǊƻŀŎƘ  
 

The focus of this thesis is within the field of dermatology, though attempting to cover all major 

skin diseases would prove to be a challenge. Therefore, this work will be centred in particular 

around psoriasis given its recognition as a major global health problem by the World Health 

Organization (WHO) affecting up to 4% of the worldwide population (Organization 2019). 

Along with significant impact on QoL (Langley et al. 2005), psoriasis is now considered a 

systemic disease and has been associated with the metabolic syndrome (Cohen et al. 2008). 

There is an increased prevalence of metabolic syndrome in psoriasis patients with a higher 

body surface area involvement (Langan et al. 2012). Patients may also suffer with several 

other comorbidities such as depression, psoriatic arthritis and other cardiovascular risks 

(Heydendael et al. 2004; Takeshita et al. 2017) and these are further elaborated on in section 

1.2.3. 
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The disease burden of psoriasis is considerable and far-reaching. For patients, the disease 

may impact physical, social and emotional well-being (Krueger et al. 2001). However, 

psoriasis patients do not suffer alone; partners, close family members and relatives inevitably 

experience QoL impairment. This often results in extra housework, psychological pressures 

including anxiety, embarrassment and lack of self-confidence, limitations to holiday plans, 

and strained relationships with the patient and/or other family members (Eghlileb et al. 2007). 

 

There are wider health economic implications: patients with severe disease incur increased 

medical costs and often become less productive at work (Fowler et al. 2008). The presence 

of comorbidities may further exacerbate this burden due to increased outpatients visits, 

emergency visits and potential hospitalisation (Boehncke and Menter 2013).  

 

For many decades, the management of psoriasis was limited to select topical and systemic 

treatments with variable results (Basra and Hussain 2012). Non-responsive patients often 

reached a ceiling of care, with no further options available. However, psoriasis management 

has undergone a revolution with the advent of biologic treatment in the last two decades 

(Singri et al. 2002). This was preceded a few years earlier by the creation of the DLQI in 

1994, the first dermatology-specific quality of life measure (Finlay and Khan 1994). Though 

many other QoL measures are available and have also been used in psoriasis trials, the 

DLQI has become the preferential QoL tool (Bhosle et al. 2006). The similar timescale 

between the introduction of biologics and the development of the DLQI may have contributed 

towards its status as a key PROM to assess treatment efficacy alongside longer established 

clinical measures such as the PASI (Fredriksson and Pettersson 1978). Furthermore, several 

validation studies have shown the DLQI to be sensitive to change in clinical status for 

psoriasis patients over time, further adding to its usefulness as an outcome measure 

(Mazzotti et al. 2003; Lewis and Finlay 2004). Despite its limitations (which shall be discussed 

later), the DLQI has become integral to several registries internationally and is a requirement 

for assessing disease severity in the British Association of Dermatologists (BAD) guidelines 

for biologic therapy for psoriasis (Smith et al. 2020), and in guidelines in many other countries 

(Singh and Finlay 2020). Therefore, the assessment of QoL impairment in psoriasis has 

become synonymous with the use of the DLQI, which is the most widely used QoL measure 

in psoriasis worldwide (Feldman and Krueger 2005). 

 

Several challenges remain, however, in the way psoriasis QoL data is captured, reported and 

consequently utilised in both clinical and research settings.  
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1.1.2.1 Challenges of implementing quality of life measurement in practice 
 

Given that QoL is central to managing psoriasis and influencing treatment decisions, it is 

important that it is effectively and routinely captured in a clinical setting. The DLQI is a 10-

item questionnaire that takes around two minutes to complete on paper (Loo et al. 2003). 

Despite this, in one study only 64% of patients completed the DLQI during consultations, and 

in this study only a quarter of clinicians utilised these scores as part of their overall care 

(Salek et al. 2007). The frequency with which the DLQI is used in routine dermatology 

consultations is not known and there is likely to be wide variation within and between different 

countries. Recent technological advances have somewhat countered these shortfalls by the 

introduction of electronic PROMs (Deal et al. 2010; Bächinger et al. 2016) to facilitate more 

efficient QoL data capture. Electronic data capture has several advantages over its paper 

counterpart, naturally leading to an increase in this format being used over recent years 

(Leidy and Vernon 2008). However, these versions are not routinely validated, raising 

questions as to whether the scores are truly comparable to the paper format (Coons et al. 

2009). This also holds true with the DLQI as though it has been used electronically for years 

no formal validation has yet been conducted in this format. 

The PASI has become the gold standard for assessing clinical severity, though there are valid 

criticisms regarding its complexity, lack of sensitivity and poor inter-rater agreement (Ashcroft 

et al. 1998; Gourraud et al. 2012). The PASI is therefore an important part of any electronic 

application for monitoring psoriasis treatment and disease progression. It is hoped that a 

validated electronic application including both the DLQI and PASI would reassure users and 

further encourage its use amongst clinicians and patients given the formatôs inherent 

advantages and acceptance (Saleh et al. 2002; Velikova et al. 2002). 

 

There is a diverse range of QoL tools that are utilised in psoriasis RCTs ranging from generic 

to disease-specific measures ï each with their respective strengths and weaknesses (Bhosle 

et al. 2006). This may result in confusion on which is the ideal measure to use, whilst creating 

a heterogeneous dataset that cannot be directly compared. This posits several problems in 

the standardisation of care to truly discriminate between treatment efficacies. It is therefore 

crucial to identify current reporting practices in interventional trials for psoriasis to be able to 

formulate suggestions and criteria by which QoL measurement may be standardised in the 

future. 

 

Whilst QoL measurement is invaluable for patients and clinicians ï its conversion to óQuality-

Adjusted Life Yearsô (QALYs) is the foundation for deriving meaningful health economic data 

for decision makers. The QALYs, in turn, may be converted to utility values using a variety of 
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methods (Szende and Schaefer 2006) allowing governing bodies to determine risk-benefit of 

interventions across all health specialties. The QALYs are in fact the preferential measure of 

benefit for health organisations such as the National Institute for Health and Care Excellence 

(NICE). Generic measures such as the EQ-5D (EuroQol five-dimensions scale) are often 

used for generating health utility data. However, generic measures are intrinsically designed 

to be used across all medical conditions for cross-specialty comparison of cost-benefit and 

therefore their ability to truly capture skin-disease-specific QoL impairment is debatable: 

dermatology subjects were not considered in the creation of the EQ-5D. In response to this, 

efforts have been made to ómapô specialty-specific measures (e.g. DLQI) to generic measures 

(e.g. EQ-5D), though previously without much success (Currie and Conway 2007; Blome et 

al. 2013). The NICE defines mapping as óthe development and use of a model or algorithm to 

predict utility values using data on other indicators or measures of healthô (Longworth and 

Rowen 2011). If attainable, such an algorithm would allow more accurate and specialty-

specific utility values to be calculated, thereby providing true health status data from optimally 

designed PROMs with high sensitivity to change. 

 
 

1.1.2.2 Quality of life as a common thread to improve psoriasis management 
 

The three studies that form this thesis arise after examining the aforementioned challenges in 

a bid to improve the overall management of psoriasis patients ï from patient to healthcare 

decision makers. The DLQI also becomes a central subject of this thesis given its integral role 

in psoriasis management, whilst also continuing to be the most utilised PROM across all 

dermatology diseases worldwide (Basra et al. 2008a). 

 

Firstly, a systematic review will be designed and conducted to identify current QoL 

measurement and reporting standards in psoriasis RCTs. This would also highlight the most 

commonly used PROMs in psoriasis trials. Secondly, a study to validate an electronic version 

of the DLQI and PASI could potentially improve QoL and disease severity reporting in clinical 

consultations as well as research settings, whilst also alleviating concerns of certain users 

regarding the formatôs validity. Lastly, the third study will aim to devise and test a mapping 

algorithm to generate EQ-5D utility values from the DLQI, given the strong conceptual overlap 

between the two measures (Longworth and Rowen 2011). This could significantly impact how 

healthcare authorities allocate resources towards the management of psoriasis as the DLQI 

is able to generate more meaningful data for economic analysis. 
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The overall aim of this thesis will thereby be to improve upon current practices within the 

management of psoriasis, to ultimately generate suggestions and frameworks to guide 

clinicians and researchers in the future. 

1.2 Psoriasis 
 

1.2.1 Background  
 

Psoriasis is a chronic inflammatory relapsing-remitting skin condition that is defined by thick 

silvery scaly plaques that commonly affect the extensor surfaces of the body, but may affect 

any region including the scalp, nails and genitalia. The most common type is psoriasis 

vulgaris contributing to up to 90% of the worldwide psoriasis prevalence (Deng et al. 2016). 

More recent research has shown that psoriasis may in fact be considered a systemic 

inflammatory condition and it has been linked to the metabolic syndrome associated with 

cardiovascular disease, obesity, diabetes and other autoimmune conditions (Cohen et al. 

2008). Furthermore, there is an overlap between the genetic loci for psoriasis and 

inflammatory bowel disease, in particular Crohnôs disease (Ellinghaus et al. 2012). This multi-

faceted aspect of psoriasis exacerbates the overall impact on QoL for patients, as well as 

having significant financial implications for healthcare services (Menter et al. 2008a; Chern et 

al. 2011). The prevalence of psoriasis is still not fully known but has been reported to range 

from 0.91% (United States) to 8.5% (Norway), with the incidence ranging from 78.9/100,000 

(United States) to 230/100,000 (Italy) per annum (Parisi et al. 2020). It also tends to be less 

common in Asian and African populations compared to Caucasians and Scandinavians 

(Parisi et al. 2020). 

 

Joints may also be involved as an inflammatory seronegative spondyloarthropathy (psoriatic 

arthritis, PsA) causing significant disability if left untreated (Ackermann and Kavanaugh 

2008). The prevalence of PsA amongst psoriasis patients is not definitively known, but has 

been reported to be between 6 - 42% (Hukuda et al. 2001; Ruderman and Tambar 2004). A 

meta-analysis by Alinaghi et al. (2019) assessed nearly a million patients globally and found 

the prevalence to be around 19.7%. 

 

1.2.2 Pathophysiology 
 

Genetics has a significant role in the onset of psoriasis, with many studies conducted on 

families and twins demonstrating familial predisposition (Allione et al. 2015). Major 

histocompatibility complex (MHC), human leukocyte antigen (HLA-C) and several genetic loci 
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have been found to be linked to psoriasis. The HLA-cw6 allele on the PSORS1 gene is 

perhaps the most important susceptibility locus to be found in psoriasis (Strange et al. 2010). 

 

Histologically, the epidermis demonstrates irregular acanthosis, hyperplastic bloody vessels, 

parakeratosis and inflammatory infiltrates including T calls, neutrophils, macrophages and 

dendritic cells (Figure 1.1) (Schʮn et al. 2005; Rendon and Schªkel 2019). 

 

Figure 1.1 Histological image of psoriasis demonstrating (A) parakeratosis (i), acanthosis (ii) 

and dermal inflammation (iii) (B) neutrophilic infiltrates of pustular psoriasis (iv) (adapted from 

Rendon and Schäkel (2019)). Permission granted for image use as in Appendix XXX. 

 

 

 

Psoriasis is a T-cell driven autoimmune disease with abnormal innate and adaptive immune 

responses (Harden et al. 2015). It is classed as a Th1 disease, where the cutaneous infiltrate 

consists mainly of memory effector CD45 cells (Vissers et al. 2004). There is usually some 

form of trigger ï trauma, infection, drugs or stress, which is known as the óinitiation phaseô 

whereby T-cells are activated and migrate in to the epidermis, cause hyperplasia due to 

keratinocyte hyperproliferation (Flatz and Conrad 2013). As the epidermis acts as the bodyôs 

main defence to the external environment, this hyperplasia is a key component of the innate 

immune response. Natural killer T Cells and natural killer cells are part of the subsequent 

inflammation, as well as occasionally neutrophils, especially in pustular disease (Nickoloff 

1999; Gaspari 2006). The initiation phase is followed by a ómaintenance phaseô which defines 

the chronicity of the condition (Rendon and Schäkel 2019). Streptococcal infections and the 

creation of  ósuperantigensô have also been shown to trigger the T-cell activation seen in 

psoriasis (Telfer et al. 1992). 

 

Endogenous antimicrobial peptides and dendritic cells (in particular Langerhan cells, XIIIa-

positive and plasmacytoid dendritic cells) also have a role in the development of psoriasis. 

i  

i i  i ii  

iv 
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Langerhan cells survey peripheral antigens and present them to T-cells in local draining 

lymph nodes. This process is impaired in psoriasis suggesting that Langerhan cells may have 

a crucial regulatory role in cutaneous immunity. Plasmactyoid dendriti c cells produce 

interferon-alpha which drive Th1 responses in predisposed individuals leading to the 

formation of plaques (Griffiths et al. 2005; Griffiths and Barker 2007). This further 

consolidates the relationship between the innate and adaptive immune processes. A range of 

cytokines are implicated and this area of expertise is rapidly evolving (Deng et al. 2016). IFN-

◓ has been shown to play a part earlier on in the development of psoriasis, by inducing the 

production of antimicrobial peptides, and promoting the release of cytokines such as 

interleukin (IL)-1 and IL-23. Tumour Necrosis Factor (TNF) alpha (Ŭ) has also been identified 

as a major pro-inflammatory factor regulating the IL-23/Th17 axis, all of which have been 

targets for biologic treatment (Deng et al. 2016).  

Biopsies from psoriasis plaques demonstrate IL-17 mRNA (messenger ribonucleic acid), 

which is produced by Th17 as well as various other innate immune cells such as mast cells 

and neutrophils. Suppressing the IL-17 pathway has been shown to improve psoriasis 

(Krueger et al. 2012).  

 

IL-23 also plays a key role in the proliferation of Th17 cells, and has a strong relationship with 

the levels of IL-17 (Stockinger and Veldhoen 2007). IL-23 facilitates keratinocyte proliferation 

and therefore has a major role in the development of psoriatic plaques. IL-23 also shares a 

sub-unit with IL-12, with both having a strong presence in psoriasis skin (Deng et al. 2016). 

However, IL-23 levels tend to be higher and therefore IL-23 is believed to be the greater 

driving force in psoriasis (Yawalkar et al. 2009). Other inflammatory agents are also 

considered to be important players, including IL-9, IL-2 and CD8+ T-cells (Deng et al. 2016).  

 
Therefore, the site of initiation of plaque psoriasis may be narrowed down to the TNF-a-IL-23-

Th17 pathway/axis. A pro-inflammatory feedback loop is then established among 

keratinocytes, immune cells, and components of the extracellular matrix (e.g., collagen), 

leading to sustained, active skin inflammation. This cascade is best summarised in Figure 

1.2. 
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Figure 1.2* The psoriasis pathway (Rendon and Schäkel 2019). Permission granted for 

image use as in Appendix XXX. 

 

*Diagram demonstrates the trigger factors in psoriasis and the subsequent role of TNFŬ as a 

major pro-inflammatory factor regulating the IL-23/Th17 axis. IL-23 facilitates keratinocyte 

proliferation and therefore has a major role in the development of psoriatic plaques through 

barrier dysfunction and proliferation. Other inflammatory agents are also considered to be 

important players, including IL-9, IL-2 and CD8+ T-cells. 

The site of initiation of plaque psoriasis may be narrowed down to the TNF-a-IL-23-Th17 

pathway/axis. A pro-inflammatory feedback loop is then established among keratinocytes, 

immune cells, and components of the extracellular matrix (e.g., collagen), leading to 

sustained, active skin inflammation.  

 
 

1.2.3 Clinical presentations & subtypes 
 

There are various subtypes of psoriasis, with psoriasis vulgaris being the most common 

(Deng et al. 2016). This presents as the classical plaque type psoriasis (Figure 1.3). 
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Figure 1.3 Plaque psoriasis (psoriasis vulgaris) (Permission granted by Cardiff and Vale 

University Health Board. All clinical images used had signed permission from patients to 

publish the images.) 

  

 

Inverse psoriasis (also known as flexural psoriasis) usually affects the folds and intertriginous 

regions of the body. Guttate psoriasis (Figure 1.4) usually has an acute onset, most 

commonly after group-A streptococcal upper respiratory tract infections (Ko et al. 2010).  

 

Figure 1.4 Guttate psoriasis (Permission granted by Cardiff and Vale University Health 

Board. All clinical images used had signed permission from patients to publish the images.) 
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Pustular psoriasis is identified by the presence of numerous, coalescing sterile pustules and 

may present in several ways: 

a) palmo-plantar pustulosis which affect the hands and feet 

b) acrodermatitis of Hallopeau, which affects the distal tips of fingers and toes, including the 

nails 

c) generalised pustular psoriasis (Figure 1.5), which may be acute and is often associated 

with generalised redness and sub-corneal pustules along with systemic features 

(Navarini et al. 2017) 

 

Figure 1.5 Pustular psoriasis (Permission granted by Cardiff and Vale University Health 

Board. All clinical images used had signed permission from patients to publish the images.) 

 

 
The final, more severe, subtype is erythrodermic psoriasis, which is a dermatological 

emergency due to at least 90% of the body surface area being affected by diffuse erythema. 

This may arise from any other subtype and usually requires admission to hospital (Rendon 

and Schäkel 2019). 
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Psoriatic arthritis prevalence is currently unknown, though a diverse range of figures have 

been reported, and it is often undiagnosed, perhaps in at least 15% of psoriasis patients 

(Villani et al. 2015). It may be polyarticular or oligoarticular, and is defined by pain, enthesitis 

and dactylitis. In polyarticular phenotypes, nail involvement is also very common (Stoll et al. 

2006). Nail disease may be present in 50% of psoriasis patients, and may be the only 

presentation of psoriasis in up to 10% of all psoriasis cases (Salomon et al. 2003). It may 

present as nail plate pitting, onycholysis, oil drop discolouration, splinter haemorrhages or 

subungual hyperkeratosis (Figure 1.6) 

 
Figure 1.6 Presentations of nail psoriasis (adapted from (Menter et al. 2008a). Permission 

granted for image use as in Appendix XXXI. 

 

 

1.2.4 Comorbidities associated with psoriasis 
 
Several comorbidities are associated with psoriasis, including a strong association with the 

metabolic syndrome (Cohen et al. 2008). Independently, however, several components have 

been shown to have also shown to have an impact. A 2006 cohort study found that there was 

an increased risk of myocardial infarction in psoriasis patients, irrespective of other risk 

factors such as smoking, dyslipidaemia and hypertension (Gelfand et al. 2006). Obesity is 

considered an independent risk factor with a higher incidence of psoriasis in patients with a 

higher body mass index (Kumar et al. 2013). Hypertension tends to be more severe and 

poorly controlled in patients with psoriasis, with poorer control in patients with more severe 

psoriasis (Takeshita et al. 2015). There is an increased risk of diabetic complications and 

insulin resistance in psoriasis patients and those with diabetes are more likely to need 

pharmacological intervention (Azfar et al. 2012).  

 

Studies have also highlighted an overlap in inflammatory and genetic pathways between 

psoriasis and inflammatory bowel disease (Wolf et al. 2008). However, there are varying 

degrees of association and prevalence reported in studies, though there seems to be a 

higher risk of Crohnôs disease than ulcerative colitis (Cohen et al. 2009; Li et al. 2013).  
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Psoriatic arthritis is a chronic musculoskeletal inflammatory disease and though the exact 

prevalence is not known, it may affect up to 30% of patients usually with plaque-type 

psoriasis / psoriasis vulgaris (Ritchlin et al. 2017; Ogdie et al. 2020). There are various 

manifestations of psoriatic arthritis including enthesitis, spondylitis, dactylitis and peripheral 

arthritis, often resulting in considerable impact on physical functioning as well as social and 

work life (Orbai et al. 2017). 

 

Psoriasis is also associated with various other comorbidities including hepatic disease 

(Yeung et al. 2013), nephritic disease (Abuabara et al. 2010) and malignancies (Pouplard et 

al. 2013; Fuxench et al. 2016). It is clear that patients may experience health-related issues 

beyond psoriasis and therefore a holistic and complete approach to healthcare is vital. 

 

1.2.5 Clinical Assessment and the PASI 
 

There is a range of clinical assessment tools for physicians and researchers to assess the 

severity of psoriasis. However, there is no consensus on which of these measures are most 

suited to be used in clinical trials (Callis et al. 2018). The varying phenotypes of psoriasis 

means that this is a challenge for both clinicians and patients. Whilst tools such as the PASI 

may be adequate for assessing plaque psoriasis affecting the body/trunk, most are poor at 

assessing disease in other areas including the scalp, nails and genitalia. As a result, region 

specific measures have also been created to assess the impact of localised disease, such as 

the Nail Psoriasis Severity Index (NAPSI) (Rich and Scher 2003) and the static Physician's 

Global Assessment of Genitalia (sPGA-G) scale (Merola et al. 2017). 

 

Naldi et al. (2003) have highlighted that at least 44 clinical measures are used in trials, with 

none of them having been fully validated or standardised. Indeed, there are no óidealô 

measures to be used in psoriasis (Weisman et al. 2003; Feldman and Krueger 2005). In 

general, the high inter-rater variability and the inability of many tools to discriminate 

appropriately between disease severities is a telling indictment of the current state of this 

science. 

Spuls et al. (2010) highlighted 11 main psoriasis assessment tools used in clinical trials and 

these, along with their descriptions, are summarised in Table 1.1. 
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Table 1.1 Most common psoriasis severity assessment tools, adapted from (Spuls et al. 

2010) 

Instrument Description 

BSA Estimation of involved body surface area, several methods are used 
Signs Evaluation of the plaque characteristics erythema, scaling, and 

induration. Erythema and scaling are easily influenced by external 
factors 

PASI The affected area and lesion characteristics are entered in a 
formula that results in a score from 0 to 72. The PASI is most often 
used in clinical trials 

PGA The PGA is a 5, 6, or 7-point ordinal rating ranging from ñclearò to 
ñvery severe psoriasisò 

PaGA The PaGA is an ordinal rating ranging from ñclearò to ñvery severe 
psoriasisò assessed by the patient 

SAPASI The SAPASI is a structured PASI-like instrument designed for 
patient self-assessments of severity 

PASS The affected area and plaque characteristics are entered in a 
formula that results in a score from 0 to 140. Infiltration is given 
more weight than erythema and scaling 

LS-PGA The LS-PGA integrates ranges of involved BSA and the overall 
plaque morphology in which infiltration is given more weight 

SPASI The SPASI equals the sum of the average redness, thickness, and 
scaling of all the psoriasis lesions multiplied by the percentage of 
body surface area involved 

PEASI The PLASI is derived from the PASI but uses actual BSA 
percentages instead of an area score 

PSI The PSI addresses various symptoms of psoriasis lesions, with a 
score ranging from 0-32 

PLASI The PLASI is derived from the PASI but uses six BSA groupings 
with finer partitioning for smaller extents of BSA 

SPI The SPI consists of three elements: a severity score (SPI-s), 
psychosocial impact (SPI-p) and historical course/interventions 
(SPI-i). 

 

 

The body surface area (BSA) is quite a simplistic tool assessing the body percentage affected 

by psoriasis. This is either calculated by using the ñrule of ninesò (whereby the head and 

neck, arms, legs etc, are allocated 9% total each) (Ramsay and Lawrence 1991), or using the 

method where one hand surface, including fingers, (or ñhandprintò) is equivalent to 1% BSA 

(Thomas and Finlay 2007). This method generally has excellent inter-rater variability (Yune et 

al. 2003).  

 

PASI, first used to assess oral retinoid efficacy, is a widely used tool to assess the severity of 

psoriasis (Fredriksson and Pettersson 1978). The score ranges from 0-72 (72 being most 

severe), and efficacy of treatments are often described as percentage reduction in PASI i.e. 

PASI 50, PASI 75 would represent a 50% or 75% reduction in PASI, respectively. The PASI 

mostly completed by trained health care professionals and study investigators. Although PASI 
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has been criticised for lacking sensitivity and accuracy, being complex, and its use being 

resource intensive, in the absence of a ñgold standardò it has become an almost universal 

outcome measure in clinical trials of drugs used for psoriasis (Ashcroft et al. 1999; Harari et 

al. 2000; Berth΅Jones et al. 2006). It is often used to validate other clinical measures, and 

indeed correlates well with these physician-based assessments, but less so with HRQoL 

(Health-related quality of life). However, the PASI has had very few reliability tests conducted 

and the response distribution is also considered low (Harari et al. 2000; Langley and Ellis 

2004; Berth΅Jones et al. 2006). Experienced users produce more reliable PASI results than 

novice assessors (Langley and Ellis 2004). There are several other criticisms of PASI 

including concerns around the categorical assignment and weight of each of its components 

(Weisman et al. 2003), as well as limited inter-rater agreement (Gourraud et al. 2012). 

Furthermore, there is debate around the interpretation of PASI scores (Van de Kerkhof 1992; 

Carlin et al. 2004) though descriptors ómildô, ómoderateô and ósevereô have also been 

commonly used (Schmitt and Wozel 2005). A simplified version also exists, known as 

Simplified-PASI (SPASI), though its reliability has not been tested and it seems to be less 

sensitive to change when the BSA is less than 10% (Louden et al. 2004). Two other variants 

of the PASI, the Psoriasis Long-based Area and Severity Index (PLASI) and Psoriasis Exact 

Area and Severity Index (PEASI), provide a more accurate evaluation of psoriasis 

improvement. However, neither measure has been validated or tested for reliability (Jacobson 

and Kimball 2004). 

 

The Simplified Psoriasis Index (SPI) (Chularojanamontri et al. 2013) is adapted from a holistic 

measure created in the late 1990s known as the Salford Psoriasis Index (Kirby et al. 2000). 

The SPI consists of three elements: a severity score (SPI-s), psychosocial impact (SPI-p) and 

historical course/interventions (SPI-i). The severity score is intended to replace the PASI and 

is weighted to identify the óhigh impactô areas such as the face and genitalia and may be 

completed by either professionals (proSPI-s) or patients (saSPI-s). The SPI-p was found to 

have high correlation with the DLQI (r=0.89) and proSPI-s with the PASI (r=0.91). It has been 

shown to have good intra-rater and inter-rater reliability (Chularojanamontri et al. 2013) and 

further validation studies have been conducted to demonstrate its interpretability and 

responsiveness to change (Chularojanamontri et al. 2014). 

  

The Physiciansô Global Assessment (PGA), a simpler method of assessing psoriasis severity, 

has also been used statically (at baseline) or dynamically (change from baseline to follow-up) 

(Farhi et al. 2008) as a 5-7 point ordinal scoring system ranging from óclearô to óvery severeô. It 
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has been shown to correlate well with the PASI as well as with HRQoL assessments (Gottlieb 

et al. 2003a). 

 

Patients may also self-assess their psoriasis using the Self-Administered PASI (SAPASI) by 

shading in the affected areas on a body map and using a VAS (visual analogue scale) for the 

erythema, scaling and induration aspects of the assessment. The total score is then 

calculated by the assessor, ranging from 0-72 as for the PASI (Fleischer Jr et al. 1994). 

Overall, the measure has very good reliability (Feldman et al. 1996) with a strong correlation 

to the PASI in most studies (Feldman et al. 1996; Kirby et al. 2000; Sampogna et al. 2003). 

 

The Psoriasis Symptom Inventory (PSI), though not strictly a clinical outcome measure, is an 

eight-item PROM designed to assess various psoriasis symptoms including itching, redness, 

cracking, burning, flaking, stinging and pain (Martin et al. 2013). It is available in 2-hour and 

7-day versions which have been shown to be equivalent, sensitive to change as well as 

possess good construct validity (Bushnell et al. 2013). 

 

There are many other psoriasis assessment tools as seen in Table 1.1, with most having 

been developed to tackle some of the shortfalls of the PASI. However, they have not 

superseded the PASI in terms of its clinimetric properties nor its popularity, as it remains the 

most commonly used clinical severity measure in psoriasis worldwide (Spuls et al. 2010). 

 

1.2.6 An overview of the management of psoriasis 

 

1.2.6.1 Life-style interventions 
 
The management of psoriasis is challenging, particularly for mild and moderate disease 

where systemic treatment or biologics may not be indicated. Nevertheless, there are 

conservative measures that may be employed by psoriasis patients to reduce disease 

burden. For example, in obese/overweight patients, non-surgical and non-medical weight loss 

may reduce the severity of psoriasis (Upala and Sanguankeo 2015). An RCT by Naldi et al. 

(2014) demonstrated that this demographic group may also benefit with dietetic control 

alongside physical exercise. 

Smoking cessation and a reduction in alcohol intake have also shown to be important 

prognostic factors in psoriasis (Higgins 2000).  The use of simple measures such as this is 

known as ódisability preventionô (Farber and Nall 1984), and may go a long way towards 

reducing prevalence, severity and morbidity. 
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1.2.6.2 Topical treatments 
 
Topical steroids are very widely used in the treatment of psoriasis, ranging from mild (e.g. 1% 

hydrocortisone) to very potent strengths (e.g. clobetasol proprionate) (Lebwohl 1995). 

However, potent topical steroids should not be used long-term due to the risks of numerous 

side-effects such as epidermal thinning, bruising, ulceration and striae (Coondoo et al. 2014). 

Other topical treatments include coal tar, tazarotene, salicylic acid, anthralin and vitamin D 

analogs such as calcipotriol (Lebwohl and Ali 2001). Calcipotriol is more effective than 

anthralin (Berth΅Jones et al. 1992) and coal tar (Tham et al. 1994) resulting in the latter two 

to be less commonly used in recent times (Reid and Griffiths 2020). Combination treatment of 

calcipotriol and betamethasone as a two-compound product has also shown to be efficacious 

in the treatment of plaque psoriasis (Kragballe et al. 1991) but also scalp psoriasis (Kragballe 

et al. 2009). Salicylic acid is particularly helpful for thick scales and may have a keratolytic 

effect (van de Kerkhof and Franssen 2001).  

 

1.2.6.3 Phototherapy 
 
If topical therapies fail to control disease then phototherapy is a safe and widely used 

alternative. Oral or topical psoralens (photosensitising chemicals) in combination with 

ultraviolet-A (UVA) phototherapy is a commonly used treatment, but is being increasingly 

replaced by narrowband ultraviolet-B (UVB) phototherapy (Picot et al. 1992; Reid and 

Griffiths 2020). Ultraviolet-B in combination with oral retinoids may also produce significant 

improvement of symptoms (Ruzicka et al. 1990). However, phototherapy may be 

inconvenient for patients, as the treatment often requires multiple weekly visits for a few 

months. There is also an increased risk of skin cancers with this mode of treatment (De Rie et 

al. 2004), with UVA phototherapy in particular linked to squamous cell carcinomas (Ling et al. 

2016). 

 

1.2.6.4 Systemic treatments 
 
In about a fifth of psoriasis patients, topical therapies alone are insufficient to adequately 

control symptoms (De Rie et al. 2004). Therefore, systemic treatments are considered for 

moderate-severe cases including methotrexate, azathioprine, ciclosporin and retinoids. Some 

of the common systemic treatments in sufferers of severe psoriasis are listed in Table 1.2 

(adapted from Olivier et al. (2010). 
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Table 1.2 Systemic psoriasis therapy (adapted from Olivier et al. (2010)). 

 

Systemic psoriasis therapy N (%) of severe psoriasis patients* 

Methotrexate 2284 (57.7%) 
Psoralen or Phototherapy 680 (17.2%) 
Azathioprine 625 (16.5%) 
Ciclosporin 412 (10.1%) 
Etretinate or Acitretin 351 (8.9%) 
Hydroxyurea 222 (5.6%) 
Mycophenolate mofetil 12 (0.3%) 

 
*Percentages total up to >100 as some subjects received multiple treatments 
 

Other important and effective systemic agents include small molecule therapies such as 

fumaric acid esters (Bovenschen et al. 2010) and phosphodiesterase-4 (PDE-4) inhibitors 

(Papp et al. 2012a). Systemic treatment is guided by patient needs and requirements. Some 

treatments are immunosuppressant, hepatotoxic and nephrotoxic (e.g. methotrexate, 

ciclosporin) whereas others may cause teratogenicity (retinoids), limiting suitable options 

available to certain patient demographics. Rotational therapy has also been recommended 

which involves alternating between different treatments to limit the cumulative side effect 

profile (Weinstein and White 1993).  

 

1.2.6.5 Biological treatments 
 
In the last two decades, the advent of biologic treatment (produced from recombinant 

deoxyribonucleic acid (DNA) technology) has changed the interventional landscape of 

psoriasis. Biologics are usually administered subcutaneously and are molecules that target 

various cytokines in the psoriasis inflammatory cascade.  They may also be indicated for use 

in PsA (Armstrong et al. 2018). Alefacept, a CD2-binding protein, was the first biologic 

therapy for psoriasis introduced in 2003 (Lebwohl et al. 2003), but was eventually withdrawn 

due to more efficacious and cost-effective treatments becoming available (Reid and Griffiths 

2020). Efalizumab (a monoclonal antibody to CD11a) was another alternative, but was 

subsequently withdrawn due to cases of progressive multifocal leukoencephalopathy (PML) 

(Kothary et al. 2011). Later biologics targeted TNF-alpha, though newer biologics have since 

emerged targeting IL12/23, IL17-A, IL17-A receptors and more recently, IL-23 (Armstrong et 

al. 2018). However, in the UK, these are only available to patients who have failed (or are 

contraindicated to) at least two other systemic treatments including methotrexate and 

ciclosporin, have severe focal disease, and meet the minimum eligibility criteria of PASI 10 

and DLQI 10 (Smith et al. 2020). Various factors may influence the choice of biologic: patient 
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age and weight, patient preference, comorbidities such as PsA, family planning, employment 

and baseline psoriasis severity, for which criteria may vary from country to country (Davison 

et al. 2017). Though biologics are generally considered safe with high efficacy (outcomes of 

PASI 75 ranging from 59-86%), there is a risk of opportunistic infections and reactivation of 

chronic infections such as hepatitis B or tuberculosis, especially as long-term immunotherapy 

may alter a patientôs immune profile (Davison et al. 2017). Furthermore, there are new 

treatment modalities on the horizon for psoriasis (Bissonnette et al. 2013; Strober et al. 2019; 

Todoroviĺ et al. 2019). 

 

It is important to consider efficacy end-goals when treating a patient with psoriasis. It has 

been proposed that a 50% reduction in PASI score (PASI 50) and a DLQI score <5 should be 

the minimal target, with routine monitoring of long-term treatments at regular intervals 

(Chernyshov 2019). Although ideally treatment goals should aim for DLQI 0 or 1, and 

complete PASI resolution, a reduction in PASI score of 75% (PASI 75) has been suggested 

as the most feasible and practical treatment goal (Pathirana et al. 2009). However, with 

newer generation biologics achieving PASI 90, there is an argument for this to become the 

new standard of treatment efficacy (Torii et al. 2012; Elewski et al. 2017). 

 

All things considered, when choosing the appropriate treatment, physicians may be guided by 

several factors: disease severity, treatment ease, efficacy and side-effect profile, as well as 

patient QoL (De Rie et al. 2004). However, counseling patients is also an important aspect of 

managing patients with psoriasis. Issues such as lifestyle adjustments and behavior changes 

should also be discussed in detail with patients. This enables them to regain control over their 

lives and their condition by converting their negative thoughts and teaching them distraction 

techniques. By seeking social support, and learning to express worries and emotions, 

patients may develop coping mechanisms therefore allowing them to truly improve their 

psychosocial wellbeing (Lebwohl 1995). 

 

1.3 Heath-Related Quality of Life 
 

1.3.1 What is Health-Related Quality of Life? 
 

The terms óquality of lifeô (QoL) and óhealth-related quality of lifeô (HRQoL) are often used 

interchangeably, though the former has been described in literature since the mid 20th century 

(Bergner 1985). QoL awareness became particularly important as contention arose around 
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how interventions balance life span with QoL improvement (Kaplan and Bush 1982). 

Assessing QoL became as important as assessing physical parameters of well-being, 

eventually leading to the development of health status measurements (Fanshel and Bush 

1970). The term óHRQoLô was later introduced in order to link health-related issues to QoL 

and was used alongside QALYs as described in the previous section. The concept of HRQoL 

has mainly been utilised and developed in three major areas: health economics, clinical 

research and evaluation of clinical practices (Halioua et al. 2000).  

 

WHO defines health as óóa state of complete physical, mental and social well-being, and not 

merely the absence of disease and infirmityôô (Organization 2014).  This definition is 

incorporated in general health measures such as the EuroQol five-dimensions (EQ-5D) 

(Group 1990) and short-form 36 (SF-36) (Ware et al. 1978). However, the inclusion of ósocial 

well-beingô as a key component in the definition of health is debated (Karimi and Brazier 

2016), with the suggestion that an individualôs level of function within societal context is more 

important (Patrick et al. 1973). In some ways, defining QoL has proven to be equally difficult 

with various definitions having been used over the years including: óóa conscious cognitive 

judgment of satisfaction with oneôs lifeôô (Rejeski and Mihalko 2001) and óóan individualsô 

perception of their position in life in the context of the culture and value systems in which they 

live and in relation to their goals, expectations, standards and concernsôô (Kuyken 1995). 

Though many of these definitions have an element of subjectivity, several authors have 

stated that factors such as physical, material and social wellbeing are just as important (Felce 

and Perry 1995; Cummins 2005). Regardless, it is generally agreed that QoL is 

multidimensional covering five key areas: material wellbeing, physical wellbeing, social 

wellbeing, emotional wellbeing, and development/activity (Felce and Perry 1995). 

The definitions of óhealthô and óQoLô may be combined in various ways to deliver an overall 

summarised definition of HRQoL. In this context, perhaps the most well-known definition is 

that by Calman (1984): óThe quality of life can only be described and measured in individual 

terms, and depends on present lifestyle, past experience, hopes for the future, dreams and 

ambitions.ô The author further postulates that any definition of QoL must consider all the 

experiences and areas of life, including ill-health and treatment. Good QoL is attained when 

hopes and expectations tally with experience, whereas poor QoL is the opposite notion of 

this. Therefore, by reducing the gap between aspirations and reality, one may improve QoL. 

This may be measured in terms of ósatisfaction, contentment, happiness, fulfillment and ability 

to copeô (Calman 1984). 

 

At least four other definitions have been reported (Karimi and Brazier 2016): 
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1. ñHow well a person functions in their life and his or her perceived wellbeing in 

physical, mental, and social domains of health.ò (Killewo et al. 2010) 

2. ñQuality of life is an all-inclusive concept incorporating all factors that impact upon an 

individualôs life. Health-related quality of life includes only those factors that are part of 

an individualôs health.ò (Torrance 1987) 

3. ñThose aspects of self-perceived well-being that are related to or affected by the 

presence of disease or treatment.ò (Ebrahim 1995) 

4. ñValues assigned to different health statesò (Weinstein et al. 1996) 

 

It is interesting to note that these definitions do not always refer to the disease or treatment, 

and often political and economic considerations are excluded (Torrance 1987). Definition ó4ô 

refers to utility values and assigning óhealth statesô to calculate QALYs whereby death is rated 

ó0ô and perfect health as ó1ô (Weinstein et al. 1996). Therefore, whilst the HRQoL definitions 

are multifaceted, health utility values are a very important aspect of overall patient 

assessment. A more detailed insight on utility values and their calculation shall be covered in 

Chapter 4. 

 

Though all four definitions vary in what they consider óHRQoLô to be, health has been 

considered as only one aspect of wider QoL (Ferrans 1990). However, there is a significant 

overlap: whilst some QoL definitions only assess wellbeing and functioning rather than 

biological variables, wider QoL problems are undoubtedly influenced by health. For example, 

certain conditions may not have a direct impact on domains such as economic status, 

education or housing ï however they may all be indirectly impacted. In practice, a measure 

covering a narrow range of relevant QoL domains tailored to one type of problem or disease 

may be more specific. However, in order to be fully encompassing, ógeneralô HRQoL 

measures need to be able to capture most QoL domains. 

 

The terms óhealthô, óQoLô and óHRQoLô are often confusing and used interchangeably.  

However, quite simply, they are used to describe the impact of health on QoL (Karimi and 

Brazier 2016). This thesis will use both acronyms óHRQoLô and óQoLô to describe the impact 

of skin diseases on patient wellbeing (both physical and psychosocial functional behavior).  

 

1.3.2 The measurement and validation of HRQoL in Dermatology  
 

For many decades, clinical improvement alone was considered sufficient response to 

treatment. For example, Dahl and Comaish (1972) stated that a reduction in scaling and 
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lesions corresponded to ógoodô treatment outcome, especially if it resulted in a better working 

and social life. Assessment standards have since evolved and it has now been established 

that QoL is a vital consideration in any personôs life. More recently, the word óquimpô (i.e. 

quality of life impairment) was coined in a bid to raise awareness about the importance of this 

concept in clinical care (Finlay 2017). QoL may be impacted by various non-medical factors: 

economic status, employment, marital status, career, ambition, personality, religion and 

expectations (Both et al. 2007). In medicine, HRQoL is the effect a condition has on QoL 

domains. A number of instruments to measure this impact on patient life have been 

developed for use in clinical, epidemiological and research settings (Terwee et al. 2007). 

These instruments will often include psychological, physical and social domains from both 

subjective (e.g. emotions) and objective (e.g. work impairment) viewpoints (Testa and 

Simonson 1996). The final questionnaires are often comprised of items/questions that are 

grouped together under various relevant dimensions (Testa and Simonson 1996). The 

methodological construction, conceptual validation, mode of administration and target 

population determine the final quality of these HRQoL measures (Halioua et al. 2000). 

 

Within dermatology, HRQoL is captured by measures of varying scopes and capacities. 

These include generic measures, dermatology-specific measures, condition specific 

measures as well as possibly ócrossover measuresô which shall be discussed later in this 

chapter. The former may be used across all medical conditions thereby allowing comparison 

across specialties; dermatology-specific measures may be used for all skin conditions, 

whereas condition-specific measures are designed to capture very focused, disease specific 

QoL impact. Generic measures may be health-profile or preference-based and have the 

advantage of directly producing utility values (Coons et al. 2000). The disease-specific tools 

are more responsive with strong conceptual validity and therefore clinically suitable (Wiebe et 

al. 2003). Measures are designed based on a combination of patient views, evidence from 

literature and clinical opinion ï though the more popular PROMs have been based solely on 

patient experiences, arguably the most appropriate development method. Therefore, 

choosing the ideal instrument is dependent on weighing the advantages and disadvantages 

of each measure within the context of its use, the skin condition and study objectives (Coons 

et al. 2000). 

 

Evidence of a toolôs psychometric properties including its validity and reliability are important 

considerations in making a decision on whether it is suitable to use. Reliability is the ability of 

a measure to produce results óconsistently in time and spaceô, whereas the validity of a 

measure determines whether it captures the information it was designed to do so (Souza et 

al. 2017). Validation aspects of a measure may further be divided in to: equivalence, content 
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validity, criterion validity, construct validity and cross-cultural validity. These are summarised 

in Figure 1.7 (Souza et al. 2017). The reliability of a measure includes testing for stability, 

internal consistency, reproducibility (e.g. test retest). The more comprehensively a measure is 

validated, the more likely it will be used widely. However, validation techniques are wide 

ranging that is from óbasicô to óadvancedô (Prinsen et al. 2013), and there is no absolute 

definition of how widely a measure should be validated. 

 

Figure 1.7 Types of validity measurement of instruments (Souza et al. 2017) 

 

 

There have been numerous instruments created ranging from single-item measures to more 

complex ones with various scoring systems (Chernyshov 2019). Unfortunately, while many 

questionnaires exist, they have not always been validated or tested appropriately, sometimes 

having been used in only a single study (Chernyshov 2019). This may raise doubts about the 
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appropriateness of their use (Bourdel et al. 2019). Choosing the right measure for the disease 

and population is therefore key towards obtaining optimal and representative results. 

However, some psychometric properties may be specific to individual situations and may vary 

depending on the target use, thereby requiring further validation work (Souza et al. 2017). For 

example, the Childrenôs Dermatology Life Quality Index (CDLQI) (Lewis΅Jones and Finlay 

1995) is validated for use in patients aged 4-16, and is not validated to be used for an older 

population. As a result, there is no real consensus on the ñbestò QoL measure to use in 

Dermatology (Both et al. 2007), and indeed the generic concept of ñbestò may not be 

meaningful or achievable to define. 

 

Nevertheless, HRQoL assessment is integral to many guidelines within dermatology. This 

includes the National Institute for Health and Care Excellence (NICE) guidelines for atopic 

eczema (AD) as well as a Taskforce recommendation (Lewis-Jones and Mugglestone 2007; 

Vermeulen et al. 2019), vitiligo guidelines (Gawkrodger 2008) and more extensively, psoriasis 

biologic guidelines (Smith et al. 2020). 

 

1.3.3 Generic HRQoL measures used in Dermatology 

These measures, as stated by their description, are broad in nature to capture health-related 

QoL data even outside the clinical context. The most widely used generic measures in 

dermatology are the Short-Form 36 (SF-36) and the EQ-5D (Chernyshov 2019). Other 

commonly used measures include: Sickness Impact Profile (SIP) (Bergner et al. 1981; Patrick 

and Deyo 1989), World Health Organization Quality of Life (WHOQOL) (Group 1994),  the 

Nottingham Health Profile (NHP), the DUKE Health Profile (Raymond 1996) and the Quality 

of Well-Being Scale (Hörnquist 1982). All of these measures may be applied to various 

disease states or the general population therefore allowing impacts of diseases to be 

compared. 

A previous systematic review has recommended that the SF-36 is the preferential generic 

measure (de Korte et al. 2002). The SF-36 consists of eight scales with varying items, with 

one item of perceived health change. It is the only instrument which addresses the concept of 

ópositive healthô, therefore making it particularly sensitive for better QoL states (Both et al. 

2007). Furthermore, the SF-36 has been used as a reference measure in the validation of 

dermatology-specific measures such as the Skindex (Chren 2012). 

The SIP was one of the first self-reported health status tools to be used (Bergner et al. 1981) 

with 12 scales consisting of 136 items covering physical and psychosocial domains together 
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with five independent categories. Though it has had formal psychometric validation (Bergner 

et al. 1981), there are some limitations: patients only select items that are relevant to them, 

eliciting concerns regarding the interpretation of missing data (systematic versus random 

omission). Furthermore, it can take up to 30 minutes to complete, and cannot discriminate 

effectively between healthy subjects (Andresen and Meyers 2000). Nevertheless, the UK 

version of the SIP, the UKSIP, has also been used in various psoriasis trials over the years, 

including for one of the first systemic treatments in psoriasis: ciclosporin (Finlay et al. 1990; 

Salek et al. 1993; Wall et al. 1998; Prins et al. 2005). The UKSIP has also been validated and 

shown to be reliable in assessing acne handicap (Salek et al. 1996) and the impact of basal 

cell carcinomas (Blackford et al. 1996).  

The EQ-5D (Group 1990) will be covered extensively in Chapters 4 and 5. It is a generic 

standardised preference-based measure often used for calculating utility values in health 

economics. Health technology assessment agencies have driven its use for economic 

comparison between treatments, despite it not being dermatology focussed. The measure 

consists of two parts, the first comprising five domains namely: mobility, self -care, usual 

activities, pain/discomfort and anxiety/depression. The second part is a visual analogue scale 

(VAS) on which patients self-assign a score between 0-100 (with ó0ô being the óworst 

imaginable health stateô and ó100ô being the óbest imaginable health stateô). While the EQ-5D 

is broad in nature allowing appraisal between diseases, it may not detect pertinent HRQoL 

information from dermatology patients (Pereira et al. 2012). It contains items that are not 

always relevant to dermatological patients resulting in óbackground noiseô due to responses 

that are not relevant to the skin disease (Finlay 1997).  Some relevant issues may only be 

addressed by the use of specialty/disease-specific measures. Therefore, generic measures 

including the EQ-5D may not be entirely sensitive to the QoL impact of skin disease. 

1.3.3.1 Dermatology-specific measures 
 

Although many studies use generic measures, there are several ódermatology-specificô 

measures that may be used for all skin conditions. The most popular of these is the DLQI 

(Finlay and Khan 1994) and is described in detail below.  

 

The Dermatology-Specific Quality of Life (DSQL) is a 52-item scale with physical, emotional 

and social dimensions of QoL (Anderson and Rajagopalan 1997). It is heavily influenced by 

the SF-36 and the pilot study on item behavior only included contact dermatitis and acne 

patients. It takes 15 minutes to complete and has been mostly adequately validated. 
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However, other than a handful of studies on acne/contact dermatitis it has not been used 

again (Both et al. 2007). 

 

The Skindex-29 is another validated scale that has been found to be reliable and responsive 

in dermatology patients, with documented categorisation of scores (Nijsten et al. 2009; 

Rogers et al. 2012). However, additional validation studies have been recommended (Both et 

al. 2007). There are also shortened versions of the measure in the form of Skindex-16 and 

Skindex-17 which have both been used in numerous studies (Halioua et al. 2000; Ganemo et 

al. 2004; Gisondi et al. 2005). However, the presence of numerous versions may be 

confusing for the end user, resulting in data that are not comparable between the various 

iterations. 

 

One of the least used scales is the Dermatology Quality of Life Scales (DQOLS) which was 

developed after 50 outpatients were interviewed (Morgan et al. 1997). It consists of physical, 

psychosocial and symptom dimensions which yield a score ranging from 0-100. Though it has 

been validated against the DLQI and was shown to have strong validity, there have been 

criticisms of the psychometric methods used in its creation (Both et al. 2007). Bar two major 

studies, use of the DQOLS has rarely been reported (Higaki et al. 2002; Higaki et al. 2004). 

 

Several other dermatology-specific measures are targeted at different age ranges including 

the CDLQI for ages 4-16 years (LewisπJones and Finlay 1995), the Teenagerôs Quality of Life 

Index (T-QoL) for ages 12-19 years (Basra et al. 2018) and the Infantsô and Toddlersô 

Dermatology Quality of Life (InToDermQoL) for ages 0-4 years (Chernyshov et al. 2019).  

The CDLQI measures the impact of skin conditions on the QoL of children (LewisπJones and 

Finlay 1995). Much like the DLQI, the CDLQI was developed from the answers to an open-

ended question asking children how their skin condition affected their life. Based on 169 

replies from children aged 3-16 years, a ten-item questionnaire was developed. The CDLQI 

measures impact of QoL in the domains of symptoms and feelings, leisure, school or 

holidays, personal relationships, sleep and treatment. Each question has the following four 

options: not at all (scoring 0), only a little, (1) quite a lot (2), very much (3). The recall period 

for the CDLQI is one week and as children may have been in school term time or on holiday, 

one question has a choice of two options dependent on whether or not within the last week 

the child was in school. A cartoon version has been created to appeal to younger children 

(Holme et al. 2003). The CDLQI has been translated into over 80 languages and validated 

extensively (Neri et al. 2012; Salek et al. 2013; Wisuthsarewong et al. 2015). The CDLQI is 

completed on average in two minutes and has score bands to give meaning to the scores 
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(Waters et al. 2010): 0-1= óno effect on childôs  lifeô, 2-6 ósmall effectô, 7-12 ómoderate effectô, 

13-18 óvery large effectô, 19-30 óextremely large effectô. The CDLQI has been recommended 

by the Harmonising Outcome Measures in Atopic Eczema (HOME) initiative as the core QoL 

instrument for measuring the impact of atopic dermatitis on the QoL of children (Vermeulen et 

al. 2019).  

These dermatology-specific measures may be used across all of dermatology, making it 

easier to score and compare the impact on QoL of various skin diseases. However, disease-

specific measures are also used, which may provide more sensitive and focused QoL 

information for any particular skin condition. 

 

1.3.3.1.1 The Dermatology Life Quality Index 
 

The Dermatology Life Quality Index (DLQI) (Finlay and Khan 1994) was the first generic 

dermatology-specific QoL measure to be introduced and paved the way for QoL assessment 

alongside clinical severity measures in skin disease trials (Kurwa and Finlay 1995). It is 

reported to be the most widely used dermatology-specific QoL measure in clinical trials of 

skin diseases worldwide (Both et al. 2007; Organization 2019). An extensive overview of the 

measure is detailed in Chapter 4. The DLQI been used in numerous inflammatory and non-

inflammatory skin conditions as well as skin cancers and is available in 152 languages as of 

9th March 2021, across numerous countries (Basra et al. 2008a; Finlay 2020). It is simple and 

easy to complete (Bronsard et al. 2010) with an average completion time of around 2 minutes 

(Loo et al. 2003). It consists of 10 items addressing the impact of skin diseases on different 

aspects of patient QoL over the last week, as shown in Figure 4.1. The highest total score of 

30 represents the worst QoL, whereas 0 would be perfect health. The strong psychometric 

properties of the DLQI have resulted in the increasing popularity of the DLQI in both clinical 

research and in clinical practice. Moreover, the content of the DLQI has been shown to 

include all important and relevant concepts from the perspective of patients with moderate to 

severe plaque psoriasis supporting its content validity in psoriasis patients (Safikhani et al. 

2013). It is not, however, without its share of limitations. Its ófocus on disability, response 

distribution, and dimensionality and item biasô have been criticised (Both et al. 2007). The 

criticisms by Nijsten (2012) have been discussed by Finlay et al. (2012). Furthermore, it has 

been proposed that the ónot relevantô response item of certain DLQI questions may in fact 

represent higher disease burden (Langenbruch et al. 2019). Eight out of the ten DLQI items 

have the ónot relevantô option, which usually indicate no impact on QoL when selected. This 

raises questions over whether patients mark this option due to the considerable impact of 

their skin disease preventing participation in certain areas of life. It is therefore argued that an 



 
28 

ideal questionnaire would encompass this QoL impairment (Langenbruch et al. 2019). To 

address these concerns, Rencz et al. (2020) have proposed an alternative scoring system, 

DLQI-Relevant (DLQI-R), by adjusting for the ónot relevantô responses in to the total score. 

However, the DLQI-R has yet to be fully validated in the context of score banding (Hongbo et 

al. 2005) and applicability across different disease populations. Additionally, its comparability 

to DLQI scores is yet to be proven. 

 

Nevertheless, the DLQIôs popularity as a measure has positioned it as an integral PROM in 

various treatment guidelines, including biologics, for psoriasis (Smith et al. 2020), eczema 

(Vermeulen et al. 2019) and hidradenitis suppurativa (Ingram et al. 2019). 

 

1.3.3.1.2 Minimal Clinically Important Difference (MCID) of the DLQI 
 

The minimal clinically important difference (MCID) is described as the minimal change in 

score considered clinically significant by clinicians and patients (Norman et al. 2003). This 

provides more meaning to QoL score changes than simply assessing absolute values. The 

DLQI has a MCID value of 4 points (Basra et al. 2015a). A ómultiple-MCIDô concept has also 

been proposed in this thesis to allow a more distinguishing analysis of interventional studies. 

However, multiple-MCIDs may be a difficult threshold to achieve and the concept requires 

extensive further validation, beyond the scope of this work. 

 

1.3.3.2 Disease-specific measures in Dermatology 
 

Some may argue that every skin disease would have a specific measure that may be used by 

clinicians. However, it would be an arduous task to create many hundreds of questionnaires 

and for the clinician might create confusion by having such vast number of measures that 

would be virtually impossible to compare. The development of many disease-specific 

measures could pose further challenges for health economists who would not be able to 

make meaningful comparisons between this data as part of health technology assessments. 

 

Numerous measures exist with the most popular ones including (Chernyshov 2019): Infantsô 

Dermatitis Quality of Life Index (IDQOL), Quality of Life Index for Atopic Dermatitis (QoLIAD), 

Childhood Atopic Dermatitis Impact Scale (CADIS), Cardiff Acne Disability Index (CADI), 

Acne-specific Quality of Life Questionnaire (Acne-QoL), Skin Cancer Index (SCI), The 

Functional Assessment of Cancer Therapy ï Melanoma (FACT-M), Psoriasis Disability Index 
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(PDI), Scalpdex and Chronic Urticaria Quality of Life Questionnaire (CU-Q2oL) and many 

more. 

 

Whilst they may have varying degrees of validity, these questionnaires have all been 

designed with a specific disease in mind, and therefore patients are more likely to identify 

with the QoL domains presented. Therefore, disease-specific measures are ideal for 

monitoring a single condition but may not encompass a holistic approach to HRQoL.  

 

Psoriasis-specific QoL measures in particular will be discussed in the following chapter, given 

their relevance to the thesis subject.  

 

1.3.3.3 Family measures in Dermatology 
 

Until the last decade, very little attention was given to the impact skin diseases have on the 

family members of patients with skin diseases (Basra and Finlay 2007). Once patients are 

diagnosed with skin conditions, partners and family members are almost immediately 

involved with overall care. Much of this area of research has been conducted in families of 

children with atopic dermatitis, given the early onset of the disease and heavy impact on 

parents (Lawson et al. 1998). Parents in particular experience a negative impact on their 

social life, relationships, finances, lifestyle, family activities and time management (Basra and 

Finlay 2007). The impact of skin diseases on the lives of family members is as diverse as the 

impact on the QoL of patients themselves. A summary of the way various family members 

may be affected is shown in Figure 1.8, with the greatest impact being on psychological 

health including stress, depression, embarrassment and anxiety. The European Academy of 

Dermatology and Venereology (EADV) quality of life taskforce has recommended that burden 

of disease cannot be accurately evaluated without assessing the impact of a skin condition 

on family and caregivers (Sampogna et al. 2017b). 
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Figure 1.8 Family quality of life (QoL) areas affected according to gender (Basra and Finlay 

2007) 

 

 

Partners/spouses are similarly affected, but significant problems have also been described 

with sexual relations, particularly due to the location of lesions or pain (Basra and Finlay 

2007), which may further be exacerbated with genital involvement (Wojnarowska et al. 1997). 

Unsurprisingly, chronic conditions have shown to create problems with intimacy between 

partners (Larsen 2002). In some cases, partners are unable to cope or deal with their 

partnerôs condition expressing this notion as anger or frustration (Kuyper and Wester 1998). 

Sexual intimacy problems have been reported in up to 23% of patients with various skin 

diseases, and often these are difficult to discuss in clinical consultations (Sampogna et al. 

2017a).  

Whilst there are many studies on the QoL of siblings of children affected with other medical 

conditions, notably cancers (Vermaes et al. 2012; Rana and Mishra 2015; Velleman et al. 

2016; Glazner 2017; Long et al. 2018; Chudleigh et al. 2019), there is a lack of information on 

the impact of QoL on siblings of children affected with skin conditions. It is difficult to compare 

from the literature the effect on the QoL of siblings of skin disease compared to other 

diseases, due to the wide variety of instruments that have been used. Siblings of children with 

chronic conditions may have the same QoL as their peers (Havermans et al. 2015), but it has 

also been suggested that siblings may have increased levels of distress (Vermaes et al. 
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2012). The parent child relationship and the sibling bond may also be affected when a child in 

the family has a chronic condition (Knecht et al. 2015). These negative interactions with 

family members (Marciniak et al. 2017; Angelhoff et al. 2018) coupled with sleep deprivation 

can leave patients, and their carers, feeling exhausted, stressed and depressed (Pustiġek et 

al. 2016; Ramirez et al. 2019).  

Cultural and religious beliefs no doubt influence the experiences of patients and their families 

(Seltzer et al. 1995), but certain themes are commonly shared. Furthermore, assessing the 

entire familyôs experience as a unit, rather than individuals, may provide a more complete 

picture of the wider secondary impact of a disease (Basra and Finlay 2007). Nevertheless, 

the extended implications of skin disease are apparent. It would be prudent to consider the 

impact on family quality of life alongside patient óquimpô when discussing patient care, 

planning research studies and making treatment decisions. 

 

To tackle this very issue, several family QoL measures have been created. Some of the more 

common ones have been summarised below (Sampogna et al. 2017b). 

1.2.3.3.1 Family Dermatology Life Quality Index (FDLQI) 

The Family Dermatology Life Quality Index (FDLQI) is a 10 item questionnaire, with a recall 

period of one month, assessing the impact on the QoL of adult family members of having an 

adult or child in the family with any skin condition (Basra et al. 2007). The questionnaire 

includes the domains of emotional and physical wellbeing, relationships, leisure activities, 

social life, burden of care, impact on job/study, housework and expenditure. Each question is 

scored on a four-point scale (0-3) with the possible answers ónot at allô, ónot applicableô, óa 

littleô, óquite a lotô and óvery muchô. The higher the score, the greater the impact on QOL of 

family members. The FDLQI has been translated into several languages and has been used 

in various studies involving atopic dermatitis and other dermatological conditions (Martínez-

Garc²a et al. 2014; Kouris et al. 2015; Wang and Wang 2015; Pustiġek et al. 2016; Marciniak 

et al. 2017; Putterman et al. 2019). 

1.3.3.3.2 Dermatitis Family Index (DFI) 

The Dermatitis Family Index (DFI) was the first instrument designed to measure the impact of 

having a child with atopic dermatitis on the QoL of their adult family members (Lawson et al. 

1998). Unlike the FDLQI, this is a dermatitis specific questionnaire.  It consists of 10 items 

which measures recall over the past week. The DFI measures the impact of QoL in the 

domains of housework, food preparation and feeding, sleep of others in the family, family 

leisure activities, time spent on shopping, expenditure, tiredness, emotional distress, 
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relationships and impact of childôs treatment. Each question is scored from 0-3 points 

depending on the option chosen between óNot at allô, óA littleô, óA lotô or óVery muchô. The 

higher the score, the greater the impact on the QoL of the family member. Whilst there are no 

validated banding descriptors for the DFI, some studies have reported non-validated scoring 

band descriptors (Al Shobaili 2010; Amaral et al. 2012).  This questionnaire has the 

advantage of being eczema specific rather than generic: a review of its measurement 

properties is given by Dodington et al. (2013).  

1.3.3.3.3 Parents Index of QoL in Atopic Dermatitis (PIQoL-AD) 

The Parents Index of QoL in Atopic Dermatitis (PIQoL-AD) is another AD specific measure to 

assess the impact of the childôs AD on the QoL of parents. This can be used for parents of 

children up to the age of 8 years (McKenna et al. 2005). Developed on the basis of 

multinational qualitative interviews with parents of children with AD, this is a 28 item 

unidimensional questionnaire (Meads et al. 2005). The lower the score, the better the QoL, a 

change of 2-3 PIQoL-AD points over time is considered meaningful. 

1.3.3.3.4 Childhood Atopic Dermatitis Impact Scale (CADIS) 

Childhood Atopic Dermatitis Impact Scale (CADIS) is a QoL measure for parents of children 

with atopic dermatitis combined with a proxy measure for children under the age of 6 years 

(Chamlin et al. 2005). It measures the impact of QoL on the domains of Child Symptoms, 

Child Activity Limitations and Behaviour, Family and Social Function, Parent Sleep and 

Parent Emotion. This 45-item questionnaire uses a 5-point Likert Scale with the options of 

óneverô, órarelyô, ósometimes, óoftenô and óall the timeô. The option óneverô scores 0 and óall the 

timeô scores 4 giving a maximum score of 180. The recall period is the last four weeks and 

the questionnaire can be completed in approximately 6 minutes (Chamlin et al. 2005). Whilst 

it does not have score band descriptors, the MCID is considered to be a 12% change from 

the total score or a 12% change from any of the individual domains (Gabes et al. 2020) . 

1.3.3.3.5 Psoriasis Family Index (PFI-14) 

The PFI-14 is a 14-item questionnaire that is designed to be completed by adult family 

members of patients of any age suffering with psoriasis and is completed in two to three 

minutes (Eghlileb et al. 2009). It is the first disease-specific measure to assess the QoL 

impairment of family members of psoriasis patients. Each of the 14 questions has four 

response items: óNot at allô, óA littleô, óA lotô, óVery muchô, scoring 0-4 respectively. The score 

ranges from 0 to 42, with the higher values representing worse QoL impairment. Rasch 
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analysis of its psychometric properties demonstrated optimal functionality (Basra et al. 

2015b).  

1.3.3.4 hǘƘŜǊ ΨŎǊƻǎǎƻǾŜǊΩ ƳŜasures 
 
There are several measures that fall slightly outside the brackets of ógenericô, ódermatology-

specificô and ódisease-specificô. These are measures that have had formal validation 

conducted across various disciplines allowing a true comparison between different diseases. 

 

1.3.3.4.1 Family Reported Outcome Measure (FROM-16) 
 
While speciality specific and condition specific questionnaires exist to measure the QoL of 

family members, these cannot compare the impact of QoL of family members between 

different specialties. Golics et al. (2014) developed the Family Reported Outcome Measure 

(FROM-16), based on a qualitative study involving relatives of patients from 26 medical 

specialties. 

 

FROM-16 has 16 questions and can be used to assess the QoL of any member of the family 

of a patient with any disease.  The average completion time is two minutes. FROM-16 

consists of two domains: the Emotional domain with 6 questions and the Personal and Social 

Life domain with 10 questions. Each question has an option of three different answers: óNot at 

allô, óA littleô and óA lotô scoring 0, 1 and 2 respectively.  Validation studies have been 

completed in Germany and Thailand and further validation characteristics are being studied. 

The FROM-16, while not being condition specific, has the added advantage that it can be 

used to compare the QoL of family members across different disciplines in Medicine, thus 

making it possible to perform meaningful comparisons in QoL trials involving different medical 

conditions, and to use in widespread epidemiological surveys. 

 

Other measures, such as the Impact on Family Scale (IOF), (Stein and Riessman 1980; 

Williams et al. 2006) have been validated to measure the impact of QoL on the family 

members of children suffering with chronic illness or disability. However, unlike the FROM-16, 

which can be used in the family members of patients of any age, the IOF can only be used for 

family members of affected children. 
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1.3.3.4.2 Major Life Changing Decisions Profile  
 

Whilst the majority of HRQoL measures look at the ócurrentô impact on QoL, there is a 

dimension that is often overlooked. Bhatti et al. (2013) have proposed the concept of chronic 

conditions affecting óMajor Life Changing Decisionsô (MLCD) such as education, having 

children, relationships or career. Current HRQoL measures usually assess the current impact 

of skin disease, and are not designed to capture the long-term impact of conditions on 

patientsô well-being, aspirations and life development (Bhatti et al. 2011).  

 

Following an extensive qualitative study, a 32-item measure, covering five domains, called 

the Major Life Changing Decisions Profile (MLCDP) was created by Bhatti et al (Bhatti et al. 

2013). Patients were recruited from Nephrology, Rheumatology, Cardiology, Dermatology, 

Diabetes and Respiratory departments to gather a wide range of recurrent themes. Eating 

habits, smoking, drinking and travelling were the most commonly recorded MLCDs across all 

specialties. 

 

Though further validation work for the MLCDP is required, it highlights a large area of HRQoL 

impact that may often be ignored by clinicians and researchers. This raises concerns about 

unidentified patient needs that should be met in a timely manner to allow patients to fulfill key 

aspirations and realise their full potential. Additionally, with patients making significant 

decisions about career, there may be long-term economic impacts for both patients and wider 

society that are not being fully addressed. 

 

1.3.4 HRQoL in psoriasis  
 

1.3.4.1 The effect of psoriasis on HRQoL 
 

Psoriasis has no effect on life expectancy (though as highlighted, is associated with various 

co-morbidities), with a significant impact on patient quality of life (Krueger et al. 2001), with up 

to three-quarters of patients feeling that psoriasis has such a large impact on their life that it 

interferes with their daily activities (Bhosle et al. 2006). Up to a fifth of patients have even 

contemplated suicide (Krueger et al. 2001), with many more likely to suffer from depression 

compared to the general population (Esposito et al. 2006). As a result, the estimated cost 

attributed to psoriasis may rise as high as billions of dollars every year (Sander and Norris 

1993). A large proportion of this cost is due to missed work days for the patient, in some 
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cases as high as 26 days a year, as well as for their caregivers (De Arruda and De Moraes 

2001; Pearce et al. 2006). 

 

The effect of psoriasis on a patientôs life is wide-ranging from emotional, psychological, 

physical, sexual and financial consequences (De Arruda and De Moraes 2001; Choi and Koo 

2003). Quality of life impairment may be as severe as or worse than other chronic conditions 

such as diabetes and heart disease (Møller et al. 2015), especially as patients struggle with 

perceptions of self-image and feelings of shame and embarrassment (Fortune et al. 2005). 

This feeling is particularly reinforced in situations where patients have to expose their bodies 

for example at swimming pools, in intimate relationships, or in public changing rooms 

(Ginsburg and LINK 1993). In order to cope with this QoL impairment patients often feel the 

need to cover up their lesions or completely avoid social situations (Finlay and Coles 1995; 

De Arruda and De Moraes 2001; Pearce et al. 2006). The feelings of hopelessness and lack 

of control underline the experience of psoriasis patients, given its unpredictability and the lack 

of a ócureô (Vardy et al. 2002). Patients feel that society, and in certain cases even their 

dermatologists, fail to truly understand the extent of the impact psoriasis has on their QoL 

(Krueger et al. 2001). Furthermore, numerous patients feel physicians are not aggressive 

enough with the management of their condition (Krueger et al. 2001). 

 

The correlation between PASI and many HRQoL measures is weak, necessitating the need 

for separate assessment of QoL impairment in psoriasis patients. In fact, it has been argued 

that as QoL plays such a large part in the lives of patients, it should become the primary 

assessment criteria in clinical trials (Krueger et al. 2001). Fiteni et al. (2015) argue that 

HRQoL measurement should be a co-primary endpoint along with clinical parameters such as 

óoverall survivalô in oncological RCTs, as the latter may be limited by sample size and lack of 

validation. Indeed, several studies in Dermatology (Schuttelaar et al. 2010; Staubach et al. 

2018; Oliveira et al. 2020) as well as across different specialties (Tonnel et al. 2008; 

Farthmann et al. 2016; Marta et al. 2017) have employed HRQoL as a primary endpoint 

recognising that maintaining patient QoL should be a key treatment goal. There are various 

arguments as to why QoL scores should also be considered as primary assessments such 

as: enabling comparison between different diseases, sophisticated development and 

extensive psychometric testing of QoL tools, better validity and relevance to patients. 

 

As already highlighted in this chapter, there is the concept of óthe greater patientô (Basra and 

Finlay 2007), recognising the impact of psoriasis on the patientôs wider family/social circle. 

Over a half of family members of psoriasis patients felt the burden of care was great. 

Furthermore, families felt responsible for taking charge of treatment, often partaking in the 
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application of creams and reminding patients when to take treatment (Basra and Finlay 

2007). Partners of patients with psoriasis experience a large share of the QoL impairment, 

with increased housework, anxiety about the future and embarrassment (Richards et al. 

2004). Having a partner with psoriasis further impacts holidays, leisure activities, shopping 

and relationships with other family members (Eghlileb et al. 2007). Richards et al. (2004) 

have demonstrated that divergent beliefs about the emotional and physical impact of 

psoriasis between patients and their partners are associated with psychological outcomes of 

worry and depression. Therefore, psoriasis is clearly a condition that has wide-reaching 

impact that is not limited to the patient. Identifying these issues and discussing them openly 

with patients and the extended family where possible, may help clinicians optimise their care 

strategies. 

 

1.3.4.2 HRQoL measurement in psoriasis clinical and research settings 
 

Much of the early recommendations and work in dermatology on QoL has been centred on 

psoriasis. Finlay (2005) first proposed óThe Rule of Tensô, a concept that includes QoL 

measurement as part of the overall assessment of psoriasis severity. It states: ñThe Rule of 

Tens for current severe psoriasis from the clinicianôs viewpoint is: Current Severe Psoriasis = 

Body Surface Area involved > 10% or PASI score > 10 or DLQI score > 10.ò 

 

The British Association of Dermatologists (BAD) suggest the following criteria to qualify for 

biologic treatment: ñOffer biologic therapy to people with psoriasis requiring systemic therapy 

if methotrexate and ciclosporin have failed, are not tolerated or are contraindicated and the 

psoriasis has a large impact on physical, psychological or social functioning (e.g. DLQI or 

Childrenôs DLQI > 10 or clinically relevant depressive or anxiety symptoms)ò (Smith et al. 

2020). NICE guidance states failure of at least two systemic therapies and phototherapy are 

required before biologic treatment may be considered (NICE 2012) 

 

However, there are discussions on whether a high DLQI or PASI score alone should be 

guiding treatment decisions, rather than both PASI and DLQI. This is supported by a 

European consensus whereby only 14% of ómoderate-to-severeô patients had scores of PASI 

and DLQI > 10, versus 45.3% of either score achieving 10 (Augustin et al. 2018). Therefore, 

HRQoL is an important consideration as part of any clinical consultation. 

 

Numerous generic and specialty-specific measures exist and have been summarised earlier 

in this chapter. There are a few psoriasis-specific measures that may be used, and are highly 
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sensitive, but the scores do not allow comparison of disease burden and QoL impairment 

between different conditions. Nevertheless, studies such as clinical trials often employ more 

than one measure as part of their range of outcome measures (Bhosle et al. 2006). 

 

The common psoriasis-specific measures are summarised below. 

 

1.3.4.2.1  Psoriasis Disability Index (PDI)  
 
The PDI (Finlay and Kelly 1987a; Finlay and Coles 1995) is designed for patients over the 

age of 16, and has a four-week recall period. It consists of 15 questions with a range of 0-45, 

with higher scores suggestive of worse QoL impairment. It covers domains such as ódaily 

activitiesô, ówork or schoolô, ópersonal relationshipsô, óleisureô and ótreatmentô. It has been 

extensively translated and validated and has also shown to be sensitive to change (Lewis 

and Finlay 2005). 

 

1.3.4.2.2 Psoriasis Life Stress Inventory (PLSI) 
 

The PLSI is a 15-item psychosocial measure about the daily struggles of psoriasis, with a 

four-week recall period (Gupta and Gupta 1995). The score ranges from 0-45 (45 being the 

worst impairment). A score greater than 10 indicates a significant stress component. 

However, psychometric evaluation suggests that the internal reliability may be improved 

(Fortune et al. 1997). 

 

1.3.4.2.3 Psoriasis Index of Quality of Life (PSORIQoL) 
 

The PsoriQoL is based on the proposition that: "life gains its quality from the ability and 

capacity of individuals to satisfy their needs". Therefore this 25 ódichotomousô item instrument 

adopts a óneeds-basedô approach, which was developed through qualitative interviews in 

three European countries (UK, Italy and Netherlands). It has good construct validity and 

reliability with a test re-test coefficient of 0.89 (McKenna et al. 2003). It is interesting to note 

that the PsoriQoL does not directly assess disability or impairment, but the effect of these on 

QoL. 
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1.3.4.2.4 Psoriasis Family Index-14 (PFI-14) 
 

As already described, the PFI-14 is the first disease-specific measure designed for use by 

adult family members/partners of psoriasis patients of any age (Eghlileb et al. 2009; Basra et 

al. 2015b). The total score ranges from 0-42, with higher scores signifying worse QoL 

impairment. Following Rasch analysis, the PFI-14 has been shown to have strong 

psychometric properties including ódimensionality, response category functioning, fit statistics, 

scale reliability and validity, item targeting and differential item functioning (DIF)ô. 

 

There is therefore a plethora of QoL instruments, from generic to disease specific, available 

in the clinicianôs toolbox. However, there have been proposals to standardise the use of QoL 

measures only for clinicians ï but also for researchers, health technology assessments 

(HTAs) as well as for the pharmaceutical industry (Schmitt et al. 2015; Chernyshov 2019). 

With a diverse range of measures used across trials and clinical practice, data comparison, 

interpretation and application become challenging, especially amongst non-homogenous 

patient groups. It is unsurprising that efforts are therefore being put into place to identify core 

outcomes in Dermatology for different disease entities, recommending a core set of outcome 

measures that should be used in all clinical studies, so that direct comparisons can be made.  

These core outcomes should include standardised and validated measures in order to 

provide valuable information for clinicians, researchers, health economists and policy makers 

(Kottner et al. 2018). 
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1.4 Aims & Objectives of PhD Thesis  

 

It is apparent that psoriasis has a significant impact on patientsô lives worldwide. However, 

there are certain limitations and deficiencies in the way psoriasis is assessed, and this results 

in an impact on real world clinical practice.  

 

There are no ideal measures to assess clinical severity or impact on QoL, though the PASI 

and DLQI are the most commonly used tools for this purpose. Furthermore, QoL plays such 

an important role in the management of psoriasis, that there is an argument that it may be 

sufficient alone as a measure of treatment success. As a result, QoL information may further 

be useful in making clinical decisions for therapy recommendations. 

 

This PhD work aims to conduct three studies to improve our understanding of how QoL plays 

a role in the assessment and management of psoriasis, and how the data are translated to 

healthcare policy makers for better allocation of resources on a need by need basis. It is 

hoped this work will therefore improve the management of psoriasis from the perspective of 

the patient, the physician and healthcare decision makers. 

 

The three broad aims and objectives are: 

 

1) To conduct a systematic review to identifying patterns of utility and reporting of QoL 

measures in psoriasis and devise a set of recommendations 

2) To compare the conventional paper-based and the novel application versions of the 

DLQI and PASI 

3) To develop a suitable mapping model to predict EQ-5D utility values from DLQI item 

scores 

 

The structure of the PhD thesis supporting the aims and objectives of the project is 

summarised in Figure 1.9.  
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Figure 1.9 Structure of the PhD thesis* 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*DLQI - Dermatology Life Quality Index,  

EQ-5D - EuroQoL ï Five-Dimensions,  

MCID - Minimal Clinically Important Difference,  

OLR - Ordinal Logistic Regression,  

PASI - Psoriasis Area Severity Index,  

QoL - Quality of Life,  

RCT - Randomised Controlled Trial 
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Chapter 2: A systematic review of the impact on 
health-related quality of life of topical, systemic 
and biologic therapies for psoriasis 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
42 

2.1 Introduction 
 

For a patient suffering with psoriasis, quality of life (QoL) improvement is as important as 

improvement of clinical manifestation (Langley et al. 2005). As a result, health-related QoL 

(HRQoL) instruments are increasingly being adopted as outcome measures (Finlay and 

Coles 1995; Gordon et al. 2003; Menter et al. 2009; Thaçi et al. 2014) in clinical and research 

settings (Finlay 1998; Basra and Shahrukh 2009). Consequently, there have been various 

types of HRQoL instruments that have been developed and used in medicine including 

generic, speciality-specific and disease-specific tools. However, patients prefer disease 

specific tools as these are perceived as more relevant to them and their disease state (de 

Korte et al. 2002).  

 

Several reviews have been conducted examining the impact of psoriasis interventions on 

QoL over the last twenty years (De Korte et al. 2004; Katugampola et al. 2007; Reich et al. 

2008; Frendl and Ware Jr 2014). De Korte et al. (2004) reviewed QoL data correlating clinical 

and demographic aspects and found that psoriasis patients suffer from emotional difficulties, 

physical discomfort and issues surrounding body image as well as experiencing significant 

limitations to daily social and work life. Kitchen et al. (2015) carried out a systematic review 

(SR) of patient-reported outcome measures and evidence to demonstrate validation in 

psoriasis. The authors have reported that existing outcome measures lack an adequate level 

of feasibility, sensitivity to change and acceptability for both physicians and patients alike, 

concluding that there is a need for a PRO that is able to assess the ófull impact of psoriasisô. 

Despite these criticisms, the currently available PROs are widely used with this review 

highlighting the importance of recording and analysing QoL in psoriasis. However, there is a 

need to assess how QoL has been reported in previous studies and trials, which instruments 

have been used by researchers, and what has been the effect of interventions in terms of 

QoL. There are no formal guidelines for the use of PROs in trials of psoriasis resulting in 

heterogeneous data that are often difficult to collate and compare (Kitchen et al. 2015). 

Therefore, a comprehensive review on the use of QoL instruments in randomised controlled 

trials (RCTs) for interventions in psoriasis would be considerably useful for researchers and 

clinicians alike. It is hoped that as a result of this review, the groundwork for standardising 

QoL measurement and reporting may be achieved. 
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2.2 Aims & Objectives 
 

The main aim of this systematic review is:  

 

¶ to analyse patterns of utility and reporting of QoL in RCTs of therapies in psoriasis 

and devise a set of recommendations based on current practices 

 

This overarching aim will be achieved using a series of objectives: 

¶ to evaluate the absolute therapy impact on QoL in psoriasis RCTs 

¶ to identify the most commonly used QoL measures in psoriasis RCTs 

¶ to assess the use of the minimal clinically important difference (MCID) across different 

QoL measures in psoriasis RCTs 

 

This SR should reveal how QoL instruments have been used across interventional trials of 

psoriasis, including reporting and consideration of the MCID, frequency of measurement and 

sensitivity to change. The MCID is the smallest change in outcome that patients consider 

important thereby justifying a change in patient management. Therefore, this aspect of QoL 

reporting is particularly important in the interpretation of QoL scores (Wright et al. 2012). 

The review may be useful for those who wish to understand the types of instruments used, 

their patterns of use, and the QoL impact of various interventions used for the treatment of 

psoriasis. The protocol for this SR is provided in Appendix I. 

 

2.3 Methods 
 

2.3.1 Two independent reviewers 
 

Systematic reviews require two independent reviewers for the identification and appraisal of 

literature, with a third independent adjudicator to reconcile differences of opinion. The 

detailed methodology is described below. The SR process was started in October 2014 with a 

colleague at the Department of Dermatology, Cardiff University, Dr. Andrea Cueva (AC) who 

acted as the second reviewer. 
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2.3.2 Data sources searched 

 
Six computerised bibliographical databases were searched to include any publications up to 

November 2014: Cochrane Library CENTRAL, MEDLINE, MEDLINE In-Process & Other 

Non-Indexed Citations, EMBASE, WEB OF SCIENCE Core Collection, SCOPUS. Due to the 

volume of data and restrictions in the ability to perform translations, the search was restricted 

to publications in English and was conducted using PRISMA (Preferred reporting items for 

systematic reviews and meta-analyses) guidelines. The systematic review was registered at 

the inception on The International Prospective Register for Systematic Reviews 

(PROSPERO) and is available for citing: https://www.crd.york.ac.uk/PROSPERO/, 

Registration no: CRD42015009193).  

 

In order to identify the most relevant publications for a topic a list of keywords must be 

devised, alongside search filters. Keywords, for example ópsoriasisô, are important essential 

words pertinent to the topic of interest. These are often very focussed to avoid unnecessary 

results. Subsequently, search filters utilise these keywords in specific ways to focus the 

search to more relevant articles. Different databases employ slightly different filters to 

enhance the search precision and at times tried and tested search strategies may be utilised. 

For this systematic review, a total of 388 keywords were formulated using Scottish 

Intercollegiate Guidelines Network (SIGN) and COCHRANE search filters for RCTs and 

School of Health and Related Research (SCHARR) search filters for QoL. These are an 

existing list of keyword/search filters that have previously been proven to work for certain 

concepts and were therefore used as part of this review. Keywords for psoriasis treatments 

were identified after a pilot search was conducted of other SRs on psoriasis treatments and of 

the British National Formulary (BNF). The list of keywords, filters and search strategies for 

each database is provided in the Appendix (Appendices II-VII). Supplementary searches 

were conducted of trial registers and ógrey literatureô including conference abstracts and 

unpublished results.  

 

The following trials registers were searched: 

¶ The metaRegister of Controlled Trials (http://www.isrctn.com). 

¶ The US National Institutes of Health Ongoing Trials Register (www.clinicaltrials.gov). 

¶ The Australian New Zealand Clinical Trials Registry (www.anzctr.org.au). 

¶ The World Health Organization International Clinical Trials Registry platform 

(www.who.int/trialsearch). 

¶ The EU Clinical Trials Register (https://www.clinicaltrialsregister.eu/). 

https://www.crd.york.ac.uk/PROSPERO/
https://www.clinicaltrialsregister.eu/
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Abstracts of proceedings from the following major dermatology conferences that were not 

already recorded in the Cochrane Skin Group Specialised Register were also searched: 

¶ American Academy of Dermatology (AAD); 

¶ British Association of Dermatologists (BAD); 

¶ European Academy of Dermatology and Venereology (EADV); 

¶ European Society for Dermatological Research (ESDR); 

¶ International Investigative Dermatology (IID); and 

¶ Society for Investigative Dermatology (SID). 

 

Reference lists of all included studies and of recent reviews were also assessed. Emails were 

sent to authors of conference abstracts, meeting posters and letters to editors to check for 

unpublished RCTs. If there was no response and if data was inadequate, the citation was 

discarded. Authors were also contacted where necessary to determine if a study met the 

criteria for inclusion and to obtain further data if required. 

 

2.3.3 Selection criteria 
 

RCTs regardless of publication status (published, unpublished, in press, or in progress), 

including cross-over trials with open-label extensions, of any psoriasis treatment were 

included. It was a requirement that at least one QoL instrument was used in a population 

comprising of adults (aged 18 and over) suffering with psoriasis, of either sex and of any 

ethnicity, including all subtypes of psoriasis. Treatments included (but not limited to): systemic 

therapy, topical therapy, physical therapy (including ultra violet therapy) and psychological 

therapy with comparisons to placebo or any other active intervention. Psoriatic arthritis trials 

were only included if a skin-specific QoL instrument was used to differentiate QoL impairment 

caused by arthritis from that caused by psoriasis. Only papers where the total scores for the 

QoL tools were provided were included, with the exception when QoL questionnaires are 

designed with several subsections and are validated to be reported with subtotals (as 

opposed to a final total score). 

 

2.3.4 Exclusion criteria 
 

The exclusion criteria for the SR were as follows; psoriatic arthritis studies where it was not 

possible to differentiate data on QoL impact of arthritis from QoL impact of psoriasis, studies 
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which included any patient less than 18 years of age, and articles where the change in QoL 

values were not reported or could not be reliably calculated (including where only graphical 

representation of data was provided). For consistency, QoL data only presented as sub-

scales, where total scores are usually calculated, were excluded. Abstracts and posters 

where further data was not available upon contacting the author were also excluded. For 

studies with an open label extension, the data was extracted only for the period of the study 

while it was randomised and controlled. For cross-over trials, the data was only extracted 

prior to the crossover (i.e. first sequence), as patient baseline data changes after the cross-

over occurs with a change in disease severity and the blinding of trials may end introducing 

bias. 

 

2.3.5 Outcome measures extracted from published articles 
 

2.3.5.1 Primary Outcome 
 

Data recorded in the pre designed ódata extraction templateô included QoL instrument (s) 

used and scores at baseline, treatment and follow-up endpoints and change in QoL attributed 

to treatment. For studies with an open label extension, the data was only extracted for the 

period of the study while it was randomised and controlled. For cross-over trials, the data was 

extracted prior to the crossover. 

2.3.5.2 Secondary Outcomes 
 

PASI score or any other psoriasis severity scale (PSS) used for clinical correlation. Therefore, 

the following were recorded where possible: 

1. PASI score OR 

2. The proportion of participants attaining PASI 50, 75, and 90, defined as a 50%, 75%, 

or 90% reduction in PASI score relative to the baseline PASI score immediately prior 

to treatment initiation OR 

3. If 1 or 2 not available, the primary Psoriasis Severity Scale used was recorded 

 

2.3.6 Data extraction and synthesis 
 

Two reviewers (FA and AC) extracted the data independently from all eligible published 

studies, discussed any disagreements and if necessary involved a third reviewer (Ausama 

Atwan, AA) for resolution. A form for recording data was adapted (Higgins and Green 2008) 
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that included study design, details of administration and duration of treatment and follow-up. 

Parts of the Cochrane Risk of Bias tool were also incorporated into this form (Appendix VIII). 

The risk of bias was graded as 'low', 'high', or 'unclear' for each of the following domains: 

 

(a) random sequence generation; 

(b) allocation concealment; 

(c) blinding of participants, personnel, and outcome assessment; 

(d) incomplete outcome data; 

(e) selective outcome reporting (we checked trial databases to ensure that reported outcomes 

matched to those prospectively listed); and 

(f) other sources of bias, such a selection or attrition bias  

 

Though it was not part of the inclusion criteria, article quality was rated from low to high 

based on methodological robustness using the Jadad score (Appendix IX)(Jadad et al. 1996). 

The PASI (or any other PSS) and all QoL data including the baseline, treatment and follow-up 

endpoint scores were recorded, along with information on whether studies detailed QoL 

percentage change, full scores, graphs or MCID.  

 

2.4 Results 
 

A total of 3593 records were identified through database searching and 53 through other 

sources (e.g. trial registries and hand-searching). After the removal of duplicates (n=1630) 

and initial screening, 99 articles met the inclusion criteria, describing 100 RCTs and 33,215 

patients (Figure 2.1).  



 
48 

 

Figure 2.1 

Flow diagram 

of article 

selection 

Records identified through database 
searching 

- Medline (n=638) 
- Medline in Progress (n=54) 
- EMBASE (n=611) 
- Scopus (n=938) 
- Web of Science (n=1185) 
- Cochrane CENTRAL (n=167) 

(n=3593) 

 

Additional records identified through 
other sources 

- Trial registries (n=48) 
- Hand searching (n=5) 

(n=53) 

 

First screening (after duplicates removed) 
 (n=2016) 

 

Full-text articles assessed for 
eligibility (n=329)  

 (n=329) 

Records excluded on basis of title and abstract 
 (n=1687) 

 

Full-text articles excluded with 
reasons 
 (n=230) 

Articles included in the systematic 
review (n=99) 

 (n=99) 

Reasons for exclusion 
ÅNo quality of life data (113) 
ÅLanguage other than English (4) 
ÅNot a randomised controlled trial (20) 
ÅPsoriatic Arthritis trials without skin -

relevant QoL data(14) 
ÅSalami publication of primary study (46) 
ÅNo full articles available after contacting 

authors; these include conference 
abstracts, letters to editor, meeting 
posters, and trial protocols (15) 

ÅQoL data unable to be extracted (14) 
ÅTrials including subjects under the age of 

18 (4) 
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Some trials were reported in more than one publication: all relevant references are given in 

Table 2.1. Sixty-three studies were placebo-controlled, 33 head-to-head trials and 36 tested a 

single drug in different dosage regimens or formulations (the total is greater than 99 as some 

studies fulfilled more than one criterion). Although Jadad scores (Jadad et al. 1996) were not 

integral to the inclusion criteria, Table 2.1 ranks interventions from low to high based on their 

methodological quality per interventional category. 

 

Four articles were sent to the adjudicator (AA) for differences of opinion between the two 

independent reviewers, of which the study by Leaute-Labreze et al. (2001) was excluded due 

to an inappropriate QoL measure being utilised. The other three queries pertained to: 

- whether intention-to-treat analysis (ITT) was performed in the study by Flytström et al. 

(2008)  

- The blinding risk in the study by Ho et al. (2010)  

- Confirmation of treatment duration of the study by Tabolli et al. (2012) 

 

These were all resolved for the final analysis.
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Table 2.1 Included studies: Jadad score, treatment duration, sample characteristics, QoL instruments and main psoriasis severity scale used. 

Where appropriate ósalamiô publications also included i.e. data from the same trial that may be published (wholly or in part) in multiple end 

publications 

Main QoL article, Year (ósalamiô 

publications used to derive non-QoL 

data) 

J

a

d

a

d 

Interventions  

(Grouped per intervention, ranked by 

increasing Jadad score) 

Treatment 

End point 

(Weeks) 

Unless 

specified 

Number 

of 

Subjects 

 

QoL instruments used  

 

Psoriasis 

severity 

scale 

used 

(Primary) 

 

BIOLOGICS 

 

Asahina et al. (2010) 3 Adalimumab vs Placebo 24 169 DLQI*, SF-36* PASI 

Genovese et al. (2007) 4 Adalimumab vs Placebo 12 100 DLQI*, HAQ-DI*, SF-36* (PCS 

ONLY), FACIT FÀ 

PGA 

Mease et al. (2005) 4 Adalimumab vs Placebo 24 313 DLQI*, HAQ-DI*,  

SF-36* (PCS ONLY) 

PASI 

Shikiar et al. (2007), Gordon et al. 

(2006), Menter et al. (2010) 

4 Adalimumab vs Placebo 12 148 DLQI*, EQ-5D*,  

SF-36* (EXCEPT FOR PCS IN 40 MG 

EOW ARM)  

PASI 
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Revicki et al. (2007), Kimball et al. 

(2011), Menter et al. (2008b), 

Revicki et al. (2008a), Revicki et al. 

(2008a)  

5 Adalimumab vs Placebo 16 1212 DLQI*, SF-36* PASI 

Revicki et al. (2008b), Saurat et al. 

(2008), Navarini et al. (2014), Saurat 

et al. (2011) 

5 Adalimumab vs MTX 16 271 DLQI*, EQ-5D* PASI 

Thaci et al. (2010), Paul et al. (2012) 5 Adalimumab + CAL/BD vs Adalimumab 

+ Vehicle 

16 730 DLQIÀ PASI 

Lui et al. (2012) 2 Alefacept vs nUVB 16 98 DLQIÀ PASI 

Ellis et al. (2003), Ellis and Krueger 

(2001) 

4 Alefacept vs Placebo 12 205 DLQI0, SF-360, DQOLS0 PASI 

Finlay et al. (2003), Lebwohl et al. 

(2003) 

4 Alefacept vs Placebo 12 507 DLQIÀ, DQOLS* (15 MG ARM 

ONLY), SF-36* (PCS ONLY) 

PASI 

Yan et al. (2011) 4 Alefacept vs MTX 12 212 DLQIÀ, SF-36À PASI 

Papp et al. (2014), Gordon et al. 

(2012) 

5 Briakinumab vs Placebo 12-40 2209 DLQI*, SF-36* PASI 

Gordon et al. (2014), Papp et al. 5 Brodalumab vs Placebo 12 198 DLQI*, PASI 
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(2012b) 
SF-36* (140 MG ARM ONLY, AND MCS 

FOR 210 MG ARM) 

Gladman et al. (2014), Mease et al. 

(2014) 

3 Certolizumab vs Placebo 24 409 DLQI*, SF-36*, PSAQOL*,  

HAQ-DI* 

PASI 

Reich et al. (2012) 5 Certolizumab vs Placebo 12 176 DLQI0 PASI 

Dubertret et al. (2006), Ortonne et 

al. (2005) 

4 Efalizumab vs Placebo 12 793 DLQI*, SF-36* PASI 

Gordon et al. (2003), Menter et al. 

(2005) 

5 Efalizumab vs Placebo 12 556 DLQI*, PSA* PASI 

Cassano et al. (2006) 1 Etanercept (Dose-comparison) 12 108 DLQIÀ PASI 

Dauden et al. (2009), Ortonne et al. 

(2008), Luger et al. (2009) 

1 Etanercept (Continuous vs Intermittent) 54 720 DLQI*, EQ-5DÀ, SF-36À PASI 

Gelfand et al. (2008), Moore et al. 

(2007) 

2 Etanercept (Continuous vs Intermittent) 24 2546 DLQI0, EQ-5D0 (EuroQoL-

FT), SF-360 

PASI 

Gniadecki et al. (2012), Sterry et al. 

(2010) 

3 Etanercept (Dose-comparison) 12 752 DLQI*, EQ-5DÀ, HAQ-DIÀ PASI 

Lynde et al. (2012) 3 Etanercept vs Etanercept + nUVB 12 75 DLQIÀ PASI 
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Ortonne et al. (2013) 3 Etanercept (Dose-comparison) 24 72 DLQI0 PASI 

Thaçi et al. (2014), Strohal et al. 

(2013) 

3 Etanercept (Dose-comparison) 12 273 DLQI* PASI 

Zachariae et al. (2008) 3 Etanercept + MTX (Tapered vs 

Continued) 

24 59 DLQI*, EQ-5DÀ PASI 

Krueger et al. (2005), Papp et al. 

(2005) 

4 Etanercept vs Placebo 12 583 DLQI*, SF-36* PASI 

Feldman et al. (2005b), Leonardi et 

al. (2003) 

5 Etanercept vs Placebo 12 652 DLQI* PASI 

Gottlieb et al. (2003b) 5 Etanercept vs Placebo 24 112 DLQI* PASI 

Reich et al. (2009), van de Kerkhof 

et al. (2008) 

5 Etanercept vs Placebo 12 142 DLQI*, SF-36* PASI 

Tyring et al. (2007), Tyring et al. 

(2006) 

5 Etanercept vs Placebo 12 618 DLQI* PASI 

Reich et al. (2013), extension of 

trial: Barker et al. (2011) 

2 Infliximab (Continuous vs Intermittent) 100 441 DLQI0, SF-360 PASI 

Yang et al. (2012) 2 Infliximab vs Placebo 10 129 DLQI* PASI 
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Barker et al. (2011) 3 Infliximab vs MTX 16 868 DLQI*, SF-36* (PCS ONLY),  

EQ-5D* 

PASI 

Feldman et al. (2008), Menter et al. 

(2007) 

4 Infliximab vs Placebo 10 1430 DLQI*, SF-36* PASI 

Torii and Nakagawa (2010) 4 Infliximab vs Placebo 14 54 DLQI* PASI 

Bissonnette et al. (2011) 5 Infliximab vs Placebo 14 24 DLQIÀ m-PPPASI 

Feldman et al. (2005a), Gottlieb et 

al. (2004) 

5 Infliximab vs Placebo 10 249 DLQI* PASI 

Reich et al. (2006), Reich et al. 

(2005) 

5 Infliximab vs Placebo 24 378 DLQI*, SF-36* PASI 

Krupashankar et al. (2014) 4 Itolizumab (Loading dose vs. Non-

loading dose) 

12 225 DLQI0, SF-360 PASI 

Leonardi et al. (2012) 5 Ixekizumab vs Placebo 8 142 DLQI* PASI 

Langley et al. (2014) 4 Secukinumab vs Etanercept vs Placebo 12 2044 DLQI* (VS PLACEBO ONLY) PASI 

Mamolo et al. (2014) 4 Tofacitinib vs Placebo 12 197 DLQI*, SF-36* PASI 

Paul et al. (2014), Reich et al. 

(2014) 

2 Ustekinumab + MTX (Gradual vs. 

Immediate withdrawal) 

16 489 DLQI0, EQ-5D0, VAS0 PASI 
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Nakagawa et al. (2012), Igarashi et 

al. (2012) 

3 Ustekinumab vs Placebo 12 158 DLQI*, SF-36* (PCS ONLY), PDI* PASI 

Kimball et al. (2012), Leonardi et al. 

(2008), Lebwohl et al. (2010), 

Kimball et al. (2013) 

3 Ustekinumab vs Placebo 12 766 DLQI*, SF-360 PASI 

Zhu et al. (2013) 3 Ustekinumab vs Placebo 12 322 DLQI* PASI 

Langley et al. (2010), Papp et al. 

(2008b) 

4 Ustekinumab vs Placebo 12 1230 DLQI* PASI 

McInnes et al. (2013) 4 Ustekinumab vs Placebo 24 615 DLQI*, HAQ-DI*,  

SF-36* (EXCEPT MCS IN 45 MG ARM) 

PASI 

Kavanaugh et al. (2010), Gottlieb et 

al. (2009) 

5 Ustekinumab vs Placebo 12 146 DLQI*, HAQ-DI* PASI 

Tsai et al. (2012), Tsai et al. (2011) 5 Ustekinumab vs Placebo 12 121 DLQI* PASI 

 

SYSTEMICS 

 

Strand et al. (2013), Papp et al. 

(2012a) 

5 Apremilast vs Placebo 16 352 DLQI* (EXCEPT 10 MG ARM),  PASI 
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SF 36* (MCS ONLY) 

Möller et al. (2010) 4 Chondroitin Sulphate vs Placebo 12 116 DLQIÀ, SF-36À PASI 

Beissert et al. (2009) 3 Ciclosporin vs Mycophenolate Mofetil 12 54 PDIÀ PASI 

Thaci et al. (2002) 4 Ciclosporin (Body-weight dependent 

dose vs Independent dose) 

12 212 PDI0 PASI 

Roberti et al. (2014) 4 Cytokines (low dose) 12 41 DLQI* PASI 

Bagel et al. (1998) 2 DAB389IL02 vs Placebo 4 70 DLQI0 PASI 

Greenberger et al. (2012) 3 Dunaliella bardawil (9-cis b-carotene) vs 

Placebo 

12 44 DLQI* PASI 

Salim et al. (2006) 5 MTX + Folic acid vs MTX 12 22 DLQIÀ PASI 

Kaltwasser et al. (2004), Nash et al. 

(2006) 

5 Leflunomide vs Placebo 24 190 DLQI*, HAQ* PASI 

Faurschou et al. (2015) 4 Liraglutide vs Placebo 8 20 DLQIÀ PASI 

Flytström et al. (2008) 3 MTX vs Ciclosporin 12 84 DLQIÀ, SF-36* (PCS ONLY) PASI 

Asawanonda and Nateetongrungsak 

(2006) 

4 MTX + nUVB vs MTX + Placebo 24 24 DLQIÀ PASI 
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Ho et al. (2010) 2 Traditional Chinese Medicine vs MTX 24 61 PDI* (FOR MTX VS PLACEBO) PASI 

Gupta et al. (2008) 3 Voclosporin vs Placebo 12 201 DLQI0, PDI0 PASI 

Kunynetz et al. (2011), Papp et al. 

(2008a) 

5 Voclosporin vs Placebo 12 451 DLQI* (FOR 0.3 AND 0.4 MG 

ARMS), PDI* (FOR 0.3 AND 0.4 MG 

ARMS) 

PASI 

Drouin et al. (2008) 5 XP-828L (Dermylex) vs Placebo 8 26 DLQI* PASI 

 

PHOTOTHERAPY 

 

Koek et al. (2006) 2 Home UVB (TL-01) vs Outpatient UVB 

(TL-01) 

ô46 

irradiationsô 

 

196 

PDIÀ, SF-360, EQ-5D0 PASI 

Gahalaut et al. (2014) 2 PUVAsol + Isotretinoin vs PUVAsol 12 40 DLQI* PASI 

Klein et al. (2011) 2 Synchronous balneophototherapy vs 

nUVB monotherapy 

ô35 

sessionsô 

367 PDIÀ, SIP*,  

FLQA-d*(PHYSICAL 

COMPLAINTS AND GLOBAL HEALTH 

ONLY) 

PASI 

 

TOPICALS 
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Choonhakarn et al. (2010) 4 Aloe Vera vs Triamcinolone 

acetonide 

8 75 DLQIÀ PASI 

Ortonne et al. (2014) 5 Betamethasone valerate dressing vs 

CAL/BD ointment 

4 324 DLQI* TSS-4 

Wall et al. (1998) 1 CAL vs Dithranol 12 306 PDIÀ, SIPÀ IGA 

Ortonne et al. (2009), Kragballe et 

al. (2009) 

2 CAL/BD scalp formulation vs CAL scalp 

solution 

8 312 SF-36À, Skindex-16* TSS 

Saraceno et al. (2007) 2 CAL/BD vs CAL 4 150 Skindex-29* PASI 

Zheng et al. (2011) 2 CAL/BD vs CAL 4 320 DLQI* VAS 

De Korte et al. (2008), Van De 

Kerkhof et al. (2006) 

3 CAL vs Dithranol  12 106 Skindex-29À, SF-36À Modified 

PASI 

Menter et al. (2013) 4 CAL/BD vs BD vs CAL vs Vehicle 8 1152 DLQI* (EXCEPT VS CAL GROUP) PASI 

van de Kerkhof (2004) 4 CAL/BD vs CAL vs Placebo 4 828 EQ-5D*, PDIÀ PASI 

Woo and McKenna (2003) 5 CAL + nUVB vs CAL vs Vehicle 20 sessions 50 PDIÀ PASI 

Hutchinson et al. (2000) 1 Calcitriol vs Dithranol 8 114 PDI* PASI 
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Bergstrom et al. (2003) 1 Clobetasol (Foam vs Cream/Solution) 2 32 DLQIÀ, EQ-5D* PASI 

Menter et al. (2009) 1 Clobetasol propionate vs Calcipotriene 

+ Betamethasone dipropionate 

4 93 PQOLSÀ ODS 

Mraz et al. (2008) 1 Clobetasol propionate (Spray vs Foam) 2-4 77 DLQI* IGS 

Sofen et al. (2011) 2 Clobetasol propionate spray vs Vehicle 4 81 Scalpdex* GSS 

Prins et al. (2005) 2 Dithranol (Short contact) + nUVB vs 

Dithranol (Inpatient) 

8-12 238 SIP*, PDI* PASI 

Alora-Palli et al. (2010) 2 Liquor Carbonis Distillate (LCD) 

Solution vs Calcipotriene cream 

12 60 DLQIÀ Modified 

PASI 

Bernstein et al. (2006) 2 M. Aquifolium vs Placebo 12 200 QLI* PASI 

Tiplica and Salavastru (2009) 3 Mometasone furoate 0.1% + Salicylic 

acid 5% vs Mometasone furoate 0.1% 

1 359 DLQI0 PASI 

Galvez et al. (2012) 3 Sulphurous Mineral Waters Spray vs 

Distilled Water Spray 

2 39 DLQIÀ PASI 

 

OTHERS 
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Lu et al. (2012) 2 Auricular therapy + Yinxieling formula vs 

Yinxieling formula 

8 84 DLQIÀ PASI 

Schmitt et al. (2014) 3 Interdisciplinary dermatological and 

psychiatric care for psoriasis vs 

Dermatological care for psoriasis 

24 47 DLQIÀ PASI 

Ersser et al. (2012) 2 Educational nursing intervention vs No 

education intervention 

6 64 DLQIÀ PASI 

Bostoen et al. (2012)  4 Educational programme vs No 

educational intervention 

12 29 DLQI*, PDI*, Skindex-29À PASI 

Vedhara et al. (2007) 2 Emotional disclosure vs Standard 

control writing intervention 

0.5 59 DLQI0 PASI 

Guida et al. (2014) 2 Patients on immunosuppressives: 

Energy-restricted diet vs Usual diet 

24 44 DLQI* PASI 

Jensen et al. (2013) 2 Low energy diet vs Standard routine 

dietary guidance 

16 60 DLQI* PASI 

Fordham et al. (2015) 2 MCBT vs Usual treatment 8 29 DLQI* SAPASI 

Chambers et al. (2012) 2 Online Healthcare Delivery vs In-Office 

Care 

16 64 DLQI0, EQ-5D0 PASI 

Tabolli et al. (2012) 2 Writing exercise (Pennebaker) vs 0.5 202 Skindex-29À, SF-36À, PASI 
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Footnote 

* Indicates significant improvement versus comparator(s) 

À Indicates no significant improvement versus comparator(s) 

0 Indicates no significance data was provided 

Educational intervention GHQÀ 
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2.4.1 Interventions assessed 
 

Of the 100 trials that measured QoL, 33 tested topical, 18 systemic, 39 biologics, 9 

phototherapy, and 10 tested other interventions including educational treatments, diet, writing 

exercises, balneotherapy, auriculotherapy, relaxation therapies and interdisciplinary care 

(Table 2.1, Figure 2.2). The number of studies reporting each topical intervention were: 

calcipotriol (13 trials), calcipotriol/bethametasone (7), clobetasol (4) and dithranol (4). 

Systemic medications trials included: methotrexate (7), ciclosporin (3) and voclosporin (2). 

Biologic trials included etanercept (14), ustekinumab (8), adalimumab (7), inf liximab (6) and 

alefacept (4). Quality of life was evaluated in nine phototherapy trials. In the category of 

ñother interventionsò QoL was used most commonly in educational (3) and diet (3) trials.  

 

Figure 2.2 Number of randomised controlled trials of each intervention that measured 

HRQoL 

 
 

The mean Jadad score was 3.34 (range 1-5, Table 2.1). QoL was tested a range of 2-6 times 

for topical, 2-25 times for systemic and 2-12 times for biologic interventions. Sixteen trials 

lasted more than 12 weeks, 49 from 12 to 24 weeks and 35 under 24 weeks. The subject 

number ranged from 20 (Faurschou et al. 2015) to 2546 (Gelfand et al. 2008) patients, with a 

mean male: female ratio of 1.7:1 per study arm. Mean PASI scores at baseline ranged from 

1.7 to 33.1.  
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The range of mean QoL scores at baseline were: DLQI 1.7-20.1 (Minimum-maximum for this 

measure = 0-30); Short Form 36 (SF-36) physical component summary (PCS) 32.7-56.2 (0-

100) and mental component summary (MCS) 35.7-52.4 (0-100); EuroQoL (EQ-5D) 

Component I 0.48-0.74 (0 to 1), EuroQoL Component II 55.3-76.4 (0-100); and Psoriasis 

Disability Index (PDI) 7.6-52.6 (0-90). 

 

2.4.2 Types of quality of life instruments  
 

Thirteen instruments were used to measure QoL; some studies used more than one. Five 

generic instruments were used: the SF-36 (Ware Jr and Sherbourne 1992); EQ-5D (Group 

1990); General Health Questionnaire (GHQ-12) (Goldberg and Hillier 1979; Piccinelli et al. 

1993); Quality of Life Index (QLI) (Ferrans and Powers 1985); and Sickness Impact Profile 

(SIP) (Bergner et al. 1981; Finlay et al. 1990). In addition, four dermatology specific 

instruments, three specific to psoriasis and one for scalp dermatitis were used: DLQI (Finlay 

and Khan 1994); Skindex (Chren et al. 1996); Dermatology Quality of Life Scales (DQOLS) 

(Morgan et al. 1997); Freiburg Life Quality Assessment (FLQA-d) (Augustin et al. 2000); PDI 

(Finlay et al. 1990); 12-Item Psoriasis Quality of Life Questionnaire (PQOL-12) (Koo et al. 

2003); Psoriatic Arthritis Quality of Life measure (PsAQoL) (McKenna et al. 2004); and 

SCALPDEX (Chen et al. 2002). Of these, the DLQI was the most commonly used QoL 

instrument (number of studies=83, 83%), followed by the SF-36 (31, 31%), EQ-5D (15, 15%), 

PDI (14, 14%) and Skindex (5, 5%).  

 

2.4.2.1 Characteristics of the most commonly used quality of life instruments 
 

The DLQI (Finlay and Khan 1994), a dermatology-specific instrument, assesses QoL over 

the past week. It comprises 10 questions in six categories: symptoms/feelings; daily 

activities; leisure; work/school; personal relationships; and treatment. Scores range from 0 to 

30: higher signifies worse QoL. The MCID was considered to be a score change of five (Khilji 

2002) but is now reported as four (Basra et al. 2015c). The DLQI was the most commonly 

used instrument, in 83 of the RCTs: 32 (39%) trials reported the MCID. Change in mean 

DLQI scores from baseline to treatment end (Figure 2.5) ranged from -14.4 (Guida et al. 

2014) to +3.0 (Reich et al. 2013).  

 

The SF-36 (Ware Jr and Sherbourne 1992) is a general health status questionnaire 
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evaluating eight daily activity domains: physical function; role limitations due to (i) physical, 

(ii) emotional and (iii) social role functioning; physical problems; bodily pain; mental health; 

vitality; and general health perceptions. Scores are separated into physical (PCS) and mental 

(MCS) component summaries. The scale score ranges from 0 to 100 for each component: 

higher signifies better QoL. The MCID is a change of three in the total score (Samsa et al. 

1999). The SF-36 was used in 31 trials and MCID reported in 10 (32%). The mean SF-36 

change from baseline to treatment end (Figure 2.3), ranged from PCS -7.4 (Reich et al. 

2013) to +10.1(Ortonne et al. 2005; Dubertret et al. 2006) MCS from -0.3 (De Korte et al. 

2008) to +12.2 (Ortonne et al. 2005). The SF-36 score of 50 reflects average QoL of the 

general population. 
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Figure 2.3 The absolute change in SF-36 scores (PCS & MCS) for interventions identified in 

the systematic review 
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The EQ-5D (Group 1990) is a generic QoL instrument, also used for economic evaluation of 

therapeutic interventions. It has two components: (I) index score; and (II) visual analogue 

scale (VAS). Component I has five items rating mobility, self-care, usual activities, 

pain/discomfort and anxiety/depression using three points (none, some or extreme 

problems). These scores are assigned a health-state from 0 to 1: higher represents better 

QoL. In Component II patients choose a number from 0 to 100 representing their current 

health status: higher means better health status (Group 1990; Revicki et al. 2008b). The EQ-

5D was used in 15 trials, 6 reported MCID. 

The Psoriasis Disability Index (PDI) has 15 psoriasis-specific QoL items in five categories: 

daily activities; work or school; personal relationships; leisure; and treatment. Each item is 

scored from 0 to 6 (total 0 to 90): higher represents worse QoL (Finlay and Kelly 1987b; 

Finlay et al. 1990). The PDI was used in 14 trials: the MCID is not known. 

 

Skindex (Chren et al. 1996) is a dermatology-specific instrument with four versions: Skindex 

(61 items); Skindex-29 (29 items); Skindex-17; and Skindex-16. The Skindex-29, used in four 

trials, consists of physical score (7-35 points), emotional (10-50) and psychosocial sphere 

(12-60). The total score, indicating the effect on QoL during the past month (past week for 

Skindex-16) ranges from 29 to 145: higher represents worse QoL (Lambert et al. 2011). 

Skindex was used in five RCTs, MCIDs for Skindex versions have not been published, 

though a meaningful score change for dermatomyositis has been recently described (Ahmed 

et al. 2020). 

 

2.4.3 Minimal Clinically Important Difference 
 

The MCID of QoL measures may be determined using several methodologies, and at least 

nine approaches have been reported (Crosby et al. 2003). These may be categorised into 

two main groups: anchor-based and distribution based approaches. Whereas the former 

incorporates patient perspective, the latter determines MCID using statistical significance. 

The anchor-based method is the most commonly used for determining the MCID, as used in 

the case of the DLQI (Basra et al. 2015c). 

Each methodology has its limitations, for example, anchor-based methods have often been 

criticised for unequal changes required for deterioration versus improvement of a condition 

(Wright et al. 2012). Several factors may influence MCID scores, including patient baseline 

status, disease group and severity, treatment and patient demographics. Furthermore, it is 

important to note that MCID values may differ significantly within the same population 

depending on the methodology chosen (Terwee et al. 2010). Therefore interpreting MCID 
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scores should be considered in the context of these limitations. 

 

Of the 100 trials identified, 37 reported MCID; 32 were for DLQI, 10 for SF-36 and six for EQ-

5D. Where DLQI score changes were reported, 115 of 142 óstudy armsô met the 4-point 

MCID (Basra et al. 2015c). Biologic interventions usually attained DLQI MCID: 91.2% (83 of 

91 study arms) met the 4-point MCID. The MCID was attained by 77.8% (14 of 18) of topical, 

and 52.4% (11 of 21) of systemic treatment arms.  

One RCT of infliximab measuring QoL at 100 weeks (Reich et al. 2013) reported 3 points 

worsening of DLQI. However, this study ended prematurely and had a low JADAD score of 

only 2. Another trial, with a high JADAD score of 5 (Salim et al. 2006) demonstrated mean 

DLQI score increasing by 0.4 after folic acid was added to methotrexate. The MCID was not 

met for any study arm. 

 

The SF-36 MCID is a change of three in the total score (Samsa et al. 1999). The SF-36 was 

used in 31 trials and MCID reported in 10. The mean SF-36 change from baseline to 

treatment end ranged from PCS -7.4 (Reich et al., 2013) to +10.1 (Dubertret et al, 2006; 

Ortonnne et al, 2005), MCS from -0.3 (De Korte et al, 2008) to +12.2 (Ortonne et al, 2005). 

Where extracting change in SF-36 MCS scores was possible, 52.2% (24 of 46) óstudy armsô 

met the 3-point MCID: 58.3% (21 of 36) of biologic interventions met this. For PCS scores, 

50% (24 of 48) of óstudy armsô met the MCID as did 60.5% (23 of 38) of biologic 

interventions. Only 25% (1 of 4) of systemic and no topical treatments met the MCID for both 

MCS and PCS domains. 

The EQ-5D was used in 15 trials, 6 reported the MCID, which is 0.05 (OôBrien and 

Drummond 1994; Dolan 1997). The PDI was used in 14 trials: the MCID is not known. 

Skindex was used in five RCTs; MCIDs for Skindex versions have not been published. 

 

2.4.3.1 QoL score change interpretation: 2MCID concept 
 

Absolute change or improvement in DLQI score, where available, was derived or calculated 

per study arm across each interventional category (Figure 2.4a-d). As the DLQI was the most 

commonly used QoL measure, it was used to assess the absolute score changes across all 

interventions where possible. 
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Figure 2.4 The absolute change in DLQI score across the interventions identified in the 

systematic review divided according to category 

Figure 2.4a The absolute change in mean DLQI score across topical interventions at 

treatment endpoint 

 

Figure 2.4b The absolute change in mean DLQI score across systemic interventions at 

treatment endpoint 
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Figure 2.4c The absolute change in mean DLQI score across biologic interventions at 

treatment endpoint 

 

 

Figure 2.4d The absolute change in mean DLQI score across other interventions at 

treatment endpoint 

 

 

 

In order to give a greater sense of the meaning of score change in the context of this 

systematic review, the concept of 2MCID was introduced: that is a DLQI score change of at 

least 8. This approach, novel in dermatology, has been used in other areas (Leaf and 
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Goldfarb 2008; Paul et al. 2015) and highlights therapies that have reached this higher 

change threshold.  

 

For topical treatments, clobetasol 0.05% spray (Mraz et al. 2008) showed the greatest 

improvement at 4 weeks (2MCID, 8 point improvement), followed by calcipotriol plus 

betamethasone (Menter et al. 2013) at 8 weeks (6.4 points). These changes are comparable 

to ustekinumab 90 mg at 12 weeks (average 2MCID (8 point) improvement, (Kavanaugh et 

al. 2010; Langley et al. 2010; Igarashi et al. 2012; Kimball et al. 2012)) and ciclosporin 3-5 

mg/kg at 12 weeks (6.6 point improvement, (Flytström et al. 2008)). No other topical therapy 

reached 2MCID. However, it is important to consider these changes in the context of lower 

baseline psoriasis severity in topical therapy trials, shorter treatment duration and long-term 

QoL maintenance.  

Methotrexate 15 mg at 16 weeks (Barker et al. 2011) was the only systemic intervention over 

the 2MCID threshold (8.7 points). This was comparable to several biologics, including 

etanercept 50 mg at 24 weeks (Ortonne et al. 2013) and ustekinumab 90 mg (Kimball et al. 

2012) at 12 weeks (8.7points). 

Infliximab 5 mg/kg at 16 weeks (Barker et al. 2011) and secukinumab 300 mg at 12 weeks 

(Langley et al. 2014) on average demonstrated the largest improvement in DLQI score of 

11.4 (just short of 3MCID). Amongst other interventions, an energy-restricted diet with 

immunosuppressive therapy at 24 weeks (Guida et al. 2014) recorded DLQI improvement of 

14.4 (>3MCID). DLQI at 12 weeks improved by 11.2 (>2MCID) with PUVAsol 0.6 mg/kg + 

isotretinoin 0.5 mg/kg: for PUVAsol alone, DLQI improvement was 6.8 (Gahalaut et al. 2014). 

 

For studies with treatment endpoint and assessment at 12 weeks, which is often the endpoint 

standard, the interventions with the greatest average DLQI impact in each category were 

secukinumab 300 mg (>2MCID, 11.4 points, (Langley et al. 2014)), ciclosporin 3-5 mg/kg 

(>1MCID, 6.6 points (Flytström et al. 2008)), PUVAsol 0.6 mg/kg + isotretinoin 0.5 mg/kg 

(>2MCID, 11.2 points, (Gahalaut et al. 2014)), Liquor Carbonis Distillate solution 15% 

(>1MCID, 5.8 points, (Alora-Palli et al. 2010)) and educational programme (1MCID, 4 points, 

(Bostoen et al. 2012)).  

 

Figure 2.5 collates the absolute change in DLQI score across all interventions identified in 

the systematic review.
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Figure 2.5 The absolute change in DLQI scores across the interventions identified in the systematic review* 

 

 

 

*To associate any of the bars with the published evidence, please refer to Table 2.1
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Figure 2.6 shows the correlation between PASI and absolute DLQI (R2=0.494, y=-2.8+0.37*x) 

and percentage (R2 =0.641, y=19.43+0.63*x) score changes, where available. In some cases 

the correlation was weak (Roberti et al. 2014), possibly attributed to non-optimal endpoint 

measurement for QoL where maximum effect may be missed (Bishop-Bailey et al. 2015). 

Furthermore some interventions may have a psychological or emotional impact that is often 

not captured by clinical parameters such as the PASI. Nevertheless, the correlation graphs 

provide valuable mathematical formulae that may be used as a baseline to interpret and 

compare data from future studies. 

 

Figure 2.6 Correlation of (a) absolute change in DLQI scores with absolute change in PASI 

scores (R2 = 0.494, y=-2.8+0.37*x) (b) percentage improvement in DLQI scores with 

percentage improvement in PASI scores (R2 = 0.641, y=19.43+0.63*x) 

 

(a) 
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(b) 

  

 

2.4.4 Statistically significant changes 
 

Table 2.1 provides a list of the studies that documented full QoL data and statistical 

significance for intervention versus comparator. Significant changes (as determined by study 

researchers, commonly p=<0.05) were reached in 52 trials for the DLQI, 19 for the SF-36, 5 

for both the EQ-5D and PDI and 2 for the Skindex. Conversely there was no statistical 

improvement in 19 trials for the DLQI, 6 for the SF-36, 3 for the EQ-5D, 6 for the PDI and 3 

for Skindex. Twelve trials did not report statistical significance for the DLQI, 6 for the SF-36, 4 

for the EQ-5D and 2 for the PDI.  

 

Reports of psoriasis interventions that fulfilled inclusion criteria have gradually increased over 

time: 1998-2004 = 12, 2005-2009 = 33, and 2010-2014 = 55 (Figure 2.7). 
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Figure 2.7 Prevalence of the use of QoL instruments in the included psoriasis studies since 

1998 

  

 

2.5 Discussion 
 

There have been several challenges in the process of developing this systematic review. 

Initially it was planned to include any published literature and not limit the search to just 

RCTs. However, given the sheer number of publications for psoriasis interventions, this would 

have been an arduous endeavor and the data would be extremely difficult to collate given its 

heterogeneity. Furthermore, in order to provide the highest level of evidence, RCTs are 

considered the gold standard in systematic reviews. I had attended a 4 day-course on 

Systematic Reviews organised by SysNet at Cardiff University (Appendix X) which was a very 

valuable tool towards planning the review. I was in regular contact with the core team who 

were extremely helpful throughout the process of developing the protocol and for answering 

any queries that arose. 

 

This systematic review reaffirms the fact that QoL assessment is a frequent component in 

assessing psoriasis treatment efficacy in clinical trials as well as in routine clinical practice 

(Basra et al. 2008b). In the process, it has identified therapeutic RCTs that demonstrated 

extractable QoL data, inevitably with heterogeneity in design, disease severity and QoL 

reporting. Many trials were excluded because of inconsistent reporting and analysis of QoL 

(Le Cleach et al. 2008), despite an initial high search yield. Of the 329 full-text articles 
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assessed for eligibility, 14 studies reported psoriatic arthritis-only related QoL changes and 

14 studies reported QoL data in an inextricable format (i.e. graphical representation with no 

numerical data, or summarised descriptive QoL information). Baseline and end-of-treatment 

values were not always provided. Often QoL scores were presented as percentage or value 

changes without pre or post-intervention scores. Mean values were most commonly reported, 

though median values are preferable with ordinal data (Basra et al. 2008b). Standard 

deviation, p-values or confidence intervals were sometimes omitted and intention-to-treat 

(ITT) numbers were sometimes omitted from the QoL data set. This presented challenges for 

synthesising data in a homogenous fashion. 

The MCID is the minimal change in score that is considered of clinical relevance (Norman et 

al. 2003). Of the 13 QoL instruments used, only the DLQI, SF-36 and EQ-5D have MCID 

values reported in the literature. Although interventions may result in statistically significant 

QoL improvement, this does not necessarily correlate with clinically important change. MCID 

values enhance the clinical meaningfulness of QoL scores, particularly if data are correlated 

with clinical efficacy. Thirty-seven trials reported consideration of MCID, with the DLQI being 

the most commonly used instrument with known MCID. The EQ-5D was the only other used 

instrument with known MCID.  

Though it is possible to apply score banding descriptors (Hongbo et al. 2005) which may be 

used to describe the number of patients within each score band pre and post intervention, 

there needs to be a method that can discriminate between the extent of the effect of 

interventions on QoL. The concept of ó2MCIDô (or multiple-MCID) could add meaning to score 

change when comparing therapies, and possibly when comparing results across different 

QoL instruments as a óunit of changeô. However, the establishment of meaningful MCID band 

descriptors to describe change beyond MCID would require validation and therefore further 

testing is necessary. 

 

Nevertheless, this systematic review was used as a ópilot studyô for the concept of ómultiple-

MCIDô to demonstrate the potential benefit of comparing the extent of impact of different 

categories of interventions on QoL. In the case of this systematic review, it has been 

demonstrated that certain systemic interventions, for example, may impact QoL as 

significantly as certain biologic treatments. Similarly, certain topical treatments may be as 

efficacious as systemic alternatives. These results, however, are not completely ideal in that 

the dataset is not homogenous and often patients have different baseline severities. 

Furthermore, whether MCID values change at different ends of a QoL measure is debated 

and, along with other factors and considerations, would require formal validation to support 

such extrapolations.  
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As a óproof of conceptô it is believed multiple MCID provides more meaningful information on 

clinical improvement and may be of value to clinicians, patients and industry alike. For 

example, medications that meet the ó2MCIDô minimum threshold may be easier to approve by 

regulatory authorities for marketing and by health technology assessment (HTA) agencies for 

reimbursement. This concept may also enable researchers to distinguish more efficiently 

between interventions and comparators in trials, potentially improving patientsô access to new 

medicines. Significant further work is imperative before this novel concept is widely adopted 

in the scientific arena. 

The systematic review identified that more generic QoL instruments were used (n=5) than 

specialty (n=4) or condition specific questionnaires (n=3). The DLQI was the most commonly 

used instrument; possibly because of its ease of reporting a single summary score, the ease 

of completion in 2 minutes (Loo et al. 2003) and its widespread use in national psoriasis 

guidelines (Smith et al. 2020) amongst other reasons (Finlay et al. 2012).  

The frequency at which QoL measurement was administered varied across studies 

depending on intervention type and trial duration. The UK clinical guidelines (NICE 2012), 

that recommend DLQI measurement at 10 to 16 weeks depending on the biologic, may not 

capture the best DLQI responses for biologic therapies (Bishop-Bailey et al. 2015). For 

example, in this systematic review the greatest DLQI score change (14.4) across all 

interventions was seen with an energy-restricted diet in conjunction with usual 

immunosuppressive therapy at 24 weeks (Guida et al. 2014). Although, the DLQI is skin-

specific, the health benefits of weight loss itself may be reflected in patient DLQI follow-up 

responses. Psychiatric and interdisciplinary care at 24 weeks (Schmitt et al. 2014) may also 

significantly impact DLQI (10.5 points), re-enforcing the importance of lifestyle and a holistic 

approach to the management of psoriasis.  

Several reviews have explored the effects of biologic treatment on QoL (Katugampola et al. 

2007; Reich et al. 2008; Baker et al. 2012; Mattei et al. 2014), other SRs have explored QoL 

in psoriasis; the review by De Korte et al. (2004) was not limited to RCTs and this provided 

difficulties in interpreting the dataset. This SR investigates the overall impact of interventions 

on QoL as well as use patterns. Strict entry criteria were employed to allow for robust 

comparison across interventions per QoL instrument. Data was only included from the 

double-blind controlled phases of each trial. Nevertheless, the lack of adequate guidelines on 

reporting of QoL studies still rendered data analysis problematic. 

Kitchen et al. (2015) reviewed the ability of psoriasis-specific instruments to adequately 

capture domains relating to psoriasis: no existing psoriasis specific patient reported outcome 

(PRO) instrument has sufficient evidence on validity, reliability and sensitivity to change, but 
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both DLQI (Safikhani et al. 2013) and Skindex demonstrated content validity. However, this 

SR demonstrates that several generic and disease/specialty-specific instruments were 

sensitive to change with positive QoL outcomes. In general, disease and specialty-specific 

instruments tend to be more sensitive to change over time than the generic measures, owing 

to the involvement of the target population in providing the determinants during the qualitative 

phase of development. 

The DLQI and SF-36 appear to be the most frequently used instruments across psoriasis 

RCTs. A European S3 guidelines report on psoriasis systemic treatment (Nast et al. 2012) 

described the DLQI as an óimportantô variable in assessment of treatment efficacy. However, 

the DLQI has limitations, including previous criticisms of its uni-dimensionality and low 

representation of emotional aspects (Both et al. 2007).  There is diverse practice in 

monitoring therapeutic effect on QoL and questionnaire preference. A total of 113 RCTs were 

rejected because of inextricable QoL data. The European Academy of Dermatology and 

Venereology Task Force provides recommendations for use of QoL measures (Prinsen et al. 

2013). Currently there is great variation in the quality of reporting of QoL data (Salek et al. 

2013; Finlay 2014), creating difficulties in cross-interventional meta-analyses. This SR 

emphasises the need for guidelines concerning appropriate reporting of QoL data.  

 

2.5.1 Recommendations 
 
As a result of this SR, the recommendations for improvement of QoL reporting are as follows: 

to 

¶ include baseline data,  

¶ report all assessment visits and follow-up endpoint scores 

¶ report absolute median scores with interquartile range (IQR) 

¶ include patient numbers and their demographic characteristics in table format as well 

as boxplot showing percentiles 

¶ report percentages together with the actual values 

¶ report whether intention to treat was implemented (Salek et al. 2013; Finlay 2014)   

¶ ensure that graphical representation of QoL is accompanied by numerical data.  

Furthermore, authors should not submit only percentage and/or graphical data to represent 

study outcomes as this data cannot be used in meta-analysis and systematic reviews. 

Journals should furthermore implement such criteria prior to accepting publications. The 

MCID and validated band descriptors where available should be used to interpret data as this 
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holds greater clinical value than statistical significance alone. Researchers should consider 

the availability of MCID when choosing QoL instruments and be encouraged to publish MCID 

information. Whilst there are numerous approaches to calculating MCID scores, there is a 

need for consensus on new or improved methodological approaches towards calculating 

MCID. Existing methodologies should be cautiously taken into account by clinicians and 

researchers alike to facilitate the interpretation of results. Though minimal change is clinically 

important, the question arises of whether intervention endpoints should target perfect quality 

of life, rather than demonstrating a measurable improvement. 

These recommendations in terms of QoL measurement and reporting are summarised below 

in Table 2.2. 

Table 2.2 Summary of QoL measurement and reporting recommendations* 

QoL reporting recommendations 

Scores should be reported as absolute median scores with IQR at all phases of a study 
where appropriate. At the very least these should be at baseline, follow-up and 

treatment endpoint 

Patients numbers should be reported alongside intention to treat data if calculated 

Graphical QoL data should be accompanied by numerical data 

MCID or valid band descriptors should be used to interpret QoL changes 

MCID availability should be considered prior to selecting QoL instruments 

MCID values should be developed and encouraged 

There needs to be consensus on new or improved methodological approaches 

towards calculating MCID 

Journals should consider implementing recommendations for reporting QoL data 

* IQR ï Inter-quartile range 

MCID ï Minimal clinically important difference 

QoL ï Quality of life 

 

Different interventions may impact QoL to a similar extent, though biologic interventions have 

a very high impact. Psychiatric well-being may play a role in QoL improvement. Several 

topical treatments, as well as some systemic treatments, may improve QoL at least in the 

short-term. 
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Chapter 3: Development and validation of a web-
based application of the Dermatology Life Quality 
Index (DLQI) and Psoriasis Area Severity Index 
(PASI) scale 
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3.1  Introduction 
 

The systematic review has highlighted several inconsistencies with the reporting of quality of 

life (QoL) in psoriasis patients. Though it has been found that the DLQI is the most commonly 

utilised QoL measure in interventional RCTs for psoriasis, there are significant 

inconsistencies in how it is utilised across trials. In order to improve the assessment and 

documentation of DLQI scores in particular, which is the most commonly used dermatology 

QoL scale world-wide (Basra et al. 2008a), an electronic application (App) was developed in 

conjunction with Janssen EMEA®. A PASI electronic scoring system was also added to the 

application, as both clinical and quantitative parameters are vital aspects of assessing 

psoriasis disease severity (Smith et al. 2005; Katugampola et al. 2007). Therefore, it was 

deemed prudent and logical to include both aspects in an application designed for the 

monitoring of psoriasis severity. 

It is hoped that this App will be easily accessible by clinicians and patients alike allowing the 

better monitoring and assessment of psoriasis in home, clinical and research settings. This 

chapter will separately analyse the validation process for both the DLQI and PASI score 

calculators built into the application. 

 

3.1.1 The Psoriasis 360 iPad® App 
 

The Psoriasis 360 iPad® app was developed by Janssen EMEA® in order to improve 

psoriasis monitoring in clinical and research settings. Careful consideration was given to 

transfer the respective paper versions of the measures to the digital counterparts. This 

included the BSA, DLQI and PASI score calculators, though only the latter two were validated 

as part of this study. 

 

3.1.2 DLQI 
 

The DLQI consists of 10 questions concerning a dermatological patientôs perception of the 

impact of their skin disease on different aspects of their QoL over the last week.  The items of 

the DLQI include symptoms and feelings, daily activities, leisure, work or school, personal 

relationships and the side effects of treatment.  Each item is scored on a 4-point scale: not at 

all/not relevant, a little, a lot and very much.  Scores of individual items (0-3) are added to 

yield a total score (0-30); higher scores mean greater impairment of patientôs QoL. The DLQI 

has been shown to be a strong instrument with respect to its internal consistency, 
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reproducibility, validity  and sensitivity to change (Badia et al. 1999; Hahn et al. 2001; Mazzotti 

et al. 2003; Basra et al. 2008a; Bronsard et al. 2010). It was developed into an electronic 

application on the iPad® by Janssen EMEA® in conjunction with the original copyright holder 

(AYF, Cardiff University). The individual items and their responses were unchanged, allowing 

users to select options using touch. Figure 3.1 demonstrates a series of screenshots of the 

DLQI section of the App. 

 

Figure 3.1 Screenshots of the DLQI calculator from the Psoriasis 360® App 

(a) Introduction of DLQI section   (b) Items 1 and 2 of DLQI  

  

(c) Items 3 and 4 of DLQI     (d) Items 5 and 6 of DLQI 
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(e) Items 7 and 8 of DLQI    (f) Items 9 and 10 of DLQI 

 

(g) The ósubmitô button of DLQI section  (h) Final DLQI score display  

  

3.1.3 PASI 

Psoriasis Area and Severity Index (PASI) is a widely used tool to assess the severity of 

psoriasis (Fredriksson and Pettersson 1978) that is mostly completed by trained health care 

professionals and study investigators. Although PASI has been criticised for its inter-rater 

reliability (BoŨek and Reich 2017), sensitivity, complexity and being resource intensive, in the 

absence of a ñgold standardò it has become an almost universal outcome measure in clinical 

trials of drugs used for psoriasis (Ashcroft et al. 1999). The PASI scoring system assesses 

four body areas: head (corresponding to 10% of total body surface area), upper extremities 

(20%), trunk (30%) and lower extremities (40%). The area of psoriasis involvement for each 

of the four body regions is assigned a numerical value of 0-6 corresponding to 0-100% 

involvement as follows: 

0=no involvement; 1= up to 9% involvement; 2= 10-29% involvement; 3=30-49%; 4=50-69%; 

5=70-89% and 6=90-100% involvement.  
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For each body region, erythema, induration and desquamation are rated according to a 5-

point scale as follows: 

0= no involvement; 1=slight involvement; 2=moderate involvement; 3=marked involvement 

and 4=very marked involvement 

The PASI score is calculated by applying a standard formula. This is achieved by 

calculating a lesion score sum (A) for one body part (i.e. by adding the scores for erythema, 

thickness and scaling). This value is then multiplied by the area involvement score (B) for the 

same body part, providing a subtotal (C). Each of the four body parts (head, upper limbs, 

trunk and lower limbs) will therefore have an individual subtotal (C). Different body parts are 

óweightedô differently according to the total surface area contribution of said body part e.g. 

head is weighted 0.1, whereas the lower limbs are 0.4. Each subtotal (C) is multiplied by the 

respective weight to provide the final total (D) for each area. All four totals (D) are summed to 

provide the final PASI score. The score can vary in increments of 0.1 units and range from 0 

to 72; higher score indicates greater degree of severity.  

The PASI App was also developed by the team at Janssen EMEA® based on the 

original paper format, whereby a score is automatically calculated at the end of the form. 

Each section of the PASI was converted into a graphical representation for easier and more 

consistent scoring between raters. Raters select the relevant body part and are subsequently 

guided through the process of scoring the severity of redness, scaling and thickness with the 

aid of graphical images. The screenshots for the PASI calculator of the Psoriasis 360© 

application may be seen in Figure 3.2. 

Figure 3.2 Screenshots of the PASI calculator from the Psoriasis 360® App 

(a) Introduction of PASI section   (b) Step 1: selecting body part 
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(c) Step 2: selecting percentage affected  (d) Step 3: severity of erythema 

)   

(e) Step 4: severity of scaling    (f) Step 5: severity of thickness 

   

(g) Final PASI score and breakdown         

  

 

The application (Psoriasis 360©) is available without charge and may be downloaded from 

the Apple App Store: https://appsto.re/gb/-JIFw.i. It is also available on the Google (Android) 

App Store: https://play.google.com/store/apps/details?id=com.sapnagroup.p360&hl=en_GB.  

https://appsto.re/gb/-JIFw.i
https://play.google.com/store/apps/details?id=com.sapnagroup.p360&hl=en_GB
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Only this particular iOS version of the App was tested for the purpose of studying 

equivalence. 

 

3.2 Literature review: equivalence of electronic and paper-based 
patient reported outcomes 
 

International Society for Pharmacoeconomics and Outcomes Research (ISPOR) guidance 

states that if the psychometric properties of a measure are likely to be impacted during the 

PRO migration process to a different form of delivery, then óthe measure should be evaluated 

as if it were a new measureô. The main recommendations include ótests of agreementô such 

as Kappa coefficient or Intra-class Correlation Coefficient (ICC), mean score comparisons, 

distribution and variance of scores and internal consistency reliability where applicable 

(Coons et al. 2009). Gwaltney et al. (2008) undertook a meta-analysis on the subject, 

examining literature published before 2007. Forty-six studies were included. They concluded 

that written assessments were equivalent whether they were paper or computer-based.  

However, technology has changed greatly since 2007 with the widespread use of smart 

phones and tablet computers (Arthur 2012; McLellan 2014). This review aims to identify and 

evaluate publications since 2007 that demonstrate the measurement equivalence of 

electronic versions of paper-based PRO instruments (ePROs).   

 

3.2.1 Materials and methods 
 

The following databases were searched during March 2014: OvidSP, including the databases 

EMBASE, MEDLINE and PsycINFO; Web of Science, including Web of Science Core 

Collection, BIOSIS Citation Index, SciELO Citation Index and MEDLINE; and PubMed.  

An identical set of keywords was used for every database that was searched, refined during 

two pilot searches. The keywords were: patient report* outcome OR quality of life; AND 

Internet OR touch screen OR web OR tablet OR computer OR electronic*; AND paper; AND 

questionnaire; AND compar* or equiv*.  

The asterisk (*) represents a search on the stem of these words.   

Abstracts of all identified articles were first reviewed. If an abstract indicated that the article 

might be relevant, the full text article was retrieved and examined. The search was limited to 

papers published since 2007 to avoid overlap with Gwaltney et al. (2008).  Full text articles or 

abstracts which directly compared a screen-based electronic version of a validated PRO 

instrument with its paper-based original, with regards to their measurement equivalence, and 
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publications in English were included. Studies which were published before 2007 or in other 

languages were excluded. Gwaltney et al. (2008) had also excluded interactive voice 

response (IVR) formats: this review likewise excluded IVR formats. 

The most important factors were suggested by the lead research team member (FA) and joint 

agreement reached with all other research team members. A template was used to record 

relevant data from each publication and to record data concerning each instrument that was 

being validated. Where data for IVR formats were reported as part of a larger study, those 

data were excluded. It was difficult to identify whether stand-alone visual analogue scales 

(VAS) had been appropriately validated and it was occasionally clear that they had not 

(Salaffi et al. 2009). Therefore, data from any VAS presented as a stand-alone measure was 

excluded. Data from validated instruments where items appeared as a VAS were still 

included. Extracted data were tabulated in Microsoft Office Excel for Mac 2011. Data were 

classified according to the study and instrument characteristics and to the statistical 

measures used to demonstrate equivalence. Data regarding participant preferences, amount 

of missing data and completion times for each format was extracted. Data were extracted 

concerning whether the authors believed they had demonstrated equivalence, as described 

by the main ISPOR recommendations outlined in the Introduction of this review (Coons et al. 

2009). As there was very little consistency between the papers reviewed, and original data 

were not possible to examine, equivalence of the formats under study was based on the 

papersô authorsô own judgments. However, the methods used were not consistent and 

authors sometimes did not make it clear whether they believed they had found equivalence. 

Therefore, an informal assessment was made concerning the real outcome of such studies. 

To assess the quality of equivalence assessment undertaken, studies were compared against 

the recommendations of Coons et al. (2009) (Figure 3.3). 
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Figure 3.3 Flow chart demonstrating the criteria used to assess quality of measurement 

equivalence techniques used in the literature 

 

 

Different levels of evidence are required depending on the level of modification of the original 

instrument (Coons et al. 2009). It was not always possible to judge how much of the originals 

had been adapted, so for simplification all electronic versions were assumed to be 

ómoderatelyô adapted, as defined by Coons et al. (2009): 

óA moderate level of modification may change the meaning of the assessment items, but this 

change might be subtle. Examples of changes to items that could fall in this category include 

splitting a single item into multiple screens, significantly reducing the font size, and requiring 

the patient to use a scroll bar to view all item text or responses. Another example might 

include changing the order of item presentation. When these types of modifications are made 

to a PRO, it is advisable to formally establish the equivalence of the electronic measure.ô 

 

To simplify analysis, as a selection criterion only one relevant statistical method, according to 

the ISPOR recommendations, was chosen for each study type. However, to provide a wider 

picture, DIF and Bland-Altman analysis was also always included, if used. If a publication 

stated that randomisation was undertaken but no details were provided, it was assumed that 

the method used was appropriate.  
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Although, the ISPOR guidance (Coons et al. 2009) distinguishes between weighted and un-

weighted kappa coefficients, it was not always clear which had been used and so if either one 

was present this was judged as fitting this criterion. 

 

3.2.2 Results 
 

Database searching identified 501 studies, 55 of which were judged to be relevant according 

to the inclusion criteria. The way in which 501 abstracts were reduced to 55 is summarised in 

Figure 3.4. Two papers were excluded due to their use of IVR format. A total of 79 different 

relevant instruments were described across these publications (Appendix XI).  

 

Figure 3.4 Flow chart demonstrating the search strategy and filtering process 

 

 

Of the 55 studies, 75% (41) were full-text journal articles, with the remaining 25% consisting 

of article and conference abstracts. Forty-seven (85%) of the studies used a crossover study 

design, whereas six studies (11%) used a comparison design. It was not clear which design 

had been used in two studies. Thirty-three (60%) investigated only one instrument, with the 

largest number of instruments investigated in one study being 10 (MacKenzie et al. 2011). 

Eleven (20%) of studies used multiple sample sizes, usually employing a different sample 

size for each instrument investigated. The use of multiple sample sizes in the same study 

could lead to results having different statistical validities and reliabilities between 

questionnaires. However, such use was often unavoidable, for example: sometimes the 
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number of patients eligible to complete certain surveys differed, and sometimes the number 

of patients who were lost to follow up differed between questionnaires. 

 

When transposing an instrument from written to an e-delivery format, logically nearly always 

some changes have to be made, for example instead of saying ñTick one box for each 

questionò one needs to say ñChoose one answer for each questionò, or perhaps this 

instruction is completely superfluous because the software will only accept one answer. It is a 

reasonable assumption to make that only moderate changes were made, though most 

authors did not give any specific information concerning this and therefore it was not possible 

to identify whether these moderate changes influenced the degree of equivalence between 

written and e-delivery. 

 

3.2.2.1 Instrument characteristics 

 

Of the total of 79 PRO instruments identified: 42 (53%) were ñcondition-specificò; 19 (24%) 

specialty-specific; and 18 (23%) were generic measures. The most commonly used 

instrument was the Short Form 36-item Health Survey (SF-36) that was employed in 10 

studies: the version of the SF-36 that used was not reported by most authors. However, it 

would be reasonable to assume that if not mentioned by the authors, the most commonly 

used version (SF-36) has been employed. The most common format of electronic PROs 

tested within studies was the óInternetô (36%), followed by ótouch-screen computersô (20%). 

 

3.2.2.2 Overall conclusions of study authors 

 

Forty-three studies (78%) found equivalence between the standard paper-based PROs and 

the ePROs. Two studies (4%) failed to find equivalence. In ten studies (18%) the authorsô 

conclusions were not clear. For example, in one study, where two out of the three instruments 

investigated were not comparable, but one instrument showed equivalence (Wu et al. 2009), 

authors concluded that different versions should not be used in the same trial and individual 

patient data should not be compared across different formats (Juniper et al. 2007). Though 

results for each format were similar on a group level, there was high variability at the 

individual patient level (Ring et al. 2008). 
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3.2.2.3 Statistical methods used 
 

In examining how often different methods were used to demonstrate equivalence, 80% (44) 

of studies used a correlation coefficient, with the most common being the Intra-class 

Correlation Coefficient (ICC) (Figure 3.5). 
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Figure 3.5 Graphs demonstrating (a) common statistical approaches used (b) correlation 

coefficients used 
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3.2.2.4 Comparison with ISPOR recommendations 
 

Twenty-five (47%) publications appeared to fulfil the ISPOR recommended criteria (Coons et 

al. 2009) (Table 3.1). Of these, 60% (15 studies) were randomised crossover studies that 

used an ICC or kappa coefficient to measure correlation. Two studies (8%) were randomised 

comparison studies that analysed mean scores on the basis of the Minimum Clinically 

Important Difference (MCID). Six (24%) provided Bland-Altman plots, and two of the reports 

described DIF analysis. Surprisingly, only 30 (55%) of the 55 studies presented data on 

participant format preferences, 16 (29%) provided comparisons of the amount of missing data 

and 19 (35%) provided data on completion times. Nine (47%) studies reported longer 

average completion times for ePROs, and five studies (26%) found that paper-based PROs 

took longer to complete. 

 

Table 3.1 Number and percentage of studies that fulfilled ISPOR criteria 

 Number of Studies Percentage of Studies 

Randomised Crossover + 

ICC/Kappa Coefficient 

15 60% 

Randomised Comparison + 

MID  

2 8% 

Randomised Studies + 

Bland-Altman Analysis 

6 24% 

Randomised Studies + DIF 2 8% 

Total Number of Studies 

Fitting Criteria  

25 100% 

 

It is important to highlight some of the similarities and differences between this review and 

that published by Gwaltney et al. (2008) (Table 3.2).  
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Table 3.2 Key comparisons with Gwaltney et al. (2008) 

 Gwaltney at al (5) Present Study 

Review year range Pre-2007 2007-2014 

Total studies reviewed 46 55 

Most common correlation 

coefficient used 

Intraclass Correlation 

Coefficient (ICC) 

Intraclass Correlation 

Coefficient (ICC) 

Number. of different 

instruments identified 

278 79 

Number of different 

electronic modalities 

identified 

3  

(PC/Laptop, PDA, Tablet) 

5 

(Internet, Tablet, Computer, 

Touch-screen Computer, 

PDA) 

 

3.2.3 Literature search update 
 

The initial literature search and subsequent analysis as above was conducted on publications 

identified up to March 2014. For the purpose of this thesis, the literature search was 

supplemented by identifying publications from 2014 to 2019 using the same databases and 

search terms. This identified a further 287 articles, which were further filtered to 72 relevant 

publications including full articles and conference abstracts. Publications were excluded due 

to the following reasons: No formal equivalence studies where only one format was tested 

(n=48), metanalysis/systematic reviews/ literature reviews (n=11), Duplicates/multiple 

publications (n=59), study protocols (n=11), not-relevant (n=84). Only the abstracts were 

reviewed and tabulated as seen in Appendix XII. 32/72 (44%) of the included publications 

used ICC as a measure of equivalence. 

 

3.2.4 Discussion 
 

In the process of demonstrating measurement equivalence, crossover study design was the 

most commonly used and the commonest electronic format used was the Internet based 

online version. It is important to note that in some cases the authors did not indicate how or 

whether the Internet was accessed, in which case it was recorded as a separate ódeviceô. 

Most studies used a combination of different statistical tests with correlation coefficients being 

the most common, however different authors may use different standards. For example, in 
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one (Juniper et al. 2009) of the two studies that stated no equivalence between formats, the 

authors used an ICC standard of 0.95 to identify concordance, which is higher than that 

recommended by ISPOR (0.70 at group level, and 0.85-0.95 at individual level). The authors 

stated they chose this higher criterion as it was slightly lower than the test-retest reliability 

value originally calculated for the paper version (Coons et al. 2009). 

There may be confusion concerning the interpretation of ñequivalenceò. The strict scientific 

definition (if a single user were to complete the same instrument by the two methods, the 

responses and subsequent scores would be the same) may be replaced in practice by a 

much looser definition, allowing, say, a correlation of 0.8 between two methods of delivery. To 

clarify this, those reporting equivalence should define their usage of this term. 

Less than half of the studies fulfilled the basic ISPOR recommendations (Coons et al. 2009). 

A reason for the low number of studies identified as fitting these criteria may be that it was not 

always possible to tell if the criteria had been met, particularly where only an abstract was 

available. For example, in Naus et al. (2009) and Ribeiro et al. (2010), which were both full-

text journal articles, though the correlations between formats were analysed, the measure of 

correlation used was not specified.  

 

As end-users, patients should have a powerful role to play in influencing the type of 

assessment that they may be expected to complete. Patients who are already familiar with 

and comfortable interacting with electronic devices are more likely to prefer this format of 

delivery, but this should be confirmed by assessing patient preferences. However patient 

involvement may not be appropriate in the question of ñequivalenceò as that requires 

prospective scientific evaluation. The majority of studies indicated that patients prefer the 

electronic formats, and comments from patients included that ñthe PDA (personal digital 

assistant) was efficient and saved paperò (Matthew et al. 2007). Some patients suffering from 

reduced manual function found the touch-screen computer version easier to use (Schefte and 

Hetland 2009). The use of electronic formats is less prone to error, such as missing or 

ambiguous data entry. The ability to program data validation into the electronic software 

prevents such errors (Handa et al. 2008). This may be considered a disadvantage where a 

patient deliberately wishes to avoid answering a question. However, it is possible to address 

this problem (Matthew et al. 2007) by alerting patients if they skip any questions. Patients 

take a longer time to complete electronic versions. Possible explanations include patientsô 

lack of familiarity with electronic devices and hence their requiring assistance (MacKenzie et 

al. 2011). As people become more familiar with such devices it is likely that this problem will 

diminish. A study limitation commonly identif ied by authors was the generalisability of their 

results to populations unfamiliar with the Internet.  If Internet access was required for 
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enrolment, participants may have been biased towards the educated and young (Wu et al. 

2009). 

 

A major limitation of the studies reviewed here was the lack of detail provided by authors 

concerning methodology, for example which statistical techniques were utilised (Naus et al. 

2009). Though this review doesnôt consider patient preference, it would be worthwhile 

considering in future reviews as the acceptability of electronic formats is essential if they are 

going to be of practical use. Researchers should also consider capturing this data when 

planning future studies. As suggested by Gwaltney et al. (2008), a more accurate way to 

determine whether studies had truly identified equivalence would be to define numerical 

standards for the statistical methods used (such as using just ICC and cut-off scores for 

equivalence) and to judge study data directly against these. 

 

Good practice recommendations (Coons et al. 2009) state that every new electronic version 

should be validated before use. As two studies did not identify equivalence (Swartz et al. 

2007; Juniper et al. 2009) and 10 studies had ambiguous findings (Carlbring et al. 2007; 

Juniper et al. 2007; Saunders et al. 2007; Ring et al. 2008; Naus et al. 2009; Wu et al. 2009; 

Frennered et al. 2010; Clayer and Davis 2011; Oliveira et al. 2011; Silveira et al. 2011), 

validation of electronic versions should still be carried out, even though this review indicated 

that electronic versions are usually judged to be equivalent to the original version. 

Interactive voice response (IVR) formats were excluded in both reviews as auditory 

transference of ePROs from a written format presents lower probabilities of equivalence.  

 

Intra-class Correlation Coefficient ICC) was identified as the most commonly used correlation 

technique in both reviews, with a majority of the studies demonstrating equivalence. Similar to 

the findings by Gwaltney et al. (2008), this review highlights that details of how items were 

altered to be presented in an electronic format were not elucidated within the individual 

studies. Therefore, where formats of instruments are drastically changed it may not be 

appropriate to assess equivalence. Further studies which employ cognitive interviews may be 

useful to determine whether such changes influence the way in which instruments are 

completed by the target population. This review also identified several studies that employed 

ótabletsô and ótouch screenô devices, which were not mentioned in the review by Gwaltney et 

al. (2008). The use of tablets and touch screen formats has seen a rise mostly in the last few 

years, accounting for this disparity. However, whether this innovation in delivery format of 

PRO instruments provides an additional advantage to that of standard electronic data entry 

methods needs to be further examined. Both reviews, however, suggest that most studies 
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demonstrate equivalence between electronic and paper-based versions of patient reported 

outcomes. 

 

Electronic PRO instruments have an expanding role in the provision of patient-centred care, 

both in clinical practice and by providing a way to gather information from patients during 

clinical trials. The advantages of computerising paper-based PRO instruments are extensive: 

such instrument formats have benefits to patients, including convenience, and benefits to 

clinicians and researchers, as they can save time, manpower and other resources. They can 

also remove sources of error created when data from paper-and-pencil formats is manually 

transferred to computer databases (this has been partially remedied in recent years with the 

advent of electronic scanners). As the public become more experienced in the use of e-

technology, electronic PRO instruments gain greater acceptability, and are commonly 

preferred by patients over paper-based versions of the same instrument. There are now PRO 

instruments originally developed in electronic formats (Wright et al. 2005), thereby not 

requiring equivalence testing. 

 

There may be disadvantages to computerising PRO instruments, though it appears that fears 

of computer aversion may be overestimated. The transfer of a PRO instrument to an 

electronic format may require new psychometric assessment, in order to prove that 

measurement properties such as reliability and validity are equal or improved from those of 

the original version. The degree of assessment required depends on the amount of change 

that is made to the instrument, but major change may require full psychometric evaluation. 

However, the evidence suggests that where changes appear to have been relatively minor or 

moderate, equivalency in psychometric values is retained. Gwaltney et al. (2008) and this 

review provide evidence that paper-based and electronic versions of the same measure are 

comparable and that therefore computerising paper-based PRO instruments is a successful 

and worthwhile step. 

 

3.3 Validation of the electronic DLQI 
 

Patient reported outcome questionnaires (PROs) are typically instruments completed by 

patients or sometimes by others (i.e. proxy or significant others) on their behalf (Marshall et 

al. 2006) and are traditionally paper-based. However, there is increasing interest in utilising 

technology within clinical medicine: innovations include computerised data entry (Bates et al. 

1998; Gill et al. 2001), communication initiatives (Guo et al. 2016) and virtual reality (Ershow 

et al. 2011). Dermatology has witnessed several technological initiatives, for example 
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handheld multi-modal imaging (Sancho Durá et al. 2018), potential applications of blockchain 

technology (Tung and Nambudiri 2018) and remote scribing using face-mounted technology 

in outpatient consultations (Odenheimer et al. 2018), with several other innovations using 

electronics and information technology (Shaw and de Berker 2007; DeLouise 2012; Hattori et 

al. 2014). The use of PROs in electronic format has also kept pace with such other digital 

technologies in medicine (Leidy and Vernon 2008; Muehlhausen et al. 2015). Electronic PRO 

instruments can be more convenient to patients, particularly where portable, and can provide 

real-time data recording and immediate scoring. Automated data entry makes them more 

convenient to clinicians, and improves accuracy by removing human error (Lee et al. 2007). 

Disadvantages, albeit increasingly less common, include patients being less comfortable or 

having difficulties with the use of electronic devices (Leidy and Vernon 2008) or lack of 

availability of Wi-Fi (wireless fidelity). However, these formats are usually not validated or 

compared to their original paper-based versions. This may have several connotations, as it is 

possible that the mode of delivery of questions may possibly influence the way in which they 

are answered.  If this were so, then the scores and interpretation of the scores might differ 

depending on mode of delivery, resulting in unreliability of the measurement method. This 

may result in data that are either invalid or incomparable between the two formats due to the 

lack of equivalence.  ñEquivalenceò of two methods of delivering instruments is defined as 

follows: if a single user were to complete the same instrument by the two methods, the 

responses and subsequent scores would be the same. The level of evidence required 

depends on the amount of modification made to the original (Coons et al. 2009). Coons et al. 

(2009) have also proposed guidelines detailing the level of evidence required to demonstrate 

equivalence, depending on the amount of modification to the original PRO. This will be 

covered in more depth in the methodology section.  

 

The DLQI (Finlay and Khan 1994) is the most commonly used dermatology-specific quality of 

life (QoL) measure in clinical trials (Both et al. 2007; Basra et al. 2008a; Le Cleach et al. 

2008). The DLQI is easy to use in clinical practice due to its brevity and simplicity (Bronsard 

et al. 2010) with an average completion time of two minutes (Loo et al. 2003). In the current 

era of widespread use of digital devices such as Tablets and smartphones, clinicians, 

researchers and patients often substitute non-validated electronic versions in place of the 

original paper version. However, there is an underlying concern whether such data are 

comparable to the two decades of data gathered via the validated paper DLQI (Finlay and 

Khan 1994; Basra et al. 2008a) potentially posing several challenges in data analysis and 

interpretation. The availability of a DLQI application that had been validated as equivalent to 

the original paper-based would alleviate such concerns and contribute to better management 

of patients with skin conditions by making available an easy tool for regular monitoring of 
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disease severity from the patientôs own perspective. Moreover, this tool could potentially be 

used by general practitioners to assist decisions over which patients need to be referred, as 

well as providing reassurance for users of electronic QoL measures across dermatology and 

other medical fields. 

 

3.3.1 Aims & objectives 
 

This study aimed at comparing the conventional paper-based and a novel application version 

of the DLQI, following ISPOR guidelines (Coons et al. 2009), concerning patient acceptability 

and preference and in terms of consistency of scores. The presence of a carryover effect 

depending on which format patients completed first (paper versus iPad) was also assessed. 

 

Therefore, the primary objective of this study was: 

¶ To compare the conventional paper-based and the novel application versions of the 

DLQI in terms of patient acceptability and preference and in terms of consistency of 

their scores, respectively. 

 

Secondary objectives: 

¶ To assess the correlation between the DLQI scores assessed by the two different 

methods: standard paper-based DLQI and the DLQI application  

¶ To assess the internal consistency and reliability of the DLQI application 

¶ To assess the feasibility of the DLQI application in the dermatology outpatient clinic  

¶ To compare the response burden between the two formats in terms of time spent on 

completion 

¶ To compare patientsô preferences for the use of the DLQI application versus 

conventional versions of these tools in terms of ease of use, comfort of use and 

perceived time to completion. 

 

3.3.2 Methodology 
 

3.3.2.1 Study participants 

 

The study employed a randomised cross-over design using a within-subjects comparison of 

the two formats of the questionnaire. The study was conducted at the Dermatology outpatient 

department, University Hospital of Wales, Cardiff, UK. 
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3.3.2.2 Inclusion / exclusion criteria  

 

The inclusion criteria were thus: 

¶ Aged 18 years and older 

¶ Confirmed diagnosis of any skin condition 

¶ Able to read, write and understand English 

 

 

The exclusion criteria were thus: 

¶ Aged under 18 years 

¶ Having a co-existing non-dermatological medical condition of considerable severity, 

as determined by the investigator 

¶ Having a co-existing dermatological condition of considerable severity, as determined 

by the investigator 

¶ Not able to read and/or understand written English 

¶ Physical disability which would prevent writing or use of an iPad. 

 

3.3.2.3 Ethical considerations 
 

The study protocol underwent one major amendment (see below). The original protocol 

(Version 7, dated 21.5.14, Appendix XIII) and a major amendment (Version 8, dated 

22.10.14, Appendix XIV) were approved by a local Ethics Committee (Ref: 14/SW/0085, 

National Research Ethics Service (NRES) Committee, South West-Central Bristol, UK, 

Appendices XV & XVI). The local Cardiff and Vale University Health Board Research & 

Development Department also approved the study. Written informed consent (Appendix XVII) 

was completed by each study participant prior to entering the study.   

 

3.3.2.4 Recruitment 
 

The initial protocol (Appendix XV) was approved to approach patients on the waiting list 

several weeks prior to their outpatient appointments. All patients were sent invitation letters 

with prepaid envelopes should they wish to participate (Appendix XIX). This involved a short 

inclusion criteria checklist and a reply slip to be returned prior to their next appointment. Once 
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the investigator received the replies, patients would be consented on the day of their 

appointment and enrolled in to the study if appropriate. 

 

However, this process presented significant administrative difficulties in the initial stages as 

very few replies were being received. A total of 396 patients were approached via mail prior 

to the appointment of which only 53 accepted to participate. Given the high non-participation 

rate, an alternative approach to recruitment was drafted and this was submitted to the Ethics 

Committee as a major amendment and was subsequently approved (Appendix XVI). The new 

protocol allowed investigators to approach patients as they attended their scheduled 

dermatology outpatient appointments. Thus, according to the new protocol, the following 

method of recruitment was employed: 

óPatients will be given the information sheet (Version 5, dated 22.10.14, Appendix 

XX): they will be given the option to take the information sheet home and will be given a reply 

slip with a prepaid envelope should they wish to have more time to think about it. They may 

then decide in their own time if they would like to participate at their next appointment and 

can return the reply slip. 

However, patients will also be given the opportunity, should they wish, to participate 

immediately after they have had their appointment. Most patients arrive up to half an hour 

prior to their appointment which should provide ample opportunity to consider participation, 

eligibility and to present any questions to the researchers.  

Should the patient agree to participate on the same day and if they are assessed to be 

eligible, the study will be conducted immediately after their appointment and will not take 

longer than an hour. This will include study briefing, consenting and administering the 

questionnaires. The study will not have an impact on the patient's clinic appointment itself.ô 

This alteration in protocol significantly improved recruitment rates: a further 101 patients were 

approached with 56 participants agreeing to take part. 

 

3.3.2.5 Study procedure 

 

Eligible patients were asked to complete the DLQI (both paper and electronic versions). The 

order of completing of the questionnaires (paper version first versus an iPad® version first) 

was randomised using a random number generator. After 30 minutes patients were asked to 

complete the other format (Figure 3.6). Thirty minutes interval was used to minimise the 

carryover effect and bias. However, a shorter duration also helps reduce patient waiting time 

and burden, as following up patients to complete the study at a later date would result in a 

higher cost and increase the chances of change in disease severity (Coons et al. 2009). The 
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research team ensured that patients read a magazine, talked to staff or used their phones to 

browse in-between testing, as forms of distraction to reduce potential bias from carryover 

effect. 

 
 
Figure 3.6 Flow diagram of the study procedure  

 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 

 

 

 

 

 

 

 

Training to operate the electronic application was given in person to every subject by a 

member of the research team, who remained with the patient throughout the duration of 

completion in case the subject needed assistance. The electronic application also has basic 

instructions on the home screen and all patients were given time to read this prior to 

completion. Prior to completing either format of the DLQI, patients also completed a short 

demographic questionnaire on age, gender, literacy levels, visual and tactile impairments, 

diagnosis, and previous use of tablet computers or the DLQI. Completion of both versions 

were conducted in a similar environment, both completions for the same subject were either 

before or after their visit with the doctor, in order to reduce the effect of the doctorôs 

consultation upon patient reported QoL. The time taken by participants to complete the DLQI 

using the paper version and the application was recorded. Patients were asked to also 

complete a short questionnaire asking about their perception, attitude and experience with 

Withdrawn (n = 5) 

Patients approached in 
Dermatology OPD (n = 497) 

Patients recruited for study        
(n = 109) 

Ineligible or declined  
(n= 388) 

Completion of Paper 
DLQI second (n = 47) 

 

Randomised to complete 
Paper DLQI first (n = 57) 

Completion of iPad DLQI 
second (n = 57) 

Randomised to complete 
iPad DLQI first (n = 47) 

 

30-minute washout period 
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the paper-based and electronic methods, concerning ease or difficulty of administration, 

acceptability, time requirement, feasibility and being comfortable with disclosing personal 

information using the novel application-based method.  

 

3.3.2.6 Sample size 

 

Sample size was calculated in accordance with ISPOR guidelines (Coons et al. 2009). The 

study power was set at 95%, with an expected intra-class correlation coefficient (ICC) of 0.9 

(Ŭ = 0.05), resulting in a target sample size of 104 patients. 

 

3.3.2.7 Data analysis 

 

Data analysis was conducted using Statistical Package for the Social Sciences (SPSS) 

version 20®. The concordance of DLQI scores between paper-based and the application-

based data was analysed using a two way fixed effects ICC model, which is the most 

commonly utilised statistical measure in equivalence studies of this nature (Gwaltney et al. 

2008). Wilcoxon signed rank test was used to compare DLQI scores and completion times 

between the two formats; both variables were found to be non-normally distributed using the 

Shapiro-Wilk test. A more stringent score difference of 1 point (3%) between the two versions 

was considered equivalent, though a majority of studies target a maximum of 5% difference 

(Coons et al. 2009). Sub-analysis was conducted to identify any carryover effect depending 

on which format of the DLQI patients completed first.  

 

Bland-Altman plots were drawn to measure the limits of agreement between the two formats. 

Equivalence was considered with limits of agreement <= 4, which is the minimal clinically 

important difference (MCID) for the DLQI (Basra et al. 2015a). 

 

Descriptive analysis was used to present demographic data of the patients and their feedback 

on the preference and experience of using the tools. Linear regression techniques were used 

to identify correlation of iPad completion times with age. 
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3.3.3 Results 

3.3.3.1 Socio-demographic characteristics of the study participants 

 

A total of 104 patients were recruited, mean age 52 years (SD ± 18.7, 43% male): 

demographic details are given in Table 3.3. The most common diagnoses were psoriasis 

(39%), óskin lesionô (19%) and eczema (13%). The majority of patients (61%) had their 

highest level of education at school. Seventeen percent of patients had never used a Tablet 

before and 46% stated that they were ña littleò or ñnotò comfortable with a Tablet (Table 3.3) 

prior to participating in this study.  

 

Table 3.3 Demographic characteristic of the study participants (DLQI study) 

 
 All (n=104) Paper First (n=57) iPad First (n=47) 

Age  Mean ± sd 

Median ± IQR 
Range                                    
(n=96) 

51.5 ± 18.7 

53.5 ± 31 
20 - 89 

Mean ± sd 

Median ± IQR 
Range                                 
(n=53) 

51.5 ± 19.3 

54 ± 35 
20 - 89 

Mean ± sd 

Median ± IQR 
Range                                          
(n=43) 

51.4 ± 18.2 

50 ± 29 
20 - 85  

Sex Male 

Female 

43.3% (45) 

56.7% (59) 

Male 

Female 

50.9% (29) 

49.1% (28) 

Male 

Female 

34.0% (16) 

66.0% (31)  

Nationality British 
Other 

91.3% (95) 
8.7% (9) 

British 
Other 

91.2% (52) 
8.8% (5) 

British 
Other 

91.5% (43) 
8.5% (4) 

First 
Language 

English 
Welsh 

Other 

90.4% (94) 
1.9% (2) 

7.7% (8) 

English 
Welsh 

Other 

87.7% (50) 
3.5% (2) 

8.8% (5) 

English 
Welsh 

Other 

93.6% (44) 
- 

6.4% (3) 

Education Secondary School 
University 

60.6% (63) 
37.6% (41) 

Secondary School 
University 

57.9% (33) 
42.1% (24) 

Secondary School 
University 

63.8% (30) 
36.2% (17) 

Visual 
Impairment 

None 
Glasses 

Other condition 
Unspecif ied 
Missing data 

59.6% (62)                
29.8% (31) 

5.8% (6)                   
1.9% (2) 
2.9% (3) 

None 
Glasses 

Other condition 
Unspecif ied 
Missing data 

64.9% (37) 
24.6% (14) 

5.3% (3) 
3.5% (2) 
1.8% (1) 

None 
Glasses 

Other condition 
Unspecif ied 
Missing data 

53.2% (25) 
36.2% (17) 

6.4% (3) 
- 
4.3% (2) 

Tactile 

Impairment 

Yes 

No 

9.6% (10)                                 

90.4% (94) 

Yes 

No 

8.8% (5) 

91.2% (52) 

Yes 

No 

10.6% (5) 

89.4% (42) 

Diagnosis Skin Lesion 
Psoriasis 
Eczema/Dermatitis 

Alopecia 
Vitiligo 
Infection 

Acne/Folliculitis 
Cyst 
Non-skin cancer 

Allergy 
Hidradenitis 
Autoimmune/inf lam

matory condition 
Unknown diagnosis 
Missing data 

19.2% (20) 
38.5% (40) 
13.5% (14) 

1.0% (1) 
1.9% (2) 
3.8% (4) 

6.7% (7) 
2.9% (3) 
1.9% (2) 

1.0% (1) 
1.9% (2) 
1.9% (2) 

é 
2.9% (3) 
2.9% (3) 

Skin Lesion 
Psoriasis 
Eczema/Dermatitis 

Alopecia 
Vitiligo 
Infection 

Acne/Folliculitis 
Cyst 
Non-skin cancer 

Allergy 
Hidradenitis 
Autoimmune/inf lam

matory condition 
Unknown diagnosis 
Missing data 

 
22.8% (13) 
33.3% (19) 

14.0% (8) 
- 
1.8% (1) 

3.5% (2) 
5.3% (3) 
3.5% (2) 

1.8% (1) 
1.8% (1) 
3.5% (2) 

1.8% (1) 
é 
5.3% (3) 

1.8% (1) 

Skin Lesion 
Psoriasis 
Eczema/Dermatitis 

Alopecia 
Vitiligo 
Infection 

Acne/Folliculitis 
Cyst 
Non-skin cancer 

Allergy 
Hidradenitis 
Autoimmune/inf lamm

atory condition 
Unknown diagnosis 
Missing data 

14.9% (7) 
44.7% (21) 
12.8% (6) 

2.1% (1) 
2.1% (1) 
4.3% (2) 

8.5% (4) 
2.1% (1) 
2.1% (1) 

- 
- 
2.1% (1) 

é 
- 
- 

Tablet Use Daily 
Less Often 

49.0% (51) 
32.7% (34) 

Daily 
Less Often 

40.4% (23) 
43.9% (25) 

Daily 
Less Often 

59.6% (28) 
19.1% (9) 
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Never 
Missing data                   

17.3% (18) 
1.0% (1) 

Never 
Missing data                   

14.0% (8) 
1.8% (1) 

Never 
Missing data 

21.3% (10) 
- 

Tablet 
Comfort 

Very Comfortable 
A Little Comfortable 

Not Comfortable      
Missing data                               

52.9% (55) 
 

30.8% (32)  
15.4% (16) 
1.0% (1) 

Very Comfortable 
A Little Comfortable 

Not Comfortable      
Missing data                               

54.4% (31) 
 

29.8% (17) 
14.0% (8) 
1.8% (1) 

Very Comfortable 
A Little Comfortable 

Not Comfortable      
Missing data 

51.1% (24) 
 

31.9% (15) 
 
17.0% (8) 

- 

Used DLQI 
before? 

Yes                            
No                      
Missing data                                       

9.6% (10) 
89.4% (93) 
1.0% (1) 

Yes                            
No                      
Missing data 

7.0% (4) 
93.0% (53) 
- 

Yes                            
No                      
Missing data                                       

12.8% (6) 
85.1% (40) 
2.1% (1) 

 

3.3.3.2 Comparisons of validity and reliability 

 

The ICC showed high concordance between the total DLQI scores from paper and iPad® 

versions (ICC = 0.98; 95% CI 0.97-0.99) (Table 3.4a).  

 

Table 3.4a Equivalence analysis of paper and electronic DLQI overall mean scores and 
mean completion time 
  
 
 

  Dif ference 
(P ï iP) 

Limits of  
agreementÿ 

 Paper iPad® ICC* 
(95% CI) 

mean ± SD lower  upper 

DLQI scores 

(n=104) 

 

Mean ± SD 7.5 ± 8.0 6.9 ± 7.6 0.98  
(0.97 ï 0.99) 

0.5 Ñ 1.8À 0.17  0.87 

Median ± IQR 5.0 ± 11.0 4.0 ± 10.0  0.0 ± 1.0   

DLQI times 
(mins:seconds) 

 

Mean ± SD 1:19 ± 0:03 1:32 ± 0:57 0.59  

(0.39 ï 0.72) 

-0:12 Ñ 0:5ÀÀ -0:22  -0:02 

Median ± IQR 1:13 ± 0:40 1:18 ± 0:36  -0:09 ± 0:38   

 
Footnote: 
 
P-iP = Paper - iPad® 
* Hypothesising coefficient of Ó 0.9  
À p value < 0.05 calculated by Wilcoxon Signed Rank test 
ÀÀ p value < 0.05 calculated by paired t-test 
ÿ Limit of agreement are 95% confidence interval around the difference of ± 1 
 
 
The median difference of scores was also within the hypothesised difference of ±1 point 

(p=0.006, Figure 3.7). The lower and higher limits of agreement were -3.1 and 4.1, 

respectively (Figure 3.8).  

 
 
 
 
 



 
105 

Figure 3.7 Box plot demonstrating the score distribution of both paper and iPad DLQI formats 
 

 
The bottom whisker represents the lowest value, and the upper whisker represents the 
highest value. The dot represents óone outlierô. The upper level of the box represents the 75th 
percentile and the lower level of the box represents the 25th percentile. The broad horizontal 
line in the middle of the box represents the median. 
 
 
Figure 3.8 Bland-Altman plot demonstrating Paper and iPad DLQI score agreement 
 

 
 

Patients took a slightly longer time to complete the DLQI on the iPad® than on paper. The 

median of the individual time differences was 9 seconds (IQR=-25-13 seconds, p=0.008). 

However, as shown in Table 3.4b, there was no carryover effect on scores (p=0.56) or 

completion times (p=0.76) regardless of which format of the DLQI was used first. Linear 

regression demonstrated that the time taken to complete the iPad version was weakly 



 
106 

correlated in a positive manner with age, with older patients taking slightly longer (R2=0.257, 

p=0.012). The estimated increase was 7.99 seconds for each 10-year increase in age. 

 
Table 3.4b Equivalence analysis of paper and electronic DLQI as per first modality used 

 
 All (n=104) Paper First (n=57) iPad® First (n=47) 

Paper Score:Mean ± sd 
Median ± IQR 

Range 

7.5 ± 8.0 
5 ± 11 

0 ï 30  

7.3 ± 7.9 
5 ± 12 

0 - 26 

7.6 ± 8.1 
6 ± 11 

0 ï 30 

iPad® Score: Mean ± sd 

Median ± IQR 
Range 

6.9 ± 7.6 

4 ± 10 
0 - 27 

6.4 ± 7.5 

4 ± 10 
0 - 26 

7.6 ± 7.8 

6 ± 11 
0 ï 30 

Paper Time: Mean ± sd 
Median ± IQR 
Range 

01:19 ± 00:03 
01:13 ± 00:40 
00:28 ï 04:15  

01:27 ± 00:36 
01:24 ± 00:33 
00:28 ï 04:15  

01:10 ± 00:30 
01:03 ± 00:39 
00:30 ï 02:49 

iPad® Time: Mean ± sd 
Median ± IQR 

Range 

01:32 ± 00:57 
01:18 ± 00:36 

00:35 ï 08:24 

01:26 ± 01:07 
01:13 ± 00:29 

00:35 ï 08:24 

01:39 ± 00:43 
01:25 ± 00:44 

00:49 ï 02:49 

Score difference:Mean ± sd 

Median ± IQR 
Range 
Confidence Intervals 

p value 
Carryover effect 

0.5 ± 1.8 

0 ± 1 
(-3) ï 11 
0.17 ï 0.87 

0.006À 

1.0 ± 2.0 

0 ± 2 
(-2) -11 
0.43 -1.47 

 

0.0 ± 1.4 

0 ± 0   
(-3) ï 5 
(-0.42) ï 0.42 

 
0.56À 

Time difference: Mean ± sd 
Median ± IQR 

Range 
Confidence Intervals 
p value 

Carryover effect 

(-00:12) ± 00:50 
(-00:09) ± 00:38 

(-06:45) ï 00:58 
(-00:22) ï (-00:02) 
0.008À 

00:00 ± 01:01 
00:09 ± 00:32 

(-06:45) ï 00:58 
(-00:16) ï 00:16 
 

(-00:28) ± 00:26 
(-00:26) ± 00:35 

(-01:53) ï 00:16 
(-00:36) ï (-00:20) 
 

0.76À 

 
À p-value calculated by Wilcoxon Signed Rank test (matched pairs) 

 

3.3.3.3 Comparisons of applicability and practicality 
 

Patients were asked: óOn a scale of 1 to 10, where 1 is very uncomfortable and 10 is very 

comfortable, how comfortable were you using the iPad application version of the DLQI?ô. In 

addition, patients were also asked: óOn a scale of 1 to 10, where 1 is very difficult and 10 is 

very easy, how easy did you find it to use the iPad application version of the DLQI?ô. Both 

questions were also asked about the paper version of the DLQI. Patients found both paper 

and iPad® versions were easy (mean 9.4 ± 1.3 for paper and 9.6 ± 1.3 for iPad®) and 

comfortable to use (mean 9.4 ± 1.1 for paper and 9.6 ± 1.4 for iPad®) (Table 3.5). Overall, 

57% of patients reported perceived time to complete the iPad® version as shorter than that of 

the paper version. The format of the questionnaire used first has an effect on the perceived 

time of iPad® completion; more patients perceived shorter time with iPad® when paper was 

used first than when iPad® used first (70% vs. 43%; p=0.023). The feedback results in other 
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areas were the same whether paper or iPad® was completed first. The majority of patients 

(76%) preferred iPad® over the paper version. The patientsô demographics or previous 

experience with Tablets did not have any effect on the choice of preference and completion 

of the questionnaire. 

 

Table 3.5 Comparisons of applicability and practicality of paper and electronic versions of the 

DLQI 

 
 All (n=104) Paper First (n=57) iPad® First (n=47) 

 Paper iPad® Paper iPad® Paper iPad® 

Ease of 
use: Mean 
± SD 

9.4 ± 1.3 9.6 ± 1.3 9.6 ± 0.8 9.8 ± 0.7 9.1 ± 1.6 9.4 ± 1.8 

Median ± 

IQR 

10 ± 1 10 ± 0 10 ± 0 10 ± 0 10 ± 1 10 ± 1 

Comfort: 
Mean ± SD 

9.4 ± 1.1 9.6 ± 1.4 9.5 ± 0.9 9.8 ± 0.4 9.3 ± 1.4 9.4 ± 2.0 

Median ± 
IQR 

10 ± 1 10 ± 0 10 ± 1 10 ± 0 10 ± 1 10 ± 0 

Perceived 

time to 
complete 
iPad® 

 Shorter 
than paper                
The same 

as paper               
Longer than 
paper              

Missing 
data                                                  

  

 
 
 

57.7% (60) 
 
35.6% (37) 

 
5.8%   (6) 
 

1.0%   (1) 

 

 
 
 

70.2% (40) 
 
26.3% (15) 

 
3.5% (2) 
 

- 

 

 
 
 

42.6% (20) 
 
46.8% (22) 

 
8.5% (4) 
 

2.1% (1) 

Preference  
Paper                   

iPad® 
No 
preference                                      

 
13.5% (14) 

76.0% (79) 
10.6% (11) 

 
15.8% (9) 

75.4% (43) 
8.8% (5) 

 
10.6% (5) 

76.6% (36) 
12.8% (6) 

 
Score: 10 = very easy or very comfortable, 1 = very difficult or very uncomfortable 

 

3.4 Validation of the electronic PASI 
 

Despite its many shortcomings, the PASI remains the standard method worldwide for 

psoriasis assessment (Fredriksson and Pettersson 1978; Ashcroft et al. 1999). As with the 

DLQI, the use of new electronic methods of recording PASI scores raises further concerns 

about whether the method of administration may affect sign recording and score calculation. 

This issue is of importance to all users of PASI applications in the clinic and in clinical studies. 
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The aim of this study was to determine whether it is appropriate to continue to assume that 

scores remain equivalent, whatever the administration method.  

 

Though there is no ideal measure of assessing clinical severity, the PASI has become the 

most widely used tool and is often utilised for validating new psoriasis severity measures 

(Jensen et al. 2011).  There are several criticisms of PASI including debates around the 

categorical assignment and weight of each of its components (Weisman et al. 2003), as well 

as limited inter-rater agreement (Gourraud et al. 2012). Although traditionally the PASI is 

completed on paper (BAD 2019) and the total score is calculated manually, several studies 

(Kreft et al. 2006; Schmitt-Egenolf 2007) have implemented electronic versions. However, 

there is no obvious evidence that these formats are validated or have been compared to the 

original paper-based version, raising the prospect of incomparable data between the two 

formats due to a lack of equivalence. As detailed previously, Coons et al. (2009) have 

proposed guidelines detailing the level of evidence required to demonstrate equivalence for 

patient-reported outcomes (PRO), depending on the amount of modification to the original 

PRO. This methodology may be applicable to clinical severity measures. 

 

There is widespread use of hand-held and portable devices such as smartphones and 

Tablets amongst clinicians, researchers and patients. Thus, there is potential to streamline 

the doctor-patient consultation enabling healthcare systems to become more efficient (Batista 

and Gaglani 2013). Nevertheless, as with ePROs, these devices are often used for clinical 

severity assessment without formal validity testing raising concerns of appropriateness of 

use. The availability of a validated PASI application would alleviate such concerns and 

contribute to better management of patients with psoriasis by having an easy tool for regular 

monitoring of disease severity by utilising an illustrated step-by-step application for scoring by 

both patients and clinicians alike. Moreover, this tool could potentially reduce inter-rater 

variability due to the visual nature of electronic scoring, and reduce error by automatic final 

score calculation, as well as encouraging the conversion of other clinical measures across 

dermatology and other medical fields. In the research setting, the availability of an application 

would facilitate more efficient data collection. 

 

3.4.1 Aims & objectives 
 

This study aimed at comparing the conventional paper-based and a novel application version 

of the PASI, following ISPOR guidelines (Coons et al. 2009), concerning rater preference and 
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in terms of consistency of scores. An assessment was also conducted of carryover effect 

depending on which format raters completed first (paper versus iPad). 

 

3.4.2 Methodology 
 

The study also employed a randomised cross-over design using a within-subjects comparison 

of the two formats of the PASI. The study was conducted at the Dermatology outpatient 

department, University Hospital of Wales, Cardiff , UK. 

 

3.4.2.1 Ethical considerations 
 

The ethics committee that approved the study protocol (Appendices XIII & XIV) was the 

National Research Ethics Service (NRES) Committee, South West-Central Bristol, UK (Ref: 

14/SW/0085, Appendices XV & XVI), and the Cardiff and Vale University Health Board 

Research & Development Department also approved the study. Written informed consent 

(Appendix XVII) was completed by each patient prior to entering the study.   

 

3.4.2.2 Study participants 

 

3.4.2.2.1 Inclusion / exclusion criteria 

 

Inclusion criteria were:  

¶ Patients aged 18 years or older 

¶ Clinical diagnosis of chronic plaque psoriasis  

¶ The ability to read and understand English 

 

The exclusion criteria included: 

¶ Aged under 18 years 

¶ Having a co-existing non-dermatological medical condition of considerable severity, 

as determined by the investigator 

¶ Having a co-existing dermatological condition of considerable severity, as determined 

by the investigator 

¶ Not able to read and/or understand written English 

¶ Physical disabilities which would prevent writing or use of an iPad 
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3.4.2.2.2 Raters 
 

Not all raters had experience in using the PASI measure. Therefore, they received 

standardised clinical training for using the PASI assessment template prior to enrolment of 

patients with psoriasis to ensure uniformity of assessment. Formal inter-rater testing was also 

conducted. 

 

3.4.2.3 The Psoriasis Area Severity Index iPad® App 
 

The PASI was developed into an electronic application on the iPad® by Janssen EMEA®. 

Only this particular iOS (Appleôs Operating System) version was tested for the purpose of 

studying equivalence. The individual items and their response categories/scale were 

unchanged, allowing the raters to select options using touch. The application (Psoriasis 

360©) is available without charge and may be downloaded from the Apple App Store: 

https://appsto.re/gb/-JIFw.i. It is also available on the Google (Android) App Store: 

https://play.google.com/store/apps/details?id=com.sapnagroup.p360&hl=en_GB. The 

screenshots of the electronic App are displayed in Figure 3.2, the paper version may be seen 

in Figure 3.9. 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://appsto.re/gb/-JIFw.i
https://play.google.com/store/apps/details?id=com.sapnagroup.p360&hl=en_GB
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Figure 3.9 The PASI assessment template (BAD 2019) 

 

3.4.2.4 Study procedure 

 

Eligible patients were recruited into the study whereby individual raters completed the PASI 

(both paper and electronic versions). The order of completion of the PASI (paper version first 

versus an iPad® version first) was randomised using a random number generator. There was 

a 30-minute interval between completing the two formats (Figure 3.10). 

 
 
 
 
 

                 

 

 

 

 

 

PSORIASIS AREA AND SEVERITY INDEX (PASI) WORKSHEET  

 

HOSPITAL NO.:   . 

PATIENT NAME:  . 

DATE OF VISIT:   . 

 

The Psor iasis Area and  Severi ty Inde x (PASI) is a quant itative rating score for measur ing  the 

severi ty of psoriatic lesions  based on area coverage and plaque appearance. 

 

Plaque characteristic Lesion score Head Upper Limbs Trunk Lower Limbs 

Erythema 0 = None 

1 = Slight 

2 = Moderate 

3 = Severe 

4 = Very severe 

    

Induration/Thickness     

Scaling     

Add together each of the 3 scores for each body region to give 4 separate sums (A). 

Lesion Score Sum (A)     

 

Percentage area 

affected 
Area score Head Upper Limbs Trunk Lower Limbs 

Area Score (B) 

Degree of involvement as a 

percentage for each body 

region affected (score each 

region with score between 

0-6) 

0 = 0% 

1 = 1% - 9% 

2 = 10% - 29% 

3 = 30% - 49% 

4 = 50% - 69% 

5 = 70% - 89% 

6 = 90% - 100% 

    

Multiply Lesion Score Sum (A) by Area Score (B), for each body region, to give 4 individual subtotals (C). 

Subt otals (C)     

Multiply each of the Subtotals (C) by amount of body surface area represented by that region, i.e. x 0.1 for head, x 

0.2 for upper body, x 0.3 for trunk, and x 0.4 for lower limbs. 

Body Surface Area x 0.1 x 0.2 x 0.3 x 0.4 

Totals (D)     

Add together each of the scores for each body region to give the final PASI Score. 

 

PASI Score =  
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Figure 3.10 Flow diagram of the study procedure  

 
 

 
 
 

 
 

 
 
 

 

 

 

  

 

 

 

As with the DLQI, a thirty-minute interval was introduced in order to minimise patient burden 

and waiting time: asking patients to complete the study at a later date would have affected 

the validity of the results because of the fluctuating nature of psoriasis severity, as well as 

increasing the total study cost (Coons et al. 2009). Furthermore, several patients completed 

both the DLQI and PASI study at the same time (n=10) making similar interval times more 

convenient. The research team ensured that the raters completed other clinical tasks or 

administrative work in-between testing as forms of distraction in order to reduce training effect 

and hence minimising bias. 

 

Raters had varying experience with the PASI and consisted of a medical student, a post-

graduate doctor with a masterôs degree in dermatology and a senior research fellow in 

dermatology. In order to minimise differences between raters, training to operate the 

electronic application was given in person to each rater by a member of the research team 

who was available on site in case the raters needed assistance. The electronic application 

also has basic instructions on the home screen and all three raters were given time to 

practice its use prior to starting patient assessment. Initially five patients were chosen, using 

purposive sampling, to ensure that there were no significant differences (i.e. inter-rater bias) 

in how raters completed the PASI. Each rater assessed the same patient with both paper and 

electronic versions and then the PASI components were compared. This pilot was carried out 

at the outset to ensure there were no major discrepancies (bias) between how raters scored 

the PASI.  

 

Withdrawn (n = 1) 

Patients recruited for study        
(n = 44) 

Completion of Paper 
PASI second (n = 22) 

 

Randomised to be 
assessed using Paper 

PASI first (n = 21) 

Completion of iPad PASI 
second (n = 21) 

Randomised to be 
assessed using iPad PASI 

first  (n = 23) 
 

30-minute washout period 
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The patients completed a short demographic questionnaire on age, gender and diagnosis. 

Completion of both PASI formats were conducted in a similar environment, both completions 

for the same subject were either before or after any treatment application, in order to reduce 

the effect of intervention on disease severity. The time taken by the raters to complete the 

PASI using the paper version and the application was recorded by the raters themselves. The 

time taken for calculating the scores on the paper version was not recorded, though the 

electronic application provides this automatically. The raters were interviewed regarding their 

experience of using the electronic application compared to the paper-based version.  

 

3.4.2.5 Sample size 

 

Sample size was calculated in accordance to ISPOR guidelines (Coons et al. 2009). The 

study power was set at 80%, with an expected intra-class correlation coefficient (ICC) of 0.9 

(Ŭ = 0.05), resulting in a target sample size of 44 patients. 

 

3.4.2.6 Data analysis 
 

Data analysis was conducted using SPSS version 20®. The concordance of PASI scores 

between paper-based and the application-based data were analysed using a two-way fixed 

effects ICC model (Gwaltney et al. 2008), as per the electronic DLQI study. Wilcoxon signed 

rank test was used to compare PASI scores and completion times between the two formats. 

A more stringent score difference of 1.5 points (2%) between the two versions was 

considered equivalent, though a majority of studies target a maximum of 5% difference 

(Gwaltney et al. 2008). Bland-Altman plots were drawn to measure the limits of agreement 

between the two formats. Equivalence was considered with limits of agreement <=3.2, which 

is the minimal clinically important difference (MCID) for the PASI (Mattei et al. 2014). 

Sub-analysis was conducted to identify any carryover effect depending on which format of the 

PASI raters completed first. Descriptive analysis was used to present demographic data of 

the patients.  
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3.4.3 Results 
 

3.4.3.1 Performance of raters 

 

All three raters had high correlation in test scores (Pearson correlation 0.95, p<0.05, n=5 

(number of patients)) ensuring that the assessment criteria were standardised. 

3.4.3.2 Socio-demographic characteristics of the study participants 
 

Forty-four patients were recruited, mean age 45 years (SD ± 16, 59.1% male) (Table 3.6). 

The mean duration of chronic plaque psoriasis diagnosis was 19.2 years (SD ± 14.8, IQR 8-

30), with PASI severity ranging from 0.7 to 28.5. Most patients did not have other medical 

conditions, though a minority suffered from diseases such as diabetes (2%) and hypertension 

(2%).  

 

Table 3.6 Demographic characteristics of the study participants (PASI study) 

 
 All (n=44) Paper First (n=21) iPad First (n=23) 

Age  Mean ± sd 
Median (IQR) 
Range                                   

45.4 ± 16 
41 (31.5-57.5) 
20 - 78 

Mean ± sd 
Median (IQR) 
Range                                 

47.1 ± 17.4 
41 (30-61) 
23 - 77 

Mean ± sd 
Median (IQR) 
Range                                          

44 ± 15 
43 (31.8-51.5) 
20 - 78  

Sex Male 

Female 

59.1% (26) 

40.9% (18) 

Male 

Female 

42.9% (9) 

57.1% (12 

Male 

Female 

73.9% (17) 

26.1% (6)  

Nationality British 
Other 

95.5% (42) 
4.5% (2) 

British 
Other 

95.2% (20) 
4.8% (1) 

British 
Other 

95.7% (22) 
4.3% (1) 

Duration of 
Psoriasis 

(years) 

Mean ± sd 
Median (IQR) 

Range 

19.2 ± 14.8 
15 (8-30) 

0-7 

Mean ± sd 
Median (IQR) 

Range                                   

21.4 ± 17.4 
18 (8-32.5) 

0 - 70 

Mean ± sd 
Median (IQR) 

Range                                   

17.1 ± 11.7 
13 (8.75-30) 

1 - 40 

Concomitant 
  Diagnoses 

None 
PTSD/Anxiety 
Coeliac disease 

Adenomyosis 
Psoriatic arthritis 
Hypertension 

Diabetes 
Contact allergy 
Bipolar disorder 

Eczema 
 

82% (36) 
2.3% (1) 
2.3% (1) 

2.3% (1) 
2.3% (1) 
2.3% (1) 

2.3% (1) 
2.3% (1) 
2.3% (1) 

2.3% (1) 
 

None 
PTSD/Anxiety 
Eczema 

 

90.5% (19) 
4.8% (1) 
4.8% (1) 

 

None 
Coeliac disease 
Adenomyosis 

Psoriatic arthritis 
Hypertension 
Diabetes 

Contact allergy 
Bipolar disorder 
 

 

73.9% (17) 
4.3% (1) 
4.3% (1) 

4.3% (1) 
4.3% (1) 
4.3% (1) 

4.3% (1) 
4.3% (1) 
 

 

3.4.3.3 Comparisons of validity and reliability 
 

The ICC showed high concordance between the total PASI scores from paper and iPad® 

versions (ICC = 0.993; 95% CI = 0.988-0.996) (Table 3.7a).  
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Table 3.7a Equivalence analysis of paper and electronic PASI: overall mean scores and 
mean completion time 
     
 Paper iPad® ICC* 

(95% CI) 
Difference 
(P ï iP) 

Limits of 
agreementÿ 

PASI scores 
(n=104) 

 lower upper 

Median (IQR)  5.7 (2.1-
10.7) 

5.8 (2.7-
9.3) 

0.993  
(0.988 ï 
0.996) 

0.0 (-0.3 ï 
0.4)À 

-1.4 1.4 

PASI times 
(mins:seconds) 

 

Median (IQR) 2:32 
(01:55-
03:07) 

2:27 
(01:54- 
03:00) 

0.444  
(0.148 ï 
0.665) 

-00:10 (-
00:31-00:40)À 

  

 
Footnote: 
 
P-iP = Paper - iPad® 
* Hypothesising coefficient of Ó 0.9 
À p value > 0.05 calculated by Wilcoxon Signed Rank test (matched pair) 
ÿ Limits of agreement calculated from Bland-Altman plots (Figure 3.12) 
 

The median difference in PASI scores was also within the hypothesised difference of ±1.5 

points (p=0.72, Figure 3.11). The lower and higher limits of agreement were -1.4 and +1.4, 

respectively (Figure 3.12). 
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Figure 3.11 Box plot demonstrating the score distribution of both paper and iPad PASI 
formats 

 

 
 
 
The bottom whisker represents the lowest value, and the upper whisker represents the 
highest value. The dots represent óoutliersô. The upper level of the box represents the 75th 
percentile and the lower level of the box represents the 25th percentile. The broad horizontal 
line in the middle of the box represents the median. 
 
 
Figure 3.12 Bland-Altman plot demonstrating Paper and iPad PASI score agreement 

 

 
 

The PASI iPad® version demonstrated reduced inter-rater variability compared to the paper 

version (Pearson correlation = 0.982 vs 0.949, number of patients assessed=5). As shown in 
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Table 3.7b, there was no carryover effect demonstrated with scores (p=0.82) or time to 

completion (p=0.16) regardless of which format of the PASI was used first.  

 

Table 3.7b Equivalence and carryover analysis of paper and electronic PASI 

 
 All  Paper First (n=21) iPad® First (n=23) 

Paper Score (n=43): 
Median (IQR) 
Range 

 
5.7 (2.1-10.7) 
0.7 ï 27 

 
6.8 (1.8-10.8) 
0.7 ï 17.6 

 
4.4 (2.5-8.9) 
1 ï 27 

iPad® Score (n=44):  
Median (IQR) 
Range 

 
5.8 (2.7-9.3) 
0.8 ï 28.5  

 
6.3 (2.2-9.9) 
0.8 ï 19.5 

 
5 (2.8-7.7) 
0.9 ï 28.5 

Paper Time (mins:seconds):  
Median (IQR) 
Range 

 
02:32 (01:55-03:07) 
00:51 ï 04:30  

 
03:01 (02:26-03:31) 
00:51 ï 04:30  

 
02:08 (01:37-02:36) 
01:22 ï 04:30 

iPad® Time (mins:seconds):  
Median (IQR) 
Range 

 
02:27 (01:54-03:00) 
00:41 ï 05:58 

 
02:15 (01:45-02:56) 
00:41 ï 05:58 

 
02:37 (02:08-03:05) 
01:27 ï 04:37 

Score difference: 
Median (IQR) 
Range 
p value 
Carryover effect 

 
0 (-0.3-0.4) 
(-1.9) ï 1.4 
0.72À 

 
0 (-0.3-0.7) 
(-1.9) -1.3 
 

 
0 (-0.6-0.4) 
(-1.5) ï 1.4 
 
0.82À 

Time difference (mins:seconds):  
Median (IQR) 
 
Min and max 
p value 
Carryover effect 

 
-00:10 (-00:31-00:40) 
(-02:41) ï 01:57 
0.81À 

 
00:38 (00:12-01:07) 
 
(-02:41) ï 01:57 
 

 
-00:24 (-00:57- 
-00:12) 
(-02:04) ï 00:14 
 
0.16À 

 
À p-value calculated by Wilcoxon Signed Rank test (matched pair) 
 

Scatterplots (Figure 3.13) demonstrated a strong correlation between iPad and paper scores 

(R2 = 0.986), though a weaker correlation between time taken for completion (R2 = 0.198). 
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Figure 3.13 Scatterplots demonstrating Paper and iPad PASI score and completion time 
correlations 
(a) 

 
(b) 

 
 

3.4.3.4 PASI completion time 

 

The raters took a median of 147 seconds (iPad®) versus 152 seconds (paper), not including 

calculation time (p=0.81, Table 3.7a). 

 

3.4.3.5 PASI applicability and practicality  

 

The raters documented their experience of utilising the iPad version of the PASI with respect 

to its applicability and practicality. They reported that the iPad version was easier to use 
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compared to the paper version due to the visual nature of the App allowing accurate 

assessment and calculation of severity scores. However, suggestions were made to improve 

the user interface, in particular the body area percentage which had to be selected on a scale 

as opposed to set categories. Concerns regarding infection control were also mentioned. 

Nevertheless, there was unanimous preference of the iPad version in a clinical context.  

 

3.5 Discussion 
 
Computer-based assessments (CBAs), measures of clinical severity and PROs have been 

increasingly used in preference over their paper and pencil versions. This trend is attributed 

to the inherent benefits of digital formats of administration including increased reliability of 

data, improved error rates and patient compliance (Hanscom et al. 2002; Gwaltney et al. 

2008), as well as being, on balance, more environmentally friendly (Faulds et al. 2016). 

Disadvantages of traditional paper-based completion include issues such as missing values 

and storage space and costs for large volumes of data. Research data were often manually 

transferred from paper to static computers or terminals which is not only time consuming, but 

has the capacity to introduce transcription errors (Saleh et al. 2002; Lee et al. 2007), thereby 

reducing the reliability of captured data. These issues can be avoided by the use of CBAs of 

QoL questionnaires. Researchers are now making a concerted effort to validate their 

measures electronically from the outset, or alongside their paper counterparts in order to 

benefit from better data analysis and reduced administrative costs (Deal et al. 2010; 

Bächinger et al. 2016). Nevertheless, CBAs have limitations (Bezjak et al. 2001; Carlson et 

al. 2001). There is often a learning curve associated with electronic applications alongside 

considerable investment of resources, with consistent internet connectivity often as a 

requirement (Tung and Nambudiri 2018). Data confidentiality and protection require much 

thought, as patient information needs regular back up, with a digital infrastructure in place to 

prevent cyber-attacks or exposure to computer viruses (Faulds et al. 2016).  

 

This discussion will aim to summarise and discuss the findings of each study pertaining to the 

DLQI and PASI and synthesise conclusions accordingly. 

 

3.5.1 DLQI 
 

Computer-based administrations of QoL measures such as in the form of electronic 

applications using touchscreen computers, including Tablets (e.g. iPad®), is one of the ways 

that more frequent assessments can be conducted with minimal burden on patients and 
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clinical staff, in addition to meeting the requirements outlined above. This method, that 

includes not only CBA, but also scoring and presentation of QoL results, eliminates the need 

for a test (interviewer) administrator, as usually needed for traditional paper and pencil 

formats, while providing immediate "real-time" feedback. Information from assessments can 

be displayed in graphic reports as visual aids that help guide discussions about treatment 

options and care planning. The availability of electronic versions of QoL instruments on 

various computer-based devices has the potential to reduce both the respondent burden and 

administrative time required to transfer the results of these patient-reported outcomes e.g. 

QoL scores to the clinicianôs desk enhancing the feasibility and logistics of integrating real-

time QoL assessment data for immediate use into routine clinical care to aid decision-making. 

A further benefit of electronic data capture is the ability to record time and date stamps, in 

contrast to paper capture whereby completion may occur at a different time to that recorded 

or intended; a feature particularly useful for diary data. The computer-based measurement of 

QoL was well accepted by patients who felt that this method was a useful tool to inform the 

clinician about their problems (Velikova et al. 2002). Data are more complete on the 

electronic questionnaires compared with paper questionnaires, data handling is greatly 

simplified and the majority of patients prefer electronic completion (Drummond et al. 1995). 

The availability of an electronic format of the DLQI could potentially streamline referral 

systems from primary care, allowing more appropriate allocation of appointments and 

resources. For example, the DLQI is integral to guidelines assessing the severity of psoriasis 

(Finlay 2005) and chronic hand eczema (Paulden et al. 2010) and referrals could potentially 

be triaged according to DLQI severity (Atwan et al. 2017). In the research setting the 

availability of an electronic application would facilitate more efficient data collection in 

multicentre clinical trials and for longitudinal assessments of disease severity. 

 

In response to the increasing interest, an electronic application of the DLQI has been 

developed to encourage its further uptake in the current modernised clinical and research 

settings in many countries. Although, computerised administration of QoL tools in other 

specialities has been shown to have numerous advantages over traditional paper-based tools 

(Hanscom et al. 2002), this method of QoL assessment to encapsulate an overall disease 

severity concept has not yet been widely used in dermatology.  

 

Level of education and literacy are important to consider when conducting PRO studies 

(Bushnell et al. 2003): this study is representative of the general population with the study 

subjectsô education ranging from secondary school (22.9%) to university level (37.6%). 

Previous experience with use of a Tablet device did not affect results, with 17.3% of patients 

having never used one before and 46.2% stating that they were óa little comfortableô or ónot 
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comfortableô with using a Tablet. Overall, 76% of patients preferred the iPad version to the 

paper version and found it easier to use and more comfortable. Furthermore, 93% of patients 

perceived that the iPad was quicker to complete or took at least the same time as the paper 

version, though the iPad completion was actually slower by a median of 9 seconds 

(p=<0.008). Similar findings have been reported in many studies comparing the electronic 

and paper PROs (Kleinman et al. 2001; Gwaltney et al. 2008; Campbell et al. 2015). 

However, patients were aware they were being timed when completing both versions of the 

DLQI, which could be a potential source of bias. Slower completion times could be attributed 

to the lack of familiarity of navigating on the iPad and occasional non-responsiveness of the 

touch screen. Investigators reported that various patients did not know how to ótouchô the 

screen appropriately and often searched for a ónextô button rather than scrolling down, despite 

instructions provided to the user on every occasion. This may be attributed to a simple design 

flaw in the application itself whereby navigation may be updated to become more intuitive. 

This study indicates that patients enjoy using the iPad more and the extra time spent had a 

negligible impact on patient experience. One concern exhibited by a few patients included 

potential cross-infection risk with shared iPads, though this may be less of an issue where 

personal electronic devices are used to monitor QoL changes over a period of time. 

 

There are some limitations to the study. For example, a 30 minutes washout period may be 

considered too short and result in a carryover, or ótrainingô, effect, though there was no 

statistical evidence of this (Table 3.4b). Theoretically, this only may have occurred when the 

iPad was administered first, as patients spent longer on average completing it, therefore 

possibly having more time to remember the questions and answers. This effect however was 

counteracted by the cross-over study design, and reading material was provided to patients 

as a ódistractionô. Nevertheless, there is no consensus on the ideal interval period between 

PRO administrations: interval times between administrations have ranged from one minute to 

seven years (sic) (Quadri et al. 2013). Other studies have also used 30 minutes as a washout 

period (Sun et al. 2015). In order to reduce patient time and travel burden, as well as to 

ensure that disease severity did not fluctuate in-between administrations, the shorter washout 

period of 30 minutes was used. Touch screen surfaces are also prone to accidental touches, 

which may result in recording unintentional item responses, contributing to final score 

differences. The electronic version of the DLQI utilised in this study does not allow completion 

until all items are answered, which may impact validity if patients are coerced into answering 

questions they may have otherwise skipped on a paper format. This could have ethical 

implications from not giving patients the choice of not responding to a question if they do not 

wish to do so. In the DLQI, this issue is partly addressed by having a ónot relevantô option in 

eight of the ten questions. The median score difference of ó0ô provides reassurance that there 
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are no clinically significant differences in completion and the strong correlation suggests that 

the two formats may be used interchangeably. Though the significant p-value of 0.006 for 

median total score difference is statistically significant, this is likely due to the large sample 

size (Doll and Carney 2005) as well as other biases such as unfamiliarity of the patients with 

the device/application. Furthermore, the MCID for the DLQI is four (Basra et al. 2015a) and 

therefore the difference in scores is negligible in a clinical context. The limits of agreement 

from the Bland-Altman plots (-3.4 to +4.1) are also similarly reassuring. 

Touchscreen devices offer many advantages including portability and real-time assessment 

of QoL status (Dale and Hagen 2007). Though this study did not involve full psychometric 

evaluation of the DLQI, there is evidence to suggest that where minimal modifications have 

been made, psychometric properties remain intact and need not be tested again (Gwaltney et 

al. 2008; Coons et al. 2009; Muehlhausen et al. 2015). Whilst cognitive debriefing is 

suggested for equivalence studies of electronic PROs where only minor modifications are 

made (Coons et al. 2009), this requirement was circumvented by using a higher threshold for 

testing equivalence (i.e. by comparing scores). It is hoped this will provide further 

reassurance for users who may have had concerns regarding the validity of scores from the 

use of the DLQI in the previously non-validated electronic formats that have been used for 

many years.  Formally testing such measures in this novel format provides confidence for end 

users who might otherwise have been reluctant to consider use of such formats because of 

concerns about validity or applicability. Thus, such studies may have wider and reassuring 

implications not just for the DLQI, but also for PROs within dermatology and across other 

medical specialties, encouraging the validation of electronic versions simultaneously with the 

paper format. Several challenges remain, including interface design decisions, data collection 

(Zbrozek et al. 2013) and adapting electronic PROs to target populations, particularly in 

patients with physical disabilities or other impairments (Hahn and Cella 2003). However, 

patients with hand arthritis or eczema for whom paper completion would not be possible may 

find touch screen or voice controlled completion easier. This study has demonstrated that 

when the DLQI is migrated to an electronic format, the scores are equivalent, despite an 

overall slower completion time, which should become negligible with increased use and 

improvements to the application interface. This study provides evidence of equivalence for 

this electronic application in particular (Psoriasis 360©), and future/other iterations of the 

electronic DLQI may not necessarily be equivalent. However, in most cases the changes to 

font size and layout are minor and thus repeated equivalence studies may be deemed 

unnecessary (Coons et al. 2009). 

 

The majority of patients preferred the electronic DLQI over the paper format, reflecting the 

findings of many similar studies (Velikova et al. 1999; Ryan et al. 2002; Bushnell et al. 2003). 
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This study demonstrates equivalence in the measurement properties of paper and electronic 

formats, providing confidence for the use of electronic format of the DLQI in both clinical and 

research settings, thereby paving the way for current practice to enter the digital era. This 

digital era in medicine will continue to be fuelled by a new generation of healthcare 

professionals who will have been trained in the context of accepting as normal the central role 

of electronic devices in healthcare. Patients and healthcare professionals are becoming more 

comfortable communicating and delivering their experience (non-medical expertise) and 

clinical expertise, respectively, within a digital environment.  In this context the electronic 

DLQI should be a valuable instrument in a professionalôs digital healthcare toolbox. 

 

3.5.2 PASI 
 

The same electronic application (Psoriasis 360©) was also utilised for the purpose of 

validating the electronic PASI using an iPad®. In most clinical settings, the PASI is completed 

using a printed paper version such as that downloadable from the British Association of 

Dermatologists (BAD) website (BAD 2019) (Figure 3.9). Though psoriasis photo guides are 

available from third party organisations, there are often no images accompanying the PASI 

form and therefore scoring of the domains is dependent on the level of training of individual 

assessors. The total score is awkward to calculate, using a two-step formula that introduces 

the possibility of user-dependent error. As a result, the PASI has been criticised due to its 

subjectivity and high inter-rater variability despite becoming a ógold standardô mostly due to 

the lack of a suitable alternative, its óvalidation by extensive useô and its acceptance by 

various national licensing authorities. The application used in this study not only includes the 

CBA alongside a visual representation of the domains (erythema, scaling, thickness and body 

surface area), but similarly to the DLQI version, also provides an instantaneous óreal-timeô 

total score upon completion with the sub-scale breakdown. The inclusion of a universal 

scoring guide utilised by every assessor contributed to a reduced inter-rater variability of the 

electronic PASI compared to the paper version (Pearson correlation 0.982 vs 0.949, 

respectively, no. of patients=5). 

 

The PASI and DLQI are often used in conjunction when assessing disease severity in 

psoriasis patients and are an integral part of the assessment criteria for biologic therapy 

(Finlay 2005) . This application will enable more frequent assessments allowing real-time 

measurement of disease and QoL severity in a clinical setting to aid decision-making. There 

is no requirement for manual date and time entry as these are automatically registered and 

are often accidentally omitted or incorrectly recorded when entered manually. Written 
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feedback from the raters in this study demonstrated a preference for electronic clinical 

severity assessment due to the visual nature of the application and simplified data handling. 

The availability of a fully validated PASI/DLQI application has the potential to streamline 

clinical sessions as well as triage psoriasis referrals from primary care, particularly when they 

are already requested electronically (Atwan et al. 2017). The application would further 

facilitate more efficient data collection in multicentre research trials and for longitudinal 

assessments of psoriasis severity. There is also the potential to increase participation in 

electronic/web-based psoriasis registries, such as the British Association of Dermatologistsô 

Biologic Interventions Register (BADBIR) (Burden et al. 2012).  

 

The iPad PASI version was completed in a median of 147 seconds versus 152 seconds for 

the paper version (p=0.81). These times do not include calculation time for the paper version, 

whereas the iPad® provides an instant score. The calculation timing was deliberately omitted 

in order to provide a more direct comparison of time to completion between both versions. In 

real-life scenarios, PASI scoring time is prolonged by individual arithmetic ability and human 

error, therefore the time to completion in reality is likely to be much longer for the paper 

version than identified in this study. Conversely, despite formal training, the lack of familiarity 

of the PASI application and occasional non-responsiveness of the touch screen may result in 

slower completion times. The raters suggested changes to the user interface which may 

improve score assignment: for example, the body surface area requires users to input a 

specific percentage along a visual analogue scale, whereas the paper PASI allows users to 

select between groups of percentages. Implementing this change on the electronic PASI 

would intuitively streamline the scoring process by providing to assessors seven categories to 

choose between as per the paper version (Figure 3.9). It is important to note that for both 

modalities, assessors timed themselves, introducing a potential source of bias. One concern 

mentioned by a few patients from the DLQI study, and re-iterated by raters here, was the 

potential of an infection risk with shared iPads between patients. Infection control may be a 

prudent consideration with repeated use in a clinical setting. 

 

As with the DLQI study, there are some shared limitations of this study. For example, a 30 

minutes washout period may again be considered too short and result in a carryover, or 

ótrainingô, effect, though there was no statistical evidence of this (Table 3.7b). Theoretically, 

raters may have recall bias given the short duration between assessments; this effect was 

counteracted by the cross-over study design, and the raters completed other clinical and 

administrative work including seeing other patients in-between scoring as a ódistractionô. As 

demonstrated already, previous studies have reported intervals ranging from one minute to 

seven years (sic) (Quadri et al. 2013), albeit for PRO measures (Sun et al. 2015). A shorter 
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duration was also used for the PASI study to ensure that the clinical severity of psoriasis was 

consistent between assessments and to reduce patient burden and travel costs (particularly if 

they enrolled for the DLQI study simultaneously, n=10). The PASI application contains more 

steps than the DLQI version, and in the absence of tactile feedback, accidental touches are 

more likely, resulting in unintentional score allocation. Only three raters were enrolled in the 

study to ensure uniformity in measuring the óeffectô of the PASI application on scores 

including one undergraduate student, one postgraduate student and a dermatologist trainee 

with ~6 yearsô experience. Though this reflects various levels of experience, the influence of 

this variation is difficult to quantify for the purpose of this study. In clinical practice the inter-

rater difference is likely to be wide given the varying backgrounds of assessors as well as the 

pre-existing issues with PASI score reliability (Gourraud et al. 2012). 

There was strong correlation between both PASI modalities with a median score difference of 

ó0ô (p=0.72) suggesting each format may be used interchangeably. Furthermore, the MCID for 

the PASI is 3.2 (Mattei et al. 2014) and therefore the difference in scores is likely to be 

negligible in a clinical context. The limits of agreement from the Bland-Altman plots (-1.4 to 

1.4) are within the hypothesised difference of ±1.5 points and add further credence to the 

validity of the electronic PASI. Unlike PROs, clinical assessment measures such as the PASI 

are often not subjected to full psychometric evaluation, although ideally this should be done. 

In a clinical context, variation of the sub-category scores are often irrelevant in assessing 

global severity, which is where the PASI is particularly useful. In certain cases, knowing the 

extent of scaling, for example, may help guide treatment ï though this would be evident from 

clinical examination alone. Electronic versions of the PASI have been used for many years, 

though without formal testing for validity. Conducting formal validity testing provides 

reassurance for end users and clinicians who have perhaps been hesitant to utilise formats 

that have not been adequately validated. 

 

It is hoped that studies such as this provide wider reassurance for dermatologists and for the 

wider medical community by providing confidence from the validation of clinical assessment 

tools, such as the PASI, in electronic formats. There are of course several hurdles to 

overcome, including training needs, resource allocation, data protection (Zbrozek et al. 2013) 

and user interface design challenges. This study has shown the electronic PASI to be 

equivalent to the paper version, with reduced inter-rater variability and a quicker time to final 

score completion. The user experience will only improve with further formal testing and user 

feedback to developers on ways to enhance its usability. It is important to note that this study 

provides evidence of equivalence limited to this application in particular (Psoriasis 360©). 

Other versions of the electronic PASI may not necessarily be equivalent and may require 

further testing, though as with the DLQI, repeated validation studies are not always indicated 
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(Coons et al. 2009). Although, the PASI is a familiar tool to dermatologists for assessing 

psoriasis severity, the graphical layout may differ quite considerably between digital formats 

and thus need further evaluation. 

 

3.6 Conclusions 
 

There have been no previous formal validation studies of electronic versions of the DLQI or 

PASI. This study has demonstrated that not only is there equivalence between paper and 

electronic versions for both measures, but the user experience is enhanced through digital 

and graphical representation of the respective measures. There is more uniformity between 

measurements by different assessors for the same patient in the case of the PASI.  

 

The future of medical practice is intricately anchored within the evolution of digital technology; 

more and more people are using smartphones in their day-to-day lives (Higgins 2016). The 

current coronavirus pandemic has further accelerated the introduction and acceptance of 

electronic changes in healthcare (Das et al. 2020; Marandino et al. 2020). There is also a 

large movement for user-controlled monitoring of health, for example innovations such as 

ówearable technologyô are becoming increasingly popular to improve overall quality of life for 

patients (Park and Jayaraman 2003). There have been advanced developments within 

dermatology too: computer-guided PASI measurements have been shown to have similar 

precision and higher reproducibility compared to trained physicians (Fink et al. 2019). 

Although, healthcare services always face increasing demands on resources and 

consequently have to grapple with the challenges of financial constraints (i.e. purchasing ten 

iPads versus 1000 printouts), the potential of such technology to improve healthcare in the 

near future remains considerable. The adoption of electronic applications such as the 

óPsoriasis 360ô App validated in this study contributes to this process and is very much 

relevant for the growing ódigitally reliantô population. Although the degree of smartphone 

technology use amongst the elderly population remains unclear, it is likely that even this age 

group may embrace the new technology in the near future (Berenguer et al. 2017). However, 

younger patients and medical practitioners are more likely to be accustomed to using 

electronic devices from primary school years and therefore may prefer using this format. 

 

Clinicians, researchers and patients are becoming more accustomed to the role of their smart 

devices in day-to-day life ï and the workplace is no exception. Despite its inherent 

challenges, the recording and dissemination of digital healthcare information is becoming 

increasingly common and promises to improve the way in which health is assessed and 
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managed. Patients may access and monitor health-related information in one single device 

that has the potential to develop into an integrated health system accessible by healthcare 

professionals. As a result, the validated Psoriasis 360 application©, bringing together the two 

most commonly used assessment tools in dermatology in the form of the DLQI and PASI, has 

the potential to be of significant practical value to both clinicians and patients in the future. 
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Chapter 4: Development of the conceptual 
framework for mapping of the DLQI scores to 
utility values 
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4.1 Introduction & rationale 
  

The óHealth-related Quality of Lifeô (HRQoL) instruments are used to measure the impact of 

an individualôs health state on their life quality thereby guiding their treatment. Rather than 

focusing on illness severity, they capture a multi-dimensional concept including physical, 

psychological and emotional factors that may affect a patientôs quality of life. óQuality-

Adjusted Life Yearsô (QALYs) may be derived from this data, which in turn are implemented in 

economic analyses to aid healthcare decision makers. 

 

The DLQI and the EQ-5D are examples of measures that may be used to gather HRQoL 

information from patients. The DLQI (Finlay and Khan 1994) is a specialty-specific measure 

and is the most commonly utilised HRQoL instrument for patients with skin diseases (Basra 

et al. 2008a): the items (i.e. questions) are specific to the impact of skin diseases. In contrast, 

the EQ-5D (Group 1990) is a generic utility measure and provides a utility value, or a single 

summary index, which may be used for comparison of burden of disease. The items of the 

EQ-5D are designed to be of relevance across all diseases, not just for one specialty 

(Klassen et al. 2000). Often in trials only the DLQI is used and no formal utility assessment is 

conducted. Although both measures may be used in tandem, integrating data from multiple 

measures presents several challenges (Feeny 2002) and there is a debate on whether it is 

appropriate to use both types of measures to inform the same decision (Dowie 2002). 

Furthermore, requesting patients to fill out numerous questionnaires may be considered 

burdensome.  

 

In response to such difficulties, several ómapping techniquesô have been developed (Mortimer 

and Segal 2008) involving algorithms to derive utility values from disease-specific measures, 

such as the DLQI. Where EQ-5D values have been unavailable or not recorded, researchers 

have attempted to predict scores using DLQI scores, though non-validated and on limited 

sample sizes (Woolacott et al. 2006). A linear model derived by Currie and Conway (2007) 

has been previously used to predict utility values from the DLQI (Lloyd et al. 2009; Blank et 

al. 2010; Rodgers et al. 2010). However, the methodology had several limitations including a 

small sample size and a psoriasis-only population. Subsequent mapping models were 

derived using multiple linear regression (Norlin et al. 2012) and bivariate/multivariate analysis 

(Blome et al. 2013), though the authors did not conduct formal validation to predict utility 

values and only went as far as predicting EQ-5D VAS or total scores. Blome et al. (2013) 

further postulated that óany prediction of utilities with the DLQI and other variables regularly 

assessed in psoriasis studies will be vague and not of clinical relevanceô. 
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Gray et al. (2006) have succeeded in mapping the Short-Form 12 to categorical EQ-5D 

responses using Ordinal Logistic Regression (OLR). The aim of this study was to provide a 

mapping model using OLR to reliably predict EQ-5D domain values, and thus subsequently 

allow the prediction of utility values from DLQI scores. The model will be tested on a second 

patient dataset as a form of external validation, comparing predicted and actual values. 

Therefore, the hypothesis is that EQ-5D domain scores, and subsequently utility values, can 

be reliably estimated from a given set of DLQI scores for a group of subjects. A key difference 

between this approach and the previous unsatisfactory or failed attempts to map DLQI data to 

EQ-5D is that previous attempts have used total DLQI scores, whereas the OLR methodology 

uses data from responses to individual items. 

 

4.2 Aims & objectives 
 

The aim of this study was to provide a suitable mapping model to predict EQ-5D utility values 

from DLQI item scores. The hypothesis is that EQ-5D utilities can be reliably estimated from 

DLQI scores for a group of subjects. 

The objectives may be divided in to three primary points: 

 1) To examine the relationship between the DLQI and EQ-5D and suggest a 

 suitable approach for building the mapping model using OLR 

 2) To construct an improved model based on existing data 

 3) To use the model to predict EQ-5D utility values, testing for accuracy and validity 

by comparing predicted and actual values. In turn this will be compared to the 

previous model by Currie and Conway (2007) 

 

4.3 Study instruments 
 

4.3.1 Brief overview of the DLQI 
   

The DLQI (Finlay and Khan 1994) is currently the most commonly used dermatology-specific 

QoL measure in clinical trials of skin diseases (Both et al. 2007).  It has been used in more 

than 36 skin diseases (inflammatory, non-inflammatory and skin cancers), in more than 32 

countries and is available in 152 international language versions (Basra et al. 2008a; Singh 
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and Finlay 2020). The DLQI has been shown to be easy to use in clinical practice due to its 

simplicity and brevity (Bronsard et al. 2010) with an average completion time of around 2 

minutes (Loo et al. 2003). It consists of 10 questions concerning dermatological patientsô 

perception of the impact of skin diseases on different aspects of their QoL over the last week 

(Figure 4.1).  The items of the DLQI encompass aspects such as symptoms and feelings, 

daily activities, leisure, work or school, personal relationships and the side effects of 

treatment.  Each item is scored on a 4-point scale: not at all/not relevant, a little, a lot and 

very much.  Scores of individual items (0-3) are added to yield a total score (0-30); higher 

scores mean greater impairment of patientôs QoL. Hongbo et al. (2005) introduced the much 

needed banding of the DLQI scores to facilitate the clinical interpretation of scores. According 

to this banding system a DLQI score of 0 and 1 means no impact on patientôs QoL while a 

score of 2-5, 6-10, 11-20 and 21-30 indicate a small, moderate, large and extremely large 

effect on patientôs QoL respectively. Psychometrically, the DLQI has been shown to be a 

strong instrument with respect to its internal consistency, reproducibility, validity  and 

sensitivity to change (Hahn et al. 2001; Mazzotti et al. 2003; Bronsard et al. 2010). The strong 

psychometric properties of the DLQI have resulted in the increasing popularity of the DLQI in 

both clinical research and in clinical practice. Moreover, the content of the DLQI has been 

shown to include all important and relevant concepts from the perspective of patients with 

moderate to severe plaque psoriasis supporting its content validity in psoriasis patients 

(Safikhani et al. 2013). 
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Figure 4.1 The Dermatology Quality of Life Index (from: 

http://www.cardiff.ac.uk/dermatology/) (Finlay 2020) 
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4.3.2 Brief overview of the European Quality of Life Index ς 5 Dimensions 
(EQ-5D) 
 

The EQ-5D consists of two pages. The first of which is the ódescriptiveô system and the 

second a visual analogue scale (VAS). The descriptive system is composed of five 

dimensions (or domains): mobility, self-care, usual activities, pain and depression, each of 

which are assessed with 3 possible answers: no problems, some problems or extreme 

problems (Figure 4.2). The information from this part may be useful for the following reasons: 

 

1) The scores may be used to attribute a health profile to an individual or a group of 

subjects at single or multiple points in time. Health outcomes may therefore be 

described based on the differences in these profiles. 

2) Using the 5-dimensional scale in the first part of the EQ5D health states may be 

defined and be converted to health utility scores. This is done using óvalue setsô which 

are derived from various population samples. 

 

The latter is achieved by scoring each of the dimensional outcomes ó1ô, ó2ô and ó3ô 

respectively, allowing the descriptive system to be represented using these number 

descriptors to define health states. The number descriptors range from ó11111ô to ó33333ô, 

resulting in 243 possible numerical combinations, or health states. For example, the health 

state 11223 would signify óno problems with mobilityô, óno problems with self-careô, ósome 

problems with performing usual activitiesô, ómoderate pain or discomfortô and óextremely 

anxious or depressedô. There are a total of 245 health states defined by the EQ5D, including 

the additions of óunconsciousô and ódeathô. This instrument is widely used among health 

economists for comparison of disease burden between diseases (Group 1990). 
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Figure 4.2 The EQ-5D 3L (a) part one (b) part two 

(a) 
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 (b) 

 

A key advantage of the EQ-5D is its ability to yield both a detailed health profile and a single 

summary utility value. 
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4.4 Brief overview of health-related quality of life 
 

4.4.1 Quality of life adjusted years 
 

Health organisations such as the National Institute for Health and Care Excellence (NICE) 

lists the following as the number one principle on their charter: ñto help health, public health 

and social care professionals deliver the best possible care within the resources availableò. In 

order to achieve this and consequently standardise healthcare, NICE utilises the health 

technology assessment (HTA) programme to identify treatments that should be made 

available across England and Wales. These evidence-based recommendations provide the 

most cost and clinically effective options for clinicians, across a multitude of diseases and 

conditions from relatively benign to life-threatening, across all specialties. Apart from clinical 

parameters, health-related quality of life (HRQoL) is a key measure of the level of well-being 

and is associated with current health state. This usually incorporates a multidimensional 

concept which includes physical, emotional & psychological aspects of illness. Therefore, 

these factors must also be considered before any intervention is assessed to provide holistic 

therapeutic effect, though it may be argued that these are very difficult to objectively and 

appropriately assess. Hence numerous HTA bodies are tasked with the challenge of 

translating medical interventions, health strategies and drug costs against life expectancy and 

health benefits. As a result, the use of quality-adjusted life years (QALYs) has become an 

indispensable tool and integral to this process of cost-benefit analysis. 

 

Health-related quality of life collected from patients is used to calculated quality-adjusted life 

years (QALYs), which are in turn used to assess and compare the effectiveness and value of 

any given medical intervention. This involves assessing how long patients are expected to 

live and the impact on quality of life with a certain treatment. Life has two dimensions: 

quantity and quality, therefore QALY include both of these dimensions ï one QALY equates 

to one year in perfect health. Thus, by combining these factors into a single measure, health 

economists may identify how much a certain intervention will prolong a patientôs life and its 

contribution towards improving quality of life. As a result QALYs are considered particularly 

useful for health economists and are recommended by organisations such as NICE as a 

standard measure of benefit (Ogden 2017) of new treatments against existing baselines. This 

allows us to compare cost-benefit across diseases of different specialties where interventions 

with a lower cost per QALY are preferred and given more economic health distribution. 
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In theory, one year of perfect health (physical, mental and social well-being and not the 

absence of disease alone) is equal to one QALY (Ogden 2017). If health is impaired for a 

year the utility value (or quality of life) has a value between 0-1, where 0 = death. Utility 

values below 0, though uncommon, are also possible i.e. subjects experience quality of life 

that is worse than death through either a terminal illness or severe distress. By multiplying 

years of life with utility value (or QoL) QALYs may be calculated. 

 

Quality of life is often measured across numerous clinical trials, which is important from an 

efficacy standpoint. However, few are able to generate the relevant information for 

economists as cost-utility analysis can only be deducted from utility measures, which are able 

to produce the index values needed to generate QALYs. The NICE prefers simple generic 

questionnaires such as the EQ-5D as it has five dimensions of health and may be used 

across different diseases. Nevertheless, due to the broad nature of generic measures, 

including the EQ-5D, there is less relevance to patients with a specific illness. Conversely, 

disease-specific measures are more responsive to change and user-friendly for patients 

(Krahn et al. 2007). As a result, occasionally both generic and disease-specific measures are 

used in tandem. 

 

4.4.2 Utility measures and utility values 
 

There are two main components of utility measurement, namely: 

a) Establishing and defining a set of health states of interest 

b) Assigning value to said health states (i.e. measuring how strongly each health state is 

preferred) 

 

These components may be applied using two methods (Szende and Schaefer 2006): (i) direct 

measurement; which is commonly used for disease-specific health states (ii) indirect 

measurement; which may be performed by conducting algorithms for disease-specific 

preference-based or generic measures, or by mapping a disease or specialty-specific 

questionnaire (e.g. the DLQI) on to a generic measure (e.g. EQ-5D).  

 

Several factors must be considered with direct measurement: most notably health dimensions 

or attributes (of which may often be up to nine (Miller 1956) such as physical/social 

functionality, symptomology and psychological well-being. It is important that these 

correspond to patient outcomes as together they form óhealth stateô descriptions for specific 

diseases. Though in an ideal scenario these must originate directly from patient experience, 
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often clinicians or expert opinions are used in order to save time and cost. These health 

states must be assigned a óutility valuationô of which there are several methods: time trade-off 

(TTO), standard gamble (SG), rating scales, ratio scaling, equivalence technique and person 

trade-off.  

 

Standard Gamble (Neumann et al. 1953) is an oft-used method whereby patients are asked 

to choose between two outcomes: one worse and one better than their existing health-state. 

Patients are asked to choose at what probability of a better outcome would they choose to go 

for the óriskyô option as opposed to remaining in their existing health-state. One of the 

criticisms of this approach is that it is often dependent on the risk behaviour of respondents, 

where patients with less of a risk-seeking behaviour would produce higher utilities compared 

to those with risk-seeking tendencies (Torrance et al. 1995). The TTO method elicits how 

much (often in years) of their life subjects are willing to sacrifice in order to avoid their existing 

health-state. For example, if a patient suffering with atopic dermatitis were to be given the 

option of living 10 years in their existing poor health-state or the maximum reduced number of 

years where the said health state may be avoided, an answer of 7 years would result in a 

utility score of 0.7. Though there is discussion and differences of opinion on the lifetime 

duration utilised for TTO studies (Arnesen and Trommald 2005), the element of risk is less of 

an issue compared to SG. Rating scales use a visual analogue scale (VAS) wherein subjects 

rate various health states across a single line with death and best possible health at either 

end, the intervals reflecting the perceived differences between health states. Though this 

process generates values rather than utilities and is devoid of aspects of choice under 

uncertainty, it has been argued its empirical performance is superior to both SG and TTO 

(Parkin and Devlin 2006). 

 

Health economists prefer the use of choice-based methods such as SG or TTO over VAS 

given their grounding in economic theory (Tolley 2009). However, the SG method may be 

more time-consuming and the concept of probabilities is often challenging for subjects to 

comprehend. For this reason, the TTO option is the most commonly utilised method by 

economists, though the concept of ótrade-offô still proves to be difficult for users.  

 

There are four main methods of obtaining utility values using HRQoL profile scores (Mortimer 

and Segal 2008): (i) transfer to utility, where regression is performed on the summary scores 

of the base measure on to the end target measure, (ii) direct revaluation, where weights are 

assigned to set health states in the base measure, (iii) response mapping, where subject 

responses to questions in the end measure are predicted using logistic regression, and (iv) 

effect size translation, where the standard deviation (SD) for the start measure is estimated, 
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allowing the calculation of a óQALY-weights per SDô conversion factor. Method (i), transfer to 

utility, is the most commonly used approach in the literature (Mortimer and Segal 2008). It is 

also worth noting that mapping is considered less ideal than using a utility measure in the first 

instance as the accuracy of estimates is unpredictable (Brazier et al. 2010). However, 

mapping is still considered to be the most practical solution due to its ease and economical 

superiority ensuring that mapping research remains extremely pertinent, particularly amongst 

health economists. 

 

4.5 Mapping methodology 
 

4.5.1 What is mapping? 
 

National Institute for Health and Care Excellence (NICE) defines mapping as óthe 

development and use of a model or algorithm to predict utility values using data on other 

indicators or measures of healthô (Longworth and Rowen 2011). Regression is used to ómapô 

utility values of the target measure from the scores on the base measure, which have been 

obtained from a group of subjects. This technique may be particularly useful in studies where 

descriptive HRQoL scores have been collected and researchers need to derive utility values.  

Mapping is more likely to be successful where there is a conceptual overlap between the two 

measures (Longworth and Rowen 2011). This is the case for the DLQI and EQ-5D, for which 

many studies have reported a strong association (Shikiar et al. 2003; Scalone et al. 2006; 

Radtke et al. 2009; Matusiak et al. 2010; Cortesi et al. 2011; Hjortsberg et al. 2011). 

 

4.5.2 Previous work & the ideal model 
 
Currie and Conway (2007) derived a mapping model to convert DLQI summary scores into 

EQ-5D utility values. The following equation was derived from their work: 

EQ-5D utility score = 0.956 ï [0.02548 x (DLQI total score)] 

However, several limitations have been identified with this equation (Woolacott et al. 2006). It 

was derived solely from psoriasis patients (n=96), therefore limiting its use in other skin 

diseases, as the impact on HRQoL can vary across different skin diseases (Rodgers et al. 

2010). A maximum predicted value of 0.956 is below the actual maximum value of 1, which 

can have a significant impact on cost-utility data comparisons, given the small scale of the 
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EQ-5D. Furthermore, this equation was derived using the UK population scoring tariff, and 

may not be as suitable for non-UK based populations. Norlin et al. (2012) performed a simple 

bivariate regression with a larger psoriasis-only population of 2450 from a Swedish registry 

óPsoRegô, though the derived equation had a lower maximum predicted value of 0.8777 (EQ-

5D = 0·8777 ï 0·0196 DLQI). The modelling work also demonstrated strong correlations 

between DLQI and EQ-5D domains e.g. shopping/looking after the home correlated strongly 

with óusual activitiesô, respectively. Age and gender were significant factors in the multiple 

linear regression where EQ-5D was regressed against various DLQI items as well as age and 

gender. Finally, Blome et al. (2013) hypothesised that including more predictors for psoriasis 

patients would improve the model fit and address the unexplained variance identified by the 

two aforementioned studies. Bivariate and multivariate approaches were explored. For the 

bivariate method the DLQI was the only independent variable and univariate linear regression 

of EQ-5D VAS and global score was conducted on DLQI total score. The results showed the 

DLQI and EQ-5D VAS to be significantly linearly associated and the authors derived the 

following equation: EQ-5D VAS (predicted) = 77.367 + DLQI global score x -1.493. However, 

upon cross-validation this equation produced an average difference of 15.21 +/- 11.76 VAS 

units (n=1844). In 56.72% of the patients the model over or under-predicted the VAS score by 

15 units at most. The multivariate approach included the use of up to sixteen independent 

variables which were assumed to be associated to HRQoL, including the DLQI. Thirteen of 

these variables significantly correlated with EQ-5D VAS and global scores. PASI scores 

correlated the highest with EQ-5D VAS (r=0.24) and óactive arthritisô correlated highest with 

EQ-5D global score (r=0.20). Only four of the thirteen predictors were included in both EQ-5D 

VAS and global score models: DLQI, age, active arthritis and concomitant diseases, whereby 

age was the highest correlating regression coefficient after the DLQI. Prediction of VAS 

values were found to be more accurate than global scores: overall the model performed 

significantly better compared to the bivariate method (p<0.001). Using the coefficients 

identified by the multivariate linear regression of the EQ-5D VAS scores, the following 

algorithm was defined for the prediction of utility values: 

EQ-5D VAS (predicted) = 93.002 + DLQI global score x -1.418 + PASI x -0.153 + active 

arthritis x -4.728 + concomitant disease x -3:563 + light/laser therapy x 2.252 + age x -0.256 

+ number of hospitalisations due to psoriasis x -1.104  

Cross-validation of the multivariate algorithm demonstrated an average difference of 14.4 +/- 

11.5 VAS units (n=1578) and the predicted vs. actual EQ-5D VAS correlation was r=0.518. In 

39.2% of the patients the equation over or under-predicted by at least 15 VAS points. Due to 

the significant differences between actual and predicted utility scores using both methods, the 
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authors concluded that ómapping of DLQI on EQ-5D in psoriasis patients will have substantial 

limitations in validity and clinical relevanceô. The methodology employed by Blome et al. 

(2013) was more robust than the approaches by Currie and Conway (2007) and Norlin et al. 

(2012) given the larger sample size, multivariate regression, external sample cross-validation 

and multiple predictor variables. However, the selection of variables could arguably be 

considered arbitrary and the final algorithm, like the previous mapping endeavours, only 

examined global EQ-5D and DLQI scores. Furthermore, the suggested equation is quite 

complex and often these variables are not immediately available to researchers. 

As such, it was imperative an improved model was developed with a larger and wide-

reaching population base using a different mapping approach. Previous modelling work has 

been limited by sample size, mapping methodology, skin conditions studied or geographic 

location, indicating that the ideal algorithm for deriving utility values from HRQoL data must 

overcome these challenges. Therefore, a pan-European dataset of considerable size with 

EQ-5D, DLQI and socio-demographic data of patients suffering from various dermatological 

conditions would be an ideal starting point for deriving an efficient model with high predictive 

ability. 

 

4.5.3 Patient database used to derive models 
 

The patient dataset (n = 4010) was accessed from an international multicentre observational 

cross-sectional study examining the association between depressive symptoms and 

dermatological conditions ranging from benign and malignant skin lesions to chronic 

inflammatory diseases such as psoriasis and lupus erythematous (Dalgard et al. 2015). 

These patients attended the outpatient dermatology clinics at various Dermatology Outpatient 

Clinics across Europe between 2011 and 2013. Each participant was examined clinically and 

the main diagnosis (and if necessary a secondary one) was recorded. Patients completed 

several questionnaires, amongst which were the DLQI, EQ-5D and socio-demographic 

information. Though a majority of the recruitment was completed prior to the commencement 

of this modelling study, further recruitment was necessary as part of the original study, and is 

explained in detail in the subsequent section.  
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4.5.4 Scoring the DLQI 
 
If any question for the DLQI was left unanswered, it would be scored zero as per the 

questionnaireôs instructions for use (Finlay 2020) and would be added to the remaining 

scores of the questionnaire expressed out of 30. Question 7 of the DLQI has two parts, 

though for ease of analysis these were combined in to one score. 

 

The process for developing models underwent several refinements and adaptations, which 

shall be highlighted in the proceeding sections.  An overview of the sociodemographic data is 

shown in Table 4.1 below. 

 
Table 4.1 Sociodemographic data for the complete dataset 
 
 No. of patients 

Country Belgium 222 
Denmark 247 

France 116 
Germany 254 

Hungary 171 
Italy 517 

Netherlands 209 
Norway 468 

Poland 247 
Russia 269 

Spain 274 
Turkey 280 

UK 268 

Most common 
diagnoses 

Psoriasis 484 
Eczema 239 

Acne 185 
 No. of 

patients 
Average age 

(years, range) 

 All subjects 3542 46.29 (18-95) 
Sex Male (n) 1558 47.76 (18-92) 

Female (n) 1984 45.14 (18-95) 
 Average score across study 

population 

Average DLQI score* 6.69 
EQ-5D Domain (no. of patients) No 

problems 
Some 

problems 
Extreme 
problems  

Mobility 2692 839 11 

Self-care 3162 372 8 

Usual activities 2615 874 53 
Pain or discomfort 1604 1739 199 

Anxiety or depressed 1954 1431 157 
 
Footnote: *DLQI total score range is 0-30, 0 indicating no impairment and 30 indicating 
maximum impairment of quality of life. 
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4.5.5 Ethical considerations 
 

Data from subjects from a previously conducted study (Dalgard et al. 2015) was utilised for 

the mapping process. This was a European Multicentre study on depression, anxiety, quality 

of life and attachment among adult patients with common skin disorders, which utilised both 

the DLQI and EQ5D measures. 

  

However, the European centres failed to provide Dalgard et al. (2015) with withdrawal 

numbers. As a result, every centre was required to recruit 25 extra patients to allow 

withdrawal and dropout rates to be extrapolated. Unfortunately, the previous sub-investigator 

at Cardiff had declared the study closed, and therefore I had to apply for ethical permission 

as a brand new study (Ref: 13/WA/0363, Appendix XXI), which was extremely challenging 

and time-consuming. The South Wales Research Ethics Committee. had to be convinced that 

this extra recruitment was necessary, which created a significant delay in commencement, as 

the modelling database would not be available until the central study was completed and in 

the process of publication. The recruitment was completed within a few months allowing the 

modelling work to proceed.  

 

Ethics for the purpose of the mapping project was not deemed necessary, as retrospective 

data were utilised. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 



 
144 

Chapter 5: Development of the final ordinal 
logistic regression model for mapping of the DLQI 
scores to utility values 
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5.1 Introduction 
 

Due to the complex evolution of the methodology of this project, the various steps towards 

developing the final model will be described as a narrative in this chapter. Given the nature of 

the modelling, adjustments often had to be made to the way data were approached and 

analysed. Thus, several changes to the methodology were implemented throughout the 

process to achieve optimal results. 

 

5.2 Method one: the forward stepwise variable selection method 

and predicted response categories 
 

The patient dataset (n= 4010) (Dalgard et al. 2015) was randomly split into separate 

estimation (2003 patients) and validation (2007 patients) sets using the random number 

generator within SPSS version 22. Cases with data missing in any of the DLQI or EQ5D 

variables were removed. The estimation set was used to derive the mapping model and 

conduct óinternal validationô, whilst the óout-of-sampleô validation set was utilised for óexternal 

validationô of the fitted model. Following validation, the model was fitted to the complete 

dataset (4010 patients minus deleted cases with missing data) to improve its overall 

accuracy. The process of óinternalô and óexternalô validation was repeated several times as the 

mapping methodology was refined to obtain the final model. 

 

5.2.1 Forward stepwise variable selection 
 

A series of ordinal logistic regressions were fitted for each of the five EQ-5D dimensions 

against the ten individual items of the DLQI using SPSS version 22. Forward stepwise 

variable selection was employed to select the most significant DLQI predictors for each EQ-

5D dimension. Selection was based on twice the change in the log likelihood, comparing this 

to the chi-squared distribution on 3 degrees of freedom (since there are 4 levels for each of 

the DLQI items) and obtaining the associated p-values. Forward selection was continued until 

there were no further significant predictors identified; a value of 0.05 was chosen as the 

criterion for non-significance.  
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5.2.2 Results of forward variable selection 
 

There was no correlation between the DLQI and EQ-5D total scores (Figure 5.1) ï as demonstrated in previous studies where results have 

not been ideal (Currie and Conway 2007). In contrast, ordinal logistic regression is ideal as it includes the ordinal nature of DLQI data, 

thereby allowing óweightô to be applied to each DLQI item. 

 
Figure 5.1 Scatterplot of total DLQI summary scores and EQ-5D health state values 
 
 

 
 

Ten series of OLR were conducted to determine the most significant DLQI predictors (Tables 5.1-5.10). This would allow the identification 

of the DLQI items with the heaviest influence on the final mapping data. 
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Table 5.1a -2 Log Likelihood (-2LL) Model Fitting Information from Series One of ordinal regressions (single-predictor), using EQ- 5D 

dimensions as dependent variables and individual DLQI items as predictors. 

EQ-5D 
Dimension 

Model fitting information: 
Chi-squared value (p-value) 

 DLQ

I 1 

DLQ

I 2 

DLQ

I 3 

DLQ

I 4 

DLQ

I 5 

DLQ

I 6 

DLQ

I 7 

DLQ

I 8 

DLQ

I 9 

DLQ

I 10 
Mobility 51.9

85 

(0.0
00) 

11.3
42 

(0.0
10) 

68.8
94 

(0.0
00) 

33.4
42 

(0.0
00) 

61.7
77 

(0.0
00) 

41.2
63 

(0.0
00) 

61.7
52 

(0.0
00) 

29.4
67 

(0.0
00) 

13.1
99 

(0.0
04) 

57.2
42 

(0.0
00) 

Self-care 78.5
40 

(0.0

00) 

45.0
72 

(0.0

00) 

107.
996 
(0.0

00) 

56.1
60 

(0.0

00) 

89.5
10 

(0.0

00) 

48.0
33 

(0.0

00) 

80.8
66 

(0.0

00) 

61.0
62 

(0.0

00) 

32.8
17 

(0.0

00) 

127.
298 
(0.0

00) 
Usual 

Activities 

139.

014 
(0.0
00) 

65.7

20 
(0.0
00) 

191.

228 
(0.0
00) 

94.3

96 
(0.0
00) 

168.

300 
(0.0
00) 

124.

371 
(0.0
00) 

143.

155 
(0.0
00) 

94.6

99 
(0.0
00) 

74.7

51 
(0.0
00) 

169.

168 
(0.0
00) 

Pain/Discomf
ort 

363.
103 

(0.0
00) 

140.
328 

(0.0
00) 

202.
038 

(0.0
00) 

153.
986 

(0.0
00) 

184.
383 

(0.0
00) 

168.
390 

(0.0
00) 

80.7
23 

(0.0
00) 

154.
615 

(0.0
00) 

110.
852 

(0.0
00) 

174.
400 

(0.0
00) 

Anxiety/Depr

ession 

122.

984 
(0.0

00) 

211.

523 
(0.0

00) 

161.

156 
(0.0

00) 

91.8

85 
(0.0

00) 

169.

913 
(0.0

00) 

59.3

88 
(0.0

00) 

127.

625 
(0.0

00) 

151.

745 
(0.0

00) 

95.3

48 
(0.0

00) 

103.

146 
(0.0

00) 
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Table 5.1b The most significant DLQI item, x, for each EQ-5D dimension as obtained from Series One regressions (single- predictor). 

EQ-5D Dimension Most Significant DLQI 

Item, x (P-value <0.010 
considered 
significant) 

Mobility 3 

Self-care  10 

Usual activities 3 
Pain/discomfort 1 

Anxiety/depression 2 
 

Table 5.2a -2 Log Likelihood (-2LL) Model Fitting Information from Series Two regressions (two-predictor), using EQ-5D dimensions as 

dependent variables and a combination of two DLQI items, x + a second item of the DLQI, as predictors. x is the most signific ant DLQI 

predictor for that dimension from the Series One models. 

EQ-5D 

Dimension 

Model fitting information: 

Chi-squared value (p-value) 

 x + 
DLQ

I 1 

x + 
DLQ

I 2 

x + 
DLQ

I 3 

x + 
DLQ

I 4 

x + 
DLQ

I 5 

x + 
DLQ

I 6 

x + 
DLQ

I 7 

x + 
DLQ

I 8 

x + 
DLQ

I 9 

x + 
DLQ

I 10 
Mobility 83.1

61 

(0.0
00) 

74.7
24 

(0.0
00) 

- 
 

72.4
79 

(0.0
00) 

81.3
80 

(0.0
00) 

81.7
00 

(0.0
00) 

93.6
83 

(0.0
00) 

73.1
69 

(0.0
00) 

68.7
78 

(0.0
00) 

86.5
31 

(0.0
00) 

Self-care 148.
616 
(0.0

00) 

136.
340 
(0.0

00) 

158.
500 
(0.0

00) 

136.
235 
(0.0

00) 

147.
749 
(0.0

00) 

132.
930 
(0.0

00) 

149.
547 
(0.0

00) 

137.
791 
(0.0

00) 

129.
016 
(0.0

00) 

- 

Usual 221. 199. - 201. 216. 222. 223. 203. 210. 247.
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Activities 595 

(0.0
00) 

459 

(0.0
00) 

084 

(0.0
00) 

985 

(0.0
00) 

856 

(0.0
00) 

137 

(0.0
00) 

099 

(0.0
00) 

249 

(0.0
00) 

580 

(0.0
00) 

Pain/Discomf
ort 

- 367.
474 
(0.0

00) 

394.
526 
(0.0

00) 

398.
780 
(0.0

00) 

395.
443 
(0.0

00) 

410.
022 
(0.0

00) 

365.
912 
(0.0

00) 

387.
822 
(0.0

00) 

380.
509 
(0.0

00) 

406.
617 
(0.0

00) 
Anxiety/Depr

ession 

237.

752 
(0.0
00) 

- 251.

955 
(0.0
00) 

220.

889 
(0.0
00) 

243.

919 
(0.0
00) 

220.

255 
(0.0
00) 

252.

862 
(0.0
00) 

247.

234 
(0.0
00) 

246.

396 
(0.0
00) 

245.

193 
(0.0
00) 

 

Table 5.2b Two-predictor combinations of DLQI items showing the most significant combination within that group. 

EQ-5D Dimension Most Significant 

combinations of DLQI 
Items (Series Two) 

Chi-square difference from the most 

significant item addition in current 
regression series, from the most 
significant item combination in previous 

regression series (P-value <0.010 
considered significant) 

Mobility 3 + 7 93.682896 - 68.894390 = 24.788506 (< 
0.00001) 

Self-care  10 + 3 158.499712 - 127.298293 = 31.201419 (< 
0.00001) 

Usual activities 3 + 10 247.579638 - 191.227997 = 56.351641 (< 

0.00001) 
Pain/discomfort 1 + 6 410.021858 - 363.102725 = 46.919133 (< 

0.00001) 
Anxiety/depression 2 + 7 252.862407 - 211.523043 = 41.339364 (< 

0.00001) 

 



 
150 

Table 5.3a -2 Log Likelihood (-2LL) Model Fitting Information from Series Three regressions (three-predictor), using EQ-5D dimensions as 

dependent variables and a combination of three DLQI items, x + x2 and a third item of the DLQI, as predictors. x2 is the most significant DLQI 

predictor for that dimension from the Series Two models. 

EQ-5D 

Dimension 

Model fitting information: 

Chi-squared value (p-value) 

 x + 

x2 + 
DLQ

I 1 

x + 

x2 + 
DLQ

I 2 

x + 

x2 + 
DLQ

I 3 

x + 

x2 + 
DLQ

I 4 

x + 

x2 + 
DLQ

I 5 

x + 

x2 + 
DLQ

I 6 

x + 

x2 + 
DLQ

I 7 

x + 

x2 + 
DLQ

I 8 

x + 

x2 + 
DLQ

I 9 

x + 

x2 + 
DLQ

I 10 
Mobility 105.

077 

(0.0
00) 

101.
380 

 
(0.0

00) 

- 
 

97.4
44 

(0.0
00) 

105.
343 

(0.0
00) 

105.
327 

(0.0
00) 

- 95.8
60 

(0.0
00) 

95.8
49 

(0.0
00) 

108.
668 

(0.0
00) 

Self-care 165.
665 

(0.0
00) 

163.
997 

(0.0
00) 

- 165.
010 

(0.0
00) 

163.
634 

(0.0
00) 

159.
979 

(0.0
00) 

169.
047 

(0.0
00) 

164.
817 

(0.0
00) 

160.
201 

(0.0
00) 

- 

Usual 
Activities 

265.
796 
(0.0

00) 

251.
084 
(0.0

00) 

- 251.
281 
(0.0

00) 

260.
045 
(0.0

00) 

268.
227 
(0.0

00) 

268.
724 
(0.0

00) 

249.
195 
(0.0

00) 

253.
870 
(0.0

00) 

- 

Pain/Discomf

ort 

- 408.

707 
(0.0
00) 

421.

758 
(0.0
00) 

430.

402 
(0.0
00) 

417.

967 
(0.0
00) 

- 407.

498 
(0.0
00) 

418.

104 
(0.0
00) 

412.

633 
(0.0
00) 

431.

432 
(0.0
00) 

Anxiety/Depr
ession 

267.
406 

(0.0
00) 

- 269.
533 

(0.0
00) 

256.
629 

(0.0
00) 

266.
686 

(0.0
00) 

251.
424 

(0.0
00) 

- 270.
880 

(0.0
00) 

276.
911 

(0.0
00) 

269.
592 

(0.0
00) 
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Table 5.3b Three-predictor combinations of DLQI items showing the most significant combination within that group. 

EQ-5D Dimension Most Significant 

combinations of DLQI 
Items (Series Three) 

Chi-square difference from the most 

significant item addition in current 
regression series, from the most 
significant item combination in previous 

regression series (P-value <0.010 
considered significant) 

Mobility 3  + 7 + 10 108.667867 - 93.682896 = 14.984971 
(0.000108) 

Self-care  10 + 3 + 7 169.047368 - 158.499712 = 10.547656 
(0.001164) 

Usual activities 3 + 10 + 7 268.723910 - 247.579638 = 21.144272 (< 
0.00001) 

Pain/discomfort 1 + 6 + 10 431.432198 - 410.021858 = 21.41034 (< 

0.00001) 
Anxiety/depression 2 + 7 + 9 276.910533 - 252.862407 = 24.048126 (< 

0.00001) 
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Table 5.4a -2 Log Likelihood (-2LL) Model Fitting Information from Series Four regressions (four-predictor), using EQ-5D dimensions as 

dependent variables and a combination of four DLQI items, x + x2+ x3 and a fourth item of the DLQI, as predictors. x3 is the most significant 

DLQI predictor for that dimension from the Series Three models. 

EQ-5D 

Dimension 

Model fitting information: 

Chi-squared value (p-value) 

 x + 

x2+ 
x3 + 

DLQ
I 1 

x + 

x2+ 
x3 + 

DLQ
I 2 

x + 

x2+ 
x3 + 

DLQ
I 3 

x + 

x2+ 
x3 + 

DLQ
I 4 

x + 

x2+ 
x3 + 

DLQ
I 5 

x + 

x2+ 
x3 + 

DLQ
I 6 

x + 

x2+ 
x3 + 

DLQ
I 7 

x + 

x2+ 
x3 + 

DLQ
I 8 

x + 

x2+ 
x3 + 

DLQ
I 9 

x + 

x2+ 
x3 +  

DLQ
I 10 

Mobility 116.

940 
(0.0

00) 

119.

461 
 

(0.0
00) 

- 

 

110.

476 
(0.0

00) 

118.

687 
(0.0

00) 

118.

636 
(0.0

00) 

- 110.

610 
(0.0

00) 

109.

371 
(0.0

00) 

- 

Self-care 175.

248 
 

(0.0
00) 

174.

738 
 

(0.0
00) 

- 175.

167 
 

(0.0
00) 

173.

963 
 

(0.0
00) 

171.

328 
 

(0.0
00) 

- 175.

086 
 

(0.0
00) 

172.

648 
 

(0.0
00) 

- 

Usual 

Activities 

280.

610 
 

(0.0
00) 

268.

579 
(0.0

00) 

- 272.

289 
(0.0

00) 

279.

378 
(0.0

00) 

286.

554 
(0.0

00) 

- 269.

409 
(0.0

00) 

276.

838 
(0.0

00) 

- 

Pain/Discomf

ort 

- 428.

673 
(0.0

00) 

436.

514 
 

(0.0
00) 

441.

965 
(0.0

00) 

435.

606 
(0.0

00) 

- 432.

662 
(0.0

00) 

433.

450 
(0.0

00) 

429.

074 
(0.0

00) 

- 
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Anxiety/Depr

ession 

286.

093 
(0.0

00) 

- 288.

998 
(0.0

00) 

279.

892 
(0.0

00) 

284.

468 
(0.0

00) 

272.

260 
(0.0

00) 

- 282.

675 
(0.0

00) 

- 286.

879 
(0.0

00) 
 

Table 5.4b Four-predictor combinations of DLQI items showing the most significant combination within that group. 

EQ-5D Dimension Most Significant 

combinations of DLQI 
Items (Series Four) 

Chi-square difference from the most 

significant item addition in current 
regression series, from the most 

significant item combination in previous 
regression series (P-value <0.010 
considered significant) 

Mobility 3  + 7 + 10 + 2 119.460603 - 108.667867 = 10.792736 
(0.001) 

Self-care  10 + 3 + 7 + 1 175.248251 - 169.047368 = 6.200883 
(0.013) 

Usual activities 3 + 10 + 7 + 6 286.553692 - 268.723910 = 17.829782 
(0.000024) 

Pain/discomfort 1 + 6 + 10 + 4 441.964904 - 431.432198 = 10.532706 

(0.0012) 
Anxiety/depression 2 + 7 + 9 + 3 288.998351 - 276.910533 = 12.087818 

(0.00051) 
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Table 5.5a -2 Log Likelihood (-2LL) Model Fitting Information from Series Five regressions (five-predictor), using EQ-5D dimensions as 

dependent variables and a combination of five DLQI items, x + x2+ x3 +x4 and a fifth item of the DLQI, as predictors. x4 is the most 

significant DLQI predictor for that dimension from the Series Four models. 

EQ-5D 

Dimension 

Model fitting information: 

Chi-squared value (p-value) 

 x + 

x2+ 
x3 + 

x4 + 
DLQ
I 1 

x + 

x2+ 
x3 + 

x4 + 
DLQ
I 2 

x + 

x2+ 
x3 + 

x4 + 
DLQ
I 3 

x + 

x2+ 
x3 + 

x4 + 
DLQ
I 4 

x + 

x2+ 
x3 + 

x4 + 
DLQ
I 5 

x + 

x2+ 
x3 + 

x4 + 
DLQ
I 6 

x + 

x2+ 
x3 + 

x4 + 
DLQ
I 7 

x + 

x2+ 
x3 + 

x4 + 
DLQ
I 8 

x + 

x2+ 
x3 + 

x4 + 
DLQ
I 9 

x + 

x2+ 
x3 + 

x4 +  
DLQ
I 10 

Mobility 133.
193 

(0.0
00) 

- - 
 

121.
651 

(0.0
00) 

136.
376 

(0.0
00) 

129.
259 

(0.0
00) 

- 121.
452 

(0.0
00) 

119.
606 

(0.0
00) 

- 

Self-care - 182.

455 
 

(0.0
00) 

- 182.

002 
 

(0.0
00) 

179.

770 
 

(0.0
00) 

177.

028 
 

(0.0
00) 

- 182.

824 
 

(0.0
00) 

179.

971 
 

(0.0
00) 

- 

Usual 

Activities 

294.

701 
 

(0.0
00) 

287.

829 
(0.0

00) 

- 291.

580 
(0.0

00) 

290.

738 
(0.0

00) 

- - 286.

714 
(0.0

00) 

290.

205 
(0.0

00) 

- 

Pain/Discomf

ort 

- 439.

182 
(0.0

00) 

444.

281 
 

(0.0
00) 

- 442.

557 
(0.0

00) 

- 445.

942 
(0.0

00) 

442.

440 
(0.0

00) 

438.

882 
(0.0

00) 

- 
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Anxiety/Depr

ession 

295.

098 
(0.0

00) 

- - 291.

128 
(0.0

00) 

290.

796 
(0.0

00) 

284.

491 
(0.0

00) 

- 294.

013 
(0.0

00) 

- 294.

930 
(0.0

00) 
 

Table 5.5b Five-predictor combinations of DLQI items showing the most significant combination within that group. 

EQ-5D Dimension Most Significant 

combinations of DLQI 
Items (Series Five) 

Chi-square difference from the most 

significant item addition in current 
regression series, from the most 

significant item combination in previous 
regression series (P-value <0.010 
considered significant) 

Mobility 3  + 7 + 10 + 2 + 5 136.376031 - 119.460603 = 16.915428 
(0.000039) 

Self-care  10 + 3 + 7 + 1 + 8 182.823801 - 175.248251 = 7.57555 (0.006) 
Usual activities 3 + 10 + 7 + 6 + 1 294.700869 - 286.553692 = 8.147177 

(0.0043) 
Pain/discomfort 1 + 6 + 10 + 4 + 7 445.941542 - 441.964904 = 3.976638 (0.046) 
Anxiety/depression 2 + 7 + 9 + 3 + 1 295.098288 - 288.998351 = 6.099937 (0.014) 
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Table 5.6a -2 Log Likelihood (-2LL) Model Fitting Information from Series Six regressions (six-predictor), using EQ-5D dimensions as 

dependent variables and a combination of five DLQI items, x + x2+ x3 + x4 + x5 and a sixth item of the DLQI, as predictors. x5 is the most 

significant DLQI predictor for that dimension from the Series Five models. 

EQ-5D 

Dimension 

Model fitting information: 

Chi-squared value (p-value) 

 x + 

x2+ 
x3 + 

x4 + 
x5 + 
DLQ

I 1 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
DLQ

I 2 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
DLQ

I 3 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
DLQ

I 4 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
DLQ

I 5 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
DLQ

I 6 

x 

+ 
x2

+ 
x3 
+ 

x4 
+ 

x5 
+ 
D

L
QI 

7 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
DLQ

I 8 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
DLQ

I 9 

x + 

x2+ 
x3 + 

x4 + 
x5 +  
DLQ

I 10 

Mobility 147.
634 

(0.0
00) 

- - 
 

137.
714 

(0.0
00) 

- 141.
335 

(0.0
00) 

- 136.
724 

(0.0
00) 

133.
309 

(0.0
00) 

- 

Self-care - 189.
605 

 

(0.0
00) 

- 187.
070 

 

(0.0
00) 

186.
785 

 

(0.0
00) 

183.
797 

 

(0.0
00) 

- - 189.
832 

 

(0.0
00) 

- 

Usual 
Activities 

- 301.
084 

- 300.
076 

298.
064 

- - 295.
567 

298.
021 

- 
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(0.0

00) 

(0.0

00) 

(0.0

00) 

(0.0

00) 

(0.0

00) 
Pain/Discomf

ort 

- 443.

749 
(0.0
00) 

450.

409 
 

(0.0

00) 

- 447.

130 
(0.0
00) 

- - 446.

496 
(0.0
00) 

442.

771 
(0.0
00) 

- 

Anxiety/Depr

ession 

- - - 297.

850 
(0.0
00) 

296.

551 
(0.0
00) 

291.

037 
(0.0
00) 

- 299.

806 
(0.0
00) 

- 300.

211 
(0.0
00) 

 

Table 5.6b Six-predictor combinations of DLQI items showing the most significant combination within that group. 

EQ-5D Dimension Most Significant 

combinations of DLQI 
Items (Series Six) 

Chi-square difference from the most 

significant item addition in current 
regression series, from the most 
significant item combination in previous 

regression series (P-value <0.010 
considered significant) 

Mobility 3  + 7 + 10 + 2 + 5 + 1 147.633784 - 136.376031 = 11.257753  
(0.0008) 

Self-care  10 + 3 + 7 + 1 + 8 + 9 189.832414 - 182.823801 = 7.008613 (0.008) 
Usual activities 3 + 10 + 7 + 6 + 1 + 2 301.084163 - 294.700869 = 6.383294   

(0.012) 

Pain/discomfort 1 + 6 + 10 + 4 + 7 + 3 450.409205 - 445.941542 = 4.467663 (0.035) 
Anxiety/depression 2 + 7 + 9 + 3 + 1 + 10 300.211357 - 295.098288 = 5.113069 (0.024) 
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Table 5.7a -2 Log Likelihood (-2LL) Model Fitting Information from Series Seven regressions (seven-predictor), using EQ-5D dimensions as 

dependent variables and a combination of six DLQI items, x + x2+ x3 + x4 + x5 + x6 and a seventh item of the DLQI, as predictors. x6 is the 

most significant DLQI predictor for that dimension from the Series Six models. 

EQ-5D 

Dimension 

Model fitting information: 

Chi-squared value (p-value) 

 x + 

x2
+ 

x3 
+ 
x4 

+ 
x5 

+ 
x6 
+ 

DL
QI 

1 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

DLQI 
2 

x + 

x2
+ 

x3 
+ 
x4 

+ 
x5 

+ 
x6 
+ 

DL
QI 

3 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

DLQI 
4 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

DLQI 
5 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

DLQI 
6 

x + 

x2
+ 

x3 
+ 
x4 

+ 
x5 

+ 
x6 
+ 

DL
QI 

7 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

DLQI 
8 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

DLQI 
9 

x + 

x2
+ 

x3 
+ 
x4 

+ 
x5 

+ 
x6 
+ 

DL
QI 

10 
Mobility - - - 

 
148.
758 

(0.00
0) 

- 151.
080 

(0.00
0) 

- 146.
974 

(0.00
0) 

144.
170 

(0.00
0) 

- 

Self-care - 196.
821 

 

(0.00
0) 

- 194.
442 

 

(0.00
0) 

192.
899 

 

(0.00
0) 

192.
006 

 

(0.00
0) 

- - - - 

Usual 
Activities 

- - - 306.
553 

307.
199 

- - 301.
621 

304.
132 

- 
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(0.00

0) 

(0.00

0) 

(0.00

0) 

(0.00

0) 
Pain/Discomfo

rt 

- 448.

688 
(0.00

0) 

- - 450.

622 
(0.00

0) 

- - 449.

485 
(0.00

0) 

447.

290 
(0.00

0) 

- 

Anxiety/Depre
ssion 

- - - 304.
350 

(0.00
0) 

301.
395 

(0.00
0) 

296.
439 

(0.00
0) 

- 305.
431 

(0.00
0) 

- - 

 

Table 5.7b Seven-predictor combinations of DLQI items showing the most significant combination within that group. 

EQ-5D Dimension Most Significant 
combinations of DLQI 

Items (Series Seven) 

Chi-square difference from the most 
significant item addition in current 

regression series, from the most 
significant item combination in previous 
regression series (P-value <0.10 

considered significant) 

Mobility 3  + 7 + 10 + 2 + 5 + 1 + 

6 

151.079931 - 147.633784 = 3.446147 (0.063) 

Self-care  10 + 3 + 7 + 1 + 8 + 9 + 

2 

196.820925- 189.832414 = 6.988511 (0.0082) 

Usual activities 3 + 10 + 7 + 6 + 1 + 2 + 
5 

307.198539 - 301.084163 = 6.114376 (0.013) 

Pain/discomfort 1 + 6 + 10 + 4 + 7 + 3 + 
5 

450.621994 - 450.409205 = 0.212789 (0.64) 

Anxiety/depression 2 + 7 + 9 + 3 + 1 + 10 + 
8 

305.431355 - 300.211357 = 5.219998 (0.022) 
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Table 5.8a -2 Log Likelihood (-2LL) Model Fitting Information from Series Eight regressions (eight-predictor), using EQ-5D dimensions as 

dependent variables and a combination of seven DLQI items, x + x2+ x3 + x4 + x5 + x6 + x7 and an eighth item of the DLQI, as predictors. 

x7 is the most significant DLQI predictor for that dimension (where applicable) from the Series Seven models. 

EQ-5D 

Dimension 

Model fitting information: 

Chi-squared value (p-value) 

 x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

DL
QI 
1 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

DL
QI 
2 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

DL
QI 
3 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

x7 + 
DLQI 

4 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

x7 + 
DLQI 

5 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

x7 + 
DLQI 

6 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

DL
QI 
7 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

x7 + 
DLQI 

8 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

x7 + 
DLQI 

9 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+  

DL
QI 
10 

Mobility - - - 
 

152.0
72 

 
(0.00

0) 

- - - 150.3
60 

(0.00
0) 

147.3
41 

(0.00
0) 

- 

Self-care - - - 201.2
47 

 
(0.00

201.3
22 

 
(0.00

199.1
68 

 
(0.00

- - - - 
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0) 0) 0) 

Usual 

Activities 

- - - 313.9

88 
(0.00

0) 

- - - 310.3

28 
(0.00

0) 

309.1

26 
(0.00

0) 

- 

Anxiety/Depre
ssion 

- - - 309.1
75 

(0.00
0) 

305.5
09 

(0.00
0) 

301.4
14 

(0.00
0) 

- - - - 

 

Table 5.8b Seven-predictor combinations of DLQI items showing the most significant combination within that group. 

EQ-5D Dimension Most Significant 
combinations of DLQI 

Items (Series Eight) 

Chi-square difference from the most 
significant item addition in current 

regression series, from the most 
significant item combination in previous 
regression series (P-value <0.010 

considered significant) 

Mobility 3 + 7 + 10 + 2 + 5 + 1 + 

6 + 4 

152.071540 - 151.079931 = 0.991609 (0.319) 

Self-care  10 + 3 + 7 + 1 + 8 + 9 + 

2 + 5 

201.322209 - 196.820925 = 4.501284 (0.034) 

Usual activities 3 + 10 + 7 + 6 + 1 + 2 + 
5 + 4 

313.988167 - 307.198539 = 6.789628 
(0.0092) 

Anxiety/depression 2 + 7 + 9 + 3 + 1 + 10 + 
8 + 4 

309.174576 - 305.431355 = 3.743221 (0.053) 
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Table 5.9a -2 Log Likelihood (-2LL) Model Fitting Information from Series Nine regressions (nine-predictor), using EQ-5D dimensions as 

dependent variables and a combination of eight DLQI items, x + x2+ x3 + x4 + x5 + x6 + x7 + x8 and a ninth item of the DLQI, as predictors. 

x8 is the most significant DLQI predictor for that dimension (where applicable) from the Series Eight models. 

EQ-5D 

Dimension 

Model fitting information: 

Chi-squared value (p-value) 

 x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

DL

QI 
1 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

DL

QI 
2 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

DL

QI 
3 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

x7 + 
x8 + 

DLQI 
4 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

x7 + 
x8 + 

DLQI 
5 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

x7 + 
x8 + 

DLQI 
6 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

DL

QI 
7 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

x7 + 
x8 + 

DLQI 
8 

x + 

x2+ 
x3 + 

x4 + 
x5 + 
x6 + 

x7 + 
x8 + 

DLQI 
9 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

DL

QI 
10 

Self-care - - - 206.5
59 

 

(0.00
0) 

- 204.0
50 

 

(0.00
0) 

- - - - 

Usual 
Activities 

- - - - - - - 316.2
16 

315.3
32 

- 
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(0.00

0) 

(0.00

0) 
Anxiety/Depre

ssion 

- - - - 309.6

57 
(0.00

0) 

304.8

98 
(0.00

0) 

- - - - 

 
 

Table 5.9b Nine-predictor combinations of DLQI items showing the most significant combination within that group. 

EQ-5D Dimension Most Significant 
combinations of DLQI 

Items (Series Nine) 

Chi-square difference from the most 
significant item addition in current 

regression series, from the most 
significant item combination in previous 

regression series (P-value <0.010 
considered significant) 

Self-care  10 + 3 + 7 + 1 + 8 + 9 + 
2 + 5 + 4 

206.559277 - 201.322209 = 5.237068 (0.022) 

Usual activities 3 + 10 + 7 + 6 + 1 + 2 + 
5 + 4 + 8 

316.215997 - 313.988167 = 2.22783 (0.136) 

Anxiety/depression 2 + 7 + 9 + 3 + 1 + 10 + 

8 + 4 + 5 

309.657434 - 309.174576 = 0.482858 (0.487) 
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Table 5.10a -2 Log Likelihood (-2LL) Model Fitting Information from Series Ten regressions (ten-predictor), using EQ-5D dimensions as 

dependent variables and a combination of nine DLQI items, x + x2+ x3 + x4 + x5 + x6 + x7 + x8 + x9 and a tenth item of the DLQI, as 

predictors. x9 is the most significant DLQI predictor for that dimension (where applicable) from the Series Nine models. 

EQ-5D Dimension Model fitting information: 

Chi-squared value (p-value) 

 x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

x9 

+ 
DL

QI 
1 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

x9 

+ 
DL

QI 
2 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

x9 

+ 
DL

QI 
3 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

x9 

+ 
DL

QI 
4 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

x9 

+ 
DL

QI 
5 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

x9 

+ 
DL

QI 
6 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

x9 

+ 
DL

QI 
7 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

x9 

+ 
DL

QI 
8 

x + 

x2
+ 

x3 
+ 

x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 

x9 

+ 
DL

QI 
9 

x + 

x2
+ 

x3 
+ 
x4 

+ 
x5 

+ 
x6 
+ 

x7 
+ 

x8 
+ 
x9 

+ 
DL

QI 
10 

Self-care - - - - - 20

9.3
15 

 
(0.

- - - - 
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00

0) 
 

 

Table 5.10b Ten-predictor combinations of DLQI items showing the most significant combination within that group. 

EQ-5D Dimension Most Significant 

combinations of DLQI 
Items (Series Ten) 

Chi-square difference from the most 

significant item addition in current 
regression series, from the most 

significant item combination in previous 
regression series (P-value <0.010 
considered significant) 

Self-care  10 + 3 + 7 + 1 + 8 + 9 + 2 + 

5 + 4 + 6 

209.315475 - 206.559277 = 2.756198 

(0.0969) 
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5.2.3 Conceptual correlations 
 

There are strong conceptual correlations between the DLQI and EQ-5D and several key 

themes were significantly associated (i.e. p<0.05). The key concepts that apply to each DLQI 

item are thus: óSymptoms and feelingsô (Items 1 and 2), óDaily activitiesô (Items 3 and 4), 

óLeisureô (5 and 6), óWork and schoolô (Item 7), óPersonal relationshipsô (Item 8 and 9), 

óTreatmentô (Item 10) (Finlay and Khan 1994). 

 

For the óMobilityô EQ-5D domain, DLQI items 3, 7 and 10 were most strongly correlated, 

which cover the concepts of ódaily activitiesô, ówork and schoolô and ótreatmentô. The óPainô 

domain was strongly correlated with almost all key concepts of the DLQI including items 1, 3, 

6, 8, 9 and 10. It correlated most with Item 1 of the DLQI, in particular, which asks about pain 

and soreness of the patientôs skin condition. The óSelf-careô domain correlated most strongly 

with item 10 (treatment), as well as items 1, 3 and 7. óUsual activitiesô correlated strongly with 

item 3 (daily activities) as expected, as well as items 1, 5, 6, 7 and 10. Finally, the óAnxietyô 

domain was most strongly correlated to item 2, which enquires about óembarrassmentô and 

whether patients feel óself-consciousô due to their skin condition, as well as items 4, 5, 7, 9, 

10. Overall, all ten DLQI items correlated strongly with the EQ-5D domains, re-emphasising 

the strong conceptual correlation between the two questionnaires. 

 

Now that the most significant predictor combinations of the DLQI items (Table 5.11) were 

identified, they may be used in the ordinal models to predict EQ5D domain scores.  

 

Table 5.11 All the significant predictor combinations of the DLQI items against each EQ-5D 
modality as derived from Tables 5.1-5.10. 
 

EQ-5D Dimension Most Significant combination of DLQI 
Items until no further significant items 
identified on regression models 

Mobility 3 + 7 + 10 + 2 + 5 + 1 + 6 

Self-care  10 + 3 + 7 + 1 + 8 + 9 + 2 + 5 + 4 + 6 

Usual activities 3 + 10 + 7 + 6 + 1 + 2 + 5 + 4 
Pain/discomfort 1 + 6 + 10 + 4 + 7 + 3 

Anxiety/depression 2 + 7 + 9 + 3 + 1 + 10 + 8 + 4 
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5.2.4 Interpreting the ordinal model equations 
 

Ordinal models may be utilised to produce a set of probabilities for each of the five possible 

outcome categories of the EQ-5D, as given by the following equations (Figure 5.2): 

 

Figure 5.2 The ordinal logistic regression formulae to predict domain outcomes 

  
 

 

 

 

 

 

 

In the above equation, óYô represents the outcome of any given EQ-5D domain (ñmobilityò, 

ñself-careò, ñusual activitiesò, ñpain/discomfortò or ñanxiety/depressionò). The outcome 

categories Y = 1, 2 and 3 represent the three possible responses for a given EQ-5D domain 

i.e. ñno problemsò, ñsome problemsò or ñextreme problemsò respectively. The ὼ-variables are 

indicator variables derived from the scores on the selected DLQI items while the ὦôs are the 

regression coefficients. The ὦôs are essentially óweightsô attached to each indicator of each of 

the DLQI item scores and they are then used to calculate the estimated probabilities of each 

EQ-5D response. The model is based on the assumption that for each EQ-5D dimension 

there is an under-lying continuous ólatentô variable, for example measuring ómobilityô. The 

value of the linear combination ὦὼ ὦὼ Ễ ὦὼ  provides a predicted score, Z, on this 

continuum. If we are to assume that these scores Z follow a logistic distribution then the OLR 

model follows from assuming that if ὤ ὥ, the subjects would record an outcome ὣ ρ, if 

ὥ ὤ ὥ, they would record an outcome of ὣ ς and if ὤ ὥ they would record an 

outcome ὣ σ. 

 

The SPSS v22 was used to automatically produce the three probabilities for any given EQ-5D 

domain and the relevant DLQI items. The model was initially tested on the derivation dataset 

as part of óinternal validationô as described below, followed by óexternal validationô on the 

validation dataset. 

 

 

ὖὣ ρ  
ρ

ρ Ὡ  Ễ  

 

ὖὣ ς  
ρ

ρ Ὡ  Ễ  ɀὖὣ ρ  

 
ὖὣ σ  ρ ὖὣ ς  ὖὣ ρ 
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5.2.5 Internal validation of the forward variable selection method: predicted 
response frequency 
 

Following the series of OLR and stepwise selection, all the significant predictor DLQI items 

were fitted back in to the derivation set (internal validation) in SPSS v22. The model 

calculated a ópredicted responseô for each EQ-5D domain response. In other words, for every 

domain, the response category (Y = 1, 2 or 3) with the highest probability was taken to be the 

predicted answer. The model calculated predicted probabilities from the actual DLQI item 

scores of individual patients. The total frequency of each predicted EQ-5D domain response 

was then summated and compared with the actual DLQI responses within the population. 

  

For predicting response frequency, in the first instance patientsô data with missing values 

were included (Tables 5.12 ï 5.16) and then cases with missing EQ-5D and DLQI values 

were excluded (Tables 5.17 ï 5.21), thereby providing more reliable results. 

 

5.2.6 Internal validation before deleting cases with missing data from DLQI 
and EQ-5D variables 
 

 Table 5.12 Fitting the model for óMobilityô in to the derivation data set: predicted category 

frequencies versus actual category frequencies 

 

Mobility 

Response 

Actual Response 

Frequency (% of total) 

Predicted Response Frequency 

(% of total) 

óNoô 1456 (72.5 %) 1755 (87.4 %) 
óSomeô 474 (23.6 %) 112 (5.6%) 
óExtremeô 8 (0.4%) 0 (0%) 

Missing Data 69 (3.4%) 140 (7%) 
 
Table 5.13 Fitting the model for óSelf-careô in to the derivation data set: predicted category 

frequencies versus actual category frequencies 

 

Self-care 

Response 

Actual Response 

Frequency (% of total) 

Predicted Response Frequency 

(% of total) 

óNoô 1740 (86.7 %) 1805 (89.9 %) 

óSomeô 190 (9.5 %) 37 (1.8%) 
óExtremeô 9 (0.4%) 0 (0%) 
Missing Data 68 (3.4%) 8.2 (7%) 
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Table 5.14 Fitting the model for óUsual Activitiesô into the derivation data set: predicted 

category frequencies versus actual category frequencies 

 

Usual Activities 
Response 

Actual Response 
Frequency (% of total) 

Predicted Response Frequency 
(% of total) 

óNoô 1422 (70.9 %) 1622 (89.9 %) 
óSomeô 493 (24.6 %) 239 (11.9%) 

óExtremeô 25 (1.2%) 0 (0%) 
Missing Data 67 (3.3%) 146 (7.3%) 

 
Table 5.15 Fitting the model for óPain/discomfortô into the derivation data set: predicted 

category frequencies versus actual category frequencies 

 

Pain/Discomfort 
Response 

Actual Response 
Frequency (% of total) 

Predicted Response Frequency 
(% of total) 

óNoô 858 (42.8 %) 917 (45.7 %) 
óSomeô 969 (48.3 %) 957 (47.7%) 
óExtremeô 110 (5.5%) 0 (0%) 

Missing Data 70 (3.5%) 133 (6.6%) 
 
Table 5.16 Fitting the model for óAnxiety/Depressionô into the derivation data set: predicted 

category frequencies versus actual category frequencies 

 

Anxiety 

Depression 
Response 

Actual Response 

Frequency (% of total) 

Predicted Response Frequency 

(% of total) 

óNoô 1060 (52.8 %) 1276 (63.6 %) 
óSomeô 793(39.5 %) 583 (29 %) 

óExtremeô 79 (3.9%) 0 (0%) 
Missing Data 75 (3.7%) 148 (7.4%) 

 
 

5.2.7 Internal validation after deleting cases with missing data from DLQI and 
EQ-5D variables 
 

Table 5.17 Fitting the model for óMobilityô into the derivation data set: predicted category 

frequencies versus actual category frequencies 

 

Mobility 

Response 

Actual Response 

Frequency (% of total) 

Predicted Response Frequency 

(% of total) 

óNoô 1374 (75.8 %) 1705 (94 %) 
óSomeô 433 (23.9 %) 108 (6%) 
óExtremeô 6 (0.3%) 0 (0%) 
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Table 5.18 Fitting the model for óSelf-careô into the derivation data set: predicted category 

frequencies versus actual category frequencies 

 

Self-care 
Response 

Actual Response 
Frequency (% of total) 

Predicted Response Frequency 
(% of total) 

óNoô 1627 (89.7 %) 1778 (98 %) 

óSomeô 180 (9.9 %) 36 (2%) 
óExtremeô 7 (0.4%) 0 (0%) 

 
Table 5.19 Fitting the model for óUsual Activitiesô into the derivation data set: predicted 

category frequencies versus actual category frequencies 

 

Usual Activities 

Response 

Actual Response 

Frequency (% of total) 

Predicted Response Frequency 

(% of total) 

óNoô 1343 (74.0 %) 1579 (86.9 %) 
óSomeô 450 (24.8 %) 237 (13.1%) 
óExtremeô 23 (1.3%) 0 (0%) 

 
Table 5.20 Fitting the model for óPain/Discomfortô into the derivation data set: predicted 

category frequencies versus actual category frequencies 

 

Pain/Discomfort 
Response 

Actual Response 
Frequency (% of total) 

Predicted Response Frequency 
(% of total) 

óNoô 817 (45.0 %) 925 (51 %) 
óSomeô 899 (49.6 %) 889 (49%) 

óExtremeô 98 (5.4%) 0 (0%) 
 
Table 5.21 Fitting the model for óAnxiety/Depressionô into the derivation data set: predicted 

category frequencies versus actual category frequencies 

 

Anxiety 
Depression 

Response 

Actual Response 
Frequency (% of total) 

Predicted Response Frequency 
(% of total) 

óNoô 997 (55.1 %) 1246 (68.9 %) 
óSomeô 735(40.6 %) 561 (31 %) 
óExtremeô 77 (4.3%) 2 (0.1%) 

 
 

The internal validation method exploring the ópredicted response frequencyô demonstrated 

promising results (Tables 5.17- 5.21) ï particularly for the ónoô and ósomeô EQ-5D responses, 

but showed very poor predictive power for all óextremeô categories. For example, in the 

óanxiety/depressionô domain (Table 5.21) the actual number of subjects who answered 

óextremeô was 77, compared to the predicted 2. The model was under-predicting the 
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frequency of óextremeô responses across all EQ-5D domains. This could be due to the very 

low number of patients selecting that option in the actual patient dataset and the fact that this 

method of incorporating ópredicted response frequencyô only isolates the ómost probableô 

outcome. Therefore, whilst the model provides a predicted probability for the óextremeô 

category, the numerical value was of no significance in the model when calculating the final 

predictions, as inevitably Y = 1 or 2 always had the higher probabilities. 

 

To overcome this problem, a different analysis method was therefore used: ótotal sum of 

probabilitiesô. This method considers the individual predicted probability for each EQ-5D 

domain response, with the total column sum of these probabilities providing the predicted 

number of patients within that category. Therefore, the predicted probabilities for each 

possible EQ-5D domain response were summed over all subjects allowing us to predict, 

within a cohort of patients, how many in total would answer ñno problemsò, ñsome problemsò 

or ñextreme problemsò for each of the five EQ-5D domains. These results were then 

compared at a group level with the actual number of responses within the óinternalô derivation 

set, followed by the óexternalô validation set. As a final step, the model was re-fitted on the 

entire patient dataset to produce a model with increased accuracy. 

 

5.3 Method two: the forward stepwise variable selection method 

and total sum of probabilities 
 

As the ópredicted response categoryô methodology yielded non-optimal results (in particular 

for respondents who answered óextremeô for the respective categories), the next step involved 

total sum of probabilities providing predicted frequency of responses for subjects in the 

derivation set. The results of this óinternal validationô process are shown in tables 5.22-5.26;  
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5.3.1 Internal validation of the forward variable selection method: total sum 
of probabilities 
 

Table 5.22 Fitting the model for óMobilityô into the derivation data set: predicted category 

frequencies versus actual category frequencies 

 

Mobility 
Response 

Actual Response 
Frequency (% of total) 

Predicted Response Frequency 
(% of total) 

óNoô 1374 (75.8 %) 1373.52 (75.8 %) 
óSomeô 433 (23.9 %) 433.58 (23.9 %) 

Extremeô 6 (0.3%) 5.91 (0.3 %) 
 
Table 5.23 Fitting the model for óSelf-careô into the derivation data set: predicted category 

frequencies versus actual category frequencies 

 

Self-care 
Response 

Actual Response 
Frequency (% of total) 

Predicted Response Frequency 
(% of total) 

óNoô 1627 (89.7 %) 1627.95 (89.7 %) 

óSomeô 180 (9.9 %) 179.06 (9.9 %) 
Extremeô 7 (0.4%) 6.99 (0.39 %) 

 
Table 5.24 Fitting the model for óUsual Activitiesô into the derivation data set: predicted 

category frequencies versus actual category frequencies 

 

Usual Activities 

Response 

Actual Response 

Frequency (% of total) 

Predicted Response Frequency 

(% of total) 

óNoô 1343 (74.0 %) 1345.95 (74.1 %) 

óSomeô 450 (24.8 %) 447.63 (24.7 %) 
Extremeô 23 (1.3%) 22.42 (1.2 %) 

 
Table 5.25 Fitting the model for óPain/Discomfortô into the derivation data set: predicted 

category frequencies versus actual category frequencies 

 

Pain/Discomfort 
Response 

Actual Response 
Frequency (% of total) 

Predicted Response Frequency 
(% of total) 

óNoô 817 (45.0 %) 815.96 (45.0 %) 
óSomeô 899 (49.6 %) 899.35 (49.6 %) 

Extremeô 98 (5.4%) 98.69 (5.4 %) 
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Table 5.26 Fitting the model for óAnxiety/Depressionô into the derivation data set: predicted 

category frequencies versus actual category frequencies 

 

Anxiety 
Depression 

Response 

Actual Response 
Frequency (% of total) 

Predicted Response Frequency 
(% of total) 

óNoô 997 (55.1 %) 996.53 (55.1 %) 

óSomeô 735(40.6 %) 735.31 (40.6 %) 
Extremeô 77 (4.3%) 77.15 (4.3 %) 

 
As may be noted from Tables 5.22-5.26, the predicted response frequency from the internal 

validation process was very close to the actual response frequency, with almost identical 

results. As the model was being fitted back into the same set it was derived from, this was to 

be expected. However, the next step would involve fitting the model into the óexternalô 

(validation) set to assess how well mapping with OLR predicts EQ-5D domain responses. 

 

5.3.2 External validation of the forward variable selection method: total sum 
of probabilities 
 

5.3.2.1 Building the models 
 

In order to build the model for external validation, óestimatesô from the most significant DLQI 

items were utilised as identified in Table 5.11. These estimates are displayed below in tables 

5.27-5.31. Each formula was based on the OLR formulae as shown in Figure 5.2.  

 

5.3.2.1.1 Mobility 
 

Table 5.27 Estimates for the óMobilityô EQ-5D domain using the most significant DLQI 

predictor items. The relevant DLQI question is represented in numerical order by DLQI 1, 

DLQI 2 etc up to DLQI 10 

 
 Estimate Std. Error 95% Conf idence Interval 

Lower Bound Upper Bound 

Threshold [EQ5D Mobility a1 = 

1] 

-.514 .302 -1.106 .079 

[EQ5D Mobility a2 = 

2] 

4.256 .497 3.281 5.231 

DLQI Item [dlqi3=0] .089 .325 -.549 .727 

[dlqi3=1] .609 .318 -.015 1.232 
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[dlqi3=2] .543 .300 -.046 1.132 

[dlqi3=3] 0a . . . 

[dlqi7=0] -.632 .204 -1.031 -.233 

[dlqi7=1] -1.019 .222 -1.454 -.584 

[dlqi7=2] -.942 .317 -1.564 -.320 

[dlqi7=3] 0a . . . 

[dlqi10=0] -.507 .280 -1.055 .042 

[dlqi10=1] -.194 .292 -.766 .378 

[dlqi10=2] .191 .299 -.395 .777 

[dlqi10=3] 0a . . . 

[dlqi2=0] .841 .259 .335 1.348 

[dlqi2=1] .765 .244 .287 1.244 

[dlqi2=2] .204 .244 -.275 .683 

[dlqi2=3] 0a . . . 

[dlqi5=0] -.930 .318 -1.553 -.307 

[dlqi5=1] -.674 .300 -1.262 -.085 

[dlqi5=2] -.709 .299 -1.294 -.124 

[dlqi5=3] 0a . . . 

[dlqi1=0] -.543 .231 -.996 -.090 

[dlqi1=1] -.652 .211 -1.067 -.238 

[dlqi1=2] -.311 .204 -.710 .088 

[dlqi1=3] 0a . . . 

[dlqi6=0] -.311 .258 -.817 .196 

[dlqi6=1] -.486 .286 -1.046 .074 

[dlqi6=2] -.436 .304 -1.033 .161 

[dlqi6=3] 0a . . . 

 
 
Figure 5.3 The ordinal logistic regression formulae to predict EQ-5D ómobilityô domain 
outcomes 
 

 
The following formulae were inputted into Excel to produce three probabilities per patient 

using the estimates from Table 5.27 in the equation shown in Figure 5.3: 

 
P (Mobility = 1) 
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=1/(1+EXP(0.514+((IF(AB2=0,0.089,0))+(IF(AB2=1,0.609,0))+(IF(AB2=2,0.543,0))+(IF(AB2=

3,0,0))+(IF(AH2=0,-0.632,0))+(IF(AH2=1,-1.019,0))+(IF(AH2=2,-

0.942,0))+(IF(AH2=3,0,0))+(IF(AK2=0,-0.507,0))+(IF(AK2=1,-

0.194,0))+(IF(AK2=2,0.191,0))+(IF(AK2=3,0,0))+(IF(AA2=0,0.841,0))+(IF(AA2=1,0.765,0))+(I

F(AA2=2,0.204,0))+(IF(AA2=3,0,0))+(IF(AD2=0,-0.93,0))+(IF(AD2=1,-0.674,0))+(IF(AD2=2,-

0.709,0))+(IF(AD2=3,0,0))+(IF(Z2=0,-0.543,0))+(IF(Z2=1,-0.652,0))+(IF(Z2=2,-

0.311,0))+(IF(Z2=3,0,0))+(IF(AE2=0,-0.311,0))+(IF(AE2=1,-0.486,0))+(IF(AE2=2,-

0.436,0))+(IF(AE2=3,0,0))))) 

 

P (Mobility = 2) 

 

=(1/(1+EXP(-4.256+(IF(AB2=0, 0.089,0)) + (IF(AB2=1, 0.609,0)) + (IF(AB2=2, 0.543,0)) + 

(IF(AB2=3, 0,0))+(IF(AH2=0, -0.632,0)) + (IF(AH2=1, -1.019,0)) + (IF(AH2=2, -0.942,0)) + 

(IF(AH2=3, 0,0))+(IF(AK2=0, -0.507,0)) + (IF(AK2=1, -0.194,0)) + (IF(AK2=2, 0.191,0)) + 

(IF(AK2=3, 0,0))+(IF(AA2=0, 0.841,0)) + (IF(AA2=1, 0.765,0)) + (IF(AA2=2, 0.204,0)) + 

(IF(AA2=3, 0,0))+(IF(AD2=0, -0.93,0)) + (IF(AD2=1, -0.674,0)) + (IF(AD2=2, -0.709,0)) + 

(IF(AD2=3, 0,0))+(IF(Z2=0, -0.543,0)) + (IF(Z2=1, -0.652,0)) + (IF(Z2=2, -0.311,0)) + 

(IF(Z2=3, 0,0)) + (IF(AE2=0, -0.311,0)) + (IF(AE2=1, -0.486,0)) + (IF(AE2=2, -0.436,0)) + 

(IF(AE2=3, 0,0))))) - BC2 

 

P (Mobility = 3) = 1 - P (Mobility = 2) - P (Mobility = 1) 

 

5.3.2.1.2 Self-care 
 

Table 5.28 Estimates for the óSelf-careô EQ-5D domain using the most significant DLQI 

predictor items. The relevant DLQI question is represented in numerical order by DLQI 1, 

DLQI 2 etc up to DLQI 10 

 

 Estimate Std. 

Error 

95% Conf idence Interval 

Lower Bound Upper Bound 

Threshold [EQ5D Self -care 

a1 = 1] 

.393 .397 -.384 1.171 

[EQ5D Self -care 

a2 = 2] 

4.022 .538 2.969 5.076 

DLQI item [dlqi10=0] -1.437 .330 -2.083 -.791 

[dlqi10=1] -1.285 .351 -1.972 -.598 

[dlqi10=2] -.295 .323 -.929 .339 



 
176 

[dlqi10=3] 0a . . . 

[dlqi3=0] -.630 .403 -1.420 .160 

[dlqi3=1] -.083 .380 -.829 .662 

[dlqi3=2] .083 .343 -.590 .755 

[dlqi3=3] 0a . . . 

[dlqi7=0] -.469 .262 -.984 .045 

[dlqi7=1] -.692 .284 -1.249 -.135 

[dlqi7=2] -.410 .371 -1.137 .316 

[dlqi7=3] 0a . . . 

[dlqi1=0] -.639 .331 -1.289 .010 

[dlqi1=1] -.777 .278 -1.322 -.232 

[dlqi1=2] -.310 .250 -.800 .180 

[dlqi1=3] 0a . . . 

[dlqi8=0] .784 .481 -.159 1.727 

[dlqi8=1] .984 .461 .080 1.887 

[dlqi8=2] .998 .424 .167 1.829 

[dlqi8=3] 0a . . . 

[dlqi9=0] -.546 .344 -1.221 .128 

[dlqi9=1] -.607 .382 -1.355 .141 

[dlqi9=2] -1.448 .467 -2.363 -.534 

[dlqi9=3] 0a . . . 

[dlqi2=0] .215 .349 -.469 .900 

[dlqi2=1] .325 .305 -.273 .923 

[dlqi2=2] -.062 .298 -.647 .522 

[dlqi2=3] 0a . . . 

[dlqi5=0] -.839 .431 -1.685 .007 

[dlqi5=1] -.319 .388 -1.079 .441 

[dlqi5=2] -.390 .369 -1.113 .333 

[dlqi5=3] 0a . . . 

[dlqi4=0] .534 .340 -.133 1.201 

[dlqi4=1] .494 .335 -.163 1.151 

[dlqi4=2] .760 .323 .128 1.392 

[dlqi4=3] 0a . . . 

[dlqi6=0] .148 .337 -.513 .809 

[dlqi6=1] .054 .376 -.682 .791 

[dlqi6=2] .467 .383 -.283 1.218 

[dlqi6=3] 0a . . . 
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Figure 5.4 The ordinal logistic regression formulae to predict EQ-5D óself-careô domain 
outcomes 
 
 

 
The following formulae were inputted into Excel to produce three probabilities per patient 

using the estimates from Table 5.28 in the equation shown in Figure 5.4: 

 

P (Self-care = 1) 

 

=1/(1+EXP(-0.393+((IF(AK2=0,-1.437,0))+(IF(AK2=1,-1.285,0))+(IF(AK2=2,-

0.295,0))+(IF(AK2=3,0,0))+(IF(AB2=0,-0.630,0))+(IF(AB2=1,-

0.083,0))+(IF(AB2=2,0.083,0))+(IF(AB2=3,0,0))+(IF(AH2=0,-0.469,0))+(IF(AH2=1,-

0.692,0))+(IF(AH2=2,-0.410,0))+(IF(AH2=3,0,0))+(IF(Z2=0,-0.639,0))+(IF(Z2=1,-

0.777,0))+(IF(Z2=2,-

0.310,0))+(IF(Z2=3,0,0))+(IF(AI2=0,0.784,0))+(IF(AI2=1,0.984,0))+(IF(AI2=2,0.998,0))+(IF(AI

2=3,0,0))+(IF(AJ2=0,-0.546,0))+(IF(AJ2=1,-0.607,0))+(IF(AJ2=2,-

1.448,0))+(IF(AJ2=3,0,0))+(IF(AA2=0,0.215,0))+(IF(AA2=1,0.325,0))+(IF(AA2=2,-

0.062,0))+(IF(AA2=3,0,0)) +(IF(AD2=0,-0.839,0))+(IF(AD2=1,-0.319,0))+(IF(AD2=2,-

0.390,0))+(IF(AD2=3,0,0)) 

+(IF(AC2=0,0.534,0))+(IF(AC2=1,0.494,0))+(IF(AC2=2,0.760,0))+(IF(AC2=3,0,0)) 

+(IF(AE2=0,0.148,0))+(IF(AE2=1,0.054,0))+(IF(AE2=2,0.467,0))+(IF(AE2=3,0,0))))) 

 

P (Self-care = 2) 

 

=1/(1+EXP(-4.022+((IF(AK2=0,-1.437,0))+(IF(AK2=1,-1.285,0))+(IF(AK2=2,-

0.295,0))+(IF(AK2=3,0,0))+(IF(AB2=0,-0.630,0))+(IF(AB2=1,-

0.083,0))+(IF(AB2=2,0.083,0))+(IF(AB2=3,0,0))+(IF(AH2=0,-0.469,0))+(IF(AH2=1,-

0.692,0))+(IF(AH2=2,-0.410,0))+(IF(AH2=3,0,0))+(IF(Z2=0,-0.639,0))+(IF(Z2=1,-

0.777,0))+(IF(Z2=2,-

0.310,0))+(IF(Z2=3,0,0))+(IF(AI2=0,0.784,0))+(IF(AI2=1,0.984,0))+(IF(AI2=2,0.998,0))+(IF(AI

2=3,0,0))+(IF(AJ2=0,-0.546,0))+(IF(AJ2=1,-0.607,0))+(IF(AJ2=2,-
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1.448,0))+(IF(AJ2=3,0,0))+(IF(AA2=0,0.215,0))+(IF(AA2=1,0.325,0))+(IF(AA2=2,-

0.062,0))+(IF(AA2=3,0,0)) +(IF(AD2=0,-0.839,0))+(IF(AD2=1,-0.319,0))+(IF(AD2=2,-

0.390,0))+(IF(AD2=3,0,0)) 

+(IF(AC2=0,0.534,0))+(IF(AC2=1,0.494,0))+(IF(AC2=2,0.760,0))+(IF(AC2=3,0,0)) 

+(IF(AE2=0,0.148,0))+(IF(AE2=1,0.054,0))+(IF(AE2=2,0.467,0))+(IF(AE2=3,0,0))))) 

- BC2 

 

P (Self-care = 3) = 1 - P (Self-care = 2) - P (Self-care = 1) 

5.3.2.1.3 Usual activities 
 

Table 5.29 Estimates for the óUsual activitiesô EQ-5D domain using the most significant DLQI 

predictor items. The relevant DLQI question is represented in numerical order by DLQI 1, 

DLQI 2 etc up to DLQI 10 

 

 Estimate Std. Error 95% Conf idence Interval 

Lower Bound Upper Bound 

Threshold [EQ5D Usual 

Activities a1 = 1] 

-1.064 .308 -1.668 -.460 

[EQ5D Usual 

Activities a2 = 2] 

2.696 .353 2.004 3.389 

DLQI Item [dlqi3=0] -.394 .311 -1.004 .216 

[dlqi3=1] .085 .303 -.509 .679 

[dlqi3=2] .467 .289 -.099 1.033 

[dlqi3=3] 0a . . . 

[dlqi10=0] -.727 .277 -1.270 -.185 

[dlqi10=1] -.513 .288 -1.078 .053 

[dlqi10=2] .295 .294 -.281 .871 

[dlqi10=3] 0a . . . 

[dlqi7=0] -.533 .202 -.929 -.138 

[dlqi7=1] -.754 .217 -1.179 -.330 

[dlqi7=2] -.403 .295 -.981 .174 

[dlqi7=3] 0a . . . 

[dlqi6=0] -.774 .257 -1.279 -.270 

[dlqi6=1] -.783 .282 -1.336 -.230 

[dlqi6=2] -.601 .298 -1.185 -.018 

[dlqi6=3] 0a . . . 

[dlqi1=0] -.804 .233 -1.262 -.347 

[dlqi1=1] -.621 .207 -1.026 -.216 

[dlqi1=2] -.276 .199 -.667 .114 
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[dlqi1=3] 0a . . . 

[dlqi2=0] .623 .256 .121 1.125 

[dlqi2=1] .621 .238 .155 1.086 

[dlqi2=2] .131 .235 -.329 .591 

[dlqi2=3] 0a . . . 

[dlqi5=0] -.837 .320 -1.465 -.209 

[dlqi5=1] -.447 .299 -1.032 .139 

[dlqi5=2] -.337 .292 -.910 .235 

[dlqi5=3] 0a . . . 

[dlqi4=0] .475 .251 -.016 .966 

[dlqi4=1] .312 .251 -.181 .804 

[dlqi4=2] .571 .252 .077 1.066 

[dlqi4=3] 0a . . . 

 
Figure 5.5 The ordinal logistic regression formulae to predict EQ-5D óUsual activitiesô domain 

outcomes 

 
 

 
 
The following formulae were inputted into Excel to produce three probabilities per patient 

using the estimates from Table 5.29 in the equation shown in Figure 5.5: 

 

P (Usual Activities = 1) 

 

=1/(1+EXP(1.064+((IF(AB2=0,-

0.394,0))+(IF(AB2=1,0.085,0))+(IF(AB2=2,0.467,0))+(IF(AB2=3,0,0))+(IF(AK2=0,-

0.727,0))+(IF(AK2=1,-0.513,0))+(IF(AK2=2,0.295,0))+(IF(AK2=3,0,0))+(IF(AH2=0,-

0.533,0))+(IF(AH2=1,-0.754,0))+(IF(AH2=2,-0.403,0))+(IF(AH2=3,0,0))+(IF(AE2=0,-

0.774,0))+(IF(AE2=1,-0.783,0))+(IF(AE2=2,-0.601,0))+(IF(AE2=3,0,0))+(IF(Z2=0,-

0.804,0))+(IF(Z2=1,-0.621,0))+(IF(Z2=2,-

0.276,0))+(IF(Z2=3,0,0))+(IF(AA2=0,0.623,0))+(IF(AA2=1,0.621,0))+(IF(AA2=2,0.131,0))+(IF(

AA2=3,0,0))+(IF(AD2=0,-0.837,0))+(IF(AD2=1,-0.447,0))+(IF(AD2=2,-

0.337,0))+(IF(AD2=3,0,0))+(IF(AC2=0,0.475,0))+(IF(AC2=1,0.312,0))+(IF(AC2=2,0.571,0))+(I
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F(AC2=3,0,0))))) 

 

P (Usual Activities = 2) 

 

=1/(1+EXP(-2.696+((IF(AB2=0,-

0.394,0))+(IF(AB2=1,0.085,0))+(IF(AB2=2,0.467,0))+(IF(AB2=3,0,0))+(IF(AK2=0,-

0.727,0))+(IF(AK2=1,-0.513,0))+(IF(AK2=2,0.295,0))+(IF(AK2=3,0,0))+(IF(AH2=0,-

0.533,0))+(IF(AH2=1,-0.754,0))+(IF(AH2=2,-0.403,0))+(IF(AH2=3,0,0))+(IF(AE2=0,-

0.774,0))+(IF(AE2=1,-0.783,0))+(IF(AE2=2,-0.601,0))+(IF(AE2=3,0,0))+(IF(Z2=0,-

0.804,0))+(IF(Z2=1,-0.621,0))+(IF(Z2=2,-

0.276,0))+(IF(Z2=3,0,0))+(IF(AA2=0,0.623,0))+(IF(AA2=1,0.621,0))+(IF(AA2=2,0.131,0))+(IF(

AA2=3,0,0))+(IF(AD2=0,-0.837,0))+(IF(AD2=1,-0.447,0))+(IF(AD2=2,-

0.337,0))+(IF(AD2=3,0,0))+(IF(AC2=0,0.475,0))+(IF(AC2=1,0.312,0))+(IF(AC2=2,0.571,0))+(I

F(AC2=3,0,0))))) - BC2 

 

P (Usual activities = 3) = 1 - P (Usual activities = 2) - P (Usual activities = 1) 

 

5.3.2.1.4 Pain / discomfort 
 

Table 5.30 Estimates for the óPain/discomfortô EQ-5D domain using the most significant DLQI 

predictor items. The relevant DLQI question is represented in numerical order by DLQI 1, 

DLQI 2 etc up to DLQI 10 

 
 Estimate Std. 

Error 

95% Conf idence Interval 

Lower Bound Upper Bound 

Threshold [EQ5D Pain / 

Discomfort a1 = 1] 

-2.732 .316 -3.352 -2.112 

[EQ5D Pain / 

Discomfort a2 = 2] 

.987 .302 .395 1.579 

DLQI Item [dlqi1=0] -2.050 .211 -2.464 -1.637 

[dlqi1=1] -1.345 .198 -1.732 -.957 

[dlqi1=2] -.480 .195 -.863 -.097 

[dlqi1=3] 0a . . . 

[dlqi6=0] -.986 .244 -1.465 -.507 

[dlqi6=1] -.758 .265 -1.277 -.238 

[dlqi6=2] -.559 .282 -1.113 -.006 

[dlqi6=3] 0a . . . 

[dlqi10=0] -.407 .268 -.932 .119 
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[dlqi10=1] -.073 .280 -.621 .475 

[dlqi10=2] .270 .291 -.301 .841 

[dlqi10=3] 0a . . . 

[dlqi4=0] -.076 .215 -.497 .345 

[dlqi4=1] .171 .222 -.263 .605 

[dlqi4=2] .455 .237 -.009 .918 

[dlqi4=3] 0a . . . 

[dlqi7=0] .350 .193 -.029 .729 

[dlqi7=1] .028 .205 -.373 .429 

[dlqi7=2] .256 .290 -.312 .824 

[dlqi7=3] 0a . . . 

[dlqi3=0] -.464 .279 -1.011 .083 

[dlqi3=1] -.197 .277 -.741 .347 

[dlqi3=2] -.131 .272 -.665 .403 

[dlqi3=3] 0a . . . 

 
Figure 5.6 The ordinal logistic regression formulae to predict EQ5D óPain/discomfortô domain 

outcomes 

 

 

The following formulae were inputted into Excel to produce three probabilities per patient 

using the estimates from Table 5.30 in the equation shown in Figure 5.6: 

 

P (Pain = 1) 

 

=1/(1+EXP(2.732+((IF(Z2=0,-0.2050,0))+(IF(Z2=1,-1.345,0))+(IF(Z2=2,-

0.480,0))+(IF(Z2=3,0,0))+(IF(AE2=0,-0.986,0))+(IF(AE2=1,-0.758,0))+(IF(AE2=2,-

0.559,0))+(IF(AE2=3,0,0))+(IF(AK2=0,-0.407,0))+(IF(AK2=1,-

0.073,0))+(IF(AK2=2,0.270,0))+(IF(AK2=3,0,0))+(IF(AC2=0,-

0.076,0))+(IF(AC2=1,0.171,0))+(IF(AC2=2,0.455,0))+(IF(AC2=3,0,0))+(IF(AH2=0,0.350,0))+(I

F(AH2=1,0.028,0))+(IF(AH2=2,0.256,0))+(IF(AH2=3,0,0))+(IF(AB2=0,-0.464,0))+(IF(AB2=1,-

0.197,0))+(IF(AB2=2,-0.131,0))+(IF(AB2=3,0,0))))) 

 

P (Pain = 2) 

 

ὖὖὥὭὲȾὈὭίὧέάὪέὶὸρ  
ρ

ρ Ὡ Ⱦ      

ὖὖὥὭὲȾὈὭίὧέάὪέὶὸς  
ρ

ρ Ὡ Ⱦ      ɀὖὣ ρ  

 
ὖὖὥὭὲȾὈὭίὧέάὪέὶὸσ  ρ ὖὣ ς  ὖὣ ρ 
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=1/(1+EXP(-0.987+((IF(Z2=0,-0.2050,0))+(IF(Z2=1,-1.345,0))+(IF(Z2=2,-

0.480,0))+(IF(Z2=3,0,0))+(IF(AE2=0,-0.986,0))+(IF(AE2=1,-0.758,0))+(IF(AE2=2,-

0.559,0))+(IF(AE2=3,0,0))+(IF(AK2=0,-0.407,0))+(IF(AK2=1,-

0.073,0))+(IF(AK2=2,0.270,0))+(IF(AK2=3,0,0))+(IF(AC2=0,-

0.076,0))+(IF(AC2=1,0.171,0))+(IF(AC2=2,0.455,0))+(IF(AC2=3,0,0))+(IF(AH2=0,0.350,0))+(I

F(AH2=1,0.028,0))+(IF(AH2=2,0.256,0))+(IF(AH2=3,0,0))+(IF(AB2=0,-0.464,0))+(IF(AB2=1,-

0.197,0))+(IF(AB2=2,-0.131,0))+(IF(AB2=3,0,0))))) - BC2 

 

P (Pain = 3) = 1 - P (Pain = 2) - P (Pain = 1) 

 

 

5.3.2.1.5 Anxiety / depression 
 

Table 5.31 Estimates for the óAnxiety/Depressionô EQ-5D domain using the most significant 

DLQI predictor items. The relevant DLQI question is represented in numerical order by DLQI 

1, DLQI 2 etc up to DLQI 10 

 
 Estimate Std. 

Error 

95% Conf idence Interval 

Lower Bound Upper Bound 

Threshold [EQ5D Anxiety/ 

Depression a1 = 

1] 

-2.848 .342 -3.519 -2.177 

[EQ5D Anxiety/ 

Depression a2 = 

2] 

.489 .328 -.153 1.131 

DLQI Item [dlqi2=0] -1.296 .208 -1.704 -.887 

[dlqi2=1] -.881 .197 -1.268 -.495 

[dlqi2=2] -.495 .201 -.888 -.101 

[dlqi2=3] 0a . . . 

[dlqi7=0] -.638 .190 -1.010 -.266 

[dlqi7=1] -.474 .199 -.864 -.084 

[dlqi7=2] -.409 .286 -.970 .152 

[dlqi7=3] 0a . . . 

[dlqi9=0] -.624 .262 -1.137 -.110 

[dlqi9=1] -.627 .284 -1.184 -.069 

[dlqi9=2] -.157 .319 -.783 .468 

[dlqi9=3] 0a . . . 

[dlqi3=0] -.228 .282 -.780 .324 

[dlqi3=1] .095 .282 -.458 .647 
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[dlqi3=2] .021 .273 -.515 .556 

[dlqi3=3] 0a . . . 

[dlqi1=0] -.429 .206 -.832 -.025 

[dlqi1=1] -.493 .191 -.868 -.118 

[dlqi1=2] -.471 .190 -.844 -.098 

[dlqi1=3] 0a . . . 

[dlqi10=0] -.741 .269 -1.267 -.215 

[dlqi10=1] -.757 .280 -1.305 -.209 

[dlqi10=2] -.478 .287 -1.040 .084 

[dlqi10=3] 0a . . . 

[dlqi8=0] -.300 .327 -.941 .341 

[dlqi8=1] -.085 .319 -.711 .541 

[dlqi8=2] -.172 .311 -.782 .437 

[dlqi8=3] 0a . . . 

[dlqi4=0] .402 .217 -.024 .828 

[dlqi4=1] .427 .221 -.007 .861 

[dlqi4=2] .453 .232 -.002 .909 

[dlqi4=3] 0a . . . 

 
Figure 5.7 The ordinal logistic regression formulae to predict EQ-5D óAnxiety/depressionô 

domain outcomes 

 

 
 
The following formulae were inputted into Excel to produce three probabilities per patient 

using the estimates from Table 5.31 in the equation shown in Figure 5.7: 

 

P (Anxiety = 1) 

 

=1/(1+EXP(2.848+((IF(AA2=0,-1.296,0))+(IF(AA2=1,-0.881,0))+(IF(AA2=2,-

0.495,0))+(IF(AA2=3,0,0))+(IF(AH2=0,-0.638,0))+(IF(AH2=1,-0.474,0))+(IF(AH2=2,-

0.409,0))+(IF(AH2=3,0,0))+(IF(AJ2=0,-0.624,0))+(IF(AJ2=1,-0.627,0))+(IF(AJ2=2,-

0.157,0))+(IF(AJ2=3,0,0))+(IF(AB2=0,-

0.228,0))+(IF(AB2=1,0.095,0))+(IF(AB2=2,0.021,0))+(IF(AB2=3,0,0))+(IF(Z2=0,-

0.429,0))+(IF(Z2=1,-0.493,0))+(IF(Z2=2,-0.471,0))+(IF(Z2=3,0,0))+(IF(AK2=0,-

ὖὃὲὼὭὩὸώȾὈὩὴὶὩίίὭέὲρ  
ρ

ρ Ὡ Ⱦ      

ὖὃὲὼὭὩὸώȾὈὩὴὶὩίίὭέὲς  
ρ

ρ Ὡ Ⱦ      ɀ 

ὖὣ ρ 
 

ὖὃὲὼὭὩὸώȾὈὩὴὶὩίίὭέὲσ  ρ ὖὣ ς  ὖὣ ρ 
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0.741,0))+(IF(AK2=1,-0.757,0))+(IF(AK2=2,-0.478,0))+(IF(AK2=3,0,0))+(IF(AI2=0,-

0.300,0))+(IF(AI2=1,-0.085,0))+(IF(AI2=2,-

0.172,0))+(IF(AI2=3,0,0))+(IF(AC2=0,0.402,0))+(IF(AC2=1,0.427,0))+(IF(AC2=2,0.453,0))+(I

F(AC2=3,0,0))))) 

 

P (Anxiety = 2) 

 

=1/(1+EXP(-0.489 +((IF(AA2=0,-1.296,0))+(IF(AA2=1,-0.881,0))+(IF(AA2=2,-

0.495,0))+(IF(AA2=3,0,0))+(IF(AH2=0,-0.638,0))+(IF(AH2=1,-0.474,0))+(IF(AH2=2,-

0.409,0))+(IF(AH2=3,0,0))+(IF(AJ2=0,-0.624,0))+(IF(AJ2=1,-0.627,0))+(IF(AJ2=2,-

0.157,0))+(IF(AJ2=3,0,0))+(IF(AB2=0,-

0.228,0))+(IF(AB2=1,0.095,0))+(IF(AB2=2,0.021,0))+(IF(AB2=3,0,0))+(IF(Z2=0,-

0.429,0))+(IF(Z2=1,-0.493,0))+(IF(Z2=2,-0.471,0))+(IF(Z2=3,0,0))+(IF(AK2=0,-

0.741,0))+(IF(AK2=1,-0.757,0))+(IF(AK2=2,-0.478,0))+(IF(AK2=3,0,0))+(IF(AI2=0,-

0.300,0))+(IF(AI2=1,-0.085,0))+(IF(AI2=2,-

0.172,0))+(IF(AI2=3,0,0))+(IF(AC2=0,0.402,0))+(IF(AC2=1,0.427,0))+(IF(AC2=2,0.453,0))+(I

F(AC2=3,0,0))))) - BC2 

 

P (Anxiety = 3) = 1 - P (Anxiety = 2) - P (Anxiety = 1) 

 

5.3.3 Results 
 

Having derived five ordinal models, one for each EQ-5D dimension, the models were used to 

predict the probability of each EQ-5D response for each subject in the validation set. The total 

sums of probabilities were then calculated to predict the number of responses for each 

domain across the entire validation cohort and these were then compared with the actual 

frequencies recorded, as shown in Table 5.32. These frequencies are also displayed as bar 

charts in Figure 5.8 (a and b), which demonstrate the predictive capability of the models 

across each domain. The models were shown to be highly predictive except for the 

pain/discomfort domain where some minor differences were noted (Table 5.32). 
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Table 5.32 Table summarising the ordinal regression model predictions against actual 

population responses following forwards stepwise variable method 

 
  EQ-5D Response within each domain 

EQ5D Domain  No Some Extreme 

Mobility Actual 1389.00 
 

435.00 
 

5.00 
 

Predicted 1392.21 430.97 
 

5.82 
 

Self-care Actual 1611.00 
 

196.00 
 

5.00 
 

Predicted 1628.25 
 

176.93 
 

6.83 
 

Usual Activities Actual 1342.00 
 

447.00 
 

34.00 
 

Predicted 1346.66 
 

453.95 
 

22.39 
 

Pain/Discomfort Actual 823.00 

 

901.00 

 

111.00 

 

Predicted 565.39 

 

1132.65 

 

136.96 

 

Anxiety/Depression Actual 1001.00 

 

730.00 

 

82.00 

 

Predicted 983.41 

 

746.31 

 

83.28 
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Figure 5.8a Actual versus predicted EQ-5D outcome per domain using the ordinal regression 

model 

 
 

Figure 5.8b Actual versus predicted EQ-5D outcome percentages per domain using the 

ordinal regression model 
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5.3.3.1 Is the model predictive at an individual level? 
 

5.3.3.1.1 Histograms 
 

The modelôs discriminatory power was initially explored using histograms (Figures 5.9-5.13) 

for each response of each domain of the EQ-5D. For example, when assessing the ónoô 

response of the óAnxiety/depressionô domain, the probability of patients answering ónoô in 

patients who actually answered ónoô was plotted. This was one method of assessing the 

modelôs predictive power at an individual level.  

 

Figure 5.9 Anxiety & Depression histogram 

a) óNoô 

 

b) óSomeô 
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c) óExtremeô 

 

Figure 5.10 Mobility histogram 

a) óNoô 

 

b) óSomeô 
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c) óExtremeô 

 

Figure 5.11 Pain histogram 

a) óNoô 

 

b) óSomeô 
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c) óExtremeô 

 

Figure 5.12 Self-care histogram 

a) óNoô 

 

b) óSomeô 
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c) óExtremeô 

 

Figure 5.13 Usual Activities histogram 

a) óNoô 

 

b) óSomeô 
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c) óExtremeô 

 

The histograms shown above demonstrate an expected shift from right to left as the graphs 

progress within each domain, with the ópeakô of the histograms appropriately representative of 

the population. For example, the óAnxiety/depressionô domain had more actual responses in 

the ónoô category, compared to ósomeô and óextremeô, resulting in the tendency for higher 

probabilities for this response. However, given the lower number of patients in the óextremeô 

category the final graphs were not always ideal (Figures 5.10c and 5.12c). 

 

5.3.3.1.2 Exploring latent variables 
 

The second method of assessing the predictive ability of the model at an individual level 

involved charting the predicted values for the ólatent variablesô (Figure 5.14). The ólatent 

variableô is the summation of the DLQI and threshold estimates (as seen in the formula of 

Figure 5.2) that allows the conversion of the ordinal data in to a ócontinuumô. For example, 

suppose we were able to measure pain on a continuous scale ώz - this is an unobserved 

ólatentô variable. With the EQ-5D we observe ώ where: 

 

ώ π ὲέ ὥὲὼὭὩὸώ ὭὪ ώz ‘ 

ώ ρ ίέάὩ ὥὲὼὭὩὸώ ὭὪ ‘ ώz ‘  

ώ ς ὩὼὸὶὩάὩ ὥὲὼὭὩὸώ ὭὪ ώz ‘  

 

The ordinal logistic model for ώ gives an estimated value on the ώzscale for each subject as a 

function of their scores with the DLQI domains (these are the ὼ values) as follows: 

 

ώz ‍ὼ ‍ὼ Ễ ‍ὼ 
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Therefore, subjects recording óNoô with the óAnxiety/depressionô domain of the EQ-5D should 

give low values on the óyôz latent variable scale while subjects recording óExtremeô with this 

domain should give high values on that same latent variable scale. Subjects recording óSomeô 

should give values somewhere in the middle providing the model is predicting outcome at the 

individual subject level. Once the predicted latent variables were plotted against the number 

of actual respondents within each category, this was indeed the case as can be seen from 

Figure 5.14e. For subjects recording óNoô the bulk of the distribution of the latent variable 

values is towards the left-hand side, while for those recording óSomeô the distribution is shifted 

to the right and finally for those recording óExtremeô, the distribution is shifted yet further to the 

right. Figures 5.14a ï 5.14d provide corresponding distributions for the remaining domains of 

the EQ-5D and each of the figures demonstrates that the model was able to reliably achieve 

a suitable distribution of latent variable values for each domain, therefore providing 

discrimination at the subject level.  

 

Figure 5.14(a)-(e) Percentage of actual responses against predicated latent variable scores 

for each domain of the EQ-5D. *Note that the extreme values have been removed for the 

ómobilityô and óself-careô domains due to low sample sizes (n=5)  
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Figure 5.14a*: Percentage of actual responses in each category against predicted latent 
variable scores for the 'mobility' domain of the EQ5D
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Figure 5.14b*: Percentage of actual responses in each category against predicted latent variable 
scores for the 'self -care' domain of the EQ5D
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Figure 5.14c: Percentage of actual responses in each category against predicted latent variable 
scores for the 'usual activities' domain of the EQ5D
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5.3.3.2 Final Model 
 

The results for the five models for the five EQ-5D domains are shown in Table 5.33, including 

estimated coefficients and standard errors from the entire population of 4010 subjects. The 

complete SPSS output for this work may be found in Appendix XXII. The updated Excel 

formulae utilising the estimates from the complete dataset may be found in Appendix XXIII.  

 

 

 

0

10

20

30

40

50

60

-3.5 to -4.0 -3.0 to -3.5 -2.5 to -3.0 -2.0 to -2.5 -1.5 to -2.0 -1.0 to -1.5 -0.5 to -1.0 0.0 to -0.5 0.0 to 0.5 0.5 to 1.0

P
e
rc

e
n

ta
g
e
 o

f 
to

ta
l r

e
s
p

o
n

s
e
s
 w

it
h

in
 c

a
te

g
o

ry

Latent variable scores

Figure 5.14d: Percentage of actual responses in each category against predicted latent  variable 
scores for the 'pain' domain of the EQ5D
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Figure 5.14e: Percentage of actual responses in each category against predicted latent 
variable scores for the 'anxiety and depression' domain of the EQ5D
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Table 5.33 Final model coefficients (standard errors) for each EQ-5D domain (Method Two) 

 

 Mobility Self -Care Usual activities Pain/Discomfort Anxiety/Depression 

Threshold a1 -0.761 (0.211) 0.077 (0.257) -1.632 (0.222) -3.148 (0.225) -2.576 (0.235) 

Threshold a2 4.081 (0.359) 3.859 (0.378) 1.939 (0.236) 0.524 (0.210) 0.711 (0.226) 

DLQI1=0 -0.469 (0.160) -0.636 (0.228) -0.879 (0.164) -1.981 (0.145) -0.224 (0.142) 

DLQI1=1 -0.329 (0.145) -0.386 (0.187) -0.436 (0.143) -1.133 (0.136) -0.254 (0.132) 

DLQI1=2 -0.181 (0.141) -0.233 (0.173) -0.097 (0.138) -0.490 (0.490) -0.246 (0.132) 

DLQI2=0 0.448 (0.172) 0.101 (0.237) 0.606 (0.177) - -1.215 (0.144) 

DLQI2=1 0.381 (0.159) 0.182 (0.203) 0.531 (0.160) - -0.829 (0.135) 

DLQI2=2 0.024 (0.156) -0.156 (0.193) 0.135 (0.155) - -0.388 (0.136) 

DLQI3=0 -0.632 (0.211) -0.884 (0.263) -1.034 (0.206) -0.656 (0.192) -0.351 (0.192) 

DLQI3=1 -0.080 (0.204) -0.524 (0.247) -0.557 (0.199) -0.312 (0.191) -0.111 (0.190) 

DLQI3=2 0.250 (0.192) 0.018 (0.219) -0.030 (0.190) -0.150 (0.186) 0.028 (0.185) 

DLQI4=0 - 0.154 (0.230) 0.070 (0.173) -0.140 (0.154) 0.142 (0.153) 

DLQI4=1 - 0.339 (0.225) 0.088 (0.173) 0.024 (0.158) 0.050 (0.157) 

DLQI4=2 - 0.556 (0.214) 0.330 (0.172) 0.214 (0.165) 0.191 (0.162) 

DLQI5=0 -0.396 (0.216) -0.254 (0.297) -0.620 (0.219) - - 

DLQI5=1 -0.201 (0.205) 0.077 (0.268) -0.336 (0.206) - - 

DLQI5=2 -0.149 (0.193) 0.012 (0.242) -0.207 (0.194) - - 

DLQI6=0 -0.392 (0.183) -0.063 (0.230) -0.766 (0.182) -0.936 (0.173) - 

DLQI6=1 -0.642 (0.203) -0.253 (0.257) -0.684 (0.198) -0.676 (0.187) - 

DLQI6=2 -0.298 (0.205) 0.104 (0.248) -0.490 (0.203) -0.422 (0.195) - 

DLQI7=0 -0.268 (0.142) -0.355 (0.179) -0.552 (0.140) 0.431 (0.135) -0.510 (0.131) 

DLQI7=1 -0.722 (0.154) -0.676 (0.196) -0.741 (0.149) 0.171 (0.143) -0.281 (0.138) 

DLQI7=2 -0.690 (0.204) -0.537 (0.243) -0.422 (0.193) 0.353 (0.190) -0.114 (0.185) 

DLQI8=0 - 0.262 (0.303) - - -0.426 (0.224) 

DLQI8=1 - 0.307 (0.293) - - -0.263 (0.220) 

DLQI8=2 - 0.428 (0.268) - - -0.124 (0.214) 

DLQI9=0 - -0.172 (0.236) - - -0.442 (0.183) 
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DLQI9=1 - -0.153 (0.263) - - -0.395 (0.198) 

DLQI9=2 - -0.590 (0.282) - - -0.073 (0.214) 

DLQI10=0 -0.728 (0.195) -1.404 (0.230) -0.616 (0.197) -0.843 (0.193) -0.571 (0.192) 

DLQI10=1 -0.357 (0.200) -0.935 (0.231) -0.302 (0.202) -0.481 (0.198) -0.540 (0.197) 

DLQI10=2 -0.155 (0.207) -0.365 (0.225) -0.069 (0.208) -0.241 (0.206) -0.337 (0.204) 

 

Footnotes 

 

* In Column 1, the first figure after óDLQIô is the item number of the DLQI and the last figure is 

the score of the response to that item, as per authorôs instructions 

(http://www.cardiff.ac.uk/dermatology/quality-of-life/dermatology-quality-of-life-index-dlqi/dlqi-

instructions-for-use-and-scoring/) (Finlay 2020) 

 

**For each DLQI item the coefficients corresponding to DLQIx=3 equate to zero in all cases 

as this category was used as the reference category to which each of the other categories 

was compared 

 

5.3.3.3 Summary of the forward variable selection method 
 

The process of selecting the most significant DLQI items and implementing these in the 

ordinal regression formula demonstrates that the model works. However, this process results 

in the total predicted number of respondents in each category for an entire population. As 

described in the previous chapter, this provides some difficulties in calculating utility values, 

as it is important to affirm individual responses according to the EQ-5D-3L scoring tariff, not 

just the number of each of the responses. Furthermore, though the predicted numbers are 

reassuring, the histograms (Figures 5.9 ï 5.13) and latent variable graphs (Figure 5.14) 

demonstrate that the model could yet be strengthened, particularly at the extreme ends of the 

scale, with closer predicted values. 

 

 

 

 

 

 

 

http://www.cardiff.ac.uk/dermatology/quality-of-life/dermatology-quality-of-life-index-dlqi/dlqi-instructions-for-use-and-scoring/
http://www.cardiff.ac.uk/dermatology/quality-of-life/dermatology-quality-of-life-index-dlqi/dlqi-instructions-for-use-and-scoring/
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5.4 Method three: Monte Carlo simulation without forward 
variable selection and added age & sex variables 
 

Results using the forward variable selection method, though highly predictive at the group 

level (Figure 5.8), needed further development to avoid systematic bias and reduce the 

discrepancies between actual and predicted utility values. 

 

To calculate utility values one needs a SPSS syntax, which are available upon request from 

EuroQol (http://www.euroqol.org/about-eq-5d/valuation-of-eq-5d/eq-5d-3l-value-sets.html). 

This syntax calculates individual utility values depending on subject EQ-5D domain scores. 

To manually calculate these values is possible, but given the large sample size utility value 

calculations would be prone to significant time consumption as well as human error. 

Therefore, it was prudent to develop a model that would allow the accurate prediction of 

domain scores per patient. Another consideration for improving the model fit was to add extra 

variables, which in this case were óageô and ósexô. The same dataset from 4010 patients with 

skin diseases (Dalgard et al. 2015) was used.  

 

The dataset was once again randomly split into separate estimation and validation sets using 

the SPSS version 22 random number generator. Subjects with missing data in the DLQI, EQ-

5D and age/sex fields were removed from both datasets to enable model fitting and 

evaluation. As previously, the estimation set was used to derive the mapping models, whilst 

the out-of-sample validation set was utilised for validating the fitted models (Results Appendix 

XXIV). Following validation, the models were fitted to the complete dataset to improve their 

overall accuracy. 

 

A series of ordinal logistic regressions were fitted for each of the five EQ-5D dimensions 

against the ten individual items of the DLQI using SPSS version 22. All ten DLQI items were 

included this time for each domain model in order to capture all the correlations induced by 

each DLQI item. Monte Carlo simulations were run using these variables only. Subsequently, 

regressions were run with age and sex alone, DLQI items alone, as well as age and sex 

combined with DLQI items in order to evaluate the contribution of age and sex, and 

collectively the ten DLQI items. For each domain the combination of ten DLQI items with age 

and sex significantly improved the fit of the models, which included just age and sex, or just 

the ten DLQI items (Table 5.34). It should be noted that age and sex are invariably recorded, 

and therefore accessible and have been shown to significantly impact on QoL (Sampogna et 

al. 2006). For the purpose of modelling, males were encoded as ó0ô and females as ó1ô; age 

was inputted in years. 

http://www.euroqol.org/about-eq-5d/valuation-of-eq-5d/eq-5d-3l-value-sets.html
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Table 5.34 The significance of the DLQI items and age and sex compared to the model 

containing age, sex and the DLQI items for each EQ-5D domain 

 
EQ-5D Domain Covariates: Age / Sex Covariates: DLQI Covariates: Age / 

Sex / DLQI 

 -2 log 

likelihoo
d 

Chi-

square 
compari
ng to 

full 
model 

Degrees 

of  
f reedom 
(df) 

-2 log 

likelihood 

Chi-

square 
compari
ng to full 

model 

Degrees 

of  
f reedom 
(df) 

 

 
-2 log likelihood 

Mobility 507.39 171.87 2 1311.04 107.01 10 1565.91 

Self -care 430.84 18.67 2 862.51 172.87 10 988.67 

Usual activities 610.24 36.59 2 1388.09 269.24 10 1754.06 

Pain 783.75 37.54 2 1737.99 424.87 10 2373.31 

Anxiety/ 
depression 

772.55 18.91 2 1787.89 284.41 10 2451.74 

 
 

Due to the improved fit, it was hypothesised that these extra variables may improve the 

predictive ability of the models. The estimates from the final five models were fitted into the 

OLR equations. These ordinal models produced a set of probabilities for each possible 

outcome category, as given by the equations in Figure 5.2. 

 

However, the summation of probabilities was not used in this instance as this process was 

previously used to calculate the total predicted number of respondents within each EQ-5D 

domain. This was not required for method three: the model was tested on the validation 

dataset to produce three predicted probabilities per subject per EQ-5D domain (Y = 1, 2 or 3). 

Using these predicted probabilities, a series of Monte Carlo simulations were run for each 

subject resulting in predicted domain responses and consequently utility scores. Each Monte 

Carlo simulation involved randomly generating a number between 0 and 1 for each EQ-5D 

domain, which was then assigned a score depending on where it stood between the domain 

probabilities.  This was repeated ten times to ensure the model output was stable.  The 

average predicted utility scores for each Monte Carlo simulation were then compared with the 

actual average utility score within the validation set across the entire patient population. As a 

final step, the model was re-fitted on the entire patient dataset to produce a model with 

increased accuracy. 

 

 
 



 
200 

5.4.1 Calculating utility values 
 

For each subject, an actual utility value (based on actual patient responses) and a predicted 

utility value (derived from models) were calculated. For the purpose of this work, utility value 

is defined as óthe cardinal value that reflects an individualôs preference for different health 

outcomesô (Tolley 2009). In this thesis, these will be defined by the pre-existing EQ-5D health 

states (i.e. between óperfect healthô and ódeathô). Permission was sought from EuroQol 

(http://www.euroqol.org) to utilise the standardised UK time-trade-off (TTO) values, as 

European values did not exist at the time of the request. A pre-existing syntax was provided 

by EuroQol, which was used to calculate utility values within SPSS version 22, as seen 

below: 

 

******************************************************************** 

* SPSS syntax code for the computation of  * 

* index values with the UK MVH-A1 TTO value set * 

******************************************************************** 

 

compute UK_TTO = 1.0. 

 

if (mobility eq 2) UK_TTO = UK_TTO - 0.069. 

If (mobility eq 3) UK_TTO = UK_TTO - 0.314. 

 

if (selfcare eq 2) UK_TTO = UK_TTO - 0.104. 

if (selfcare eq 3) UK_TTO = UK_TTO - 0.214. 

 

if (activity eq 2) UK_TTO = UK_TTO - 0.036. 

if (activity eq 3) UK_TTO = UK_TTO - 0.094. 

 

if (pain eq 2) UK_TTO = UK_TTO - 0.123. 

if (pain eq 3) UK_TTO = UK_TTO - 0.386. 

 

if (anxiety eq 2) UK_TTO = UK_TTO - 0.071. 

if (anxiety eq 3) UK_TTO = UK_TTO - 0.236. 

 

if (mobility ne 1 or activity ne 1 or selfcare ne 1 or pain ne 1 or anxiety ne 1)  

 UK_TTO = UK_TTO - 0.081. 
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if (mobility eq 3 or selfcare eq 3 or activity eq 3 or anxiety eq 3 or pain eq 3)  

 UK_TTO = UK_TTO - 0.269. 

 

if (missing(mobility) or missing(activity) or missing(selfcare) or missing(pain) or 

missing(anxiety)) 

UK_TTO = 9. 

 

missing values UK_TTO (9). 

 

execute. 

 

Syntax key 

 eq = óequal toô, ne = ónot equal toô 

 

Utility values were adjusted for whether individual subjects scored óall onesô (i.e. óno problemsô 

in every EQ-5D domain) or óat least one threeô (i.e. the patient scored óextreme problemsô in at 

least one EQ-5D domain). Binary logistic regression models were created to counteract any 

systematic bias in the overall utility values (Appendix XXV). However, this would eventually 

become an unnecessary step in the process as these shifts in utility values are already 

considered in the SPSS syntax, as seen above. 

 

5.4.2 Results of Monte Carlo simulation without forward variable selection 
and added age & sex variables 
 

The patient dataset (n=4010) was randomly split into estimation (n=2007) and validation 

(n=2003) data sets. After excluding subjects with missing Age, Sex, DLQI, and EQ-5D data 

there were 1769 patients in the estimation set (11.9% excluded), and 1773 in the validation 

set (11.5% excluded). The socio-demographic characteristics of the original dataset are 

shown in Table 5.1. 

 

5.4.2.1 External validation 
 

Five ordinal models were derived, for each EQ-5D domain, and used to predict the probability 

of each EQ-5D response for each subject in the validation set, and subsequently the utility 

scores using Monte Carlo simulations. The model was shown to be highly predictive and 

repeated simulations demonstrated a stable model (Figure 5.15, Appendix XXVI). The 
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average predicted utility value for the entire validation set ranged from 0.742 to 0.753 across 

the 10 Monte Carlo simulations compared to the actual average utility value of 0.754.  

 

The predictive ability of the model at an individual subject level was also examined using 

histograms to display the difference between predicted utility score and the actual utility score 

for each Monte Carlo simulation. Figure 5.15 depicts a centrality around ó0ô which indicates 

the strong predictive collective capability of the OLR models. Of all ten Monte Carlo 

simulations shown, on average, 38% of the individual utility values were predicted to lie within 

0.1 of the actual values, while 66% were predicted to lie within 0.2 and 80% within 0.3.  

 

Figure 5.15 (a)-(j) Histograms demonstrating the average difference between predicted and 

actual utility scores for each Monte Carlo simulation 
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(e) (f) 

 

(g) (h) 

 

(i) (j) 

 

5.4.2 2 Final model coefficients 

Table 5.35 shows results for the five models for the five EQ-5D domains, including estimated 

coefficients and standard errors from all subjects. These coefficients are the óweightsô that 

influence the final ordinal model equation whereby higher figures indicate a stronger 

correlation between the relevant items. For example, DLQI item 1 asks: óOver the last week, 

how itchy, sore, painful or stinging has your skin been?ô and this correlated most highly with 

the ópain/discomfortô domain (0.685). Similarly, DLQI item 10 asks: óOver the last week, how 

much of a problem has the treatment for your skin been, for example by making your home 

messy, or by taking up time?ô. The highest coefficient for this question was 0.478 for the óself-

careô EQ-5D domain, reaffirming the strong conceptual correlation between the two 

questionnaires as described previously. 
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Table 5.35 Final model coefficients (standard errors) for each EQ-5D domain (Method Three) 

 Mobility Self -Care Usual activities Pain/Discomfort Anxiety/Depression 

Threshold a1 4.546 (0.232) 4.640 (0.306) 3.680 (0.216) 2.381 (0.173) 1.934 (0.170) 

Threshold a2 9.552 (0.392) 8.861 (0.471) 7.364 (0.272) 6.229 (0.211) 5.240 (0.199) 

Age 0.051 (0.003) 0.033 (0.004) 0.027 (0.003) 0.025 (0.002) 0.003 (0.002) 

Sex 0.046 (0.089) -0.213 (0.120) 0.133 (0.087) 0.177 (0.073) 0.465 (0.073) 

DLQI 1 0.087 (0.055) 0.176 (0.074) 0.270 (0.052) 0.685 (0.047) 0.035 (0.044) 

DLQI 2 0.013 (0.061) 0.052 (0.079) -0.114 (0.059) 0.014 (0.049) 0.378 (0.048) 

DLQI 3 0.209 (0.068) 0.278 (0.085) 0.351 (0.063) 0.199 (0.060) 0.107 (0.057) 

DLQI 4 0.071 (0.058) 0.053 (0.072) 0.051 (0.055) 0.097 (0.050) -0.099 (0.048) 

DLQI 5 0.113 (0.075) 0.064 (0.095) 0.209 (0.070) -0.122 (0.064) 0.205 (0.062) 

DLQI 6 0.116 (0.060) 0.014 (0.071) 0.215 (0.055) 0.310 (0.054) -0.075 (0.052) 

DLQI 7 0.251 (0.053) 0.236 (0.063) 0.283 (0.049) -0.048 (0.046) 0.186 (0.044) 

DLQI 8 -0.008 (0.076) -0.013 (0.091) -0.081 (0.071) 0.163 (0.066) 0.121 (0.064) 

DLQI 9 -0.094 (0.065) 0.002 (0.075) 0.068 (0.060) 0.132 (0.057) 0.194 (0.054) 

DLQI 10 0.233 (0.061) 0.478 (0.071) 0.210 (0.057) 0.245 (0.054) 0.155 (0.052) 

 

5.5 Method four: split-half cross validation 
 

All the methods employed thus far have involved randomly splitting the original database of 

4010 patients only once, resulting in one derivation and one validation set with unequally 

sized populations. This process does not result in true randomisation and the results were 

therefore subject to possible statistical bias. Therefore, to truly test the OLR model, the entire 

process was repeated with numerous random splits. This was done in order to help improve 

the overall accuracy of the model and also to prove that the accuracy of the predicted utility 

values was not due to chance. 

 

The database was filtered after deleting cases with missing data in variables for DLQI, EQ-

5D, age and sex. This differed from the previous methods where missing data were only 

removed following the modelling. This resulted in ópureô base data that may be used to derive 

estimates, as previously it was assumed SPSS v22 would automatically ignore missing data, 

though perhaps this was not the case, resulting in aberrant data. There was no clear 

indication on the software used as to whether data from incomplete cases would be 

considered in the final analysis and therefore it was safer to filter the data prior to any further 

detailed work. The core database was then randomly split into two groups, one for the 

derivation of the models, and one for the validation, as before. This process was repeated 

five times resulting in five random pairs of derivation/validation datasets. The process of 

ordinal logistic regression as described above was conducted again for each pair of datasets 

using DLQI, age and sex as variables. Therefore, a total of 25 models (5 x 5 domains) were 

created to test the validity of the OLR method. As described in the previous section, using the 
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three predicted probabilities for each domain, one Monte Carlo simulation was run on each 

validation set, following which predicted utility values were calculated, averaged and 

compared with the actual population average. Once this entire process had occurred five 

times, the derivation and validation datasets were switched around to further consolidate the 

split-half validation method for calculating utility values (see results in Appendix XXVI). This 

resulted in a total of ten Monte Carlo simulations. 

 

The proportional odds assumption was assessed using the test for parallelism within SPSS. 

For each domain, except mobility, this test gave a non-significant result supporting the 

assumption for proportional odds. For mobility the p-value of 0.01 did indicate some 

departure from this assumption but this can be explained by the small number of subjects 

(n=11) in the dataset who have a mobility outcome category of 3. As a consequence, the sub-

model that compares categories 1 and 2 combined with category 3 is unstable and the results 

for the test for parallelism unreliable. However, as the results demonstrate, this was not the 

case with the other domains and the overall results demonstrate that the methodology is 

reliable. 

5.5.1 Results of the split-half cross validation 
 

The dataset (n=4010) was filtered to exclude subjects with missing age, sex, DLQI, and EQ-

5D data. This resulted in a total of 3542 subjects. Each random derivation and validation set 

therefore had exactly 1771 patients. 

 

For each EQ-5D domain, five ordinal models were derived and used to predict the probability 

of each EQ-5D response for each subject in each validation set, and subsequently the utility 

scores using Monte Carlo simulation. The model was shown to be highly predictive and 

repeated data splits demonstrated a stable model (Figure 5.16).  
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Figure 5.16 (a)-(j) Histograms demonstrating the mean difference between predicted and 

actual utility scores for each Monte Carlo simulation 
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(g)      (h) 

 
(i)      (j) 
 

In each case the predicted mean utility value was a slight underestimate of the actual mean 

utility and across the ten validation sets (Table 5.36), the difference between these values 

ranged from -0.0024 to -0.0239, with a mean overall difference of -0.0120. This 1.59% 

underestimate represents a clinically unimportant effect (Coretti et al. 2014). The mean 

square error (MSE) across all ten splits ranged from 0.0728 to 0.0818 with an average of 

0.0766. The mean absolute error (MAE) across all ten splits ranged from 0.1873 to 0.2009 

with an average of 0.1934. 

 
 
Table 5.36 Summary of the average predicted utility values across all ten splits  
  
Split 1 Split 2 Split 3 Split 4 Split 5 Split 6 Split 7 Split 8 Split 9 Split 

10 

AVERAGE 

Average 
Utility 
Value 

Difference 

0.0024 0.0121 0.0040 0.0127 0.0214 0.0211 0.0044 0.0239 0.0131 0.0046 0.0120 

% Utility 
Values 
Within 0.1 

of Actual 
UV 

37.097
7 

38.678
7 

36.3071 36.646
0 

36.420
1 

38.114
1 

37.380
0 

35.403
7 

38.057
6 

38.170
5 

37.2275 

% Utility 
Values 

Within 0.2 

62.224
7 

63.862
2 

62.0553 62.507
1 

60.700
2 

61.603
6 

62.111
8 

60.756
6 

62.111
8 

61.321
3 

61.9255 
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of Actual 
UV 

% Utility 
Values 

Within 0.3 
of Actual 
UV 

81.648
8 

80.688
9 

80.1807 81.535
9 

80.858
3 

81.084
1 

80.519
5 

79.107
9 

80.237
2 

80.293
6 

80.6155 

 
 

The predictive ability of the model at an individual subject level was also examined using 

histograms to display the difference between predicted utility score and the actual utility score 

for each simulation at the individual subject level. The results from these splits are displayed 

in Figure 5.16. All the plots depict a centrality around ó0ô which indicates the strong predictive 

collective capability of the OLR models. On average, 37% of the individual utility values were 

predicted to lie within 0.1 of the actual values, while 62% were predicted to lie within 0.2 and 

81% within 0.3 over all ten validation exercises (Table 5.36). 

5.5.2 The final model and spread-sheet template 
 

Details of the final fitted models using data from the 3542 subjects are provided in Table 5.37. 

These are the final estimates that will be available to researchers should they wish to map 

DLQI scores to utility values, and has been included in the final publication of this study (Ali et 

al. 2017c). 

 

Table 5.37 Final model coefficients (standard errors) for each EQ-5D domain (Method Four). 

The 10 DLQI questions are represented in order by DLQI 1, DLQI 2 etc  

 
 Mobility Self -Care Usual activities Pain/Discomfort Anxiety/Depression 

Threshold a1 4.500 (0.190) 4.854 (0.251) 3.574 (0.171) 2.204 (0.133) 1.469 (0.128) 

Threshold a2 9.506 (0.368) 9.074 (0.438) 7.231 (0.237) 6.052 (0.178) 4.775 (0.162) 

Age 0.051 (0.003) 0.033 (0.004) 0.027 (0.003) 0.025 (0.002) 0.003 (0.002) 

Sex 0.046 (0.089) -0.213 (0.120) 0.133 (0.087) 0.177 (0.073) 0.465 (0.073) 

DLQI 1 0.087 (0.055) 0.176 (0.074) 0.270 (0.052) 0.685 (0.047) 0.035 (0.044) 

DLQI 2 0.013 (0.061) 0.052 (0.079) -0.114 (0.059) 0.014 (0.049) 0.378 (0.048) 

DLQI 3 0.209 (0.068) 0.278 (0.085) 0.351 (0.063) 0.199 (0.060) 0.107 (0.057) 

DLQI 4 0.071 (0.058) 0.053 (0.072) 0.051 (0.055) 0.097 (0.050) -0.099 (0.048) 

DLQI 5 0.113 (0.075) 0.064 (0.095) 0.209 (0.070) -0.122 (0.064) 0.205 (0.062) 

DLQI 6 0.116 (0.060) 0.014 (0.071) 0.215 (0.055) 0.310 (0.054) -0.075 (0.052) 

DLQI 7 0.251 (0.053) 0.236 (0.063) 0.283 (0.049) -0.048 (0.046) 0.186 (0.044) 

DLQI 8 -0.008 (0.076) -0.013 (0.091) -0.081 (0.071) 0.163 (0.066) 0.121 (0.064) 

DLQI 9 -0.094 (0.065) 0.002 (0.075) 0.068 (0.060) 0.132 (0.057) 0.194 (0.054) 

DLQI 10 0.233 (0.061) 0.478 (0.071) 0.210 (0.057) 0.245 (0.054) 0.155 (0.052) 

 
In order to further make this process more accessible and easy to use, a spreadsheet was 

designed with the relevant estimates and formulae already inputted (Figure 5.17). Following 

simple instructions, researchers shall therefore be able to calculate utility values for a cohort 
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of patients with given DLQI values. A step-by-step órecipeô is also available (Appendix XXVII) 

should researchers wish to recreate the model. 

 

Figure 5.17 (a)-(d) Lateral sequential screenshots of the spread-sheet available to 

researchers upon request 

a) 

 

b) 

 

c) 

 

d) 
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5.5.3 Further validation: analysis on subsets of patient population 
 
To further evaluate the modelôs reliability, the OLR mapping method was also applied to 

different subsets of the study population.  

 

A model was derived from psoriasis-only patients (n=484) and tested on patients with all 

other skin conditions (n=3058) (Appendix XXVIII). The mean difference between the 

observed and predicted health utility estimates was 0.05 (MSE 0.08, MAE 0.20). Thirty six 

percent of the individual health utility estimates were predicted to lie within 0.1 of the 

observed values, while 61% were predicted to lie within 0.2 and 78% within 0.3.  

 

Similarly, the model performance was tested on different geographical groups of patients. As 

a test exercise, a model derived from patients in Italy (n=517) was tested on patients from 

Norway (n=468) (Appendix XXIX). The mean health utility estimate difference for the Norway 

patients was 0.06 (MSE 0.09. MAE 0.21). Thirty six percent of the individual health utility 

estimates were predicted to lie within 0.1 of the observed values, while 59% were predicted to 

lie within 0.2 and 78% within 0.3. 

 

Despite the small sample sizes for the model building exercise in these two cases, their 

evaluations support the reliability and robustness of the modelling framework. 

 

5.5.4 Comparison with the Currie and Conway linear regression model 
 

The final step was to compare the performance of the OLR method to a previously used 

model. Thus, using split-half cross validation and Monte Carlo simulation, the modelling 

framework was repeated to test the linear regression algorithm utilised by (Currie and 

Conway 2007) on this dataset, which is larger and more diverse, to compare the accuracy of 

the two distinct mapping techniques. This method uses the total DLQI scores and correlates it 

directly with the final health utility estimates resulting in a linear regression formula in the 

format: Utility = a ï (b x DLQI total score). 

 

For this Currie and Conway (2007) linear regression model the mean difference between the 

observed and predicted estimates was -0.0007. The MSE across all ten splits ranged from 

0.04 to 0.05 with a mean MSE of 0.05. The mean absolute error (MAE) across all ten splits 

ranged from 0.15 to 0.16 with an average MAE of 0.16.  On average, 38% of the individual 

health utility estimates were predicted to lie within 0.1 of the observed estimates, while 78% 

were predicted to lie within 0.2 and 89% within 0.3 over all 10 validation exercises. 
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5.6 Discussion 
 

This mapping exercise presented many challenges resulting in numerous refinements over 

three years. Repeated submissions to journals and peer reviews was a valuable experience 

resulting in improved modelling strategies and methods, ultimately providing evidence that 

OLR is a valid mapping tool in calculating utility values from DLQI scores.  

 

There is increasing interest in correlating and mapping specialty and disease-specific scores 

into generic measures, such as the EQ-5D, for cost-effective analysis and to provide more 

accurate disease-specific data which generic measures are unable to capture. Schmitt and 

Küster (2015) correlated the Work Limitations Questionnaire with the DLQI (r = 0.47, p 

<0.0001) to derive a model to calculate work productivity in psoriasis. Møller et al. (2015) 

state that ñdisutility among psoriasis patients is within the ranges of other chronic diseasesò. 

There is therefore a need to accurately represent and compare data from dermatology, as 

well as specialty- or disease-specific instruments with utility values from other conditions. 

Furthermore, there are several inherent disadvantages with generic measures such as the 

EQ-5D or Short-Form 36 (SF-36) e.g. they contain irrelevant questions for patients with 

severe inflammatory conditions requiring imputation due to systematically missing answers in 

the questionnaires. Patients may also develop óquestionnaire fatigueô from repeated 

completions. Focusing on one specialty- or disease-specific questionnaire, from which utility 

values may be derived, provides a perception of relevance encouraging thorough careful 

completion by patients whilst also reducing study time and costs for researchers.  

 

Several approaches were employed to map the DLQI on to EQ-5D values using OLR. Over a 

long process of trial and error, the final methodology of split-half validation and Monte Carlo 

simulation truly demonstrated the strength of this model: this study has succeeded in 

mapping DLQI scores to EQ-5D utility data. The model reliably predicts EQ-5D scores, in 

particular at a group level, demonstrated through an external validation process resulting in 

very close utility score predictions. The model is shown also to provide close prediction of 

utility scores at an individual subject level. On average, 38% of the individual utility values 

were predicted to lie within 0.1 of the actual values, while 66% were predicted to lie within 0.2 

and 80% within 0.3. As these are still fairly significant differences on a scale of 0-1, the 

modelôs group-level performance demonstrates better predictive ability.    

 

There are strong conceptual associations between the DLQI and EQ-5D items. Mapping is 

more likely to be successful where conceptual overlap between two measures exists 

(Longworth and Rowen 2011). This is so for the DLQI and EQ-5D; many studies have 
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reported a strong association (Scalone et al. 2006; Shikiar et al. 2007; Radtke et al. 2009; 

Matusiak et al. 2010; Cortesi et al. 2011; Hjortsberg et al. 2011), which is reaffirmed by this 

study. Although overall predictions were strongly correlated to the actual scores at a group 

level, the individual predicting power of the model requires further testing, perhaps on a 

separate patient database. 

 

The linear regression model utilised by Currie and Conway (2007) provided better predictive 

accuracy when fitted on this studyôs dataset (average difference between predicted and 

observed health utility estimates = 0.00065, compared to OLR = 0.0120). This was also 

reflected in the respective MAE (linear regression = 0.16, OLR = 0.19) and MSE (linear 

regression = 0.05, OLR = 0.08) values.  It is therefore plausible that this mapping method 

performs better when fitted on a larger and dermatologically diverse dataset, compared to its 

previous validation study which was limited to a small sample size and to psoriasis patients in 

the UK (Currie and Conway 2007).  However, there is one structural advantage in the use of 

the ordinal model over the linear model (Currie and Conway 2007). Since the DLQI total 

score always takes a positive value, the maximum utility value derived from the linear 

regression equation has an upper bound of óaô. In a typical application the value of the 

constant óaô will approach 1 but will never be equal to 1 and a predicted health utility estimate 

of ó1ô (óperfect healthô) cannot be obtained.  In the OLR model and the associated Monte Carlo 

simulation such an outcome can be achieved. Both modelsô estimates are derived from a 

European dataset of over 3,500 patients (after deleting missing data) with various 

dermatological conditions and the predicted responses may be used to calculate country-

specific health utility estimates (Rivero-Arias et al. 2010). This was not possible using the 

previous linear model (Currie and Conway 2007), derived from a UK dataset, because of 

differing health utility estimate tariffs between countries (Tsuchiya et al. 2002; Rutten-van 

Mölken et al. 2006). Thus, the proposed ordinal model, as well as the revised linear 

regression model, may be used as mapping tools in other European countries. 

 

Nevertheless, there are some limitations of the OLR model. The actual scores for the DLQI 

and the EQ-5D were sometimes inconsistent within the same subject e.g. one subject 

answered 1 on every EQ-5D domain (óperfect healthô) but 29 on the DLQI (very poor health). 

This could be due to poor understanding of the items, the reliability or validity of the 

instruments or due to random errors. Though these data were included to avoid bias, Van 

Hout et al. (2012) argue analysis should be restricted to logically consistent responses. 

Perhaps including more socio-demographic variables in the model, other than age and sex, 

may improve its predictive performance, though this may result in only marginal 

improvements that would not outweigh the complexity of running the model (Gray et al. 
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2006).  

 

The UK time trade-off (TTO) values were used in the derivation of this model; it is worth 

considering that these health states were elicited in 1993 and therefore may not be up to date 

with current health valuations. Furthermore, no official European TTO values exist for EQ-5D 

health states and therefore the UK TTO values were applied throughout the validation 

process. Further, sensitivity analysis may be conducted using preference value-sets from 

different countries. However, these were not accessible for this study, but would be a useful 

consideration for future studies.  

 

Though there may be cultural variation influencing HRQoL and utility responses, it has not 

been possible to test this specific question. Experience suggests that within the European 

context there is some uniformity of attitudes, cultural norms and responses, as the DLQI has 

undergone over one hundred validated translations, with a significant number in European 

countries (Basra et al. 2008a). However, the methodology remains intact and consistent, 

regardless of the TTO values utilised. Though bootstrapping may indeed be the best 

approach for testing such models, this would require some additional theoretical 

considerations to extend existing methodology for the binary logistic model to the ordinal 

setting. This approach was bypassed by using ósplit-half cross validationô, which is a valid 

technique for large sample sizes (Steyerberg et al. 2001). Nevertheless, this study presents 

the opportunity for further statistical research. 

 

There may be concerns regarding the use of these models in different diseases and whether 

single disease models would provide more accurate utility data. This study includes a wide 

range of the most common different skin diseases from a wide range of different European 

countries, giving the models additional strength in terms of universality. However, a model 

was successfully derived from psoriasis-only patients and was tested on patients with all 

other conditions, with the predicted results reassuringly similar to the original OLR model 

validation exercise. Two limitations of this exercise were the sample size of psoriasis patients, 

which was relatively small (n=484) and that none of the patients had answered óextremeô for 

the self-care domain of the EQ-5D. Given the overall sample size from which the OLR model 

was created, it is therefore plausible that the model may be implemented successfully across 

different conditions, limiting the need for condition-specific modelling, which may be 

practically difficult to create. Furthermore, numerous models may result in confusion for 

researchers, whereas a single tool for utility prediction may prove to be more pragmatic, user-

friendly and accessible. 
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This thorough modelling process has identified a template that may be used as a road map 

across other medical disciplines in instances where similar needs exist. The current 

methodology based on the OLR model will therefore be useful for researchers interested in 

deriving generic HRQoL data, including descriptive information, from disease-specific 

populations without having to implement numerous questionnaires. Though OLR has 

previously been used for converting measures (Gray et al. 2006), this is the first time it has 

been used to convert a specialty-specific instrument into a generic measure. A step-by-step 

guide is provided to implement the OLR model (Appendix XXVII óSupplementary materialô) in 

the particular setting of mapping the DLQI scores to EQ-5D utility values. An Excel spread-

sheet is also available upon request with pre-programmed formulae to enable EQ-5D domain 

probability calculations for a cohort of patients, from which utility values may be predicted 

using Monte Carlo simulation. The DLQI is the most commonly reported outcome measure in 

dermatology (Basra et al. 2008a; Ali et al. 2017a), and therefore there are many datasets 

from which generic EQ-5D and utility data can now be derived.  
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Chapter 6: General Discussion 
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Psoriasis has been recognised by WHO as a óserious non-communicable diseaseô 

highlighting its global impact on public health as well as the need for united efforts in raising 

awareness and tackling the stigma surrounding it (Michalek et al. 2017). The consequential 

effect on a patientôs quality of life (QoL), as well as on the wider social group, has also been 

extensively detailed (Krueger et al. 2001; Basra and Finlay 2007). Inevitably, this has a 

óknock-onô effect on the economy as the burden of disease often results in loss of work 

productivity and increased medical costs (Fowler et al. 2008). Therefore, to truly assess the 

impact of this chronic skin disease it is not only important to capture accurate QoL information 

representative of patient burden, but to report it in a concise and standardised manner and to 

derive worthwhile data for clinicians, researchers and health authorities alike. This thesis 

brings together three original studies with the aim to improve the methodologies employed by 

clinicians, researchers and health economists in the management of psoriasis. These include: 

 

1. A systematic review that highlights commonly used QoL tools, the current QoL 

reporting standards for psoriasis RCTs and the inherent limitations of current 

practices. 

2. A mapping study that devised a model to enable the derivation of EQ-5D utility 

values from the most commonly used PROM in dermatology, the DLQI (Finlay and 

Khan 1994). 

3. Validation of the electronic version of the two most commonly reported outcome 

measures in psoriasis: PASI, a clinical outcome measure, and the DLQI 

(Fredriksson and Pettersson 1978). 

 

It is hoped this work contributes to major stages in the psoriasis management cascade: how it 

is assessed in a clinical setting, how it is reported and assessed in the development of new 

therapies and at a macroscopic level how all of this data may be used by health economists 

in a way that truly reflects the disease burden thereby enabling better resource allocation. 

 

The systematic review is the first to highlight the range of QoL measures implemented and 

the way the data are reported in psoriasis RCTs. A combination of generic, specialty- and 

disease-specific measures (n=13) were used, indicating the heterogeneity in the type of QoL 

tools that are employed. However, it also highlighted a significant variation in the quality of 

reporting of this QoL data including: the frequency at which measures are administered, utility 

of the minimal clinically important difference (MCID) value as a clinical parameter or endpoint, 

presentation of results (e.g. graphical, percentage change) and use of statistics (median or 

mean values, ITT, standard deviation etc). Some studies did not provide extractable QoL 

data, making cross-study comparison considerably challenging. The SR further demonstrated 



 
217 

that the majority of QoL measures implemented do not have MCIDs described in the 

literature. The measures which have attributable MCID values possess the ability to 

discriminate between intervention efficacy and may also be useful in the planning of new 

trials (Jaeschke et al. 1989; Embry and Piccirillo 2020). This idea may be further explored 

with the novel concept of ñmultiple MCIDò that has been introduced in this thesis (Ali et al. 

2018). This concept potentially adds further meaning to QoL data interpretation as well as 

being able to more effectively distinguish between the impact of therapies. However, the 

concept of multiple MCID requires extensive further validation: in addition, it is not clear if 

MCID remains constant across a measureôs score range. Nevertheless, the concept of MCID 

continues to be studied, is still being established across other measures in dermatology, and 

continues to have practical value in interpreting score change (Ofenloch et al. 2015; 

Kulthanan et al. 2016; Wu et al. 2019). 

 

Quite importantly, however, the DLQI stood out as the most commonly utilised QoL measure 

across all psoriasis RCTs (83% of studies), which is also supported by evidence from another 

major European study (Obradors et al. 2016). Despite the DLQIôs limitations (Both et al. 2007; 

Langenbruch et al. 2019), its simplicity, psychometric properties and strong content validity 

have contributed to it being the most commonly used QoL measure in dermatology worldwide 

(Basra et al. 2008a; Safikhani et al. 2013). The high percentage use of a single measure 

allowed the QoL data extracted from this SR to be easily compared across all the identified 

RCTs in a standardised manner. 

 

The systematic review conducted for this thesis focused on the adult population. A review of 

QoL impact of psoriasis on the paediatric and adolescent population demonstrated that the 

DLQI was also one of the most used measures, alongside the childrenôs version (CDLQI) 

(Randa et al. 2017). Another systematic review assessed PROMs used in the paediatric 

psoriasis population and identified 29 measures including the CDLQI, SPI and Childrenôs 

Scalpdex in Psoriasis (Salame et al. 2018), reiterating the diverse practices that exist. The 

authors further highlight the dearth of evidence of PROM validation as well as the 

heterogeneity in the domains these instruments capture. Similar to the work of this thesis, 

Salame et al. (2018) conclude that there is a need for standardised use of PROMs in 

research as well as clinical practice. Further systematic reviews of PROMs used in nail 

psoriasis (Busard et al. 2018) and psoriatic arthritis (Højgaard et al. 2018) demonstrate 

similar results with a diverse range of instruments of varying validity being administered 

across studies. 
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The SR of this thesis nevertheless confirms that the DLQI is central to the assessment of 

psoriasis, further underpinning the planned focus for the electronic application and mapping 

studies that comprise the other elements of this PhD thesis.  

Computer-based assessments are on the rise and preferred over their paper and pencil 

counterparts, especially given their relevance in the current ósmartphone generationô.  Though 

efforts are made to validate measures electronically from the outset (Deal et al. 2010; 

Bächinger et al. 2016), electronic equivalence studies are frequently being conducted for 

older traditional paper-based PROMs as demonstrated by the literature review (Chapter 3, 

section 3.2). This transition to electronic formats is bolstered by inherent disadvantages of 

paper-based data including high costs, increased risk of missing values and practical issues 

with the storage of large amounts of data (Faulds et al. 2016). Neither the DLQI nor the PASI 

have been formally validated in the electronic format prior to the original study described in 

this thesis. The electronic DLQI version has not only been shown to be equivalent to the 

paper-based version, but patients have demonstrated preference for the digital medium. The 

electronic PASI version is also equivalent to the paper version and is preferred by raters. The 

validation study further demonstrates reduced inter-rater variability and quicker completion 

times compared to the paper-based version. The calculation of the PASI score is 

cumbersome and with the introduction of a novel visually-aided application, the scoring 

process can be standardised whilst reducing human errors that may influence treatment 

decisions, such as incorrect score calculation. Accidental input errors are also a possibility 

with the digital format, though compared to the paper format there are far fewer steps 

involved. For example, paper based measures may also inherently have input errors (patients 

may accidentally misread, or mis-record a response to an item) or errors as a result of 

electronic transcription of data (Saleh et al. 2002). The lower number of required steps, along 

with the ability to efficiently back up data, provides the electronic format a superior edge over 

other mediums. 

When examining the results of the SR, it is evident that there is significant discrepancy 

between how QoL is measured across studies. Whilst the SR identifies some of the problems 

in QoL measurement and reporting, by introducing electronic data capture researchers and 

clinicians will be able to produce detailed and in-depth analyses alongside graphical 

representation, saving on time and resources. Psoriasis severity assessment for 

consideration of biologic therapies and for the British Association of Dermatology (BAD) 

psoriasis registry (BADBIR) requires documentation of both the DLQI and PASI scores 

(Finlay 2005; Burden et al. 2012; Smith et al. 2020). Therefore, both measures are vital 

inclusions for any electronic application assessing psoriasis severity. The subsequent 

production and validation of a novel electronic psoriasis application sets the framework to 
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capture clinical and QoL data across various settings in an efficient and standardised 

manner. Whilst this information is vital for assessing interventional efficacy and monitoring 

patient wellbeing, there is an argument that QoL data are not always adequately translated 

into meaningful outcomes when considering health utilities resulting in economic inequalities 

of resource allocation.  

Utility values and the use of QALYs are integral to healthcare resource allocation and are 

considered by health economists as the standard measure of benefit (Ogden 2017). Utility 

values may be derived from easy-to-use generic measures such as the EQ-5D, which is a 

preference-based measure of health status, and may be used to compare the HRQoL impact 

of all diseases across different specialties (Klassen et al. 2000). However, for more disease-

specific HRQoL data, measures such as the DLQI are necessary to truly represent the 

disease burden that generic measures often fail to capture (Krahn et al. 2007). Therefore, 

researchers often employ numerous measures in tandem, which not only increases patient 

burden, but study costs. As a result, mapping studies are conducted to generate utility values 

from disease-specific QoL data, which would thereby aid health economists advise on the 

allocation of resources more efficiently. Various specialties within the field of medicine such 

as bariatric surgery (Sauerland et al. 2009), endocrinology (Badia et al. 2018) and psychiatry 

(Gamst-Klaussen et al. 2018) have conducted mapping studies to overcome this challenge. 

While the SR identified problems with QoL data collection and reporting, the electronic 

psoriasis assessment application offers a simple day-to-day solution for reducing this 

variability. Both of these studies contribute towards improving the process of assessing QoL 

impairment at the ground level for the patient, clinician and researcher. The mapping study 

presented in this thesis has the potential to translate this QoL information at a national, 

decision-making level for the benefit of reimbursement agencies (payers), health authorities 

and HTAs. Whilst previous mapping attempts have been unsuccessful or have concluded that 

the process is not possible (Currie and Conway 2007; Norlin et al. 2012; Blome et al. 2013), 

this original and novel mapping exercise utilising OLR has shown that utility values may 

accurately be predicted from DLQI scores at a group level. The database utilised for this 

study contained QoL information from numerous dermatological conditions, including 

psoriasis. A decision was therefore made to devise a model that would be applicable to 

psoriasis as well as the wider dermatological patient demographic, given the unique 

opportunity available with the dataset. However, the model works just as well by utilising the 

psoriasis-only data. Davison et al. (2018) have also employed various regression techniques 

in successfully mapping DLQI scores to EQ-5D-3L utility values by focusing solely on a much 

larger psoriasis patient population (n=22,305). Similar to the mapping study of this thesis, the 

Davison et al. (2018) model did not perform as well at the lower (or extreme) ends of the EQ-
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5D scale due to fewer patients within that scoring bracket. This is a common problem with 

mapping studies whereby models perform worse at the tail-ends of the EQ-5D score 

distribution (Longworth and Rowen 2011). However, this may have negligible effects on cost-

effectiveness prediction when mapping cohorts contain data mostly from the middle of the 

score distribution (Wailoo et al. 2017). Overall, the mapping algorithm and resultant 

spreadsheet could be a valuable tool in translating psoriasis QoL information for cohorts of 

patients into tangible utility value data.  

There are several reasons why being able to convert DLQI population scores to utility values 

would be of value to the scientific community. The first relates to the vast wealth of data 

concerning DLQI values in many hundreds of studies, not only in psoriasis but across over 

forty different skin diseases. It would be now possible for researchers to ómineô this published 

information to calculate utility values from these populations using the conversion formula 

created in this thesis. Secondly, utility values are frequently calculated directly from EQ-5D 

data. However, the EQ-5D was not originally validated in Dermatology and other sub-

specialties. By sourcing utility data directly from a specialty-specific measure it can be argued 

that the utility data are more relevant. A third major possible benefit of this mapping method is 

that there is the potential to reduce responder burden if the DLQI is being completed anyway 

for different purpose(s). 

Though there are several positive outcomes from the aforementioned studies adding value to 

the existing body of knowledge, as summarised above, they have several limitations which 

are detailed below. 

 

6.1 Limitations 
 

The SR has several limitations. Only English language literature was examined due to 

constraints in translation facilities and only studies with extractable QoL data were included. It 

was only possible to compare DLQI results in detail because of its predominant usage (83% 

of studies). There was too little data from other QoL instruments for them to be included in 

some comparisons and several studies were excluded due to inadequate QoL data reporting. 

Collating data across studies other than RCTs was not possible due to the wide variation in 

methodologies and the heterogeneity would pose comparative challenges. However, by 

focusing the systematic review solely on RCTs, one may argue the analysis and conclusions 

were derived from the best available evidence, with lower level evidence such as case 

reports and series being excluded. The search bias was countered by having two 
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independent principal reviewers conducting data search, extraction and synthesis, with a third 

independent adjudicator reviewer.  

 

The electronic DLQI/PASI validation studies also had a few limitations. For example, a 30 

minutes washout period may be considered too short and result in a carryover, or ótrainingô, 

effect, though there was no statistical evidence of this (Table 3.4b). Theoretically, this only 

may have occurred when the iPad was administered first, as patients spent longer on 

average completing it, therefore possibly having more time to remember the questions and 

answers. This effect however was counteracted by the cross-over study design, and reading 

material was provided to patients as a ódistractionô. Nevertheless, there is no consensus on 

the ideal interval period between PRO administrations (Quadri et al. 2013). Other studies 

have also used 30 minutes as a washout period (Sun et al. 2015), which can reduce patient 

burden and ensures that disease severity does not fluctuate in-between administrations. 

Touch screen surfaces are also prone to accidental touches, which may result in recording 

unintentional item responses, contributing to final score differences. The electronic version of 

the DLQI utilised in this study does not allow completion until all items are answered, which 

may impact validity if patients are coerced into answering questions they may have otherwise 

skipped on a paper format. This could have ethical implications from not giving patients the 

choice of not responding to a question if they do not wish to do so. In the DLQI, this issue is 

partly addressed by having a ónot relevantô option in eight of the ten questions. The median 

score difference of ó0ô provides reassurance that there are no clinically significant differences 

in completion and the strong correlation suggests that the two formats may be used 

interchangeably. Though the p-value of 0.006 for median total score difference is statistically 

significant, this is likely due to the large sample size (Doll and Carney 2005). Furthermore, 

the MCID for the DLQI is four (Basra et al. 2015a) and therefore the difference in scores is 

negligible in a clinical context. The limits of agreement from the Bland-Altman plots (-3.4 to 

+4.1) are also similarly reassuring. 

 

For the PASI, the short washout period was countered by raters completing other clinical and 

administrative work including seeing other patients in-between scoring as a ódistractionô. Only 

three raters were enrolled in the study to ensure uniformity in measuring the óeffectô of the 

PASI application on scores including one undergraduate student, one postgraduate student 

and a dermatologist trainee with ~6 yearsô experience. Though this reflects various levels of 

experience, the influence of this variation is difficult to quantify for the purpose of this study. In 

clinical practice the inter-rater difference is likely to be wide given the varying backgrounds of 

assessors as well as the pre-existing issues with PASI score reliability (Gourraud et al. 2012). 
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There are some limitations of the OLR model. The actual scores for the DLQI and the EQ-5D 

were sometimes inconsistent within the same subject e.g. one subject answered 1 on every 

EQ-5D domain (óperfect healthô) but 29 on the DLQI (very poor health). This could be due to 

poor understanding of the items, the reliability or validity of the instruments or due to random 

errors. Though these data were included to avoid bias, Van Hout et al. (2012) argue analysis 

should be restricted to logically consistent responses. Perhaps including more socio-

demographic variables in the model, other than age and sex, may improve its predictive 

performance, though this may result in only marginal improvements that would not outweigh 

the complexity of running the model (Gray et al. 2006).  

 

The UK time trade-off (TTO) values were used in the derivation of this model; it is worth 

considering that these health states were elicited in 1993 and, therefore, may not be up to 

date with current health valuations. Furthermore, no official European TTO values exist for 

EQ-5D health states and therefore the UK TTO values were applied throughout the validation 

process. Further, sensitivity analysis may be conducted using preference value-sets from 

different countries. However, these were not accessible for this study, but would be a useful 

consideration for future studies.  

 

Though there may be cultural variation influencing HRQoL and utility responses, it has not 

been possible to test this specific question. Experience suggests that within the European 

context there is some uniformity of attitudes, cultural norms and responses, as the DLQI has 

undergone over one hundred validated translations, with a large number in European 

countries (Basra et al. 2008a). However, the methodology remains intact and consistent, 

regardless of the TTO values utilised. Though bootstrapping may indeed be the best 

approach for testing such models, this would require some additional theoretical 

considerations to extend existing methodology for the binary logistic model to the ordinal 

setting. This approach was bypassed by using ósplit-half cross validationô, which is a valid 

technique for large sample sizes (Steyerberg et al. 2001). Nevertheless, this study presents 

the opportunity for further statistical research. 

 

There may be concerns regarding the use of these models in different diseases and whether 

single disease models would provide more accurate utility data. This study includes a wide 

range of the most common different skin diseases from a wide range of different European 

countries, giving the models additional strength in terms of universality. However, a model 

was successfully derived from the psoriasis-only patients within the larger data set and was 

tested on patients with all other conditions, with the predicted results reassuringly similar to 
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the original OLR model validation exercise. Two limitations of this exercise were the sample 

size of psoriasis patients, which was relatively small (n=484) and that none of the patients 

had answered óextremeô for the self-care domain of the EQ-5D. Given the overall sample size 

from which the OLR model was created, it is therefore plausible that the model may be 

implemented successfully across different conditions, limiting the need for condition-specific 

modelling, which may be practically difficult to create. Furthermore, numerous models may 

result in confusion for researchers, whereas a single tool for utility prediction may prove to be 

more pragmatic, user-friendly and accessible. This raises a dilemma frequently encountered 

when balancing practicality of a clinical measure against strictly scientific considerations.  

There is no point in having a technique that is extremely accurate but which will never be 

used in the clinical setting because of the burden that its use involves. 

 

6.2 Future work 
 

The management landscape of skin diseases has been evolving rapidly with the introduction 

of biologics over the last two decades (Smith et al. 2020), with patients achieving PASI 75, 

PASI 90 and even PASI 100 in some cases (Sawyer et al. 2019). However, these 

advancements in clinical outcomes must be matched by improvements in humanistic 

outcomes assessment such as QoL to encourage utilisation in the day-to-day care of patients 

at a ground level as well as by health authorities. This also would demonstrate a proactive 

shift towards successful delivery of a patient-centred care.  

 

It is prudent to have formal guidelines for QoL measurement and reporting to ensure 

interventional studies are designed within a framework allowing for efficient comparison of 

efficacy leading to generation of sound evidence to aid treatment decision-making. These 

guidelines should include suggestions on appropriate QoL measures, frequency of 

measurement, MCID consideration as well as reporting standards. Further systematic 

reviews would be useful to compare how practices have changed as a result of increased 

awareness of QoL measurement variation across studies. The novel ómultiple MCIDô concept 

was introduced in this thesis, though further work would be required to explore the validation 

of this proposal. The concept of MCID has been scrutinised as it may vary due to context (or 

condition), baseline severity, whether there is improvement versus deterioration or the 

anchoring method with which the MCID was calculated (Beaton et al. 2002). These limitations 

would need to be considered when conducting further validation work with the multiple MCID 

as perhaps ómultiplesô may be variable in value and therefore clinical meaning. 
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Whilst electronic implementation continues to be adopted widely, the devices and 

methodologies used will inevitably evolve. For example, Reolid et al. (2020) have developed 

a method of automatically estimating body surface area affected by psoriasis using an optical 

pencil whereby assessors simply draw the affected areas on a touchscreen. This novel 

method was shown to be reliable and comparable to the paper-based version of PASI and 

may become a natural and more intuitive update to the application described in this thesis. 

Digital photography alongside current computing capabilities may allow full body images to be 

automatically assessed by a software. Indeed, there is an argument on whether physical 

input would be required at all in the near future: the rise of artificial intelligence may 

potentially replace traditional formats with PROMs being completed simply by voice 

command with the assistance of devices such as Amazon Echo or Google Home (O'Brien et 

al. 2020). Such major advancements, or change in format, may necessitate the need for up-

to-date validation and re-testing of PROMs to not only improve upon user-experience, but to 

ensure QoL measurement remains as relevant and central to all future clinical decisions. 

More likely, entirely novel methods of assessing diseases and their impacts on patients may 

evolve, rather than current methods being transferred to a different medium. 

 

The mapping study resulted in the creation of a spreadsheet, which may be utilised by health 

economists and HTAs. At the time of writing this thesis, the spreadsheet has been requested 

at least ten times by researchers and industry representatives across the world. However, it 

would be interesting to compare the actual and estimated values on a completely different 

patient dataset (such as BADBIR) as well as individual skin conditions to further validate its 

reliability. The final model maps DLQI scores into EQ-5D domain scores with gender and age 

as extra variables. The inclusion of additional variables may further increase reliability of the 

model. Further refinement of the model software would make it more intuitive to use and 

derive utility estimates with fewer required steps. Nevertheless, whilst mapping is not ideal, it 

may be the ideal option to derive disease-specific health economic data. The next challenge 

will be to develop mapping techniques that can be applied to scores from individual subjects 

rather than simply to population cohorts. 

 

6.3 Conclusions 
 

Despite the aforementioned limitations, all three studies of this thesis are intended to improve 

and advance the role of QoL assessment in people with psoriasis. There is no doubt that 

psoriasis is a severely debilitating and chronic condition that patients often live with life-long. 

However, assessment of clinical parameters solely is not enough for appropriate long-term 
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control of psoriasis or for understanding its impact on patientsô lives. As a result, it is not only 

prudent to raise awareness of QoL impairment as a consequence of suffering from psoriasis, 

but to be able to capture this impairment in an efficient manner and translate the results into 

meaningful information for clinicians and health authorities with an ultimate goal of improving 

patientsô physical and psychosocial functionality.  

 

This thesis is the culmination of three extensive studies that have worked in harmony to 

address existing deficiencies in QoL assessment across the care pathway. More importantly, 

it offers valid solutions for those shortfalls by improving upon the understanding and 

implementation of QoL measurement in the management of psoriasis. It is hoped this work 

will form the foundation for future research to develop the field of quality of life sciences 

thereby ensuring patients continue to remain at the centre of clinical care decisions. 
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