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Abstract 

 
The University of Manchester 

 
Watcharee Rungapiromnan 

 
Doctor of Philosophy 

 
Examining multimorbidity in patients with psoriasis and the impact of biologic therapies 

on the risk of major cardiovascular events 
 

September 2018 

 
Aims: The aims of this thesis were to examine the prevalence of physical and mental health 
comorbidities in patients with psoriasis and then subsequently examine the impact of biologic 
therapies on the risk of major cardiovascular events (CVEs) in patients with psoriasis.  
 
Methods:  The first aim was achieved by conducting a cross-sectional study of participants 
enrolled in the UK Biobank. Participants with and without psoriasis were compared in terms of 
sociodemographic, lifestyle characteristics and the presence of both physical and mental health 
comorbidities. The prevalence ratios (PRs) with 95% confidence intervals (CIs) were estimated 
using log-binomial regression models. A multinomial logistic regression model was used to 
examine differences in the numbers of comorbidities overall, and then separately for both 
physical and mental health comorbidities for participants with psoriasis compared to those 
without and findings presented as odds ratios (ORs).  
 
The association between biologic therapies and major CVEs in patients with psoriasis was 
assessed firstly via a systematic review and meta-analysis of randomised controlled trials 
(RCTs) and subsequently via a cohort study in the British Association of Dermatologists Biologic 
Interventions Register (BADBIR). The systematic review and meta-analysis examined the risk of 
major adverse cardiovascular events [MACEs; myocardial infarction (MI), cerebrovascular 
accident or cardiovascular death] in adult patients with plaque psoriasis exposed to biologic 
therapies. Data were obtained from systematic searches in the Cochrane Library, MEDLINE 
and Embase, the US Food and Drug Administration, the European Medicines Agency, individual 
pharmaceutical companies online search platforms and five trials registers. RCTs reporting 
adverse events in adults with plaque psoriasis receiving at least one licensed dose of biologic 
therapy, conventional systematic therapy or placebo were included. Peto ORs with 95% CIs and 
I
2
 statistics to assess heterogeneity were calculated. The cohort study using data from the 

BADBIR, compared the risk of major CVEs (acute coronary syndrome, unstable angina, MI or 
stroke) occurring on therapy or within 90 days after the last dose between different therapies in 
participants recruited between 09/2007-10/2016. Anti-interleukin-12/23 agent (ustekinumab) 

was compared with tumour necrosis factor‐alpha inhibitors (TNFi; etanercept, and adalimumab) 
in a main analysis and ustekinumab, etanercept or methotrexate were compared with 
adalimumab in sensitivity analyses. Overlap weighting by propensity score was used to balance 
baseline confounders among comparison groups. Cox proportional hazard regression models 
were used to estimate hazard ratios (HRs) with 95% CIs. 
 
Results: Of the 502,543 participants in the UK Biobank, 6,105 (1.21%) had psoriasis. Patients 
with psoriasis were associated with an increased prevalence of both physical and mental 
comorbidities compared with participants without psoriasis. Participants with psoriasis were 
significantly more likely to report cardiovascular risk factors, including hypertension [PR 
adjusted for age, sex and socioeconomic deprivation: 1.13 (95% CI 1.09 – 1.17)], high 
cholesterol [adjusted PR: 1.10 (95% CI 1.03 – 1.17)] and diabetes [adjusted PR: 1.26 (95% CI 
1.15 – 1.38)]. The prevalence rates of inflammatory arthritis (psoriatic arthritis or rheumatoid 
arthritis) showed the largest difference between the psoriasis group and the no psoriasis group 
(16.9% vs 1.1%). Patients with psoriasis were also more likely to smoke and not engage in 
regular physical activity. The overall numbers of comorbidities, and also when considered 
separately for physical and mental disorders, were higher for patients with psoriasis.  
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Overall, 38 RCTs involving 18,024 patients with plaque psoriasis were included in the 
systematic review and meta-analysis. No MACEs were observed in 29 studies, while nine RCTs 
reported 10 patients experiencing MACEs. There was no statistically significant difference in the 
risk of MACEs associated with the use of biologic therapies overall [OR 1.45 (95% CI 0.34 – 

6.24); TNFi (adalimumab, etanercept and infliximab) [OR 0.67 (95% CI 0.10 - 4.63)]; anti‐IL‐17A 
agents (secukinumab and ixekizumab) [OR 1.00 (95% CI 0.09 - 11.09)] or ustekinumab [OR 
4.48 (95% CI 0.24 – 84.77)]. No heterogeneity was observed in these comparisons. 
 
5,468 biologic-naïve patients with plaque psoriasis subsequently exposed (951 ustekinumab; 
1,313 etanercept; and 3,204 adalimumab) from the BADBIR were included in the main analysis 
of the cohort study. Secondary analyses also included 2,189 patients receiving methotrexate. 
No differences in the risk of major CVEs were observed between biologic therapies [adjusted 
HR for ustekinumab vs TNFi (etanercept or adalimumab): 0.98 (95% CI 0.43 – 2.25); 
ustekinumab vs adalimumab: 0.87 (95% CI 0.33 – 2.30); etanercept vs adalimumab: 0.82 (95% 
CI 0.28 – 2.36); methotrexate vs adalimumab: 1.06 (95% CI 0.34 – 3.28)]. Overall, there were 
no significant differences in the risk of major CVEs between three different biologic therapies 
and methotrexate. 
 
Conclusions: Psoriasis is associated with a number of mental health and physical 
comorbidities including cardiovascular risk factors. Patients with psoriasis were more likely to 
have deleterious lifestyle habits such as smoking and not undertaking regular physical activity. 
The findings presented in the meta-analysis suggest that there was no significant difference in 
the risk of MACEs in psoriasis patients treated with biologic therapies compared with placebo or 
the different doses of the same biologic therapies. Moreover, no significant difference in the risk 
of major CVEs was observed in patients treated with biologic therapies compared with different 
biologic therapies or methotrexate in the cohort study using the BADBIR. The findings suggest 
that the risk of major CVEs should not be a key discriminator for selecting specific biologic 
therapies for psoriasis patients. Future larger, well-designed cohort studies with longer follow-up 
are needed to examine the longer-term impact of biologic therapies on the risk of major CVEs.  
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1.1 Introduction 

 

Psoriasis is a common, incurable chronic inflammatory skin disease that has a major impact on 

patients’ quality of life.
[1]

 Estimates suggest that over 125 million people have psoriasis 

worldwide.
[2,3]

  In the UK, recent estimates indicate that almost 3% of the population have 

psoriasis.
[4]

 In 2014, the World Health Organisation (WHO) recognised psoriasis as a global 

concern; highlighting the impact of the condition and the burden of comorbidities.
[1]

  

 

Existing evidence suggests that patients with psoriasis are at high risk of a number of 

comorbidities.
[5]

 However, the prevalence and the associations of these comorbidities with 

psoriasis are not well established with wide ranges reported in previous studies. Furthermore, 

the nature and extent of comorbidities related to psoriasis, and how lifestyle factors may play a 

role in these relationships is essential to understand in detail. To study this question robustly 

requires large population databases designed to capture the comorbidities and lifestyle of 

patients with psoriasis. The UK Biobank is a large population database of about 500,000 

participants.
[6]

 It has prospectively collected clinical and lifestyle information among participants 

in the UK. It is an invaluable source to explore these knowledge gaps.   

 

Over the last decade, biologic therapies have had an increasing role in the treatment of 

psoriasis. However, the cardiovascular safety profile of these therapies is still unclear. Existing 

studies have suggested both potential positive and negative effects of different biologic 

treatments on cardiovascular disease (CVD) among patients with psoriasis. The number of 

studies examining this association is limited and their study designs are often biased due to the 

selection of comparator treatments. Although several biologic therapies for the treatment of 

moderate-severe psoriasis have been approved for over 10 years, there has been no 

systematic review and meta-analysis examining the impact of all licensed biologic therapies on 

the risk of major adverse cardiovascular events (MACEs) in patients with psoriasis. To 

understand this association, a systematic review and meta-analysis of randomised controlled 

trials (RCTs), a top hierarchy of evidence-based practice, is needed. 

 

Patients with psoriasis in real-life practice tend to have different characteristics from those seen 

in RCTs such as having more comorbidities are often use treatments for much longer periods 

that examined within the trials. Prospective cohort studies can take into account these 

limitations of RCT. Thus, this study design is required to evaluate the association between 

biologic therapies and cardiovascular events (CVEs) in patients with psoriasis in real-life 

practice. There were cohort studies examining the association between biologic therapies and 

CVEs but they had some limitations such as using inappropriate reference groups and 

insufficiently controlling for cardiovascular confounders.
[7–11]

 Therefore, it requires well-designed 

prospective cohort studies to evaluate the association between major CVEs and biologic 

therapies among patients with psoriasis. The British Association of Dermatologists Biologic 

Interventions Register (BADBIR) is a prospective cohort study which has collected detailed 

information from patients with psoriasis treated with biologic therapies or conventional systemic 
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therapies across the UK and Republic of Ireland.
[12]

 Detailed information is collected routinely on 

exposure to treatments, the severity of psoriasis and comorbidities.  Thus, it is an invaluable 

source for examining this association.  

 

In summary, given the gaps in the existing knowledge, this thesis aimed to examine the 

prevalence of comorbidities in patients with and without psoriasis using the UK Biobank 

database. Moreover, the association between biologic therapies and CVEs in patients with 

psoriasis was assessed using a systematic review and meta-analysis of RCTs and a 

prospective cohort study in the BADBIR. 

    

1.2 Thesis structure 

 

The chapters of this thesis are outlined as follows. 

Chapter 1: Overview of thesis structure 

Chapter 2: Psoriasis: epidemiology and management 

This chapter covers information on psoriasis epidemiology, aetiology, types and severity 

of psoriasis, comorbidities, the treatments of psoriasis and the economic impact of psoriasis. In 

addition, the relationship between biologic therapies and CVD; and rationale for this thesis are 

presented. 

Chapter 3: Aims and objectives 

Chapter 4: Examining the demographic and anthropometric characteristics of 

patients with psoriasis and prevalence of physical and mental health comorbidities: 

cross-sectional study of the UK Biobank 

This chapter describes the baseline characteristics of participants with and without 

psoriasis. Moreover, it presents the prevalence rates of comorbidities among participants with 

and without psoriasis; and prevalence ratios using the data from the UK Biobank database. 

Chapter 5: Examining the association between major adverse cardiovascular 

events and biologic therapies in adult patients with psoriasis: systematic review and 

meta-analysis  

This chapter presents the results of a systematic review and meta-analysis of RCTs to 

examine the risk of MACEs in adult patients with plaque psoriasis that are exposed to biologic 

therapies.  

Chapter 6: Risk of major cardiovascular events in patients with psoriasis 

receiving biologic therapies: prospective cohort study 

This chapter presents the findings from a prospective cohort study conducted in the 

BADBIR examining the risk of major CVEs associated with biologic therapies.  

Chapter 7: Discussion 

This chapter summarises the key findings of this thesis, discusses their contribution to 

the current literature, and reflects on the strengths and limitations of the research studies 

presented in this thesis. Moreover, the implications for clinical practice and policy based on the 

findings; and recommendations for future research are described.   
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2.1 Introduction 

 

Psoriasis is one of the most common immune-mediated inflammatory skin diseases.
[13]

 It has a 

profound impact on patients’ physical, psychological and social life.
[14,15]

 The WHO recently 

recognised psoriasis as a chronic non-communicable painful, disfiguring and disabling disease 

and encouraged member states to raise awareness and care for patients with psoriasis.
[16]

 The 

WHO also acknowledged that psoriasis patients were at an increased risk of CVD, diabetes 

mellitus, heart attack, stroke, metabolic syndrome, Crohn’s disease, ulcerative colitis and liver 

disease. Psoriasis can have a major burden on healthcare systems and society more broadly 

due to the costs of treatments of psoriasis and other comorbidities; and loss of productivity of 

patients, their families and caregivers.
[17]

  

 

The aim of this chapter is to provide an overview of psoriasis, its comorbidities, treatment and 

economic impact. Finally, a rationale for this thesis will be described. 

 

2.2 Epidemiology 

 

One hundred and twenty-five million people (2% or 3% of the world population) suffer from 

psoriasis worldwide.
[2]

 In the UK, approximately 1.8 million people suffer from this disease.
[18]

 

However, estimates of the prevalence of psoriasis vary considerably between different 

countries.
[19]

 Parisi et al. (2013) conducted a systematic review examining the prevalence and 

incidence of psoriasis in the general population and assessed 46 and seven articles, 

respectively.
[19]

 The variation in psoriasis prevalence and incidence was associated with age 

and geographic region. However, there was no evidence to suggest that gender had an 

influence on the prevalence or incidence of psoriasis.
[19]

 In adults, the prevalence varied from 

0.91% (the US) to 8.5% (Norway). The UK prevalence rate ranged from 1.3 – 2.6%. The 

prevalence rates from countries which were closer to the equator (Latin America, Tanzania, 

Egypt, India, Sri Lanka, China and Taiwan) were lower (< 0.5%). In children, the prevalence 

varied between different studies from 0% (Taiwan) – 2.1% (Italy). The US incidence rate in all 

age groups, based on the Rochester Epidemiology Project, was 59.9 per 100,000 person-years. 

This incidence rate increased with age up to 39 years of age and declined thereafter and 

reached a peak again in people aged 50-69 years. In the systematic review, estimates of 

incidence of psoriasis in adults varied from 78.9 per 100,000 person-years (the US) to 230 per 

100,000 person-years (Italy). In children, the US incidence rate was approximated as 40.8 per 

100,000 person-years. Comparisons of prevalence and incidence between countries or regions 

may be difficult due to differences in study designs/methodologies (e.g. physician’s or self-

reported diagnoses, definitions of psoriasis, types of databases used, methods of data 

collection, and sampling techniques) and patients’ characteristics (e.g. genetic factors) and 

other factors (e.g. environmental factors and healthcare systems). All of these factors can have 

an influence on the results of studies examining prevalence and incidence of psoriasis. 
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There are suggestions that the prevalence of psoriasis is increasing. This upward trend of 

psoriasis was observed in several countries e.g. from 2.3% in 1999 to 2.8% in 2013 in the UK
[4]

, 

from 4.8% during 1979-1980 to 11.4% during 2007-2008 in Norway
[3,20]

, from 1.43% in 1998 to 

2.31% in 2013 in Spain
[20,21]

. The reasons for the rising trends may be due to changes in 

lifestyle and environmental factors, increased awareness about psoriasis, and improvements in 

life expectancy.
[3,4]

  

 

2.3 Economic impact of psoriasis 

 

Psoriasis not only impairs patients’ quality of life but also poses a financial burden for healthcare 

providers and patients.
[1,17]

  

 

Total costs for psoriasis treatment can vary between countries owing to the different severity of 

psoriasis, treatments available, prices of treatments, healthcare services, healthcare facilities 

and systems used.
[17]

 An Italian study which was conducted before the initiation of biologic 

therapies for psoriasis collected data on direct medical and indirect costs (loss of productivity) 

from six dermatology departments for 1 year during 2003-2004. It found that the mean cost for 

psoriasis treatment was about 5,226 euros/year for patients with moderate psoriasis [Psoriasis 

Area and Severity Index (PASI) ≤ 20] while patients with more severe psoriasis (PASI > 20) had 

the higher mean cost of 11,434 euros/year. However, these calculations did not include some 

costs such as patient out-of-pocket expenses.
[22]

 

 

The cost of biologic therapies for the treatment of psoriasis is much more expensive than that of 

conventional systemic therapies.
[23]

 This cost also has an effect on the total cost of psoriasis 

treatment as a whole. A UK study examined costs and clinical outcomes of psoriasis treatment 

before and after the start of biologic therapies for patients with moderate-severe plaque 

psoriasis.
[23]

 The data were collected from a specialist psoriasis clinic in a hospital in London 

and the total healthcare costs regarding the treatment of psoriasis in the biologic therapies 

group (£11,981 /patient/year) were significantly higher than that of conventional systemic 

therapies group (£4,207 /patient/year). In terms of clinical outcomes, the number and length of 

hospital admission in the biologic therapies group were significantly decreased when compared 

with the conventional systemic therapies group.
[23]

 Nonetheless, the estimated costs in this 

study were still underestimated since some non-healthcare costs (e.g. loss of productivity) were 

not included.          

 

Since psoriasis and its associated comorbidities can interfere with patients’ daily activities, 

ability to work and employment prospects then this may also impact on personal income and/or 

future earnings.
[24]

  Some patients with psoriatic arthritis may also be unable to work due to this 

condition.
[24]

 In addition, the average sickness absence among workers with psoriasis 

corresponds to the severity of psoriasis: 14 days/year for moderate-severe psoriasis
[25]

 and up 

to 26 days/year for severe psoriasis
[26]

. In the UK, figures are higher than the average rate of 

sickness absence rate (4.3 days/year).
[26]

 Moreover, the level of work impairment and the 
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possibility of being unemployed also increase with the severity of psoriasis.
[27,28]

 It is estimated 

that the cost of psoriasis relating to presenteeism and sickness absence is approximately £1.07 

billion/year in the UK
[28]

    

 

2.4 Aetiology 

 

Although the exact mechanisms that cause psoriasis are unclear, it is clear that genetic, 

immunologic and environmental factors play a role in the aetiology of the condition.
[29]

 In most 

cases, multiple genes predispose people to psoriasis. Up to 70% of patients with psoriasis have 

a family member with the disease. The major genetic determinant of psoriasis is in the major 

histocompatibility complex (MHC) region. MHC is the area for genes which encode human 

leucocyte antigen (HLA).
[30]

 There are 41 genome-wide susceptibility loci associated with 

psoriasis including the HLA region on chromosome 6.
[31]

 This locus is defined as the psoriasis 

susceptibility region 1 (PSOR1)
[32–35]

 and accounts for 30-50% of the heritability of psoriasis. 

Other relevant genetic loci have been identified through genetic specific and genome-wide 

association studies (GWAS).
[36,37]

 PSOR1 lies in HLA-Cw*06 which has a strong association 

with psoriasis.
[38,39]

 HLA-Cw*0602 is a major genetic determinant of psoriasis vulgaris which is 

the commonest type and it also has a strong association with guttate psoriasis.
[40]

  

 

The immunopathogenesis of psoriasis involves innate and adaptive immune systems. They lead 

to alterations in skin and vasculatures.
[41]

 T-helper (Th) 17 and Th1 cells play an important role 

in the pathology of psoriasis. These cells are differentiated from naïve T-cells in the skin due to 

elevated production of dendritic antigen-presenting cells. This differentiation induces an immune 

response characterised by secretion of certain cytokines such as tumour necrosis factor (TNF)-

alpha, interleukin (IL)-12, IL-23, IL-17 and interferon-gamma. Upregulation of these cytokines 

results in skin hyperproliferation and inflammation. This process leads to cells being forced to 

the skin surface and accumulating. It represents dead scales which are characteristic of the 

psoriasis plaque.
[41,42]

 Chronic stimulation of these pathways leads to epidermal thickening and 

erythema due to an increased blood flow to the skin through angiogenesis and vasodilation.
[43]

 

Better understanding in the pathogenesis of psoriasis has led to the development of more 

selective biologic therapies.
[44]

 

 

In addition, the environmental factors are also able to trigger psoriasis in predisposed 

individuals. These factors include infections (e.g. streptococcal infections); certain medicines 

(e.g. lithium, beta-blockers, non-steroidal anti-inflammatory drugs and tetracyclines); rapid 

systemic corticosteroid withdrawal; excess alcohol consumption; smoking (strongly associated 

with palmoplantar pustulosis); stress (is related to onset and severity of psoriasis); and ‘Koebner 

phenomenon’ (is new plaques of psoriasis which appear at skin trauma sites).
[38,39]
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2.5 Types of psoriasis 

 

Psoriasis is a chronic inflammatory skin disease
[13]

 and usually follows relapsing and remitting 

courses.
[39]

 Psoriasis can occur in any sex, race, age but most cases occur before 35 years of 

age.
[45]

 It peaks at ages 16-22 years and 55-60 years. At the first peak, it is commonly 

associated with a family history of psoriasis.
[39]

 

 

Psoriasis is divided into four distinctive presentations:  

 

1. Psoriasis vulgaris or chronic plaque psoriasis 

This is the commonest type (90% of patients with psoriasis).
[45,46]

 Papulosquamous 

plaques are well-delineated from the surrounding area. The plaques are pinkish or red and 

covered by white or silver scales. They may be thick, thin, large or small. At the edges, the 

plaques are most active. The lesions may be annular with normal skin at the centre. The 

plaques are usually distributed symmetrically and typically occur on extensor surfaces of the 

knees, elbows, low back, post-auricular, scalp, lumbosacral region and umbilicus. New plaques 

of psoriasis develop at sites of skin trauma – so-called Koebner phenomenon.
[13,39,47]

 

 

2. Flexural or inverse psoriasis 

Flexural psoriasis is characterized by well-demarcated, red shiny plaques confined to 

flexures e.g. groin, natal cleft, and submammary areas. It is typically devoid of scale. Secondary 

infections especially Candida infection are common.
[13,38,39]

 

 

3. Guttate psoriasis 

This type tends to occur in children and adolescents. It is an acute form of psoriasis. 

Papules which are less than one centimetre in diameter erupt on the trunk often about two 

weeks after beta-haemolytic streptococcal infections.
[13]

  

 

4. Generalised pustular psoriasis (Von Zumbushch psoriasis) 

This is an acute and severe form of psoriasis. Moreover, it can be life-threatening. 

Small, monomorphic sterile pustules arise in areas of painful inflamed skin over the trunk and 

extremities. Typically, these pustules will become dry and peel. In some patients, the pustules 

may form large “lakes of pus”. Pustules can also present in the oral cavity (geographic tongue). 

Patients with this type usually develop systemic symptoms including fever, chills, diarrhoea and 

arthralgia. Abrupt withdrawal of systemic and sometimes ultra-potent topical corticosteroids may 

trigger this condition.
[13,48]

 

 

Associated features 

Nails  

Up to 50% of psoriasis patients experience nail changes. Nail changes consist of five 

types: 1) pitting of the nail plate (the commonest); 2) nail plate separation (onycholysis); 3) oil 

spots (yellow-brown subungual discolouration); 4) subungual hyperkeratosis; and 5) rarely a 
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damaged nail matrix and lost nail plate. Most patients with psoriatic arthritis experience nail 

changes.
[13,39]

  

Scalp 

At least 50% of patients have scalp psoriasis. Plaques usually form on the scalp and 

around the hair margin. The extent of psoriasis can be very mild (slight and fine scaling) to very 

severe (thick and crusted plaques which cover the whole scalp). Moreover, scalp psoriasis can 

expand to the forehead, the back of the neck and the ears. When psoriasis presents only on the 

scalp, it may look similar to other skin diseases such as seborrheic dermatitis. Seborrheic 

dermatitis looks yellowish and greasy while scalp psoriasis looks powdery with a silvery 

sheen.
[49]

  

 

2.6 Severity of psoriasis 

 

Measures of disease severity are used to evaluate the extent of psoriasis, the impact on 

patient’s quality of life and/or responsiveness to the treatment. It is estimated that approximately 

80% of patients have mild to moderate plaque psoriasis whereas 20% of them have moderate 

to severe disease.
[29,50]

 However, at present, there is no international standard or validated 

categories for the severity of psoriasis.
[51,52]

 As the ultimate goal of psoriasis treatment is to 

improve patient’s quality of life
[53]

, assessment of psoriasis considers two main aspects; namely, 

the clinical manifestations and impact on quality of life. Examples of tools commonly used for 

measuring the clinical manifestation include the PASI and the Body Surface Area affected 

(BSA). The PASI is the most commonly used rating scale and assesses area coverage and 

plaque appearance. It examines the degree of erythema, induration/thickness and scaling of 

plaques over four areas: head, trunk, upper and lower limbs.
[54]

 However, this tool has some 

limitations. For instance, it is a very complicated tool and not sensitive to change when plaque 

involvement is limited.
[54]

 The BSA measurements involve determining how much psoriasis 

lesions involve the body surface area. The hand is estimated to equal to 1% of body surface 

area.
[55]

 This tool is easy to use but it can result in a 50% overestimation of BSA involvement.
[54]

 

The Dermatology Life Quality Index (DLQI) is the most widely used tool for assessing quality of 

life.
[54]

 It includes 10 questions examining how much patients’ skin problems have an effect on 

their life. This tool has some limitations such as not fully capturing emotions and mental health, 

and not being very sensitive to small impairments.
[54]

    

 

The National Psoriasis Foundation defines mild, moderate and severe psoriasis as BSA < 3%, 3 

- 10% and > 10% respectively.
[2]

 According to European consensus
[56]

, the severity of psoriasis 

is categorised into only two severities grades which are mild and moderate-severe psoriasis. 

Both BSA and PASI are used for the measurement of severity of plaque psoriasis. Mild 

psoriasis is defined as BSA ≤ 10% and PASI ≤ 10 and DLQI ≤ 10, and moderate-severe 

psoriasis is defined as BSA >10% or PASI > 10 and DLQI > 10.  The National Institute for 

Health and Care Excellence (NICE) defines severe psoriasis as either treated with phototherapy 

or systemic therapies, or requiring hospital admissions (outpatient visits) due to psoriasis and 

psoriatic arthritis and very severe psoriasis is defined as psoriasis patients having PASI ≥ 20 
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and DLQI >18.
[45]

 The Scottish Intercollegiate Guidelines Network (SIGN) categorises psoriasis 

severity into two types for the purpose of referrals and selection of treatment.
[51]

 It defines mild 

psoriasis as DLQI ≤ 5 and psoriasis patients with this type tend to be managed in primary care. 

For severe psoriasis, it is defined as requiring systemic or biologic therapy. This type is defined 

as PASI ≥ 10 and DLQI ≥ 10. The SIGN does not provide an operational definition for moderate 

psoriasis in their guidelines.    

 

It can be seen that major health policy organisations define psoriasis severity differently and the 

tools for measuring the severity of psoriasis have varying limitations. With these differences, 

interpretation of the results of meta-analysis or review articles or comparison of the results of 

studies should be considered carefully taking account of the definition of psoriasis severity 

referred to in the studies.  

 

2.7 Comorbidities 

 

Emerging epidemiological evidence suggests that psoriasis is associated with an increased risk 

of a number of comorbidities which include both mental and physical conditions such as 

psychosocial disorders, psoriatic arthritis, Crohn’s disease, hypertension, dyslipidaemia, 

obesity, diabetes, and CVD. Psoriasis disease severity appears to influence the development of 

these comorbidities.
[57]

 These comorbidities can increase the complexity of psoriasis 

management and tend to increase with age.
[58]

 Recognition of comorbidities is essential for 

providing comprehensive healthcare services, choosing appropriate treatments and monitoring 

for patients with psoriasis. This section will provide an overview of the most common 

comorbidities occurring in patients with psoriasis.  

 

2.7.1 Psychosocial comorbidities 

 

Psoriasis has a major negative impact on patients’ quality of life
[1]

 and this is related to a variety 

of psychological problems such as poor self-esteem, anxiety, depression and suicidal ideation. 

These psychological problems have an effect on patients’ activities of daily life (e.g. the 

selection of clothing and playing sports) and social relations. Misunderstandings in the general 

population about psoriasis can also have an adverse effect on patients with psoriasis. For 

example, perceptions that psoriasis is a contagious disease can cause exclusion of psoriasis 

patients from engaging in routine activities. This can also lead to psychological problems such 

as low self-esteem.
[1]

  

 

Psychological comorbidities are prevalent in patients with psoriasis. They were reported to be 

as high as 67% of 2,391 patients with psoriasis vulgaris in an Italian study.
[59]

 Several studies 

have found that patients with psoriasis feel self-conscious, disturbed or inconvenienced by the 

appearance of the affected skin, often avoiding social interaction.
[60,61]

 The results of the Italian 

study mentioned above also showed that psoriasis affected patients’ social functioning and 

decreased efficiency at work in more than 50% of the patients.
[59]

 The results of a review of 
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published articles during 1986 - 2009 showed that psoriasis had a negative impact on many 

aspects of quality of life such as stigmatisation, embarrassment, and social inhibition and found 

that younger patients with psoriasis were more likely to have more strong feeling of 

stigmatisation than patients with a similar clinical picture later in life.
[61]

  

 

A population-based cohort study conducted using a US database which compared incidence 

rates of psychiatric disorders between a cohort of paediatric psoriasis patients (n=7,404) and 

psoriasis-free control children (n=37,202) found that psoriatic patients had higher prevalence 

rates of developing psychiatric disorders (5.13% in the psoriasis group vs 4.07% in the control 

group), particularly depression (3.01% in the psoriasis group vs 2.42% in the control group), and 

anxiety (1.81% in the psoriasis group vs 1.35% in the control group).
[62]

 Psychiatric disorders 

have been found to be more common in female patients.
[63,64]

 In addition, studies have reported 

that patients with extensive psoriatic disease reported higher rates of depression and suicidal 

ideation than patients with milder psoriasis.
[65,66]

 

 

There have been a number of studies examining the association between psoriasis and 

psychological comorbidities. However, the prevalence rates of these comorbidities vary widely 

as reported in the above studies. The causes of this difference may be due to different study 

designs, definitions of outcomes and methods measuring psychological problems in patients 

with psoriasis. Some studies used interviews, questionnaires, and diagnosis codes to identify 

the outcomes of the studies.
[59,62]

  

 

2.7.2 Psoriatic arthritis 

 

Psoriatic arthritis, a debilitating seronegative spondyloarthropathy, is commonly associated with 

psoriasis with prevalence rates ranging from 7 - 42%.
[67]

  However, most experienced clinicians 

estimate that the rate is 25%.
[68–71]

 Up to 20% of patients with psoriatic arthritis present with joint 

disease prior to skin involvement.
[72]

 Even though the rates of psoriatic arthritis are more likely to 

correlate with the severity of psoriasis: 6% of patients with minimal psoriasis have psoriatic 

arthritis while 56% of patients with BSA > 10% experience psoriatic arthritis,
[68,73]

 the extent of 

skin disease shows that it is not related to the severity of joint disease.
[74]

 An increased 

likelihood of experiencing psoriatic arthritis can be predicted by presenting nail dystrophy, scalp 

lesions, and intergluteal or perianal psoriatic lesions.
[69]

 Nail lesions, in particular, are more 

common among patients with psoriatic arthritis compared to patients with psoriasis alone or 

rheumatoid arthritis.
[75]

 

 

Psoriatic arthritis most commonly presents as an asymmetric oligoarthritis or polyarthritis with 

pain and stiffness.
[76]

 Psoriatic arthritis can affect the peripheral joints, axial skeleton, entheses 

as well as tenosynovial sheaths. However, mostly it affects the joints of the hands, wrists, feet 

ankles, knees and shoulders.
[77]

 Within the first year of disease onset, 40-60% of patients 

develop joint damage.
[78–80]
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The accurate diagnosis of psoriatic arthritis is a problem for epidemiologic studies examining 

the prevalence of psoriatic arthritis and the association between psoriasis and psoriatic arthritis 

since there are no validated diagnostic criteria.
[81]

 Moreover, the spectrum of manifestation of 

psoriatic arthritis is large. It tends to be relapsing and remitting. Therefore, it is not easy to 

distinguish psoriatic arthritis from rheumatoid arthritis and other arthropathies.
[81]

 Therefore, 

misdiagnosis of psoriatic arthritis could happen. This is one source of bias of studies relating to 

psoriatic arthritis.  

 

A recent systematic review and meta-analysis of case-control, cross-sectional and cohort 

studies examined the association between psoriatic arthritis and CVD.
[82]

 It compared patients 

with psoriatic arthritis and the general population. The results of the study showed that psoriatic 

arthritis was significantly associated with the risk of CVD [defined as angina, ischemic heart 

disease, coronary artery disease, myocardial infarction (MI), or a combination of these 

outcomes] with odds ratio (OR) 1.43 [95% confidence interval (CI) 1.24 – 1.66], incident CVEs  

(only cohort studies included) with OR 1.55 (95% CI 1.22 -1.96), MI with OR 1.68 (95% CI 1.31–

2.15), cerebrovascular diseases (defined as stroke or transient ischaemic attack) with OR 1.22 

(95% CI 1.05–1.41) and heart failure with OR 1.31 (95% CI 1.11–1.55). The association 

between psoriatic arthritis and CVD may be related to an increased arterial stiffness which is a 

cardiovascular risk factor.
[83]

 This increase may accelerate the atherosclerosis process in 

patients with psoriatic arthritis. 

 

2.7.3 Non-alcoholic fatty liver 

 

Patients with psoriasis have an increased risk of liver disease as a complication of high levels of 

alcohol consumption and use of anti-psoriatic treatments such as methotrexate. However, there 

is emerging evidence that psoriasis is independently related to non-alcoholic fatty liver disease 

(NAFLD).
[84]

 NAFLD involves a wide range of liver diseases such as hepatic steatosis, 

steatohepatitis and hepatic cirrhosis (not related to alcohol intake) and is now considered as the 

hepatitis manifestation of the metabolic syndrome.
[85]

 It has been suggested that NAFLD leads 

to endothelial dysfunction that can result in developing CVD.
[86]

 

 

In the general population, the prevalence of NAFLD has been estimated to be 20-30% in 

developed countries.
[85]

 There are two small studies examining the prevalence rate of NAFLD in 

patients with psoriasis. One study found that patients with psoriasis had a prevalence rate of 

NAFLD of 47% (n=61) compared with 28% in the control group.
[87]

 The severity of psoriasis was 

higher in psoriasis patients with NAFLD in comparison to patients without NAFLD. Another 

study conducted in Italy reported that the prevalence of NAFLD in patients with psoriasis was 

59.2% (n=84).
[88]

 This study compared psoriatic patients with non-psoriatic patients undergoing 

biopsy to detect NAFLD. The results of this study confirmed that patients with psoriasis were 

more likely to have severe liver disease than non-psoriatic patients.    
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Inflammation plays a crucial role in the pathogenesis of NAFLD. Gisondi et.al suggested that 

the inflammatory mediators increased in psoriasis can result in the development of insulin 

resistance and progression to NAFLD.
[87]

 Given this, it has also been suggested that 

inflammation related to NAFLD precipitates a more severe form of psoriasis.
[87,89]

   

 

2.7.4 Inflammatory bowel disease  

 

Inflammatory bowel disease (Crohn’s disease and ulcerative colitis) are common relapsing 

immune-mediated inflammatory disorders of the gastrointestinal tract. The pathogenesis of 

Crohn’s disease and psoriasis involve IL-4, IL-13 and IL-23 which are key cytokines for both 

diseases. The prevalence of Crohn’s disease is approximately 0.007% in the general population 

in the US.
[90]

 Crohn’s disease is more likely to occur in psoriatic patients in comparison to 

controls.
[91–93]

 Several case-control studies have reported that 7-11% of patients with Crohn’s 

disease also have psoriasis.
[92–94]

 A case-control study conducted in Israel using a population-

based database included 12,502 psoriasis patients and 24,287 controls. The results showed 

that the prevalence of ulcerative colitis in psoriasis patients (0.5%) was significantly higher than 

that of controls (0.3%) (p = 0.001).
[95]

      

 

In another population-based study, patients with Crohn’s disease and ulcerative colitis were 

more like to develop arthritis, psoriasis and asthma compared with controls.
[96]

 Since several 

genetic susceptibility loci are common to Crohn’s disease and psoriasis, patients with psoriasis 

have a higher likelihood of developing Crohn’s disease.
[97,98]

 The association between psoriasis 

and inflammatory bowel disease is compelling and suggests that they share similar genetic 

factors and potentially overlapping pathogenesis.
[84]

  

 

2.7.5 Cancer 

 

The relationship between psoriasis and cancer has been suggested in a number of studies, but 

there remains uncertainty in relation to particular cancer types. This relationship is more difficult 

to assess due to the additional effect of phototherapy and immunosuppressive treatment which 

may increase malignancy risk. 
[84]

    

 

A systematic review and meta-analysis of 37 studies examining the association between cancer 

risk and psoriasis was published in 2013 which compared the risk of cancer between psoriatic 

patients and the general population.
[99]

 The results suggested that psoriasis was associated with 

an increased risk of some solid cancers (respiratory tract, upper aerodigestive tract and liver). 

Moreover, psoriasis was associated with an increased risk of non-Hodgkin lymphoma, 

squamous cell carcinoma, and basal cell carcinoma. However, the results suggested that 

psoriasis might not be associated with an elevated risk of melanoma 

 

Current evidence seems to suggest that psoriasis is associated with an increased risk of 

specific cancers, but further well-designed studies controlling for important confounders (such 
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as smoking, alcohol consumption and psoriasis treatment) are required to fully elucidate this 

association.
[84]

   

 

2.7.6 Cardiovascular risk factors 

 

2.7.6.1 Hypertension 

 Hypertension is an important cardiovascular risk factor associated with an increased 

risk of cardiovascular morbidity and mortality.
[84]

 The association between hypertension and 

psoriasis corresponds to the severity of psoriasis.
[100]

 Hypertension is more prevalent in patients 

with psoriasis than patients without psoriasis and the prevalence increases with the severity of 

psoriasis.
[100]

 The prevalence rates of hypertension reported ranged widely from 8.9 – 44.4% for 

unspecified severity of psoriasis, 15.1 – 32% for mild psoriasis and 19 – 40.3% for moderate-

severe psoriasis.
[101–105]

  

A meta-analysis of 24 observational studies reported an increased prevalence of 

hypertension among patients with psoriasis with ORs of 1.58 (95% CI 1.42 – 1.76) for psoriasis, 

1.30 (95% CI 1.15 – 1.47) for mild psoriasis and 1.49 (95% CI 1.20 – 1.86) for severe 

psoriasis.
[100]

 In addition, other studies found that patients with psoriasis had a higher risk of 

poorly controlled hypertension when compared with patients without psoriasis.
[106,107]

 This 

association correlates with the severity of psoriasis.
[106]

  

Even if it is known that psoriasis is associated with hypertension, the temporal 

association may be difficult to be defined.
[108]

 One large US prospective cohort study involving 

777,728 female participants found that patients with hypertension had an elevated risk of 

developing psoriasis with a hazard ratio (HR) of 1.27 (95% CI 1.03 – 1.57).
[108]

 However, the 

interpretation of this study might be limited due to some confounders not being considered (e.g. 

family history). Moreover, the study population also restricted the interpretation of this study 

because it involved only women.      

Although there are a number of studies examining the relationship between psoriasis 

and hypertension, the mechanism is complex and remains unknown.
[84,109]

 Moreover, a number 

of confounders can influence the analysis of this association. For example, patients with 

moderate-severe psoriasis that are treated with ciclosporin may experience hypertension which 

is a recognised side effect of this drug.
[84]

 Beta-blockers which are anti-hypertensive drugs can 

also induce or exacerbate psoriasis.
[110]

  

   

2.7.6.2  Dyslipidaemia 

 Dyslipidaemia is a well-established cardiovascular risk factor for coronary artery 

disease, stroke, MI and cardiovascular mortality.
[111–114]

 A number of studies have shown an 

increased prevalence of dyslipidaemia among patients with psoriasis.
[115,116]

 Furthermore, they 

are more likely to have an increased risk of hypercholesterolemia.
[117]

 Prevalence rates of 

dyslipidaemia vary widely across the studies with ranges: 6.4 – 50.9% for unspecified severity 

of psoriasis, 4.7 – 23.9% for mild psoriasis and 6.0 – 29.9% for severe psoriasis.
[101–103,118]

 

Moreover, numerous studies have found that psoriasis is associated with a decreased level of 
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high-density lipoprotein (HDL), an increased level of triglyceride (TG), low density lipoprotein or 

very low density lipoprotein.
[116,117,119–125]

 

It is not easy to evaluate the relationship between psoriasis and dyslipidaemia for 

several reasons. Firstly, the definition of dyslipidaemia is often unclear.
[84]

 Dyslipidaemia is a 

broad term of abnormalities of plasma lipid levels and various studies have used this term 

differently with different study methods, coding systems and codes. Moreover, the selection of 

appropriate diagnosis codes for dyslipidaemia is also a problem for the evaluation of the 

association between dyslipidaemia and psoriasis.  For example, a study which used the WHO 

International Classification of Diseases (ICD)-10 to evaluate the association between psoriasis 

and hyperlipidaemia included both hyperlipidaemia terms and lipoprotein deficiency 

terms.
[126,127]

 Secondly, since dyslipidaemia is a component of the metabolic syndrome, it tends 

to co-occur with other components of the metabolic syndrome (e.g. obesity) which are also 

highly prevalent in patients with psoriasis.
[84]

  

 

2.7.6.3  Insulin resistance and type 2 diabetes mellitus 

 Type 2 diabetes mellitus is a growing global concern. It is characterised by a resistance 

of peripheral tissue to insulin and reduced secretion of insulin from the pancreas. It is estimated 

that 324 million people will suffer from diabetes worldwide by 2025.
[128]

 It is inevitable that some 

patients with psoriasis will also be faced with this disease. A number of studies have found that 

psoriasis is associated with a higher risk of diabetes.
[115,129–132]

 This increase may be due to 

overproduction of Th1 cytokines in patients with psoriasis. It may promote insulin resistance.
[109]

 

Moreover, TNF-alpha, which is a crucial cytokine of psoriasis pathogenesis, can induce insulin 

resistance. Furthermore, it has been suggested that genetic factors may also contribute to an 

elevated susceptibility to type 1 and 2 diabetes in psoriasis patients.
[133–135]

 The prevalence 

rates of diabetes reported vary widely ranging from 2.4 – 37.4% for unspecified or mild-

moderate psoriasis and 7.5 – 41% for severe psoriasis.
[105,136,137]

 A recent meta-analysis of 

observational studies reported on this association with the ORs of 1.53 (95% CI 1.16-2.04) for 

mild psoriasis (from four included studies) and 1.97 (95% CI 1.48-2.62) for severe psoriasis 

(from five included studies).
[138]

 The included studies examining the association of diabetes 

according to the severity of psoriasis controlled for cardiovascular risk factors differently when 

calculating the ORs. All of the included studies took into account age and sex of 

participants
[105,138–140]

 but only some of them controlled for other important cardiovascular risk 

factors such as hypertension, hyperlipidaemia, smoking, body mass index (BMI) or 

obesity
[103,118]

.  This meta-analysis also examined the risk of incident diabetes in psoriasis 

patients.  It found a significantly increased risk with a pooled relative risk (RR) of 1.27 (95% CI 

1.16 – 1.40). 

Some studies have shown that the greater severity of psoriasis also correlates with the 

likelihood of insulin resistance and diabetic complications.
[122,141]

 Furthermore, diabetic patients 

with psoriasis tend to require use of more anti-diabetic drugs and have a higher risk of 

microvascular and macrovascular complications when compared with diabetic patients without 

psoriasis.
[142,143]

 However, the results of the assessment of the association between psoriasis 

and diabetes may also be influenced by the use of anti-diabetic drugs. Two RCTs have shown 
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that metformin could decrease the severity of psoriasis and improve the components of 

metabolic syndrome.
[144,145]

  Nonetheless, the interpretation of these studies is limited because 

they had small sample sizes (about 20 participants per group) and short duration of follow-up 

(12 weeks). Two other population-based observational studies have suggested that the frequent 

use of metformin could reduce the risk of the development of psoriasis whilst the regular use of 

insulin might elevate the risk of psoriasis.
[146,147]

  Both studies controlled for a number of 

confounders but many confounders relating to the development of psoriasis (e.g. alcohol 

consumption) were not considered.   

 

 2.7.6.4 Metabolic syndrome 

 Metabolic syndrome is a cluster of cardiovascular risk factors including obesity, 

hypertension, dyslipidaemia and insulin resistance.
[148]

 This syndrome is a predictor of the 

development of diabetes and CVD.
[149–151]

 Numerous studies have reported that psoriasis 

patients are more likely to have metabolic syndrome and its components including 

hyperlipidaemia, hypertension, diabetes and obesity.
[152–157]

 The prevalence rates of metabolic 

syndrome differ depending on geographic location, sex, age and ethnicity.
[148]

 It is estimated 

that the prevalence of metabolic syndrome in the general population ranges from 14.2 - 

23.7%
[158,159]

 and this syndrome is more prevalent among patients with psoriasis and it 

increases with the greater severity of psoriasis.
[115,122,160–165]

 According to previous studies, the 

prevalence of metabolic syndrome reported ranges from 16 - 46% for mild psoriasis and 26 – 

65% for severe psoriasis.
[105,164]

  

 The range of prevalence rates of metabolic syndrome in patients with psoriasis 

observed is very wide. The causes of this difference may be due to different study populations, 

severity of psoriasis, and geographic locations. The definition of metabolic syndrome used in 

different studies may also contribute to this difference. The WHO and the European group for 

the study of insulin resistance (EGIR) require insulin resistance as an absolute requirement for 

the definition of metabolic syndrome.
[166,167]

 However, the definition by the EGIR can be applied 

to only patients without diabetes.
[167]

 The National Cholesterol Education Programme: Adult 

Program Treatment Panel III (NCEP: ATP III) defined the definition differently. It does not 

require insulin resistance as an absolute requirement.
[168]

 Thus, this definition is more applicable 

than the WHO and EGIR definitions and is widely used by researchers around the world.
[169]

  

Nonetheless, the cutoffs of waist circumference in this definition would not apply to all people 

such as Asian people.
[170]

 The International Diabetes Federation (IDF) considered race- and 

sex-specific waist circumference cutoffs for defining the definition.
[171]

 Table 2.1 shows the 

definitions of metabolic syndrome by these organisations. 
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Table 2.1 Definitions of metabolic syndrome 

 WHO (1999)
[166]

 EGIR (1999)
[167]

 NCEP ATP III (2002)
[168]

 IDF (2005)
[171]

 

Absolute requirement Insulin resistance
a 
[impaired 

glucose intolerance, impaired 

fasting glucose type 2 diabetes 

or other evidence of insulin 

resistance (under 

hyperinsulinaemic, 

euglycaemic conditions, 

glucose uptake < 25
th
 

percentile for background 

population under investigation)]  

Insulin resistance or fasting 

hyperinsulinaemia (plasma 

insulin > 75
th
 percentile in non-

diabetic population)
 
 

None Central obesity (waist 

circumstance)
c
: ≥ 94 cm (male), 

≥ 80 cm (female) for Europids 

sub-Saharan Africans, eastern 

Mediterranean and middle east 

(Arab) population; ≥ 90 cm 

(male), ≥ 80 cm (female) for 

South Asians,  Chinese, ethnic 

south and central Americans; 

and ≥ 85 cm (male), ≥ 90 cm 

(female) for Japanese 

Criteria Insulin resistance or diabetes 

plus two of the five criteria 

below 

Insulin resistance or fasting 

hyperinsulinaemia (plasma 

insulin > 75
th
 percentile in non-

diabetic population)
c 
plus

 
two of 

the four criteria below 

At least three of five criteria 

below 

Obesity plus two of the four 

criteria below 

Obesity Waist/hip ratio: > 0.90 (male),  

> 0.85 (female) or BMI > 30 

kg/m
2
  

 

Waist circumstance: ≥ 94 cm 

(male), 80 cm (female) 

Waist circumstance: > 102 cm 

(> 40 inches) (male), > 88 cm 

(> 35 inches) (female) 

Central obesity already 

required 
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 WHO (1999)
[166]

 EGIR (1999)
[167]

 NCEP ATP III (2002)
[168]

 IDF (2005)
[171]

 

Hyperglycaemia Insulin resistance already 

required 

Fasting plasma glucose ≥ 6.1 

mmol/l 

Fasting plasma glucose ≥ 100 

mg/dl  

Fasting plasma glucose ≥ 100 

mg/dl (5.6 mmol/l) or previous 

diagnosis of type 2 diabetes 

Dyslipidaemia TG ≥ 150 mg/dl (1.7 mmol/l) or 

HDL cholesterol < 35 mg/dl (0.9 

mmol/l) (male), < 39 mg/dl (1.0 

mmol/l) (female) 

TG > 2.0 mmol/L, HDL 

cholesterol < 1.0 mmol/l or 

pharmacologic treatment 

TG ≥ 150 mg/dl TG ≥ 150 mg/dl (1.7 mmol/l) or 

pharmacologic treatment 

Dyslipidaemia 

(second, separate 

criteria) 

  HDL cholesterol< 40 mg/dl 

(male), < 50 mg/dl (female) 

HDL: < 40 mg/dl (1.03 mmol/l) 

(male), <50 mg/dl (1.29 mmol/l) 

(female) or pharmacologic 

treatment 

Hypertension ≥ 140/90 mmHg >140/90 mmHg or 

pharmacologic treatment 

≥ 130/85 mmHg ≥ 130 mmHg systolic blood 

pressure or  ≥ 85 mmHg 

diastolic blood pressure or 

pharmacologic treatment  

Other criteria Microalbuminuria
b
    

Notes: 
a
 other evidence includes euglycemia clamp studies; 

b
 Urinary albumin excretion of ≥ 20 mcg/min or albumin-to-creatinine ratio of ≥ 30 mg/g; 

c 
If BMI is > 

30kg/m², central obesity is assumed and waist circumference is not required to be measured.  

Abbreviations: BMI, body mass index; EGIR, European group for the study of insulin resistance; HDL, high-density lipoprotein; IDF, International Diabetes 

Federation; NCEP: ATP III, National Cholesterol Education Programme: Adult Program Treatment Panel III; TG, triglyceride; WHO, World Health Organisation 
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 Resistance to insulin can be elevated by inflammatory cytokines (e.g. TNF-alpha) 

which are also related to the pathogenesis of psoriasis.
[148,172]

 Moreover, patients with psoriasis 

have an elevated level of leptin which is also increased in obese people.
[173,174]

 

Hyperleptinaemia has been reported to be a predictor for the development of metabolic 

syndrome among patients with psoriasis.
[174]

  

 Several studies have reported on the association between psoriasis and metabolic 

syndrome. A large UK study of 44,715 participants (4,065 psoriasis patients) found that the 

prevalence rate of psoriasis cohort (34%) was higher than the control group (26%).
[122]

 The 

overall OR was 1.41 (95% CI 1.31 – 1.51). This study classified the severity of psoriasis using 

BSA [2,044 patients with mild psoriasis (≤ 2% BSA); 1,377 patients with moderate psoriasis (3-

10% BSA) and 475 patients with severe psoriasis (> 10% BSA)]. The results showed that the 

risk of developing metabolic syndrome was related to the severity of disease. The ORs for 

metabolic syndrome increased with the greater severity of psoriasis [OR 1.22 (95% CI 1.11–

1.35) for mild psoriasis and OR 1.98 (95% CI 1.62–2.43) for severe psoriasis]. However, this 

relationship is in contrast to a small Italian case-control study of 338 patients with psoriasis and 

334 outpatients with other skin diseases conducted in a dermatology department.
[156]

 This study 

classified the severity of psoriasis using PASI, BSA and physician global assessment (PGA). 

This study found a significant association between psoriasis and metabolic syndrome [OR 1.65 

(95% CI 1.16 – 2.35)] but this association was not significantly different according to the severity 

of psoriasis. Nevertheless, these two studies had many major differences which might have an 

effect on the assessment such as the sizes of studies and methods of classification of the 

severity of psoriasis. However, the prevalence rates of metabolic syndrome for patients with 

psoriasis (30.1%) and without psoriasis (20.6%) in the Italian study were similar to those of the 

UK study. 

 The assessment of the association between psoriasis and metabolic syndrome is not 

straightforward as other factors may also influence the development of metabolic syndrome; for 

instance, some systemic psoriasis therapies can exacerbate or precipitate facets of the 

metabolic syndrome (retinoids can increase the risk of dyslipidaemia while etanercept, 

adalimumab, infliximab and anti-IL-12/23 agents may induce weight gain).
[84]

  

 

2.7.6.5 Obesity 

 Obesity is an important cardiovascular risk factor. The WHO classifies people who have 

25.0 – 29.9 and ≥ 30.0 kg/m
2
 BMI as overweight and obese, respectively.

[117,160,175–177]
 Obesity is 

a global concern since it is associated with a number of serious comorbidities such as 

hypertension, dyslipidaemia, type 2 diabetes mellitus, coronary heart disease and stroke.
[178,179]

 

Being overweight or obese can also lead to an increased risk of mortality.
[180]

   

A number of epidemiological studies assessing the relationship between psoriasis and 

obesity have found that psoriasis is associated with an elevated prevalence of 

obesity.
[115,117,160,176,177]

  In addition, the severity of psoriasis also appears to be associated with 

the degree of obesity.
[181,182]

 In published studies, the prevalence of obesity ranged from 14 – 

17% for mild psoriasis and 20 – 42% for moderate-severe psoriasis.
[103,154,183]

 For overweight, 
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the prevalence ranged from 35 – 40% for mild psoriasis and 20 – 42% for moderate-severe 

psoriasis.
[118,137,154,183]

  

 A systematic review and meta-analysis of 16 observational studies with a total study 

population of 21 million (201,831 patients with psoriasis) found a significant association 

between psoriasis and obesity.
[184]

 Patients with greater severity of psoriasis had a higher 

association between psoriasis and obesity; the pooled ORs for obesity were 1.46 (95% CI 1.17 

– 1.82) among patients with mild and 2.23 (95% CI 1.63 – 3.05) among patients with severe 

psoriasis. An incidence study in this review reported that psoriasis was related to new-onset 

obesity with a HR of 1.18 (95% CI 1.14 – 1.23).
[129]

 

 

2.7.6.6 Cigarette smoking and alcohol consumption 

 Smoking and alcohol consumption are well-known cardiovascular risk factors.  Several 

studies have shown that patients with psoriasis smoke and consume alcohol more often than 

patients without psoriasis.
[185,186]

 The prevalence of current smokers among patients with 

psoriasis has been reported widely and varies from 14 to 51.3%.
[140,187]

 Definitions of alcohol 

consumption across studies are heterogeneous making direct comparisons between studies 

difficult, but the highest reported rate was 85.8% among patient with psoriasis.
[188]

  Although 

both of these behavioural factors are more common in patients with psoriasis, it still remains 

unclear whether they may elevate the risk of developing psoriasis or occur as a result of 

psoriasis related to psychological stress, or both.
[189]

 A recent meta-analysis found that smoking 

often preceded psoriasis and suggested a possible a dose-effect of cigarette smoking intensity 

and duration of psoriasis.
[185]

 Patients with psoriasis who smoke have an increased number of 

peripheral blood Th17 cells which are part of psoriasis pathogenesis.
[190]

 Thus, this may partially 

explain an elevated risk of psoriasis in smokers.
[189]

    

 

2.7.7 Cardiovascular disease 

 

The association between psoriasis and the risk of CVD has been investigated for over 20 

years.
[191]

 However, the association is still unclear as many patients with psoriasis tend to have 

other cardiovascular risk factors as described above. In addition, unhealthy lifestyle habits such 

as smoking and excess alcohol consumption may influence the development of CVD in patients 

with psoriasis.
[192,193]

 Inflammation is a central theme supporting a theoretical association 

between psoriasis and CVD.
[84]

 Inflammatory cells and proinflammatory cytokines can have an 

influence on both the development of psoriasis lesions and the breakdown of 

atherosclerosis.
[194]

  

 

Psoriasis and atherosclerosis have similar crucial mediators. Thus, the mechanism of these 

conditions may be linked.
[84]

 The pathogeneses of both conditions are linked by Th1 and Th17 

cells and their cytokines.
[195]

 Moreover, they also share a common pattern of T-cell 

activation.
[194]

 Activated T-cells near inflammation areas can produce type 1 cytokines such as 

TNF-alpha. TNF-alpha is an inflammatory cytokine which is related to the pathogenesis of 
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psoriasis and atherosclerosis.
[109,196]

 Furthermore, both diseases are also associated with other 

common cytokines including IL-1, Il-6, Il-10, leptin and adiponectin.
[197]

 

C-reaction protein (CRP) is a marker of systemic inflammation which correlates with 

atherosclerosis and CVD. The interactions between proinflammatory cytokines IL-1, IL-6 and 

TNF-alpha result in an elevated CRP 
[198]

 which is associated with adverse CVEs 
[199,200]

 and 

cardiovascular risk factors such as smoking, obesity and diabetes.
[201]

 Moreover, it was found 

that an increased CRP level correlates with the greater severity of psoriasis.
[202,203]

  

 

Another possible mechanism of the association between psoriasis and atherosclerosis is that 

keratinocytes produce vascular endothelial growth factor (VEGF), which is a mitogen for 

endothelial cells.
[204–206]

 Furthermore, VEGF is positively related to the severity of psoriasis and 

elevated intimal media thickness.
[204–206]

  

 

Patients with psoriasis have a low level of folate due to a rapid turnover and increased 

keratinocyte activity. It subsequently results in a higher homocysteine level compared with 

people without psoriasis.
[202,207]

 Hyperhomocysteine is an independent risk factor for CVD, 

peripheral vascular disease and cerebrovascular disease.
[208]

 However, the relationship 

between the severity of psoriasis and level of homocysteine is uncertain.
[202]

 

  

There are a number of studies examining the association between psoriasis and CVD. They 

reported that the prevalence ranged from 4.6 – 7.8% for CVD and 3.1 – 6.5% cerebrovascular 

events among patients with psoriasis.
[209]

 However, the relationship between psoriasis and CVD 

is still unclear as several studies have reported a positive association, whilst some studies have 

not found this association.   

 

Gelfand et al. conducted a population-based cohort study with a mean follow-up of 5.4 years in 

order to assess the risk of MI. 
[154]

 They found that psoriasis patients (n=130,976) had a higher 

incidence of MI than that in the control group (n=556,995) and indicated that this corresponded 

to the severity of the disease. The incidence of MI in severe, mild psoriasis and control patients 

was 5.13 (95% CI 4.22 - 6.17), 4.04 (95% CI 3.88 - 4.21) and 3.58 (95% CI 3.52 - 3.65) per 

1,000 person-years, respectively. The RR of MI among younger psoriasis patients aged 30 

years was 1.21 (95% CI 1.14 - 1.46) for mild and 3.10 (95% CI 1.98 - 4.86) for severe psoriasis. 

Similarly, in the older group aged 60 years, the RR of MI was 1.08 (95% CI 1.03 - 1.13) for mild 

and 1.36 (95% CI 1.13 - 1.64) for severe psoriasis. It can be seen that the RRs for MI in young 

psoriasis patients were significantly higher than those in older psoriasis patients. The results of 

this study appeared to suggest that psoriasis may be an independent risk factor for MI.
[210]

 

There are a number of limitations to this study that may influence the results presented: namely, 

there were no restrictions on patients entering the cohort having previously experienced CVEs, 

patients were categorised as having severe psoriasis if they had ever received azathioprine 

(which is not an established treatment for severe psoriasis), and no adjustments were made for 

a number of established cardiovascular risk factors, such as psoriatic arthritis (a common 

comorbidity in patients with psoriasis as described earlier). Moreover, this study included severe 
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psoriasis patients treated with methotrexate, oral retinoids and ciclosporin. These medications 

may have an effect on the CVD outcome since methotrexate is associated with a lower 

incidence of CVD
[211]

; and oral retinoids and ciclosporin may induce cardiovascular factors such 

as hypertension and hyperlipidaemia.
[212,213]

  However, several other epidemiological studies 

have reported a higher likelihood of MI, stroke, cardiovascular deaths, collectively termed “major 

adverse CVEs (MACEs)” in patients with psoriasis.
[5,137,214,215]

 Nevertheless, a few studies did 

not observe a significant association between psoriasis and MACEs.
[216,217]

  

 

For example, a recent inception cohort study with a follow-up mean of 5.2 years (2015)
[216]

, 

which used the UK population-database (Clinical Practice Research Datalink: CPRD) examined 

the relationship between psoriasis and a risk of major CVEs (i.e. MI, acute coronary syndrome, 

unstable angina and stroke). This study analysed data of 48,523 patients with psoriasis and 

208,187 controls. The results of the study showed that psoriasis and severe psoriasis were not 

significantly associated with an increased risk of major CVEs after adjusted for known 

cardiovascular risk factors. The HRs of major CVEs for psoriasis and severe psoriasis were 

1.02 (95% CI 0.95 - 1.08) and 1.28 (95%CI 0.96 - 1.69), respectively.   

 

Several meta-analyses have been conducted to examine the association between psoriasis; 

and CVD and/or cardiovascular risk factors as shown in Table 2.2. Most reviews found that 

psoriasis was associated with an increased risk of CVD overall or some cardiovascular risk 

factors such as diabetes, hypertension, dyslipidaemia, obesity and metabolic syndrome.
[115,218]

  

Furthermore, psoriasis was found to be associated with an elevated risk of stroke and/or 

MI.
[219,220]

 The results of a meta-analysis by Samarasekera et al. (2013) suggested that severe 

psoriasis was significantly related to an elevated risk of stroke but not significantly increased the 

risk of MI.
[221]

 They also suggested that most of the included studies accounted for only some 

key cardiovascular confounders (age, sex, smoking, alcohol consumption, obesity, 

hyperlipidaemia, hypertension or diabetes). This confounding might lead to biased results. 

Moreover, another meta-analysis reported that the severity of psoriasis corresponded to the 

degree of risk of stroke and MI.
[220]
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Table 2.2 Summary of meta-analyses examining the association between psoriasis and cardiovascular disease and cardiovascular risk factors 

Authors (year of 

publication) 

Study design Study population Results Conclusions and comments 

Pietrzak et.al. 

(2013)
[218]

 

Meta‐analysis 4 case–

control and 10 cohort 

studies published 

during 2006 - 2011 

 

Psoriasis patients vs 

non-psoriasis patients 

Cardiovascular events 

OR = 1.28 (95% CI 1.18–1.38) 

 

Conclusion 

    Psoriasis was significantly associated 

with an increased risk of CVEs.
[218]

 

 

Comments 

   This meta-analysis had major limitations 

due to quality of the original studies 

included in the review. Some studies did 

not provide information on cardiovascular 

risk factors such as smoking and obesity. 

Moreover, anti-psoriatic therapies such as 

methotrexate may reduce the frequency of 

CVEs which was often not considered.
[218]

 

Therefore, the results of assessing the 

association between psoriasis and CVD 

may be biased. 

 

Note  

   The definition of CVEs was defined as 

MI, ischemic heart disease, cerebral 

ischemic stroke, sudden cardiac death etc. 
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Authors (year of 

publication) 

Study design Study population Results Conclusions and comments 

Miller et. al. (2013) 
[115]

 Meta-analysis of 75 

observational studies 

(cross-sectional, case-

control and cohort) 

published before 25 

October 2012 

 

Psoriasis patients vs  

non-psoriasis patients  

Associations 

CVD overall: OR = 1.4 (95% CI 1.2 - 1.7) 

Ischemic heart disease: OR = 1.5 (95% CI 1.2 - 1.9) 

Peripheral vascular disease: OR = 1.5 (95% CI 1.2 - 

1.8) 

Atherosclerosis: OR = 1.1 (95% CI 1.1 - 1.2) 

Diabetes: OR = 1.9 (95% CI 1.5 - 2.5) 

Hypertension: OR = 1.8 (95% CI 1.6 - 2.0) 

Dyslipidaemia: OR = 1.5 (95% CI 1.4 - 1.7) 

Obesity by BMI: OR = 1.8 (95% CI 1.4 - 2.2) 

Obesity by abdominal fat: OR = 1.6 (95% CI 1.2-2.3)  

Metabolic syndrome: OR = 1.8 (95% CI 1.2 - 2.8)  

 

No associations 

Cerebrovascular disease: OR = 1.1 (95% CI 0.9 - 

1.3) 

Cardiovascular mortality: OR = 0.9 (95% CI 0.4-2.2) 

 

Conclusions 

   Psoriasis was related to ischemic heart 

disease and cardiovascular risk factors. 

Hospital-based studies and psoriatic 

arthritis showed the strongest associations 

but population-based studies did not 

demonstrate a significant association apart 

from dyslipidaemia.
[115]

 

   Psoriasis was significantly related to an 

increased risk of CVD overall, peripheral 

vascular disease, atherosclerosis, 

diabetes, hypertension, dyslipidaemia, 

obesity and metabolic syndrome. 

   Psoriasis was associated with an 

increased risk of cerebrovascular disease 

and a decreased risk of cardiovascular 

mortality but these associations were not 

significant. 

 

Comments 

   Potential selection bias was identified in 

this meta-analysis since the majority of 

studies analysed were hospital-based and 

the associations were found in these 
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Authors (year of 

publication) 

Study design Study population Results Conclusions and comments 

studies but not found in the general 

population based studies except 

dyslipidaemia.
[115]

   

   CVD is more common in psoriatic arthritis 

patients.
[222]

  It may have an influence on 

examining the association between CVDs 

and psoriasis. 

   Unmeasured confounders such as 

smoking and diabetes were not accounted 

for in the original studies examining 

cardiovascular mortality. These 

confounders could increase the prevalence 

of cardiovascular in patients with psoriasis. 

   Cross-sectional and case-control studies 

tend to have a greater chance of 

bias.
[223,224]

 

Xu and Zhang 

(2012)
[219]

 

Meta‐analysis  

 7 cohort studies 

published before March 

2012 

Psoriasis patients vs 

non-psoriasis patients 

Stroke and MI 

RR = 1.2 (95% CI 1.1 – 1.31)  

 

Subgroup analysis 

Stroke 

RR = 1.21 (95% CI 1.04 – 1.4) 

MI 

RR = 1.22 (95% CI 1.05 – 1.42) 

Conclusions 

   Psoriasis was associated with a 20% 

increase in the risk of stroke and MI.
[219]

 

 

Comments 

   There were variations in methods of 

outcome assessment and adjusting for 

covariates. These variations may have an 
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Authors (year of 

publication) 

Study design Study population Results Conclusions and comments 

effect on the results of this meta-analysis.  

Samarasekera et al. 

(2013)
[221]

 

Systematic review and 

meta-analysis of 14 

cohort studies 

published before 2012  

Psoriasis patients vs 

the general 

population 

 

CVD mortality 

Mild psoriasis: RR = 1.03 (95% CI 0.86 - 1.25) 

Severe psoriasis: RR = 1.37 (95% CI 1.17 - 1.60) 

MI 

All psoriasis: RR = 1.40 (95% CI 1.03 – 1.89) 

Mild psoriasis: RR = 1.34 (95% CI 1.07 – 1.68) 

Severe psoriasis: RR = 3.04 (95% CI 0.65-14.35)  

Stroke  

All psoriasis: RR = 1.13 (95% CI 1.01 – 1.26) 

Mild psoriasis: RR = 1.15 (95% CI 0.98 – 1.35) 

Severe psoriasis: RR = 1.59 (95% CI 1.34 - 1.89) 

Conclusion 

   Severe psoriasis was significantly 

associated with an increased risk of CVD 

mortality and stroke. Severe psoriasis was 

also associated with an increased risk of 

MI but this association was not significant.  

 

Comment 

   It is unclear whether psoriasis results in 

CVD risk because the majority of studies 

reviewed failed to adjust for all key 

traditional cardiovascular risk factors.
[221]

 

Armstrong et.al. 

(2013)
[220]

 

Systematic review and 

meta‐analysis  

9 cohort studies 

and nested case-

control studies 

published during 1 

January 1980 - and 1 

January 2012 

Mild and severe 

psoriasis patients vs 

non-psoriasis patients 

 

Cardiovascular mortality 

Severe psoriasis: RR = 1.39 (95% CI 1.11 - 1.74) 

MI 

Mild psoriasis: RR = 1.29 (95% CI 1.02 - 1.63) 

Severe psoriasis : RR = 1.70 (95% CI 1.32 - 2.18) 

Stroke  

Mild psoriasis: RR = 1.12 (95% CI 1.08 - 1.16) 

Severe psoriasis : RR = 1.56 (95% CI 1.32 - 1.84) 

Conclusions 

   Patients with mild psoriasis had a 29% 

and 12% increase in the risks of MI and 

stroke, respectively while patients with 

severe psoriasis had higher associations 

with MI (70%) and stroke (56%). Moreover, 

severe psoriasis was related to a 39% 

increase in cardiovascular mortality.  
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Authors (year of 

publication) 

Study design Study population Results Conclusions and comments 

 Comment 

   A major strength of this meta-analysis 

was the original studies had large sample 

sizes. In addition, if there were more than 

one studies reporting the same or largely 

overlapping participants for the same 

outcome, the study with the highest 

number of person-years of follow-up was 

selected for this study.
[220]

    

   The levels of covariate adjustment were 

different among studies analysed. It might 

result in the possibility of residual 

confounding.
[220]

 

Abbreviations: BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; CVE, cardiovascular events; MI, myocardial infarction; OR, odds ratio; 

RR, relative risk  
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2.8 Treatment of psoriasis 

 

Due to the diverse clinical presentation of psoriasis, approaches to treatment should be tailored 

to the individual on the basis of the severity of psoriasis, clinical subtypes, comorbidities and 

patient preference.
[225,226]

  Psoriasis treatment is stepwise as shown in Figure 2.1. In Figure 2.1, 

within each category, the therapies are listed alphabetically and do not represent any 

ranking.
[225]

 The treatments can be used as monotherapy or as combination therapies.
[226]

 

Patients with psoriasis are not required to transition through each step, although specific 

requirements may need to be met to initiate certain treatments (such as biologic therapies). The 

combination treatments may be from multiple rungs of the psoriasis treatment ladder.
[225]

 

Emollients are considered as basic therapy of psoriasis.
[227]

 However, there are no placebo-

controlled trials supporting their use. Emollients are used to reduce scaling, limit painful 

fissuring, and pruritus.
[228]

  

 

This thesis focuses on the psoriasis treatment in the UK guidelines [(NICE, SIGN and British 

Association of Dermatologists (BAD)] at the time the thesis was prepared. 
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Figure 2.1 Psoriasis treatment ladder 

This figure is adapted from a review by Jabbar-Lopez et.al, 2014
[225] 

    Biologic therapy 

    Anti-IL-12/23 agent  
(ustekinumab) 
Anti-IL-23 agent 
(guselkumab) 
Anti-IL-17A agents 
(ixekizumab and 
secukinumab) 
Anti-IL-17RA agent 
(brodalumab) 
TNFi  
(adalimumab, certolizumab, 
etanercept and infliximab) 

   Apremilast  

  Conventional systemic therapy   

  Acitretin (retinoid) 
Ciclosporin 
Fumaric acid esters 
Hydroxycarbamide 
Methotrexate 
 

  

 Phototherapy    

 Psoralen-ultraviolet A 
Ultraviolet B 

   

Topical therapy     

Calcineurin inhibitors 
Coal tar 
Corticosteroids 
Dithranol or anthralin 
Emollients 
Vitamin D or vitamin D 
analogues 
Retinoid 

    

Abbreviations: IL, interleukin; TNFi, tumour necrosis factor-alpha inhibitors 
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2.8.1 Topical therapies 

 

Approximately 80% of patients with psoriasis have mild-to-moderate severity. Topical therapies 

play a crucial role in the treatment of psoriasis in these patients. Patients with psoriasis often 

start their treatment with topical corticosteroids, vitamin D3 preparations, or a combination of the 

two.
[229]

 

   

2.8.1.1 Topical corticosteroids 

 Topical corticosteroids are the most widely prescribed treatment for psoriasis 

worldwide.
[226]

 Topical corticosteroids are divided into four potency groups in the UK (mild, 

moderate, potent and very potent)
[230]

 and seven potency groups in the US [superpotent (class 

1) – the very low potency (class 7)].
[229]

 The strength is categorised according to their ability to 

induce vasoconstriction.
[230]

 The potency can be enhanced by chemical modification.
[226]

 

Moreover, the vehicle of topical corticosteroid can affect percutaneous absorption and 

therapeutic efficacy. Topical corticosteroids in an ointment preparation may be more potent with 

the same drug than in a cream, lotion, or other preparations.
[229]

 In choosing a topical 

corticosteroid for the treatment of psoriasis, healthcare professionals should decide on the 

desired potency on the basis of the severity and location of skin lesions and the vehicle on the 

basis of lesion types to be treated, need for hydration or effect of drying, location and potential 

for irritation as a result of components of the vehicle.
[229]

 Lotions are appropriate for the face. 

Ointments are suitable for dry lesions and gels work well for hairy areas or a drying effect for a 

wet lesion. Potent and superpotent topical corticosteroids should not be used on the face and 

intertriginous areas owing to the risk of skin atrophy.
[229]

  

 In a systemic review of 41 randomised placebo-controlled trials and 28 randomised 

head-head studies, potent and very potent topical corticosteroids were found to be more 

effective for psoriasis treatment than mild to moderate potency corticosteroids.
[231]

 However, a 

major limitation of this review was the short duration of the clinical trials. Therefore, this review 

could not explore long-term adverse effects of these products. Patients receiving treatments for 

long periods may experience local side effects e.g. skin atrophy, telangiectasia, striae distensae 

and purpura; and systemic side effects e.g. Cushing’s syndrome and hypothalamic-pituitary-

adrenal axis suppression.
[232]

  These side effects tend to occur in patients treated with high 

potency corticosteroids. Psoriasis treatment guidelines recommend that such treatments should 

not be used more than twice daily (50 mg maximum/week) for up to two consecutive weeks and 

not used on the face or intertriginous areas. To minimise these side effects, various regimens 

are used e.g. use at weekends only, conjunction with non-steroidal medicines, and transition to 

weaker potency products.
[226]

 The results of a double-blind multicentre trial demonstrated that 

three applications of betamethasone propionate one day/week could maintain clinical response 

in 60% of patients with psoriasis compared with 20% of patients with psoriasis receiving 

placebo; and was safe for up to six months.
[233]

 

 

 

 



47 
 

2.8.1.2 Vitamin D3 derivatives 

 Vitamin D3 derivatives are the first-line therapy for plaque psoriasis.
[226]

 There are three 

vitamin D3 derivatives currently available on the UK market, namely calcitriol, calcipotriene and 

tacalcitol. These medications bind to vitamin D receptors which consequently bind to the vitamin 

D response element region on target genes. This leads to inhibition of cellular proliferation and 

inflammation and stimulation of differentiation.
[234]

 

 

  Calcitriol  

Calcitriol is the natural form of vitamin D3. It can affect calcium metabolism. 

Thus, if it is applied excessively, it may cause hypercalcemia and hypercalciuria. It is available 

as an ointment preparation in the US and Europe.
[229]

   

  Calcipotriene 

Calcipotriene or calcipotriol is a synthetic form of calcitriol. Patients treated with 

calcipotriene are less likely to develop hypercalcemia. Calcipotriene is available in ointment, 

cream, and solution preparations in the US, Europe and Asia. 
[229]

  

  Tacalcitol 

The structure of tacalcitol slightly differs from calcitriol. However, both 

medications have similar affinity for vitamin D receptors and efficacy. Tacalcitol can induce 

hypercalcemia at equivalent doses to calcitriol. Tacalcitol is available in the forms of an 

ointment, cream, lotion and solution in Japan and an ointment in Europe.
[229]

  

 

     A Cochrane meta-analysis of 177 RCTs involving 34,808 participants found that 

calcipotriol [17 RCTs; standardised mean difference (SMD) -0.96, 95% CI -1.12 to -0.77], 

calcitriol (7 RCTs; SMD -0.92, 95% CI -1.54 to -0.29), and tacalcitol (4 RCTs; SMD -0.73, 95% 

CI -1.09 to -0.37) significantly improved psoriasis severity when compared with placebo.
[235]

  

The NICE found that combination therapy with a vitamin D3 derivative and corticosteroids had 

greater efficacy than either alone.
[45,225]

 Given this, the NICE recommends that calcitriol, 

calcipotriene, or tacalcitol should be used as first-line therapy in combination with a potent 

topical corticosteroid but vitamin D3 and its analogues are not effective for the management of 

nail psoriasis.
[45,225]

 An initial clinical response is normally seen after two – four weeks of the 

treatment. Topical therapy alone may be sufficient for most patients with mild-moderate 

psoriasis. In patients with severe psoriasis, topical therapy including vitamin D3 derivatives is an 

important adjunct to other therapies such as phototherapy and systemic therapies including 

biologic therapies. These combination therapies may allow reduced doses of systemic 

therapies.
[236]

 

 Many reviews and guidelines consider the class of vitamin D3 derivatives as a whole but 

a systematic review of 37 RCTs involving 6,038 patients suggests calcipotriol has greater 

efficacy than calcitriol or tacalcitol for the management of chronic plaque psoriasis.
[237]

 For 

psoriasis affecting sensitive areas (genitals, face and flexures), the NICE and SIGN recommend 

a short-term course (one – two weeks/month) of mild or moderately potent topical 

corticosteroids as first-line therapy.
[45,51]

 If they are ineffective or not well tolerated, vitamin D3 

topical, tacrolimus ointments and calcineurin inhibitors should be considered.
[45,51]
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 Thirty per cent of patients treated with vitamin D3 derivatives may experience lesional or 

perilesional skin irritation including symptoms of pruritus, burning, peeling, dryness and 

erythema. These manifestations are often reduced with ongoing therapy.
[232,237]

 Irritation is 

usually self-limiting and resolved when these products are discontinued.
[238]

  Hypercalcaemia 

and parathyroid suppression are rare adverse effects of treatment as serum and urine calcium 

concentrations can be raised by these products. For example, when calcipotriol ointment is 

applied for more than 300 g/week, it can cause severe hypercalcemia and hypercalciuria
[239]

 but 

they do not occur when the dose is less than 100 g/week.
[240]

 These products should not be 

used by patients with calcium metabolism disorders. Patients with renal disorders may be at 

higher risk of development of hypercalcemia.
[229]

 Table 2.3 describes the weekly dose 

recommended in order to avoid effects on calcium concentrations. 

 

Table 2.3 Maximum weekly recommended dose for vitamin D3 derivatives
[229,241]

 

Medication Preparations Maximum recommended dose 

Calcitriol Ointment 630 mcg/week 

Calcipotriol Ointment, cream and 

solution 

5,000 mcg/week 

Tacalcitol Ointment, cream, 

solution and lotion 

280 mcg/week 

     

2.8.1.3 Topical retinoids 

Tazarotene is the only licensed topical retinoid (a vitamin A derivative) for the 

management of plaque psoriasis. Moreover, this medication may be useful for palmoplantar and 

nail psoriasis.
[229]

 Tazarotene reduces inflammation and normalises the abnormal keratocyte 

hyperproliferation and differentiation in psoriasis. 

Tazarotene is available in gel and cream forms. When it is used as monotherapy (once 

daily dosage, usually at bedtime), it is only moderately effective.
[242]

 Therefore, it is 

predominantly used in combination.
[243]

 Use in combination therapy with a mild – high potency 

corticosteroid can improve efficacy and decrease irritancy and the atrophogenic potential of 

corticosteroids. Three times a week use of tazarotene with two times a week of superpotent 

topical corticosteroid may maintain improvement long-term.
[228]

 Use of tazarotene in conjunction 

with broadband or narrowband ultraviolet B (UVB), or psoralen and ultraviolet A (PUVA) 

phototherapy can improve efficacy and reduce the total dose of ultraviolet radiation.
[228]

 

Tazarotene is of teratogenic potential. Therefore, it should not be given during 

pregnancy and restriction for use in women of childbearing potential with localised plaques 

only.
[226]

 Up to 20% of patients may experience local skin irritation.
[244]

 This effect can be 

reduced by using the cream preparation, low concentration, application on alternate days, short 

contact, and use in combination with a mid or high potency topical corticosteroid in the 

morning.
[242,244,245]
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2.8.1.4 Calcineurin inhibitors 

Calcineurin inhibitors are classified as immunomodulators which include tacrolimus and 

pimecrolimus. Topical calcineurin inhibitors bind to macrophilin-12. Then, they inhibit the 

calcium-dependent phosphate calcineurin. This lead to inhibiting translocation of nuclear factor 

of activated T-cell (NFAT) and also reducing cytokine synthesis which plays an important role in 

the pathogenesis of psoriasis. However, these products are not licenced for the treatment of 

psoriasis in the UK and the US.
[229,246]

  Nevertheless, these medications are frequently used off-

licence for the treatment of psoriasis in the UK.
[247]

 Their efficacy in the psoriasis treatment is 

limited. Since their molecules are large, it has a problem with penetration through the thick 

scale.
[248]

 They can be used in under occlusion, on the face, intertriginous area and 

genitals.
[249,250]

 An advantage of these products is that they do not cause skin atrophy.
[226]

 

 

2.8.1.5 Dithranol 

The use of dithranol has reduced considerably for the treatment of psoriasis. As 

monotherapy, dithranol has lower efficacy than topical corticosteroids or vitamin D3 

derivatives.
[231]

 However, when it is used in combination with UVB phototherapy according to 

the regimen proposed by Ingram, it shows greater improvement than UVB alone.
[251]

 The use of 

dithranol in conjunction with intermittent high potency topical corticosteroids can minimise 

irritation
[252]

 and improves efficacy without shortening duration of remission.
[253]

 In addition, a 

twice-daily dose of calcipotriol in conjunction with short contact 2% dithranol substantially 

increases the efficacy and tolerability of dithranol.
[254]

 Short contact applications of high-dose 

dithranol (for up to 30-60 minutes/day) are as effective as longer applications and twice daily 

dosage of calcitriol ointment.
[226]

 A disadvantage of dithranol is that it can markedly irritate and 

stain skin, clothing and furniture.
[226]

  

 

2.8.1.6 Coal tar 

Coal tar has been used for psoriasis treatment for more than one-hundred years. It is 

available as ointment, shampoo, solution and crude coal tar (the most effective form). 

Traditionally, coal tar has been used in hospitals or in day treatment centres as part of the 

Goeckerman regimen whereby its use in addition to UVB has better efficacy than UVB 

alone.
[255]

 The results of one trial found that 0.005% calcipotriol ointment was effective as 5% 

coal tar in conjunction with sun exposure in the treatment of stable plaque psoriasis after 8 

week of treatment.
[256]

 

Disadvantages of coal tar are that it can cause skin irritation, folliculitis, odour, and 

staining clothing.
[257]

 Owing to other better anti-psoriatic treatments being available, coal tar has 

declined in use.
[228]
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2.8.2 Phototherapies 

 

If psoriasis fails to be controlled by topical therapies, phototherapy may be offered to patients. 

Traditionally, patients with moderate-to-severe psoriasis would be treated with 

photochemotherapy with PUVA, although the use of PUVA in recent years has been declining. 

UVA wavelength approximated 311 nm is known to have anti-psoriatic activity, but excessive 

exposure can induce carcinogenicity. Thus, narrowed-band UVB (NBUVB) using this 

wavelength is a preferred choice at present and is commonly offered in hospital dermatology 

departments. Patients receive treatment approximately three times a week for about 20 

treatments. NBUVB provides high efficacy at clearing psoriasis plaques but its benefit depends 

on the duration of disease-free remission ranging from many months to up to a year.
[40]

 

 

Erythema is the most common short-term side effect of NBUVB. This side effect can be 

minimised by careful dosimetry. Its long-term risks comprise photodamage as well as a possible 

dose-related risk of skin cancer. The risks of PUVA are greater. The important side effects are 

an elevated risk of skin cancer (especially squamous cell carcinoma and melanoma), 

photodamage and premature ageing skin.
[40]

 

 

2.8.3 Systemic therapies 

 

Systemic therapies are the mainstay of treatment for moderate-to-severe psoriasis and patients 

unresponsive to topical therapies and phototherapy. They consist of conventional systemic 

therapies and biologic therapies. Patients who have not tolerated or are unresponsive to 

conventional systemic therapies will subsequently use biologic therapies.
[226]

 

     

2.8.3.1 Conventional systemic therapies 

Methotrexate  

Methotrexate is a folic acid antagonist which has anti-proliferative, anti-inflammatory 

and immunosuppressive properties.
[258]

 It interferes with purine synthesis and thereby inhibits 

deoxyribonucleic acid (DNA) synthesis and cell replication. Moreover, it has specific T-cell 

suppressive activities. Methotrexate is the most widely used systemic therapy and has 

traditionally been regarded as a “gold standard” for the treatment of moderate-severe psoriasis 

and psoriatic arthritis.
[226,258]

  

A multicentre RCT conducted in Germany, France, the Netherlands and the UK 

involved 120 patients with moderate-severe psoriasis. It found that subcutaneous (SC.) 

methotrexate was superior to placebo.
[259]

 At week 16, methotrexate and placebo groups 

achieved a PASI 75 in 41% (37/91) and 10% (3/29) in patients with psoriasis, respectively. 

Moreover, oral methotrexate was also compared with biologic therapies in other RCTs.[260,261] The 

first study involving 271 patients with moderate-severe plaque psoriasis found that methotrexate 

showed inferior efficacy to adalimumab but superior to placebo at week 16.[260] The second study 

involving 868 patients with moderate-severe psoriasis found that methotrexate was less 

efficacious than infliximab.[261] 
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Methotrexate is usually prescribed as a single weekly oral dose or three-divided dose 

schedule over 24 hours, after a 2.5 - 5 mg test dose, in a dose range of 7.5 – 22 mg/week 

depending on clinical response. Folic acid (1 - 5 mg oral daily) is often added in order to prevent 

stomatitis and macrocytic anaemia and reduce gastrointestinal symptoms e.g. nausea, vomiting 

and anorexia.
[262]

 However, this may decrease the efficacy of methotrexate.
[263]

 Some clinicians 

recommend not administering folic acid on the day patients receiving methotrexate.
[258]

  Patients 

should be provided with the lowest effective dose of methotrexate by tapering the dose 

approximately 2.5 mg/month, when stability or adequate clearance is achieved.
[226]

  

 Since methotrexate can cause serious side effects, it is necessary to carefully select 

and monitor patients. In particular, methotrexate is teratogenic and therefore contraindicated 

during pregnancy and women should not be pregnant for at least three months after 

discontinuing methotrexate treatment.
[264]

 Male patients whose partners are considering 

conception should not take methotrexate during this time. Another serious side effect is 

myelosuppression which is the most common cause of death due to methotrexate. 

Methotrexate can cause leucopenia, thrombocytopenia and anaemia. It is usually dose-

dependent. Idiosyncratic myelosuppression rarely occurs. This type occurs at the early stage 

during the treatment and tends to happen in patients with advanced age, renal impairment, 

underlying bone marrow disease, hypoalbuminemia, concomitant medicines (such as 

sulphonamides, tetracyclines, dapsone and phenytoin), or folate deficiency. It is necessary to 

screen patients before the start of methotrexate treatment and monitor while on methotrexate in 

order to minimise these risks.
[258]

 Patients on methotrexate have to be checked their blood count 

every three months.
[265]

  Administration of oral daily folic acid while on methotrexate may reduce 

gastrointestinal and liver toxicity. However, its effect on the bone marrow toxicity remains 

unclear at present.
[266,267]

    

 Methotrexate can cause pulmonary fibrosis but this event is rare and less common in 

psoriasis than rheumatoid arthritis.
[268]

 However, it is more commonly related to a high dose of 

methotrexate. 
[258]

  During long-term use, methotrexate is more likely to cause liver fibrosis and 

cirrhosis in patients with psoriasis than in those with rheumatoid arthritis.
[226]

 In the UK, the 

measurement of type III procollagen in serum every three months is used to monitor liver 

fibrosis or cirrhosis.
[226,265]

  

Evidence has suggested that methotrexate may reduce the risk of CVEs including 

ischemic heart disease, stroke and cardiovascular deaths) in patients with psoriasis.
[9,211,269–272] 

Since methotrexate is an anti-inflammatory drug, this may have a vascular protective effect.
[273]

  

A Taiwanese population-based case-control study found that psoriasis patients treated 

with methotrexate had a lower risk of developing cerebrovascular disease with HR of 0.50     

(95% CI 0.27 – 0.92) when compared with psoriasis patients not treated with methotrexate or 

retinoids.
[274]

 This study also suggested that low cumulative dose of methotrexate was 

associated with a decreased risk of developing cerebrovascular disease when compared with 

non-treatment of methotrexate or retinoids [HR = 0.53 (95% CI 0.28 – 1.00)]. However, this 

significantly decreased association was not observed in a high cumulative dose of 

methotrexate. Even if this study controlled the bias due to hypertension, diabetes and 
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dyslipidaemia, age and sex; some important cardiovascular risk factors were not controlled such 

as smoking, alcohol intake and obesity.  

 

Acitretin 

The precise mechanism of action of acitretin is unclear in psoriasis. It is thought that it is 

associated with decreasing epidermal proliferation and inducing differentiation. 
[246]

  Acitretin is 

effective in the management of erythrodermic psoriasis and palmoplantar psoriasis. It is the 

treatment of choice for generalised pustular psoriasis.
[275]

 In palmoplantar pustulosis, acitretin 

ameliorates hyperkeratosis and decreases the pustulation. Furthermore, it can be an effective 

maintenance treatment for chronic plaque psoriasis in patients who respond adequately. Since 

it is not immunosuppressive, it is useful for the treatment of severe psoriasis in patients with 

human immunodeficiency virus (HIV) infection.
[276]

   

Acitretin can be safely used in combination with other treatments which may lead to a 

reduction in the dose of acitretin.
[246]

 Acitretin enhances the effectiveness of phototherapy. In 

addition, it can be successfully combined with TNF inhibitor (TNFi) for the treatment of chronic 

plaque psoriasis.
[277]

 If acitretin is used in combination with methotrexate then the liver function 

should be closely monitored due to the risk of hepatotoxicity.
[246,278]

 Furthermore, acitretin can 

be added to ciclosporin for short-term treatment but frequent monitoring of lipids is required. In 

addition, it can also be used with hydroxyurea for the treatment of recalcitrant palmoplantar 

pustulosis.
[279]

  Acitretin is only advised for non-pregnant women of child-bearing potential when 

they have no other treatment options available. 

For adult patients with psoriasis, acitretin is initially administered 25 - 30 mg daily with 

meals for 2 - 4 weeks with the dose adjusted according to the patients’ response. The typical 

dose of acitretin ranges from 25 - 50 mg daily. However, it can be administered for up to 75 mg 

for short periods in psoriasis.
[241]

 

Acitretin should be used with caution since it may interact with a number of medicines. 

For instance, when it is given with the microdose progestin minipill, it interferes with the 

contraceptive effects.
[246,276]

 Moreover, when it is used in combination with tetracyclines, this 

combination is associated with an elevated risk of increased intracranial pressure, and manifest 

pseudotumor cerebri.
[246]

 Furthermore, it may influence the glucose-lowering effects of 

glibenclamide and may decrease phenytoin protein binding.
[276]

 In addition, it should not be 

administered with other oral retinoids or with excessive vitamin A supplementation due to 

hypervitaminosis.
[246,276]

 

In terms of the impact of acitretin on cardiovascular risk, there is limited evidence on this 

issue. However, it is acknowledged to have an adverse effect on lipid profiles. One study found 

that acitretin could increase serum TG and cholesterol and the relationship is a dose-dependent 

elevation.
[280]

 However, these elevations could be well managed with diet and dose change.
[281]

 

Since a side effect of acitretin is hyperlipidaemia, this may result in an increased risk of CVD.  

 

Ciclosporin 

Ciclosporin is used for the short-term treatment for moderate-severe psoriasis but it has 

less effectiveness for the management of active psoriatic arthritis.
[226,258]

 Ciclosporin is a 
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macrocyclic immunosuppressant which binds immunophilin and inhibits calcineurin phosphate-

initiated activation of T-cell. It may exert a direct effect on epidermal keratocytes.
[282]

  

Patients with severe psoriasis aged over 16 years can start treatment at an initial dose 

of 2.5 mg/kg daily in two divided doses. If patients have an inadequate response within one 

month, the dose is gradually increased to a maximum dose of 5 mg/kg. An initial dose of 5 

mg/kg daily is justified if rapid control is required. If patients have an inadequate response after 

three months at the optimum dose, they should discontinue this medication. The duration of 

treatment is usually up to a maximum of one year, unless other treatment cannot be used.
[241]

 

Ciclosporin is neither teratogenic nor myelosuppressive
[283]

 but it requires monitoring for 

nephrotoxicity and hypertension.
[284,285]

 An increased risk of non-melanoma skin cancer exists, 

particularly in patients previously receiving PUVA.
[286]

 Ciclosporin is commonly used in 

combination therapy or in rotation with other therapies for psoriasis including low-dose 

methotrexate or acitretin, and other medications e.g. fumarates and biologic therapies.
[287]

 

In terms of the impact of ciclosporin on the cardiovascular risk, it may pose an elevated 

risk of CVD since it can lead to hyperlipidaemia.
[288]

 A study showed that ciclosporin did not 

have a cardioprotective effect.
[9]

 Moreover, it can increase blood pressure in a manner of dose-

response effect.
[289]

 In addition, psoriasis patients treated with ciclosporin for 2 weeks had 

increased levels of TGs and total cholesterol and they remained increased with continued 

treatment.
[290]

 

 

Fumaric acid esters  

Fumaric acid esters are an oral treatment for psoriasis. They work by promoting a Th2-

cell response instead of the Th1-dominant response found in psoriasis. This stems from 

inhibition of nuclear factor kappa B with enhanced T-cell apoptosis. Since fumaric acid is poorly 

absorbed from the gut, it should be given as an ester.
[265]

  

The German guidelines on the treatment of psoriasis vulgaris reviewed nine studies 

involving fumaric acid esters and reported that 50 - 70% of patients with moderate-severe 

chronic plaque psoriasis could achieve a PASI 75 score after 16-week of treatment and the 

efficacy of this therapy was improved when it was combined with topical therapy.
[291]

  

Fumaric acid esters have long been used in some European countries. Fumaderm
®
 

(dimethyl fumarate and monoethyl fumarate salt) has been licensed in German since 1994
[292]

 

while the UK has approved Skilarence
®
 (dimethyl fumarate) for the treatment of moderate-

severe plaque psoriasis since 2017.
[246]

 

In terms of the impact of fumaric acid esters on the cardiovascular risk, a decreased 

CRP level and an increased adiponectin level (cardioprotective adipokine) were observed in 

psoriasis patients treated with fumaric acid esters.
[293,294]

 However, further investigation of the 

impact of fumaric acid ester on CVD is still required.
[189]

  

 Table 2.4 provides information on contraindications, major toxicity, and side effects of 

conventional systemic therapies. 
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Table 2.4 Contraindications, major toxicity, and side effects of conventional systemic therapies 

Therapies Contraindications
[226,258]

 Major toxicity
[226]

 Side effects
[226]

 

Others CVD
[246]

 

NBUVB Xeroderma, pigmentosum, systemic lupus 

erythematosus 

Burning, premature ageing of 

the skin, elevated risk of skin 

cancers 

Erythema, burning, blistering, 

discomfort, post-inflammatory 

hyperpigmentation 
[295–297]

 

 

PUVA Photosensitivity, squamous cell carcinoma 

and melanoma, breastfeeding or 

pregnancy, aphakia, immunosuppression 

Burning, premature ageing 

of the skin, elevated risk of 

melanoma and 

nonmelanoma skin cancers, 

ocular damage 

Skin irritation, skin burning, 

tanning, nausea, headache, 

dizziness, psychiatric 

disturbance (extremely rare 

cases) 
[298]

 

 

Methotrexate Absolute contradictions 

Excessive alcohol consumption causing 

liver damage, other  liver disease including 

hepatitis B or C, bone marrow abnormalities 

(anaemia, thrombocytopenia and 

leucopenia), immunodeficiency, nursing 

mothers, pregnancy, active infection 

 

Relative contradictions 

Renal insufficiency, advanced age, alcohol 

consumption, history of or current alcohol 

abuse, peptic ulcer disease, concomitant 

Myelosuppression, 

hepatotoxicity and stomatitis 

Nausea, anorexia, fatigue, 

headache, alopecia 

Rare – very rare 

Pericardial disorders, 

pericarditis 
[241]
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Therapies Contraindications
[226,258]

 Major toxicity
[226]

 Side effects
[226]

 

Others CVD
[246]

 

use of hepatotoxic medications, diabetes, 

hyperlipidaemia, obesity, active infection 

Acitretin Chronic hyperlipidaemia, severely impaired 

renal or liver function, breast-feeding or 

pregnant women, women of child-bearing  

potential who intend to be pregnant or who 

may fail to use reliable contraceptive 

methods during three years after treatment, 

concomitant tetracycline use  

Hepatotoxicity Mucocutaneous side effects 

such as hair loss, 

conjunctivitis, dry lips, cheilitis, 

dry or sticky skin,  

Hyperlipidaemia 

especially TG levels 

 

 

 

Ciclosporin Uncontrolled or difficult to control 

hypertension, significant renal disease,  

malignancy, frequent infection,
[258]

 

immunodeficiency, concomitant PUVA or 

UVB treatment, breastfeeding or pregnancy 

[241]
 

Nephrotoxicity, hypertension, 

immunosuppression 

(increased risk of infection or 

malignancy) 

Hypertrichosis, gingival 

hyperplasia, gastrointestinal 

intolerance, neurological 

disturbances 

Vascular disorders 

Very common: 

Hypertension 

  

 

Fumaric acid 

esters 

Breast-feeding or pregnancy, abnormal 

haematological counts, severe 

gastrointestinal disease, renal 

impairment
[225]

  

Haematological toxicity, 

hepatotoxicity, nephrotoxicity 

Gastrointestinal intolerance, 

flushing, abdominal cramps, 

diarrhoea, nausea, pruritus
[226]

 

 

Abbreviations: CVD, cardiovascular disease; NBUVB, narrowed-band ultraviolet B; PUVA, psoralen and ultraviolet A; TG, triglyceride; UVB, ultraviolet B 
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2.8.3.2 Apremilast 

  Apremilast is a small molecule inhibitor of phosphodiesterase type 4 (PDE4). It acts at 

an earlier stage in the inflammatory cascade before biologic therapies. This leads to broad 

regulation of multiple inflammatory mediators. The inhibition of PDE4 prevents cyclic adenosine 

monophosphate (cAMP) being hydrolysed to AMP. It leads to an elevated level of cAMP. It 

results in down-regulating expression of a number of proinflammatory mediators such as TNF-

alpha, IL-17, IL-23 and others. Furthermore, it upregulates the anti-inflammatory IL-10.
[299,300]

  

    Apremilast is an oral treatment for moderate-severe plaque psoriasis or psoriatic 

arthritis. It should be titrated upwards. Patients are administered with an initial dose of 10 mg on 

the first day. Then, the dose increases to a maintenance dose (30 mg two times/day) on day 6. 

The NICE recommends using this medicine when adult patients with chronic plaque psoriasis 

fail to response conventional systemic therapies including ciclosporin, methotrexate and PUVA 

or psoriasis patients are intolerant of or have a contradiction to these therapies. Moreover, they 

have PASI ≥ 10 and DLQI >10. Apremilast should be discontinued if patients have insufficient 

response to the treatment at week 16.
[301]

 

Generally, apremilast is well tolerated.
[302]

 Most common adverse reactions reported in 

patients with psoriasis or psoriatic arthritis are diarrhoea, nausea, upper respiratory tract 

infection and nasopharyngitis and headache. Gastrointestinal disorders occurred within 2 weeks 

of apremilast treatment and resolved within 4 weeks.
[246]

 The severity of these adverse effects is 

mild-moderate.
[246]

 A pooled analysis of the ESTEEM 1 and 2 and PALACE 1, 2 and 3 studies 

showed a low incidence of MACEs, serious infections and malignancies in patients with 

psoriasis and psoriatic arthritis receiving apremilast.
[303]

 

 

2.8.3.3 Biologic therapies 

Biologic therapies or biologics are drugs designed to block specific molecular steps in 

immune-mediated disease.
[38]

 Biologic therapies have been successfully used in rheumatoid 

arthritis, inflammatory bowel disease and nine biologic therapies are currently approved for 

psoriasis treatment.
[38]

 The target steps involving psoriasis pathology include T cells and 

cytokines e.g. TNF-alpha, IL-12/23 and IL-17A.
[38]

 Biologic therapies are increasingly used for 

psoriasis treatment because of higher efficacy, longer drug survival times, lower toxicity and 

side effects compared with conventional systemic therapies (methotrexate, ciclosporin and 

acitretin).
[304]

 Patients with moderate–severe psoriasis who fail to improve with other intervention 

are offered these therapies.
[305]

     

Biologic therapies licensed for the treatment of psoriasis in the UK include TNFi 

(adalimumab, eternacept, infliximab and certolizumab) and the monoclonal antibodies (IL-12/23: 

ustekinumab; IL-23: guselkumab; IL-17A: secukinumab and ixekizumab; and IL-17RA: 

brodalumab). These empirical studies presented in this thesis focuses only on adalimumab, 

eternacept, infliximab, ustekinumab, secukinumab and ixekizumab since they were approved at 

the time studies in this thesis were undertaken. These medicines are highly effective for 

psoriasis treatment and since their introduction into clinical practice there has been a significant 

reduction in hospital admissions for psoriasis treatment.
[306]

 The 2012 NICE and 2010 SIGN 
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guidelines recommend biologic therapies for the treatment of moderate-to-severe psoriasis 

owing to higher efficacy when compared with other therapies.  

Table 2.5 provides a summary of adult dosing recommendations, major adverse effects 

regarding biologic therapies for psoriasis treatment and drug authorisation. 
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Table 2.5 Summary of biologic therapies for the treatment of psoriasis 

 Adalimumab 

(Humira
®
) 

Etanercept 

(Enbrel
®
) 

Infliximab 

(Remicade
®
) 

Ustekinumab 

(Stelara
®
) 

Secukinumab 

(Cosentyx
®
) 

Ixekizumab 

(Taltz
®
) 

Biologic group TNFi TNFi TNFi Anti-IL-12/23 agent Anti-IL-17A 

agent 

Anti-IL-17A 

agent 

Product licensed recommendation 

for moderate to severe chronic 

plaque psoriasis in adults
[246]

 

Initial dose: 80 

mg  SC., 

followed by 40 

mg SC. every 

other week 

 

Recommended 

dose: 25 mg 

SC. twice 

weekly or 50 mg 

SC. once 

weekly.  

Alternatively, 

50 mg SC. twice 

weekly for up to 

12 weeks 

followed by 25 

mg SC. twice 

weekly or 50 mg 

SC. once 

weekly. 

5 mg/kg IV. repeated 

2 and 6 weeks after 

the initial infusion, 

then every 8 weeks  

 

Initial dose: 45 mg 

SC. followed by a 45 

mg dose 4 weeks 

after the initial dose 

and then 45 mg 

every 12 weeks 

Patients with body-

weight over 100 kg 

Initial dose: 90 mg 

followed by a 90 mg 

dose 4 weeks after 

the initial dose and 

then 90 mg every 12 

week (45 mg dose 

can be used among 

these patients but 90 

mg dose provides 

Initial dose: 

300 mg SC.  at 

weeks 0, 1, 2 

and 3 then 

monthly 

maintenance 

dosing starting 

at week 4 

 

Initial dose: 

160 mg SC. at 

weeks 0, 

followed by 80 

mg SC. week 2, 

4, 6, 8, 10 and 

12 then  80 mg 

SC. every 4 

weeks 
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 Adalimumab 

(Humira
®
) 

Etanercept 

(Enbrel
®
) 

Infliximab 

(Remicade
®
) 

Ustekinumab 

(Stelara
®
) 

Secukinumab 

(Cosentyx
®
) 

Ixekizumab 

(Taltz
®
) 

greater efficacy.) 

Decision to continue treatment if 

patients do not respond
[246]

 

At week 16 At week 12 At week 14 At week 28 At week 16 At week 12 – 

16 

NICE recommended dose Initial dose: 80 

mg  SC., 

followed by 40 

mg SC. every 

other week
[307]

 

Not exceeding 

25 mg SC. twice 

weekly
[308]

 

5 mg/kg IV. Infusion 

over 2 hours 

repeated 2 and 6 

weeks after the initial 

infusion, then                     

every 8 weeks
[309]

 

Initial dose: 45 mg 

SC. followed by a 45 

mg dose 4 weeks 

after the initial dose 

and then 45 mg 

every 12 weeks 

Patients with body-

weight over 100 kg 

Initial dose: 90 mg 

followed by a 90 mg 

dose 4 weeks after 

the initial dose and 

then 90 mg every 12 

week
[306]

 

Initial dose: 

300 mg SC.  at 

weeks 0, 1, 2 

and 3 then 

monthly 

maintenance 

dosing starting 

at week 4
[310]

 

Initial dose: 

160 mg SC. at 

weeks 0, 

followed by 80 

mg SC. week 2, 

4, 6, 8, 10 and 

12 then  80 mg 

SC. every 4 

weeks
[311]

 

NICE recommended criteria 1. Psoriasis condition fails to 

response conventional systemic 

therapies or psoriasis patients are 

1. Psoriasis condition 

fails to response 

conventional 

1. Psoriasis condition 

fails to response 

conventional 

1. Psoriasis condition fails to 

response conventional systemic 

therapies or psoriasis patients are 
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 Adalimumab 

(Humira
®
) 

Etanercept 

(Enbrel
®
) 

Infliximab 

(Remicade
®
) 

Ustekinumab 

(Stelara
®
) 

Secukinumab 

(Cosentyx
®
) 

Ixekizumab 

(Taltz
®
) 

intolerant of or have a contradiction 

to the conventional systemic 

therapies including ciclosporin; 

methotrexate; and PUVA and  

2. PASI ≥ 10 and DLQI >10
[307,308]

 

systemic therapies 

or psoriasis patients 

are intolerant of or 

have a contradiction 

to the conventional 

systemic therapies 

including ciclosporin, 

methotrexate and 

PUVA and  

2. PASI ≥ 20 and 

DLQI >18
[309]

 

systemic therapies 

or psoriasis patients 

are intolerant of or 

have a contradiction 

to the conventional 

systemic therapies 

including ciclosporin; 

methotrexate; and 

PUVA and  

2. PASI ≥ 10 and 

DLQI >10
[306]

 

intolerant of or have a 

contradiction to the conventional 

systemic therapies including 

ciclosporin; methotrexate; and 

PUVA and  

2. PASI ≥ 10 and DLQI >10
[310,311]

 

Discontinuation if patients have an 

inadequate response
a
 

At week 16
[307]

 At week 12
[308]

 At week 10
[309]

 At week 16
[306]

 At week 12
[310]

 At week 12
[311]

 

Side effects       

Main - Infections including tuberculosis and  hepatitis B 

reactivation, septicaemia, nausea, abdominal pain, antibody 

information, pruritus, injection-site reactions, blood 

disorders 
[241,312]

 

Nasopharyngitis, 

headache, upper 

respiratory tract 

infection, cutaneous 

and non-cutaneous 

malignancies 
[246]

 

Upper 

respiratory tract 

infections 

especially 

nasopharyngitis 

and  rhinitis
[246]

 

Injection site 

reactions and 

upper 

respiratory tract 

infections 

especially 
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 Adalimumab 

(Humira
®
) 

Etanercept 

(Enbrel
®
) 

Infliximab 

(Remicade
®
) 

Ustekinumab 

(Stelara
®
) 

Secukinumab 

(Cosentyx
®
) 

Ixekizumab 

(Taltz
®
) 

 nasopharyngitis 

[246]
 

CVD 
[246]

 Cardiac 

disorder 

Common (≥ 1% 

to < 10%): 

Tachycardia 

Uncommon (≥ 

0.1 to < 1%):  

MI, Arrhythmia 

Rare (≥ 0.01% 

to < 0.1%): 

Congestive 

heart failure 

Vascular 

disorders 

Common  

Hypertension, 

flushing, 

haematoma 

Cardiac 

disorder 

Not known 

frequency 

Worsening of 

congestive heart 

failure 

Cardiac disorders 

Common 

Tachycardia, 

palpitation. 

Uncommon 

Cardiac failure (new 

onset or worsening), 

arrhythmia, syncope, 

bradycardia. 

Rare: 

Cyanosis, pericardial 

effusion. 

Not known frequency 

Myocardial 

ischaemia/MI 

occurring during or 

within two hours of 

infusion. 

No information 

 

No information 

 

No information 
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 Adalimumab 

(Humira
®
) 

Etanercept 

(Enbrel
®
) 

Infliximab 

(Remicade
®
) 

Ustekinumab 

(Stelara
®
) 

Secukinumab 

(Cosentyx
®
) 

Ixekizumab 

(Taltz
®
) 

Uncommon 

Aortic aneurysm 

vascular arterial 

occlusion, 

thrombophlebitis 

Vascular disorders 

Common 

Hypotension, 

hypertension, 

ecchymosis, hot 

flush, flushing. 

Uncommon 

Peripheral 

ischaemia, 

thrombophlebitis, 

haematoma. 

Rare 

Circulatory failure, 

petechia, 

vasospasm. 

Authorisation
[47,246,313–315]

        

In the US       

First authorisation 2002 1998 1998 2009 2015 2016 

For psoriatic arthritis 2005 2002 2005 2013 2016 2017 

For moderate to severe chronic plaque 2008 2004 2006 2009 2015 2016 
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 Adalimumab 

(Humira
®
) 

Etanercept 

(Enbrel
®
) 

Infliximab 

(Remicade
®
) 

Ustekinumab 

(Stelara
®
) 

Secukinumab 

(Cosentyx
®
) 

Ixekizumab 

(Taltz
®
) 

psoriasis 

In the UK       

First authorisation 2003 2000 1999 2009 2015 2016 

For psoriatic arthritis 2005 2005 2004 2013 2015 2016 

For moderate to severe chronic plaque 

psoriasis 

2007 2005 2005 2009 2015 2016 

Notes: a An adequate response is defined as either having PASI 75 from the beginning of treatment or having PASI 50 and 5-point reduction in DLQI from the 

beginning of treatment.  

Abbreviations: CVD, Cardiovascular disease; DLQI, dermatology life quality index; IL, interleukin; IV, intravenous; MI, myocardial infarction; NICE, National Institute 

for Health and Care Excellence; PASI, psoriasis area and severity index; PUVA, psoralen and ultraviolet A; SC, subcutaneous; TNFi, tumour necrosis factor-alpha 

inhibitors 
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Table 2.5 Summary of biologic therapies for the treatment of psoriasis (continued) 

 Brodalumab 

 (Kyntheum
®
 in the UK;

 
Siliq

®
 in the US) 

Guselkumab  

(Tremfya
®
) 

Certolizumab 

(Cimzia
®
) 

Biologic group Anti-IL-17RA agent Anti-IL-23 agent TNFi 

Product licensed recommendation 

for moderate to severe chronic 

plaque psoriasis in adults
[246]

 

Initial dose: 210 mg  SC. at week 0, 1, 2 

and then every 2 weeks 

Initial dose: 100 mg SC. at week 0 

and 4 followed by 100 mg SC. 

every 8 weeks 

Initial dose: 400 mg SC. at week 0, 

2 and 4 then maintenance dosing 

200 mg every 2 weeks; or 400 mg 

every 2 weeks in patients with 

insufficient response  

Decision to continue treatment if 

patients do not respond
[246]

 

At week 12 - 16 At week 16 At week 16 

NICE recommended dose Initial dose: 210 mg  SC. at week 0, 1, 2 

and then every 2 week
[316]

 

Initial dose: 100 mg SC. at week 0 

and 4 followed by 100 mg SC. 

every 8 weeks
[317]

 

Under review 

NICE recommended criteria
[316,317]

 1. Psoriasis condition fails to response conventional systemic therapies or 

psoriasis patients are intolerant of or have a contradiction to the conventional 

systemic therapies including ciclosporin; methotrexate; and PUVA and  

2. PASI ≥ 10 and DLQI >10  

 Under review 

Discontinuation if patients have an 

inadequate response
a 

 

 

At week 12
[316]

 

 

At week 16
[317]

 

 

Under review 
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 Brodalumab 

 (Kyntheum
®
 in the UK;

 
Siliq

®
 in the US) 

Guselkumab  

(Tremfya
®
) 

Certolizumab 

(Cimzia
®
) 

Side effects    

Main
[246]

 Arthralgia, headache, fatigue, diarrhoea and 

oropharyngeal pain  

Upper respiratory infection 

 

Infection 

 

CVD 
[246]

 No information 

 

No information 

 

Cardiac disorders 

Uncommon 

Cardiomyopathies (e.g. heart failure), 

ischaemic coronary artery disorders , 

arrhythmias (e.g. atrial fibrillation), 

palpitations  

Rare: 

Pericarditis, atrioventricular block 

Vascular disorders 

Common 

Hypertension 

Uncommon 

haemorrhage or bleeding, 

hypercoagulation (e.g. 

thrombophlebitis, pulmonary 

embolism), syncope, oedema 

(e.g.peripheral and facial), 
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 Brodalumab 

 (Kyntheum
®
 in the UK;

 
Siliq

®
 in the US) 

Guselkumab  

(Tremfya
®
) 

Certolizumab 

(Cimzia
®
) 

ecchymoses (e.g. haematoma and 

petechiae) 

Rare 

Cerebrovascular accident, 

arteriosclerosis, Raynaud's 

phenomenon, livedo reticularis, 

telangiectasia 

Authorisation    

In the US
[314]

    

First authorisation 2017 2017 2008 

For psoriatic arthritis - - 2013 

For moderate to severe chronic plaque 

psoriasis 

2017 2017 2018 

In the UK
[246]

    

First authorisation 2017 2017 2009 

For psoriatic arthritis - - 2013 

For moderate to severe chronic plaque 

psoriasis 

2017 2017 2018 
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2.9 Biologic therapies and cardiovascular disease 

 

Patients with psoriasis are at high risk of developing CVD. Although the mechanism of this 

association remains uncertain, it is suspected that psoriasis-associated chronic inflammation 

may increase this risk. Therefore, psoriasis therapies (e.g. biologic therapies) which have anti-

inflammatory effect may decrease the cardiovascular risk.
[318]

 TNFi have been demonstrated to 

modify CRP (a cardiovascular predictor), adiponectin (having anti-inflammatory, atherogenic 

and anti-diabetic properties), VEGF (relating to inflammation) and resistin (relating insulin 

resistance).
[269,319–323]

  These effects may result in a decreased risk of CVD. Some studies 

showed that TNFi provided a beneficial effect on the development of atherosclerosis and facets 

of metabolic syndrome.
[324–327]

 However, some studies did not find these benefits.
[272,328]

 

Moreover, an excess mortality rate was found in psoriasis patients with severe congestive heart 

failure who were treated with high dose infliximab in clinical trials. This led to premature 

termination of these clinical trials.
[329,330]

 In addition, another clinical trial of etanercept did not 

show benefit on death rate or hospitalisation owing to chronic heart failure.
[331]

 The US Food 

and Drug Administration (FDA) also received 47 spontaneous reports relating to new onset or 

worsening heart failure in patients using infliximab or etanercept.
[332]

  Due to these findings, the 

BAD recommendations in the UK on the use of TNFi in patients with psoriasis and CVD are as 

follows.
[330]

 

1. Patients with New York Heart Association (NYHA) class III and IV heart failure 

should not be treated with TNFi. 

2. Patients with NYHA class I and II heart failure should be examined and consult with 

a cardiology specialist before starting TNFi. 

3. If patients develop a new symptom or worsening of pre-existing heart failure, they 

should discontinue TNFi and seek specialist advice. 

 

Furthermore, the anti-IL-12/23 briakinumab has also been associated with an elevated risk of 

MACEs (MI, cerebrovascular accident or cardiovascular death). This has raised concern 

regarding whether IL‐12/23 inhibitors as a class effect could be associated with an increased 

risk of CVD.
[333,334]

 This directly led to the discontinuation of the development programme of 

briakinumab.
[335]

  

 

Despite the concern regarding cardiovascular risk due to the use of biologic therapies in 

patients with psoriasis, the evidence in this area is limited. There have been earlier two meta-

analyses examining the risk of MACEs and biologic therapies for the treatment of psoriasis. 

Nonetheless, they did not focus on current licensed biologics and dosage regimens.
[336,337]

 

Although there were studies examining the association between cardiovascular events and 

biologic therapies in patients with other diseases such as rheumatoid arthritis
[338,339]

, the results 

of these studies could not be generalised to patients with psoriasis. Since patients with different 

diseases have different types or prevalence of comorbidities; or different concomitant drugs, 

these factors can have an influence on the assessment of the impact of biologic therapies on 
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CVD. Thus, systematic review and meta-analyses of RCTs which are the best study design for 

answering this unclear association are needed.  

 

However, patients in RCTs tend to be different from patients in real-life practice. For example, 

they are often healthier having fewer comorbidities than patients in real-life practice. Moreover, 

the durations of the trials often mean that patients are treated for shorter periods than most 

patients in clinical practice who may receive treatments for much longer periods of time. Thus, it 

requires prospective cohort studies examining the impact of biologic therapies on major CVEs 

among patients with psoriasis which take into account of some of the limitations of RCTs as 

well.  

 

There were earlier cohort studies assessing the association between CVEs and biologic 

therapies in patients with psoriasis. Nevertheless, these studies have important limitations. 

These studies used unsuitable reference groups which were non-biologic therapies, non-

systemic therapies (topical therapy, phototherapy and climate therapy) or methotrexate.
[7–11]

 

These therapies are typically recommended for patients before receiving biologic therapies. 

Thus, they tend to be used in patients with milder severity of psoriasis compared with patients 

receiving biologic therapies. To assess the association between CVEs and treatments, 

participants in treatment and reference groups should have similar severity of psoriasis since 

this can influence the development of CVEs.
[220]

 Ideally, biologic therapies should be directly 

compared. Databases used for this assessment should contain detailed information including 

the severity of psoriasis. The BADBIR is a prospective cohort study which has collected 

information from patients with psoriasis treated with biologic therapies or conventional systemic 

therapies alone across the UK and Republic of Ireland.
[12]

 It contains detailed information on 

treatment exposures, the severity of psoriasis, comorbidities, adverse events (AEs) etc. 

Therefore, it is an excellent resource for examining the impact of biologic therapies on major 

CVEs in patients with psoriasis. 

 

2.10 Rationale for the work presented in this thesis 

 

As mentioned above, psoriasis is recognised as an important disease due to its negative impact 

on patients’ physical, mental and social life.
[14,15]

 The WHO has recognised and encouraged 

each country to pay attention and take care of patients with psoriasis.
[16]

 The available evidence 

suggests that patients with psoriasis are at high risk of a number of comorbidities such as CVD, 

hypertension and diabetes. Some of these comorbidities (e.g. diabetes) are serious and are 

also a major global concern. Moreover, deleterious lifestyle habits including cigarette smoking 

and alcohol consumption which are common in patients with psoriasis can contribute to an 

increased risk of some comorbidities. Recognition of comorbidities and lifestyle habits is crucial 

for optimising management and monitoring for patients with psoriasis. 
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To explore this in more detail requires a large database containing detailed information that has 

been collected in a standardised way. The UK Biobank is a large database which has collected 

information about 500,000 participants in the UK.
[6]

 Specifically, this includes information on 

participants’ medical history, lifestyle, and physical measures. It is also linked to National Health 

Service (NHS) hospital episode statistics, mortality and cancer registrations. Thus, it is an 

excellent source to measure the prevalence and the associations of comorbidities associated 

with psoriasis. A cross-sectional study design can be used to examine the prevalence of 

comorbidities. 

 

Cardiovascular comorbidities have been reported as being common among patients with 

psoriasis.
[115]

 Several observational studies have suggested that patients with severe psoriasis 

and psoriatic arthritis have a higher risk of CVEs such as MI, stroke and cardiovascular 

death.
[107,154,221,340]

 It is debated whether this represents a causal association or a predisposition 

due to the underlying risk factors exhibited by patients with severe psoriasis
[341–343]

, but there is 

a hypothesis postulating that the inflammatory cascade activated in patients with severe 

psoriasis may contribute to the development of atherosclerosis.
[344]

 Moreover, cardiovascular 

risk factor screening of adult patients with psoriasis in primary care has found a high proportion 

of patients being sub-optimally treated for known cardiovascular risk factors.
[345]

 All these factors 

can contribute to an increased risk of CVEs in patients with psoriasis. Thus, medications for 

psoriasis, such as biologic therapies, which have anti-inflammatory effects could theoretically 

improve atherosclerosis, and therefore modulate the risk of development of CVD.
[226,346–349]

  

 

Biologic therapies for the treatment of moderate‐severe plaque psoriasis included TNFi 

(infliximab, etanercept and adalimumab); an anti-IL-12/23 agent (ustekinumab); and anti-IL‐17A 

agents (secukinumab and ixekizumab) which were approved by the US FDA, the European 

Medicine Agency (EMA) or any European country at the time this thesis prepared. These 

therapies have been increasingly used over the last decade owing to higher efficacy compared 

to other psoriasis treatments. It is currently unclear whether any of these therapies could alter 

the risk of development of CVD. However, a number of MACEs (MI, cerebrovascular accident, 

or cardiovascular death) were observed in psoriasis patients receiving briakinumab, another IL-

12/23 inhibitor, in RCTs, and this has raised concern regarding whether IL-12/23 inhibitors could 

be associated with an increased risk of CVD.
[333,350]

 This directly led to the discontinuation of the 

development programme of briakinumab.
[335]

 Despite the approval and licensing of several 

biologic therapies for the treatment of psoriasis by the regulatory agencies for more than 10 

years, the cardiovascular safety profile of these medicines is not well established. 

 

There has not been a systematic review and meta-analysis examining the impact of all of these 

medicines on the risk of MACEs. There are studies examining the association between CVEs 

and biologic therapies in patients with other diseases such as rheumatoid arthritis
[338,339]

, but the 

results of these studies could not be generalised to patients with psoriasis. Since patients with 

different diseases have different types or prevalence of comorbidities; or different concomitant 
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drugs, these factors can have an influence on the assessment of the impact of biologic 

therapies on the risk of MACEs. Thus, there is a need to assess the association between the 

risk of MACEs due to the use of biologic therapies in patients with psoriasis.  

  

Systematic review and meta-analysis are considered as the highest hierarchy of evidence-

based practice while RCT is the strongest study design to test hypotheses and make firm 

causal conclusions.
[351,352]

 Thus, systematic review and meta-analysis of RCTs are a robust way 

to examine the association between MACEs and biologic therapies in patients with psoriasis 

during the follow-up of the trials. Therefore, this study design will be used to explore this 

relationship.    

 

Patients’ characteristics in clinical practice tend to be different from those participating in RCTs 

as they often have more comorbidities. Therefore, larger scale prospective observational 

studies are also important in evaluating the association between CVEs and biologic therapies in 

clinical practice. Previous cohort studies examining the impact of biologic therapies on CVEs in 

patients with psoriasis had some important limitations such as using inappropriate reference 

groups and insufficiently controlling for cardiovascular confounders. Thus, well-designed 

prospective cohort studies assessing this association in patients with psoriasis are needed. The 

BADBIR is a large prospective cohort study which has collected clinical information among 

patients with psoriasis treated with biologic therapies or conventional systemic therapies from 

secondary care dermatology centres across the UK and Republic of Ireland.
[12]

 It has collected 

detailed information on comorbidities, the severity of psoriasis, use of drug therapies, AEs etc. 

Moreover, it is also linked with the Office of National Statistics (ONS) mortality dataset. 

Therefore, it is an excellent resource from which to examine the association between major 

CVEs and biologic therapies among patients with psoriasis in clinical practice. Both the results 

from the systematic review and meta-analysis and the prospective cohort study will help to 

inform whether biologic therapies have any impact on the risk of CVE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



71 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 3  

Aims and objectives 
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3.1 Aims 

 

The broad aims of this thesis were to examine the prevalence of physical and mental health 

comorbidities in patients with psoriasis and then subsequently examine the impact of biologic 

therapies on the risk of CVEs in patients with psoriasis. Participants registered with the UK 

Biobank were used to examine comorbidities of psoriasis. The association between biologic 

therapies and CVEs in patients with psoriasis was assessed by using a systematic review and 

meta-analysis of RCTs and data from the BADBIR which is a large prospective cohort study.  

 

3.2 Specific study objectives 

 

To achieve the aims of this thesis, three empirical studies were conducted. They included a 

cross-sectional study using the UK Biobank (Chapter 4), a systematic review and meta-analysis 

of RCTs (Chapter 5) and a prospective cohort study in the BADBIR (Chapter 6). The objectives 

of these studies were as follows. 

 

- To quantify prevalence rates of physical and mental health comorbidities in patients with 

psoriasis and compare them with participants without psoriasis using a cross-sectional study of  

the UK Biobank 

- To calculate prevalence ratios (PRs) of comorbidities in patients with psoriasis 

compared with participants without psoriasis using a cross-sectional study of  the UK Biobank 

- To calculate ORs for the different numbers of comorbidities in patients with psoriasis 

compared participants without psoriasis using a cross-sectional study of  the UK Biobank 

- To examine the association between biologic therapies and MACEs in adult patients 

with plaque psoriasis by conducting a systematic review and meta-analysis of RCTs 

- To examine the incidence rates, incidence rate ratios and HRs for the risk of major 

CVEs in adults with plaque psoriasis treated with biologic therapies or methotrexate using a 

prospective cohort study in the BADBIR 
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Chapter 4  

Examining the demographic and 

anthropometric characteristics of patients 

with psoriasis and prevalence of physical 

and mental health comorbidities: cross-

sectional study of the UK Biobank 
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4.1 Introduction 

 

As described in Chapter 2, many published studies have examined the prevalence of specific 

comorbidities in patients with psoriasis, but very few have reported on the burden of both 

physical and mental health comorbidities. In order to investigate this further to better inform 

clinical practice, large patient cohorts are required containing detailed information on patients 

demographic, anthropometric and disease characteristics. The UK biobank has collected clinical 

information and lifestyle habits from over 500,000 middle-to-old aged participants across the 

UK. This age group is likely to develop the most common and serious comorbidities such as 

CVD and hypertension. Therefore, the UK Biobank is an important resource which can be used 

to characterise the detailed comorbid conditions of patients with psoriasis. This chapter 

describes the UK Biobank and the results of a cross-sectional study examining the prevalence 

of both physical and mental health comorbidities in participants with and without psoriasis 

included in the UK Biobank dataset. This study was conducted using the UK Biobank 

resources under application number 34728.  

  

4.2 Aim and objectives 

 

This study aimed to assess the demographic and anthropometric characteristics of patients with 

psoriasis and the prevalence of physical and mental health comorbidities or lifestyle habits in a 

cross-sectional analysis of the UK Biobank.  

 

The objectives of this study were: 

- To compare demographic and anthropometric characteristics including lifestyle habits of 

participants with and without psoriasis 

 - To calculate the prevalence rates and the PRs for specific physical and mental health 

comorbidities in participants with psoriasis when compared with participants without psoriasis 

 - To compare the numbers of comorbidities and calculate PRs and ORs for participants 

with psoriasis compared with participants without psoriasis 

 

4.3 Methods 

 

4.3.1 UK Biobank Database 

 

The UK Biobank is a large prospective cohort and is one of the largest biobank databases in the 

world. This database aims to support a diverse range of research so as to improve the 

prevention, diagnosis and treatment of serious and life-threatening diseases among middle and 

old aged people.
[353]

 The UK Biobank researchers sent postal investigation to 9,238,453 middle-

to-old aged individuals who registered with the UK NHS and lived within about 25 miles of one 

of 22 assessment centres across the UK.
[354]

 Overall, 502,616 male and female participants, 

aged 37 - 73 years consented to join this study cohort and visited an assessment centre during 
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2006 – 2010.
[355]

 The ethical approval for the UK Biobank was obtained from the Norths West 

Multi-centre Research Ethics Committee (reference number 16/NW/0274) (Appendix 1). 

Participants who have participated in this study had to read the information leaflet and signed 

the consent form (Appendix 2 and 3). 

 

4.3.2 Data collection 

 

Each participant had to complete a touch-screen questionnaire, nurse-led interview and 

physical measurement at the assessment centres to collect baseline information. The touch-

screen questionnaire was used to collect information on sociodemographic characteristics (e.g. 

ethnicity and postcode of residence which was used to calculate Townsend score indicating 

socioeconomic deprivation). These scores were subsequently categorised into socioeconomic 

deprivation quintiles. Moreover, the questionnaire also obtained information on lifestyle 

behaviours (e.g. smoking, a frequency of alcohol consumption and physical activity) and 

medical conditions. Physical activity was also based on self-report and categorised into four 

groups:1) high (strenuous sports in the last 4 weeks), 2) medium [heavy do-it-yourself (DIY) e.g. 

weeding, lawn mowing, carpentry, digging; and/or walking for pleasure (not as a means of 

transport); and/or other exercises e.g. swimming, cycling keep fit, bowling in the last 4 weeks], 

3) low (4=light DIY e.g. pruning, watering the lawn in the last 4 weeks) and 4) none (no physical 

activity in the last 4 weeks). Participants reported their frequency of alcohol consumption as 

daily or almost daily, 3 - 4 times/week, 1 - 2 times/week, 1 - 3 times/month, special occasions 

only and never. Smoking status consisted of the following categories: current, previous or never 

smoker. Participants self-reported their medical conditions to the interviewers (trained nurses). 

Furthermore, physical examinations (e.g. weight and height to calculate BMI) were measured. 

The UK Biobank started linking to NHS hospital episode statistics, mortality and cancer 

registrations during 2013 – 2015 in order to collect previous and current health-related 

outcomes for all participants.
[355]

 However, only comorbidities self-reported at baseline were 

analysed for the current study.  

 

4.3.3 Study design 

 

A cross-sectional study was used to compare the demographic and anthropometric 

characteristics and physical and mental health comorbidities of participants with psoriasis to 

those without this disease in the UK Biobank.  

 

Defining study population; and physical and mental health comorbidities 

Participants with and without psoriasis enrolled in the UK Biobank were compared. The 

psoriasis group included patients reporting psoriasis and/or psoriatic arthritis while the no 

psoriasis group included participant without these diseases. Psoriasis and/or psoriatic arthritis 

were defined as self-report of the conditions by the nurse-led interview. The lists of physical and 

mental health comorbidities in this study (Appendix 4) were adapted from a long-term 
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comorbidity list which was originally established for a large Scottish epidemiological study.
[356]

 

This Scottish study considered results from a systematic review studying multimorbidity in 

papers published during 1960 - 2009, diseases in the quality and outcomes framework of the 

UK general practice contract and long-term conditions defined as important by the NHS 

Scotland and an expert panel.
[356]

 The list was then amended for the UK Biobank.
[357]

 

 

Data analyses 

Participants with and without psoriasis were compared regarding their sociodemographic, 

lifestyle and presence of physical and mental health comorbidities. The proportion (%) and 

median [25
th
 percentile (p25) - 75

th
 percentile (p75)] were calculated for categorical and 

continuous variables, respectively. The prevalence rates were estimated and represented 

percentages for both groups. The crude and age, sex and socioeconomic deprivation adjusted 

PRs of physical and mental health comorbidities and the numbers of these comorbidities with 

95% CIs were calculated comparing participants with and without psoriasis. PRs were estimated 

using log-binomial regression models. A multinomial logistic regression model was used to 

examine the association between the numbers of comorbidities overall, and then separately for 

both physical and mental health comorbidities and psoriasis. Results were presented as ORs 

adjusted for age, sex and deprivation with 95% CIs.  

 

All analyses were performed using Stata 15 (StataCorp LP, College Station, Texas, USA). 

 

4.4 Results 

 

Of the 502,543 participants, 6,105 (1.21%) had psoriasis, as shown in Table 4.1. Participants 

with and without psoriasis had the same median age (58 years) and the vast majority of them 

were white (96.5% vs 94.1%). Men were over-represented in the psoriasis group (52.4%) while 

45.5% of the no psoriasis group were men. A slightly higher proportion of participants with 

psoriasis resided in the most deprived quintile compared to those without psoriasis (22.8% vs 

20.0%). Patients with psoriasis were more likely to be obese (30.1% vs 24.4%), smoke (56.2% 

vs 44.9%) and less likely to engage in physical activity (9% vs 6.5%). Both groups had a similar 

frequency of alcohol consumption.  
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Table 4.1 Baseline characteristics of the UK Biobank study population comparing 

participants with and without psoriasis 

Characteristics Psoriasis  

N=6,105 

n (prevalence rate %) 

No psoriasis 

N=496,438 

n (prevalence rate %) 

Age (years) (median, p25-p75) 58 (50 - 63) 58 (50 - 63) 

Sex, male (N=502,543) 3,198 (52.4) 225,940 (45.5) 

Ethnicity   

   White 5,894 (96.5) 466,892 (94.1) 

   Mixed race 29 (0.5) 2,930 (0.6) 

   South and other Asian 98 (1.6) 9,785 (2.0) 

   Black 16 (0.3) 8,048 (1.6) 

   Chinese 5 (0.1) 1,569 (0.3) 

   Other 33 (0.5) 4,527 (0.9) 

   Missing 30 (0.5) 2,687 (0.5) 

Deprivation quintile (N=501,920) N=6,101 N=495,819 

   1 (least deprived) 1,134 (18.6) 99,530 (20.1) 

   2 1,145 (18.8) 98,961 (20.0) 

   3 1,1990 (19.7) 99,191 (20.0) 

   4 1,233 (20.2) 99,145 (20.0) 

   5 (most deprived) 1,390 (22.8) 98,992 (20.0) 

BMI (kg/m
2
) (median, p25-p75) 27.6 (24.8 – 30.9) 26.7 (24.1 – 29.9) 

BMI classification (kg/m
2
)   

   Underweight (< 18.5) 27 (0.4) 2,599 (0.5) 

   Normal (18.5 – 24.9) 1,595 (26.1) 160,830 (32.4) 

   Overweight (25.0 – 29.9) 2,625 (43.0) 209,504 (42.2) 

   Obesity Class I (30.0-34.9) 1,219 (20.0) 86,340 (17.4) 

   Obesity Class II (35.0–39.9) 424 (7.0) 24,571 (5.0) 

   Obesity class III (≥ 40.0) 187 (3.1) 9,517 (1.9) 

   Missing  28 (0.5) 3,077 (0.6) 

Obesity (BMI≥30kg/m
2
) (%) 1,830 (30.1) 

n= 6,077 

120,428 (24.4) 

n= 493,361 

Physical activity (median, p25 – p75)   

   High 502 (8.2) 49,570 (10.0) 

   Medium 4,738 (77.6) 388,788 (78.3) 

   Low 265 (4.3) 18,675 (3.8) 

   None 550 (9.0) 32,299 (6.5) 

   Missing 50 (0.8) 7,106 (1.4) 

Smoking status   

   Current 934 (15.3) 52,045 (10.5) 



78 
 

Characteristics Psoriasis  

N=6,105 

n (prevalence rate %) 

No psoriasis 

N=496,438 

n (prevalence rate %) 

   Ex 2,499 (40.9) 170,573 (34.4) 

   Never 2,645 (43.3) 270,897 (54.6) 

   Missing 27 (0.4) 2,923 (0.6) 

Alcohol consumption   

   Daily/almost daily 1,290 (21.1) 100,485 (20.2) 

   3 - 4 times/week 1,391 (22.8) 114,055 (23.0) 

   1 - 2 times/week 1,492 (24.5) 127,806 (25.7) 

   1 – 3 times/month 686 (11.2) 55,174 (11.1) 

   Special occasions only 717 (11.7) 57,296 (11.5) 

   Never  514 (8.4) 40,135 (8.1) 

   Missing 15 (0.3) 1,487 (0.3) 

Abbreviations: BMI, body mass index; p25-p75, 25
th
 percentile - 75

th
 percentile 

 

Physical comorbidities 

The no psoriasis group had a higher proportion of individuals with no physical or mental health 

illnesses than patients with psoriasis. Crude and age, sex and deprivation adjusted PRs of CVD 

and cardiovascular risk factors including hypertension, history of MI, peripheral vascular 

disease, high cholesterol, diabetes, psoriatic arthritis or rheumatoid arthritis were significantly 

higher in patients with psoriasis compared to participants without psoriasis, as shown in Table 

4.2. Patients with psoriasis were far more likely to have a diagnosis of inflammatory arthritis 

(psoriatic arthritis or rheumatoid arthritis) than participants without psoriasis (prevalence rates: 

16.9% vs 1.1% and the crude and adjusted PR [15.16 (95% CI 14.25 – 16.12) and 15.10 (95% 

CI 14.22 – 16.05)]. The prevalence rates for heart failure/pulmonary oedema; and previous 

stroke or transient ischemic attack were very low for both groups and the crude and age, sex 

and deprivation adjusted PRs for these diseases were not significantly different among both 

groups. 

 

Moreover, osteoarthritis (11% vs 8.1%), gout (2% vs 1.4%), inflammatory bowel disease (1.5% 

vs 0.8%), irritable bowel syndrome (3.2% vs 2.3%), cirrhosis/liver failure including alcoholic liver 

disease/alcoholic cirrhosis (0.3% vs 0.1%), renal failure (0.3% vs 0.2%) and migraine (3.2% vs 

2.9%) were significantly more prevalent in those with psoriasis relative to those without 

psoriasis. The adjusted PRs for these diseases ranged from 1.19 – 1.82 except for 

cirrhosis/liver failure including alcoholic liver disease/alcoholic cirrhosis (2.86). The prevalence 

rates for skin cancer, including malignant and non-malignant melanoma for both groups were 

very low and the crude and adjusted PRs showed no significant differences.
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           Table 4.2 Prevalence rates and prevalence ratios for physical comorbidities 

Comorbidity Psoriasis  

n=6,105 

n (prevalence rate %) 

No psoriasis 

n=496,438 

n (prevalence rate %) 

Crude PR (95% CI) 

(psoriasis vs no 

psoriasis) 

PR adjusted for age, 

sex and deprivation 

(95% CI) 

(psoriasis vs no 

psoriasis) 

No comorbidity 1,055 (17.3) 121,738 (24.5) 0.71 (0.67 – 0.75) 0.71 (0.67 – 0.75) 

Cardiovascular disease     

   Hypertension 1,876 (30.7) 132,785 (26.8) 1.15 (1.11 – 1.19) 1.13 (1.09 – 1.17) 

   Previous heart attack/MI 179 (2.9) 11,326 (2.3) 1.29 (1.11 – 1.49) 1.17 (1.01 – 1.35) 

   Heart failure/pulmonary oedema 5 (0.1) 310 (0.1) 1.31 (0.54 – 3.17) 1.23 (0.51 – 2.98) 

   Atrial fibrillation 54 (0.9) 3,597 (0.7) 1.22 (0.93 – 1.60) 1.17 (0.90 – 1.53) 

   Previous stroke or transient 

ischaemic attack 

111 (1.8) 8,741 (1.8) 1.03 (0.86 – 1.24) 0.99 (0.82 – 1.19) 

   Peripheral vascular disease 28 (0.5) 1,423 (0.3) 1.60 (1.10 – 2.32) 1.56 (1.08 – 2.27) 

   Previous venous thromboembolic 

disease 

166 (2.7) 12,588 (2.5) 1.07 (0.92 – 1.25) 1.08 (0.93 – 1.26) 

   High cholesterol 845 (13.8) 60,790 (12.3) 1.13 (1.06 – 1.20) 1.10 (1.03 – 1.17) 

Respiratory disease     

   Asthma 675 (11.1) 57,605 (11.6) 0.95 (0.89 – 1.02) 0.96 (0.89 – 1.03) 

   Chronic obstructive airways 

disease/COPD 

24 (0.4) 1,642 (0.3) 1.19 (0.79 – 1.78) 1.15 (0.77 – 1.72) 

   Chronic sinusitis 51 (0.8) 3,051 (0.6) 1.36 (1.03 – 1.79) 1.38 (1.05 – 1.82) 
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Comorbidity Psoriasis  

n=6,105 

n (prevalence rate %) 

No psoriasis 

n=496,438 

n (prevalence rate %) 

Crude PR (95% CI) 

(psoriasis vs no 

psoriasis) 

PR adjusted for age, 

sex and deprivation 

(95% CI) 

(psoriasis vs no 

psoriasis) 

Gastrointestinal/abdominal 

disorders 

    

   Inflammatory bowel disease 92 (1.5) 4,139 (0.8) 1.81 (1.47 – 2.22) 1.82 (1.48 – 2.23) 

   Irritable bowel syndrome 198 (3.2) 11,294 (2.3) 1.43 (1.24 – 1.64) 1.51 (1.32 – 1.73) 

   Diverticular disease/diverticulitis 104 (1.7) 5,298 (1.1) 1.60 (1.32 – 1.93) 1.67 (1.38 – 2.02) 

   Cirrhosis/liver failure including 

alcoholic liver disease/alcoholic 

cirrhosis 

18 (0.3) 494 (0.1) 2.96 (1.85 – 4.74) 2.86 (1.79 – 4.58) 

Renal failure 20 (0.3) 864 (0.2) 1.88 (1.21 – 2.93) 1.81 (1.16 – 2.82) 

Endocrine disorder     

   Diabetes 417 (6.8) 25,327 (5.1) 1.34 (1.22 – 1.47) 1.26 (1.15 – 1.38) 

   Thyroid problem 348 (5.7) 28,811 (5.8) 0.98 (0.89 – 1.09) 1.08 (0.98 – 1.19) 

Neurology/eye disorder     

   Multiple sclerosis 19 (0.3) 1,758 (0.4) 0.88 (0.56 – 1.38) 0.93 (0.59 – 1.46) 

   Epilepsy 41 (0.7) 4,013 (0.8) 0.83 (0.61 – 1.13) 0.81 (0.59 – 1.10) 

   Migraine 193 (3.2) 14,192 (2.9) 1.11 (0.96 – 1.27) 1.19 (1.03 – 1.36) 

   Glaucoma 76 (1.2) 5,238 (1.1) 1.18 (0.94 – 1.48) 1.17 (0.94 – 1.47) 

   Cataract 99 (1.6) 7,215 (1.5) 1.12 (0.92 – 1.36) 1.13 (0.93 – 1.38) 
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Comorbidity Psoriasis  

n=6,105 

n (prevalence rate %) 

No psoriasis 

n=496,438 

n (prevalence rate %) 

Crude PR (95% CI) 

(psoriasis vs no 

psoriasis) 

PR adjusted for age, 

sex and deprivation 

(95% CI) 

(psoriasis vs no 

psoriasis) 

Musculoskeletal disease     

   Rheumatoid arthritis or psoriatic 

arthritis 

1,031 (16.9) 5,532 (1.1) 15.16 (14.25 – 16.12) 15.10 (14.22 – 16.05) 

   Osteoarthritis 669 (11.0) 40,022 (8.1) 1.36 (1.26 – 1.46) 1.40 (1.30 – 1.50) 

   Gout 124 (2.0) 6,855 (1.4) 1.47 (1.23 – 1.75) 1.30 (1.10 – 1.55) 

Cancer     

Any cancers 459 (7.5) 40,786 (8.2) 0.92 (0.84 – 1.00) 0.95 (0.87 – 1.04) 

Skin cancer 142 (2.3) 11,119 (2.2) 1.04 (0.88 – 1.22) 1.07 (0.91 – 1.25) 

   Malignant melanoma 44 (0.7) 3,665 (0.7) 0.98 (0.73 – 1.31) 1.01 (0.75 – 1.36) 

   Non-malignant melanoma 80 (1.3) 6,145 (1.2) 1.06 (0.85 – 1.32) 1.09 (0.88 – 1.36) 

            Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; PR, prevalence ratio
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Mental health comorbidities 

 

Table 4.3 shows that the prevalence rates for almost specific mental health comorbidities which 

were found to be significantly higher in the psoriasis group than the no psoriasis group (7.7% vs 

5.6% for depression, 1.9% vs 1.3% for anxiety/panic attacks, 0.4% vs 0.2% for alcohol 

dependency and 0.7% vs 0.4% for schizophrenia or mania/bipolar disorder/manic depression. 

The adjusted PRs for these comorbidities ranged from 1.38 – 1.73 except for alcohol 

dependency (2.18).  
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           Table 4.3 Prevalence rates and prevalence ratios for mental health comorbidities 

Comorbidity Psoriasis 

n=6,107 

n (prevalence rate %) 

No psoriasis 

n=496,509 

n (prevalence rate %) 

Crude PR (95% CI) 

(psoriasis vs no 

psoriasis) 

PR adjusted for age, 

sex and deprivation 

(95% CI) 

(psoriasis  vs no 

psoriasis) 

Depression 467 (7.7) 28,006 (5.6) 1.36 (1.24 – 1.48) 1.38 (1.26 – 1.51) 

Anxiety/panic attacks 116 (1.9) 6,608 (1.3) 1.43 (1.19 – 1.71) 1.45 (1.21 – 1.74) 

Alcohol dependency 22 (0.4) 723 (0.2) 2.47 (1.62 – 3.78) 2.18 (1.43 – 3.33) 

Schizophrenia or mania/bipolar     

   disorder/manic depression 

44 (0.7) 1,951 (0.4) 1.83 (1.36 – 2.47) 1.73 (1.29 – 2.33) 

Anorexia/bulimia/other eating disorder 6 (0.1) 364 (0.1) 1.34 (0.60 – 3.00) 1.46 (0.65 – 3.27) 

           Abbreviations: CI, confidence interval; PR, prevalence ratio  
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Prevalence rates and prevalence ratios for the numbers and types of comorbidities   

 

Overall, 30.9% of participants with psoriasis had no physical and mental health comorbidities 

compared with 39.7% those without psoriasis [PR 0.78 (95% CI 0.75 – 0.81)] (Table 4.4). 

Participants without psoriasis were more likely to have one comorbidity [PR 0.94 (95% CI 0.90 – 

0.98)] while patients with psoriasis were likely to have at least two comorbidities. Psoriasis was 

significantly associated with the increasing numbers of overall comorbidities when compared 

with the no psoriasis group (Figure 4.1). 

 

Restricting the analysis only to physical comorbidities, a similar trend was found. For mental 

health comorbidities, 9.8% of participants with psoriasis had at least one mental health 

problems relative to 7.1% of those without psoriasis. The PRs for one and at least two mental 

health comorbidities were 1.35 (95% CI 1.25 – 1.47) and 1.83 (95% CI 1.40 – 2.38), 

respectively. Psoriasis was significantly associated with the increasing numbers of mental 

health comorbidities when compared with the no psoriasis group. 
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Table 4.4 Prevalence rates and prevalence ratios for the numbers and types of 

comorbidities 

 Psoriasis 

n=6,105 

n (prevalence 

rate %) 

No psoriasis 

n=496,438 

n (prevalence 

rate %) 

Crude PR (95% 

CI) 

(psoriasis vs  

no psoriasis) 

Total number of 

comorbidities
a
 

   

None  1,887 (30.9) 196,962 (39.7) 0.78 (0.75 – 0.81) 

One 1,796 (29.4) 155,218 (31.3) 0.94 (0.90 – 0.98) 

Two 1,238 (20.3) 84,988 (17.1) 1.18 (1.13 – 1.25) 

Three 709 (11.6) 38,4057 (7.7) 1.50 (1.40 – 1.61) 

Four or more 475 (7.8) 20,865 (4.2) 1.85 (1.70 – 2.02) 

Total number of physical 

health comorbidities
b
 

   

None 2,032 (33.3) 208,823 (42.1) 0.79 (0.76 – 0.82) 

One 1,834 (30.0) 155,073 (31.2) 0.96 (0.93 – 1.00) 

Two 1,209 (19.8) 80,680 (16.3) 1.22 (1.16 – 1.28) 

Three 645 (10.6) 34,927 (7.0) 1.50 (1.40 – 1.62) 

Four or more 385 (6.3) 16,935 (3.4) 1.85 (1.68 – 2.04) 

Total number of mental 

health comorbidities 

   

None 5,507 (90.2) 461,394 (92.9) 0.97 (0.96 – 0.98) 

One 542 (8.9) 32,554 (6.6) 1.35 (1.25 – 1.47) 

Two or more 56 (0.9) 2,490 (0.5) 1.83 (1.40 – 2.38) 

Notes: 
a
 Excluding psoriasis and including all physical and mental health comorbidities;             

b 
Excluding psoriasis 

Abbreviations: CI, confidence interval; PR, prevalence ratio  
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Figure 4.1 Odds ratios adjusted for age, sex and deprivation (95% confidence interval) 

comparing participants with and without psoriasis for the numbers and types of 

comorbidities 

 

Abbreviation: CI, confidence interval 

 

4.5 Discussion 

 

This is the first cross-sectional study reporting baseline characteristics of the psoriasis 

population compared with no psoriasis population using the UK Biobank database. This large 

cross-sectional study showed that patients with psoriasis were associated with an increased 

prevalence of physical and mental health comorbidities and decreased prevalence of no 

comorbidity compared with participants without psoriasis. The results demonstrated that 

psoriasis was significantly related to a higher level of physical comorbidities including 

cardiovascular risk factors e.g. hypertension, high cholesterol and diabetes (15/30) and mental 

comorbidities (4/5). In addition, the numbers of overall, physical and mental health comorbidities 

were associated with psoriasis compared with no psoriasis. Furthermore, patients with psoriasis 

were more likely to have deleterious lifestyle habits such as smoking and report no physical 

activity. 

 

The prevalence rates of inflammatory arthritis showed the largest difference between the 

psoriasis group and the no psoriasis group. Furthermore, the other musculoskeletal diseases 

including osteoarthritis and gout also showed elevated PRs. Rheumatoid arthritis, osteoarthritis 

and gout are common misdiagnoses of psoriatic arthritis.
[81,358,359]

 

 

Several elevated associations between psoriasis and cardiovascular risk factors which included 

hypertension, high cholesterol and diabetes were found. Moreover, obesity and smoking were 

more prevalent in patients with psoriasis. These findings were consistent with previous studies 
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as reported in Chapter 2.
[115,185]

 For CVEs, this study found that a history of MI was significantly 

more likely to be presented in those with psoriasis. This finding was consistent with a UK cross-

sectional study using electronic medical records database [The Health Improvement Network 

(THIN)].
[220]

 This association might be because of shared inflammatory pathways between 

psoriasis and atherosclerosis and the expression of proinflammatory cytokines.
[197,360]

  

Nevertheless, a higher prevalence of stroke or transient ischemic attack was not observed in 

this study. It was also not present in earlier UK and Taiwanese cross-sectional studies.
[124,141]

 

 

The frequency of alcohol consumption was similar in both groups. However, alcohol 

dependency was more prevent in patients with psoriasis compared with those without psoriasis 

(0.4% vs 0.2%). This resulted in an increased risk of this condition in patients with psoriasis 

[crude PR 2.47 (95% CI 1.62 – 3.78) and adjusted PR 2.18 (95% CI 1.43 – 3.33)]. A recent UK 

cohort study using electronic health and mortality records also found that psoriasis patients had 

a greater risk of alcohol-related mortality compared with patients without psoriasis.
[361]

 Thus, 

lifestyle modification is needed for patients with psoriasis. 

 

Moreover, psoriasis was also found to be associated with a higher likelihood of having 

inflammatory bowel disease as suggested in previous studies.
[91–93,95]

 This study did not find the 

relationship between psoriasis and malignant melanoma and this finding, which was consistent 

with a published systematic review by Pouplard et.al. 2013.
[99]

 A higher prevalence of mental 

health problems was also found in those with psoriasis in this study like in previous studies.
[59]

 

However, a recent UK cohort study reported that patients with psoriasis had a lower risk of 

overall suicide despite of a higher prevalence of mental illness.
[362]

 This lower risk of suicide and 

higher burden of mental illness might be owing to closer monitoring by clinicians in primary 

care.
[362]

 

 

It can be seen that patients with psoriasis are more likely to have higher levels of some CVEs 

and cardiovascular risk factors e.g. hypertension, diabetes and smoking. It has been suggested 

that biologic therapies which have an increasing role in the treatment of moderate-to-severe 

psoriasis may alter the risk of CVEs. The next chapter will present the results of a systematic 

review and meta-analysis of RCTs examining whether or not this may be the case. 
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5.1 Introduction 

 

As highlighted in Chapter 2, several observational studies have suggested that patients with 

severe psoriasis and psoriatic arthritis have a higher risk of CVEs such as MI, stroke and 

cardiovascular death.
[107,154,221,340]

  However, some earlier studies did not find this increased risk 

of CVEs. In addition, Chapter 4 of this thesis also showed that patients with psoriasis were more 

likely to have established CVD and cardiovascular risk factors.  

 

Inflammation supports a theoretical association between psoriasis and CVD.
[84]

 Thus, an 

inflammatory cascade activated in patients with severe psoriasis may contribute to the 

development of atherosclerosis. Biologic therapies which have anti‐inflammatory effects may 

potentially reduce atherosclerosis and therefore modulate the risk of development of 

CVD.
[226,346–349]

 Licensed biologic therapies for the treatment of moderate‐severe plaque 

psoriasis approved by the US FDA, the EMA or any European county consisted of TNFi 

(adalimumab, etanercept and infliximab), anti-IL-12/23 agent (ustekinumab) and anti-IL-17A 

agents (secukinumab and ixekinumab) at the time this study was completed in 2016. Although 

several biologic therapies have been approved for over 10 years, the cardiovascular safety 

profile of these therapies is still unclear.  

 

This chapter presents the results of a systematic review and meta-analysis of RCTs to examine 

the risk of MACEs in adult patients with plaque psoriasis exposed to biologic therapies.  

 

5.2 Aim and objectives  

 

This chapter aimed to examine the association between biologic therapies and MACEs in adult 

patients with plaque psoriasis. A systematic review and meta-analysis of RCTs was conducted 

to assess this association.  

 

The objectives of this study were: 

- To calculate combined ORs and risk differences for the risk of MACEs in patients with 

plaque psoriasis receiving biologic therapies from a systematic review and meta-analysis of 

RCTs 

- To examine quality and potential publication bias of included RCTs papers from a 

systematic review and meta-analysis of RCTs 

 

5.3  Methods 

 

A systematic review and meta-analysis was conducted and reported in line with the Preferred 

Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement.
[363]
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5.3.1 Eligibility criteria 

 

RCTs reporting AEs in adult patients with plaque psoriasis receiving at least one licensed dose 

of biologic therapy compared with conventional systematic therapy or placebo/no treatment 

during the randomised controlled phase were included. The doses of biologic therapies and 

conventional systemic therapies assigned had to be approved by the US FDA, the EMA or any 

European country.  

 

The outcomes of interest were MACEs [MI, cerebrovascular accident (including ischaemic and 

haemorrhagic strokes), or cardiovascular death]. 

 

5.3.2 Data sources and search strategy 

 

The Cochrane Library, MEDLINE and Embase were independently searched without language 

restrictions from their inception dates to 31 March 2016. The search term sets which consisted 

of psoriasis, biologic therapies (individual drug names, trade names and drug classes) and 

study design were tailored for each database. Search strategies from MEDLINE, Embase and 

Cochrane are provided in the Appendix 5. MEDLINE and Embase databases were searched 

using all search term sets while the Cochrane Library was searched using only search term sets 

covering psoriasis and biologic therapies. The Cochrane handbook for systematic reviews of 

interventions recommends that study design should not be used as a search term set to identify 

RCTs in the Cochrane Library (unlike MEDLINE or Embase).
[364]

 Both MeSH and free text terms 

were used to identify relevant trials.  

 

In addition, the US FDA, EMA, five trial registries [the US National Institutes of Health Ongoing 

Trials Register (www.clinicaltrials.gov), the EU Clinical Trials Register 

(www.clinicaltrialsregister.eu/), the WHO International Clinical Trials Registry Platform 

(apps.who.int/trialsearch/), the Australian and New Zealand Clinical Trials Registry 

(www.anzctr.org.au), the International Standard Randomised Controlled Trial Number (ISRCTN) 

registry (www.isrctn.com)], and pharmaceutical company websites [AbbVie marketing Humira
®
 

(adalimumab), Pfizer marketing Enbrel
® 

(etanercept), Janssen and Merck marketing Remicade
® 

(infliximab), Janssen marketing Stelara
® 

(ustekinumab), Eli Lilly and Company marketing Taltz
®
 

(ixekizumab), and Novartis Pharmaceutical Corporation marketing Cosentyx
® 

(secukinumab)] 

were searched for additional details of clinical trials. Furthermore, the reference lists of all 

included studies were screened to determine whether they mentioned any other eligible trials.  

 

5.3.3 Study process 

 

All abstracts and full-text articles were read by me (W.R.) in order to screen for the relevant 

trials. I and a researcher (Z.Z.N.Y.) extracted information from eligible the RCTs independently. 

http://www.clinicaltrials.gov/
http://www.clinicaltrialsregister.eu/
http://www.anzctr.org.au/
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My supervisors (D.M.A., C.E.M.G., and R.B.W.) provided advice on the included studies in case 

any decision was unclear. 

 

5.3.4 Data extraction and quality assessment 

 

Data relating to the relevant trial comparisons (biologic therapies, conventional systemic 

therapies, placebo or no treatment) were extracted along with information on study 

characteristics [number of study sites, blinding, length of the randomised controlled phase and 

rate of missing patient data (defined as percentage of patients withdrawing during the study 

period or excluded from the analysis)]; patient characteristics (age, sex, history of psoriatic 

arthritis, weight, duration of psoriasis, PASI score, and percentage of BSA by psoriasis); and the 

numbers of participants receiving at least one dose of study drug/placebo/no treatment and 

separate AEs [MI, cerebrovascular accident  (ischaemic and haemorrhagic strokes) and 

cardiovascular death] or MACEs in each intervention group. Since MACEs are serious AEs, all 

of these events should be reported. If the RCTs did not report the number of separate AEs or 

MACEs, it was assumed that no MACEs occurred.  

 

For extension RCTs in which treatment assignments were switched (for instance, patients who 

were initially treated with placebo switched to a biologic therapy), only MACEs before that point 

were documented. For multiple reports on the same RCT, all data were collated and aligned to 

a single RCT. If MACEs were reported at multiple follow-up points, data from the longest 

randomised follow-up were selected provided there was a continuation of the control arm. The 

overall number of MACEs during the randomised controlled phase in the treatment and control 

groups of the individual RCTs was extracted for patients who received at least one dose of 

study agent or placebo; or did not receive any treatment.  

 

The Cochrane quality assessment tool for RCTs
[365]

 was used for assessing risk of bias. Eight 

domains including sequence generation, allocation concealment, blinding of participants, 

personnel and outcome assessors, incomplete outcome data (defined as missing outcome data 

owing to patients dropping out during the study period or excluded from the analysis), selective 

outcome reporting, adjudication of MACEs and baseline imbalance were considered. 

 

5.3.5 Data analysis 

 

Extracted data were combined for the meta-analysis using Review Manager (RevMan) 5.3 (The 

Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). Peto ORs were 

calculated as an effect measure to quantify the risk of MACEs in patients receiving biologic 

therapies compared with placebo/no treatment or the same biologic with different dosing. The 

Peto OR has been reported to perform better than other meta-analytical methods for rare event 

rates (lower than 1%).
[366]
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There were six main comparisons which included: 1) any biologic therapies (TNFi, anti-IL-17A 

agents and anti-IL-12/23 agent) against placebo/no treatment; 2) TNFi against placebo; 3) anti-

IL-17A agents (secukinumab and ixekizumab) against placebo; 4) anti-IL-12/23 agent 

(ustekinumab) against placebo; 5) ustekinumab 45 mg against 90 mg; and 6) secukinumab 150 

mg against 300 mg. In the first four comparisons, all licensed doses of biologic therapies were 

considered.  

 

A sensitivity analysis was also undertaken using the Mantel-Haenszel risk difference to explore 

whether analysis methods had an influence on the results of the comparisons. This method 

(unlike the Peto OR) does not exclude RCTs without MACEs in both comparison groups.
[366]

 

Heterogeneity between studies was assessed using the χ
2
 test (p-value < 0.05 was considered 

statistically significant) and I
2 

statistics (I
2 
> 50%: significant heterogeneity; I

2 
< 40%: insignificant 

heterogeneity). Funnel plot analysis was used for detection of potential publication bias.
[367]

 

 

5.4 Results 

  

5.4.1 Study selection 

 

In all, 38 RCTs (identified in 38 reports
[260,261,368–403]

) met the eligibility criteria and were included, 

as shown in Figure 5.1. These trials involved a total of 18,024 patients with plaque psoriasis. 

The 38 RCTs were conducted in 1 - 231 (median 47) study sites. Thirty-five RCTs (92.1%) were 

double-blind studies. The length of the randomised controlled phase ranged from 10 to 30 

(median 12) weeks. The included studies involved 20 - 1,303 patients with plaque psoriasis with 

the percentage of male patients ranging from 53 - 90%, percentage with psoriatic arthritis from 3 

- 37%, mean age range 39.2 - 55.7 years, mean duration of psoriasis range 11.9 - 21.5 years, 

mean PASI range 11.5 - 30.3 (Table 5.1). 
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Figure 5.1 PRISMA Flowchart of the included randomised controlled trials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: AE, adverse event; EMA, European Medicine Agency; FDA, Food and Drug 

Administration; ISRCTN, International Standard Randomised Controlled Trial Number; RCT, 

randomised controlled trial; WHO, World Health Organisation 

 

2,834 records identified through 
MEDLINE (n=497), Embase      

(n=1,506) and Cochrane library 
(n=831) databases  

from their inception dates –  
31 March 2016 
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20 additional records identified through hand 

searching from the US FDA (n=3), the EMA (n=3) 

websites, the pharmaceutical company websites 

(n=1), the US National Institutes of Health Ongoing 

Trials Register (n=9), the EU Clinical Trials Register 

(n=0), the WHO International Clinical Trials Registry 

Platform (n=0), the Australian New Zealand Clinical 

Trials Registry (n=4), and the ISRCTN registry (n=0) 

(until 31 March 2016) 

2,104 abstract screened after duplicates 

removed 

 

138 potentially relevant 

full text articles reviewed 

for eligibility 

1,966 abstracts excluded  

due to not meeting the 

inclusion criteria 

38 included reports in this 

meta-analysis (38 RCTs) 

 102 full-text articles excluded  
     5 articles: not clear whether 
AEs occurred during the 
randomised controlled phase 
     8 non-licensed doses 
     1 did not report AEs 
   35 documents reported the 
same RCTs as the included 
reports 
     1 not exclusively patients with 
plaque psoriasis 
     2 reported AEs after the 
randomised controlled phase 
     1 not clear study population 
age 
   15 extended RCTs 
   33 no comparison treatment 
arm 
     1 did not report which 
interventions patients with 
MACEs received  

             

An additional RCT       

(2 reports) 
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Table 5.1 Characteristics of the included randomised controlled trials 

Authors, year Number 
of 

study 
sites 

Masking Randomised 
controlled-

phase 
(weeks) 

Interventions during 
randomised 

controlled-phase 

Number of 
participants 

receiving 
treatment  

Mean 
age ± 

SD 
(median) 

years 

Male, n 
(%) 

History of 
psoriatic 

arthritis, n 
(%) 

Mean weight 
± SD 

(median) kg 

Mean 
duration of 
psoriasis ± 

SD (median) 
years 

Mean 
PASI 

score ± 
SD 

(median) 

Mean BSA 
± SD 

(median) 
(%) 

Rate of 
missing 
patient  

data 

Adalimumab vs placebo 

Menter et.al., 2008 
(REVEAL)[378] 

81 Double-
blind 

16 Adalimumab 80 mg 
SC. at week 0 
followed by 40 mg 
SC. EOW starting at 
week 1 

814 44.1 ± 
13.2 

546 
(67.1) 

224 (27.5) 92.3 ± 23.0 18.1 ± 11.91 19.0 ± 7.08 25.8 ± 
15.51 

3.8% 

        Placebo at week 0 
then EOW starting at 
week 1 

398 45.4 ± 
13.4 

257 
(64.6) 

113 (28.4) 94.1 ± 23.0 18.4 ± 11.94 18.8 ± 7.09 25.6 ± 
14.76 

10.8% 

Maari et.al., 2014[389] 1 Double-
blind 

12 Adalimumab 80 mg 
followed by 40 mg at 
week 1 and then 40 
mg EOW for 7 weeks 

10 55.7 ± 
11.8 

9 (90)  NR 132.0 ± 22.2 NR 11.5 ± 6.3 12.5 ± 11.0 0% 

        Placebo for 7 weeks 10 49.0 ± 
10.9 

9 (90) NR 135.9 ± 31.5 NR 10.4 ± 4.5 10.0 ± 5.0 0% 

Gordon et.al., 2015    
(X-PLORE)[398] 

43 Double-
blind  

16 Adalimumab 80 mg 
SC. at week 0 and 
then 40 mg EOW 
starting at week 1 

43 (50.0) 30 (69.8) 11 (25.6) 91.6 ± 19.88 19.3 ±12.79 20.2 ± 7.58 
(17.9) 

26.8 ± 
16.80 

9.3% 

    Placebo SC. 42 (46.5) 28 (66.7) 12  (28.6) 93.6 ± 22.62 18.0 ± 13.30 21.8 ± 9.98 
(17.3) 

27.5 ± 
19.26 

7.1% 

AbbVie 2015, 
NCT01646073, 
clinicaltrials.gov[399] 

16 Double-
blind 

12 Adalimumab 80 mg 
SC. at week 0 
followed by 40 mg 
SC. EOW starting at 
week 1[400] 

338 43.1 ± 
11.91 

254 
(75.1) 

NR NR 14.8 ± 10.11  28.2 ± 
12.00 

42.6 ± 
21.75 

1.5% 

        Placebo SC. at week 
0 and EOW starting 
at week 1[400]  

87 43.8 ± 
12.45 

58 (66.7) NR NR 15.8 ± 10.31 25.60 ± 
10.98 

39.3 ± 
22.50 

2.4% 

Adalimumab vs methotrexate 

Goldminz et.al., 

2015
[394]

 

1 Open-
label 

16 
 

Adalimumab 80 mg 

SC. at week 0 

followed by 40 mg 

SC. EOW 

15 50.5 11 (73.3) 2 (13.3) NR 17.3 (1 - 45) 16.8 NR 6.7% 
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Authors, year Number 
of 

study 
sites 

Masking Randomised 
controlled-

phase 
(weeks) 

Interventions during 
randomised 

controlled-phase 

Number of 
participants 

receiving 
treatment  

Mean 
age ± 

SD 
(median) 

years 

Male, n 
(%) 

History of 
psoriatic 

arthritis, n 
(%) 

Mean weight 
± SD 

(median) kg 

Mean 
duration of 
psoriasis ± 

SD (median) 
years 

Mean 
PASI 

score ± 
SD 

(median) 

Mean BSA 
± SD 

(median) 
(%) 

Rate of 
missing 
patient  

data 

    Methotrexate 7.5 - 25 

mg/week orally 

15 50.3 13 (86.7) 3 (20.0) NR 21.5 (0 - 47) 15.9 NR 0% 

Adalimumab vs methotrexate vs placebo 

Saurat et.al., 2008 
(CHAMPION)[260] 

28 Double- 
blind 

16 Adalimumab 80 mg 
SC. at week 0 
followed by 40 mg 
SC. EOW starting at 
week 1 

107 42.9 ± 
12.6 

70 (64.8) 23 (21.3) 81.7 ± 20.0 17.9 ± 10.1 20.2 ± 7.5 33.6 ± 19.9 3.7% 

    Methotrexate 7.5 - 25 
mg/week orally 

110 41.6 ± 
12.0 

73 (66.4) 19 (17.3) 83.1 ± 17.5 18.9 ± 10.2 19.4± 7.4 32.4 ± 20.6 5.5% 

        Placebo 53 40.7 ± 
11.4 

35 (66.0) 11 (20.8) 82.6 ± 19.9 18.8 ± 8.7 19.2 ± 6.9 28.4 ± 16.1 9.4% 

Etanercept vs placebo  

Gottlieb et.at., 
2003[401] 

Multicen
tres 

Double-
blind 

24 Etanercept 25 mg 
SC. BIW 

57 48.2 33 (58) 16 (28.1) 91.8 23 17.8 30 15.8% 

        Placebo SC. BIW 55 46.5 37 (67) 19 (34.5) 90.7 20 19.5 34 78.2% 

Tyring et.al., 2006[402] 39 Double-
blind 

12 Etanercept 50 mg 
SC. BIW 

312 45.8 ± 
12.8 

203 
(65.3) 

109 (35.0) NR 20.1 ± 12.3 18.3 ± 7.6 27.2 ± 18.2 1.9% 

    Placebo SC. BIW 306 45.6 ± 
12.1 

216 
(70.4) 

100 (32.6) NR 19.7 ± 11.4 18.1 ± 7.4 27.2 ± 17.2 5.5% 

van de Kerkhof et.al., 
2008[403] 

NR Double-
blind 

12 Etanercept 50 mg 
SC. QW 

96 45.9 ± 
12.8 

59 (61.5) 15 (15.6) 83.4 ± 16.0 19.3 ± 11.3 21.4 ± 9.3 26.5 ± 15.0 6.3% 

        Placebo SC. QW 46 43.6 ± 
12.6 

25 (54.4) 5 (10.9) 79.1 ± 20.2 17.3 ± 8.2 21.0 ± 8.7 30.3 ± 17.8 21.7% 

Gottlieb et.al., 
2011[368] 

33 Double-
blind 

12 Etanercept 50 mg 
SC. BIW week 0 - 11 

141 43.1 ± 
12.5 

98 (69.5) 32 (22.7) 94.5 ± 20.4 17.0 ± 12.7 19.4 ± 8.0 24.1 ± 15.0 5.0% 

        Placebo SC. 
matching active 
treatment 

68 44.0 ± 
13.6 

47 (69.1) 14 (20.6) 96.5 ± 27.2 19.1 ± 13.2 18.5 ± 6.9 23.8 ± 15.5 7.4% 

Strober et.al., 
2011[369] 

41 Double-
blind 

12 Etanercept 50 mg 
SC. BIW week 0 - 11 

139 45.2 ± 
14.8 

85 (61.2) 46 (33.1) 96.9 ± 24.9 15.2 ± 12.1 18.5 ± 6.0 24.7 ± 13.9 8.6% 
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Authors, year Number 
of 

study 
sites 

Masking Randomised 
controlled-

phase 
(weeks) 

Interventions during 
randomised 

controlled-phase 

Number of 
participants 

receiving 
treatment  

Mean 
age ± 

SD 
(median) 

years 

Male, n 
(%) 

History of 
psoriatic 

arthritis, n 
(%) 

Mean weight 
± SD 

(median) kg 

Mean 
duration of 
psoriasis ± 

SD (median) 
years 

Mean 
PASI 

score ± 
SD 

(median) 

Mean BSA 
± SD 

(median) 
(%) 

Rate of 
missing 
patient  

data 

    Placebo SC. 
matching active 
treatment 

72 45.0 ± 
13.9 

46 (63.9) 15 (20.8) 92.9 ± 25.2 15.5 ± 11.7 18.3 ± 6.4 22.1 ± 13.4 8.3% 

Bagel et.al., 2012[370] NR Double-
blind 

12 Etanercept 50 mg 
SC. BIW 

59 (39) 33 (53.2) NR NR (17.5) (15.5) (15.5) NR 

        Placebo SC. BIW 62 (42) 36 (58.1) NR NR (11.9) (15.2) (15.0) NR 

Bachelez et.al., 
2015[371] 

122 Doule 
blind 

12 Etanercept 50 mg 
SC. BIW 

335 (42.0) 233 
(69.6) 

71 (21.2) NR (18.0) (19.4) (25.0) 6.8% 

        Placebo  107 (46.0) 71 (66.4) 26 (21.2) NR (17.0) (19.5) (26.0) 12.0% 

Etanercept (different strengths) vs placebo 

Leonardi et.al., 
2003[373] 

47 Double-
blind 

12 Etanercept 25 mg 
SC.  QW 

160 44.4 118 (74) NR NR 19.3  18.2  27.7 NR 

        Etanercept 25 mg  
SC. BIW 

162 45.4 109 (67) NR NR 18.5 18.5 28.5 NR 

        Etanercept 50 mg  
SC. BIW 

164 44.8 107 (65) NR NR 18.6 18.4 29.9 NR 

        Placebo 166 45.6 105 (63) NR NR 18.4 18.3 28.8 NR 

Papp et.al., 2005[374] 50 Double-
blind 

12 Etanercept 25 mg 
SC. BIW 

196 (46.0) 128 
(65.3) 

54 (27.6) NR (21.5) (16.9) (23.0) 2.6% 

        Etanercept 50 mg 
SC. BIW 

194 (44.5) 130 
(67.0) 

50 (25.8) NR (18.1) (16.1) (25.0) 2.1% 

        Placebo SC. BIW 193 (44.0) 124 
(64.2) 

50 (25.9) NR (17.5) (16.0) (20.0) 7.8% 

Etanercept vs ixekizumab vs placebo 

Griffiths et.al., 2015 
(UNCOVER-2)[372] 

126 Double-
blind 

12 Etanercept 50 mg 
SC. BIW 

357 45 ± 13 236 (66) NR NR 19 ± 12 19 ± 7 25 ± 16 7.0% 

    Ixekizumab 160 mg 
SC. week 0 then 80 
mg SC. every 2 
weeks 

350 45 ± 13 221 (63) NR NR 18 ± 12 19 ± 7 25 ± 16 2.6% 

        Placebo 167 45 ± 12 120 (71) NR NR 19 ± 13 21 ± 8 27 ± 18 6.0% 

Griffiths et.al., 2015 
(UNCOVER-3)[372] 

126 Double-
blind 

12 Etanercept 50 mg 
SC. BIW 

382 46 ± 14 269 (70) NR NR 18 ± 12 21 ± 8 28 ± 17 3.4% 

    Ixekizumab 160 mg 
SC. week 0 then 80 
mg SC. every 2 
weeks 

384 46 ± 13 254 (66) NR NR 18 ± 12 21 ± 8 28 ± 17 5.7% 
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Authors, year Number 
of 

study 
sites 

Masking Randomised 
controlled-

phase 
(weeks) 

Interventions during 
randomised 

controlled-phase 

Number of 
participants 

receiving 
treatment  

Mean 
age ± 

SD 
(median) 

years 

Male, n 
(%) 

History of 
psoriatic 

arthritis, n 
(%) 

Mean weight 
± SD 

(median) kg 

Mean 
duration of 
psoriasis ± 

SD (median) 
years 

Mean 
PASI 

score ± 
SD 

(median) 

Mean BSA 
± SD 

(median) 
(%) 

Rate of 
missing 
patient  

data 

        Placebo 193 46 ± 12 137 (71) NR NR 18 ± 13 21 ± 8 29 ± 17 5.2% 

Infliximab vs placebo  

Chaudhari et.al., 
2001[375] 

1 Double-
blind 

10 Infliximab 5 mg/ml IV. 
at week 0, 2 and 6 

11 51 ± 14 7 (63.6) NR 87 ± 20 NR 22.1 ± 11.5 NR 9.1% 

        Placebo IV. at week 
0, 2 and 6 

11 45 ± 12 8 (72.7) NR 85 ± 19 NR 20.3 ± 5.5 NR 9.1% 

Gottlieb et.al., 2004 
(SPIRIT)[376] 

24 Double-
blind 

30 Infliximab 5 mg/kg  
IV. infusion at week 0, 
2 and 6 At week 26, if 
patients had a static 
PGA of moderate to 
severe disease, they 
received a single 
additional IV. infusion 
of infliximab 5 mg/kg. 

99 (44) 73 (73.7) 29 (29.3) NR (16) (20) (25) 18.2% 

        Placebo IV. infusion 
at week 0, 2 and 6 At 
week 26, if patients 
had a static PGA of 
moderate to severe 
disease, they 
received a single 
additional IV. infusion 
of placebo 

51 (45) 31 (60.0) 17 (33.3) NR (16) (18) (26) 72.5% 

Reich et.al., 2005 
(EXPRESS)[377] 

32 Double-
blind 

24 Infliximab 5 mg/kg IV 
at week 0, 2 and 6 
and every 8 weeks 

298 42.6 ± 
11.7 

207 
(68.77) 

92 (31) NR 19.1 ± 11.0 22.9 ± 9.3 34.1 ± 19 10.6% 

        Placebo at week 0, 2, 
6, 14 and 22 

76 43.8 ± 
12.6 

61 
(79.22) 

22 (29) NR 17.3 ± 11.1 22.8 ± 8.7 33.5 ± 18 11.7% 

Menter et.al., 2007 
(EXPRESS II)[379] 

63 Double-
blind 

14 Infliximab 5 mg/kg 
infusion at week 0, 2 
and 6 

314 44.5 ± 
13.0 

(44.0) 

204 
(65.0) 

89 (28.3) 92.2 ± 23.2 
(88.8) 

19.1 ± 11.7 
(17.9) 

20.4 ± 7.5 
(18.6) 

28.7 ± 16.4 
(24.0) 

5.4% 

        Placebo  infusion at 
week 0, 2 and 6 

207 44.4 ± 
12.5 

(44.5) 

144 
(69.2) 

54 (26.0) 91.1 ± 22.6 
(88.9) 

17.8 ± 10.8 
(16.1) 

19.8 ± 7.7 
(17.4) 

28.4 ± 17.6 
(22.0) 

11.5% 

Yang et.al., 2012[380] 9 Double-
blind 

10 Infliximab 5 mg/kg IV 
drip infusion week 0, 
2 and 6  

84 39.4 ± 
12.3 

60 (71.4)  NR 68.2 ± 9.2 16.0 ± 10.8 23.9 ±10.7  NR 1.2% 

        Placebo  IV drip 
infusion week 0, 2 

45 40.1 ± 
11.1 

35 (77.8)  NR 67.4 ± 9.9 16.0 ± 8.9 25.3 ± 12.7  NR 2.2% 
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Authors, year Number 
of 

study 
sites 

Masking Randomised 
controlled-

phase 
(weeks) 

Interventions during 
randomised 

controlled-phase 

Number of 
participants 

receiving 
treatment  

Mean 
age ± 

SD 
(median) 

years 

Male, n 
(%) 

History of 
psoriatic 

arthritis, n 
(%) 

Mean weight 
± SD 

(median) kg 

Mean 
duration of 
psoriasis ± 

SD (median) 
years 

Mean 
PASI 

score ± 
SD 

(median) 

Mean BSA 
± SD 

(median) 
(%) 

Rate of 
missing 
patient  

data 

and 6  

Infliximab vs methotrexate 

Barker et.al., 2011 
(RESTORE1)[261] 

106 Open-
label 

16 Inflliximab 5 mg/kg at 
weeks 0, 2, 6, 14 and 
22 

649 44.1 438 (67) NR 84.5 ± 18.6 18.8 ± 11.6 21.4 ± 8.0 31.9 ± 16.5 NR 

    Methotrexate 15 mg 
weekly with a dose 
increase to 20 mg 
weekly at week 6 if 
PASI response < 25% 

211 41.9 148 (69) NR 83.8 ± 18.2 17.0 ± 10.3 21.1 ± 7.6 31.0 ± 15.0 NR 

Ixekizumab vs placebo 

Gordon et.al., 2016 
(UNCOVER-1)[397] 

110 Double-
blind 

12 Ixekizumab 160 mg 
SC. week 0 then 80 
mg SC. every 2 
weeks 

433 45 ± 12 291 
(67.2) 

NR 92 ± 23[396] 20 ± 12 20 ± 8 28 ± 18 4.2% 

    Placebo SC week 0 
then every 2 weeks 

431 46 ± 13 303 
(70.3) 

NR 92 ± 25[396] 20 ± 12 20 ± 9 27 ± 18 5.6% 

Secukinumab 150 mg vs secukinumab 300 mg  

Mrowietz et.al., 2015 
(SCULPTURE)[381] 

133 Double-
blind 

12 Secukinumab 150 mg 
SC. at week 0, 1, 2, 
3, 4 and 8 

482 45.3 ± 
12.83 

305 
(63.3) 

104 (21.6) 85.2 ± 22.75 17.2 ± 12.71 24.0 ± 
10.44 

35.7 ± 
21.09 

3.7% 

        Secukinumab 300 mg 
SC. at week 0, 1, 2, 
3, 4 and 8 

483 46.7 ± 
12.83 

333 
(68.8) 

94 (19.4) 85.1 ± 23.20 17.4 ± 12.88 23.3 ± 9.56 33.7 ± 
19.56 

4.1% 

Secukinumab 150 mg vs  secukinumab 300 mg vs placebo  

Langley et.al., 2014 
(ERASURE)[382] 

88 Double-
blind  

12 Secukinumab 150 mg 
SC. at week 0, 1, 2, 
3, 4 and then every 4 
weeks  

245 44.9 ± 
13.3 

168 
(68.6) 

46 (18.8) 87.1 ± 22.3 17.5 ± 12.0 22.3 ± 9.8 33.3 ± 19.2 6.1% 

        Secukinumab 300 mg 
SC. at week 0, 1, 2, 
3, 4 and then every 4 
weeks  

245 44.9 ± 
13.5 

169 
(69.0) 

57 (23.3) 88.8 ± 24.0 17.4 ± 11.1 22.5 ± 9.2 32.8 ± 19.3 2.9% 

        Placebo at week 0, 1, 
2, 3, 4 and then every 
4 weeks  

247 45.4 ± 
12.6 

172 
(69.4) 

68 (27.4) 89.7 ± 25.0 17.3 ± 12.4 21.4 ± 9.1 29.7 ± 15.9 6.5% 
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Authors, year Number 
of 

study 
sites 

Masking Randomised 
controlled-

phase 
(weeks) 

Interventions during 
randomised 

controlled-phase 

Number of 
participants 

receiving 
treatment  

Mean 
age ± 

SD 
(median) 

years 

Male, n 
(%) 

History of 
psoriatic 

arthritis, n 
(%) 

Mean weight 
± SD 

(median) kg 

Mean 
duration of 
psoriasis ± 

SD (median) 
years 

Mean 
PASI 

score ± 
SD 

(median) 

Mean BSA 
± SD 

(median) 
(%) 

Rate of 
missing 
patient  

data 

Blauvelt et.al., 2015 
(FEATURE)[383]  

32 Double-
blind 

12 Secukinumab 150 mg 
SC. week 0, 1, 2, 3, 4 
and 8 

59 46.0 ± 
15.09 

40 (67.8) NR 93.7 ± 25.64 20.4 ± 12.97 20.5 ± 8.29 30.6 ± 
16.65 

1.7% 

        Secukinumab 300 mg 
SC. week 0, 1, 2, 3, 4 
and 8 

59 45.1 ± 
12.57 

38 (64.4) NR 92.6 ± 25.94 18.0 ± 11.86 20.7 ± 7.95 33.3 ± 
17.98 

5.1% 

        Placebo SC. week 0, 
1, 2, 3, 4 and 8 

59 46.5 ± 
14.14 

39 (66.1) NR 88.4 ± 21.55 20.2 ± 14.22 21.1 ± 8.49 32.2 ± 
17.39 

5.1% 

Paul et.al., 2015 
(JUNCTURE)[384] 

38 Double-
blind 

12 Secukinumab 150 mg 
SC.week  0, 1, 2, 3, 4 
and 8 

61 43.9 ± 
14.41 

41 (67.2) 16 (26.2) 93.7 ± 31.71 20.6 ± 14.54 22.0 ± 8.85 30.1 ± 
16.66 

4.9% 

        Secukinumab 300 mg 
SC.week  0, 1, 2, 3, 4 
and 8 

60 46.6 ± 
14.23 

46 (76.7) 14 (23.3) 91.0 ± 23.13 21.0 ± 13.51 18.9 ± 6.37 26.4 ± 
12.77 

0% 

        Placebo SC.week  0, 
1, 2, 3, 4 and 8 

61 43.7 ± 
12.74 

38 (62.3) 12 (19.7) 90.2 ± 21.16 19.86 ± 
12.20 

19.4 ± 6.70 25.7 ± 
14.70 

3.3% 

Ustekinumab vs placebo  

Tsai et.al., 2011 
(PEARL)[385] 

13 Double-
blind 

12 Ustekinumab 45 mg 
SC. at week 0 and 4 

61 40.9 ± 
12.7 

50 (82.0) 10 (16.4) 73.1 ± 12.7 11.9 ± 7.5 25.2 ± 11.9 41.8 ± 24.4 6.6% 

        Placebo SC. at week 
0 and 4 

60 40.4 ± 
10.1 

53 (88.3) 7 (11.7) 74.6 ± 13.0 13.9  ± 7.3 22.9  ± 8.6 35.8 ± 21.4 8.3% 

Zhu et.al., 2013 
(LOTUS)[386] 

14 Double-
blind 

12 Ustekinumab 45 mg 
SC. at week 0 and 4 

160 40.1 ± 
12.4 

125 
(78.1) 

14 (8.8) 69.9 ± 11.9 14.6 ± 8.9 23.2 ± 9.5 35.1 ± 18.5 1.9% 

        Placebo SC. at week 
0 and 4 

161 39.2 ± 
12.2 

123 
(75.9) 

14 (8.6) 70.0 ± 12.6 14.2 ± 8.6 22.7 ± 9.5 35.1 ± 19.6 1.9% 

Lebwohl et.al., 2015 
(AMAGINE 2) [387]  

142 Double-
blind 

12 Ustekinumab SC. (45 
mg for patients with a 
body weight ≤ 100 kg 
and 90 mg for 
patients with a body 
weight > 100 kg) on 
day 1 and week 4 

300 45 ± 13 205 
(68.3) 

50 (16.7) 91 ± 24 19 ± 13 20. ± 8.4 27 ± 19 3.0% 

        Placebo  309 44 ± 13 219 
(70.9) 

51 (16.5) 92 ± 23 18 ± 12 20.4 ± 8.2 28 ± 17 2.9% 

Lebwohl et.al., 2015 
(AMAGINE 3)[387] 

142 Double-
blind 

12 Ustekinumab SC. (45 
mg for patients with a 
body weight ≤ 100 kg 
and 90 mg for 

313 45 ± 13 212 
(67.7) 

64 (20.4) 90 ± 22 18 ± 12 20.1 ± 8.4 28 ± 18 3.2% 
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Authors, year Number 
of 

study 
sites 

Masking Randomised 
controlled-

phase 
(weeks) 

Interventions during 
randomised 

controlled-phase 

Number of 
participants 

receiving 
treatment  

Mean 
age ± 

SD 
(median) 

years 

Male, n 
(%) 

History of 
psoriatic 

arthritis, n 
(%) 

Mean weight 
± SD 

(median) kg 

Mean 
duration of 
psoriasis ± 

SD (median) 
years 

Mean 
PASI 

score ± 
SD 

(median) 

Mean BSA 
± SD 

(median) 
(%) 

Rate of 
missing 
patient  

data 

patients with a body 
weight > 100 kg) on 
day 1 and week 4 

        Placebo  315 44 ± 13 208 
(66.0) 

59 (18.7) 89 ± 22 18 ± 12 20.1 ± 8.7 28 ± 17 4.4% 

Ustekinumab 45 mg vs ustekinumab 90 mg vs placebo  

Leonardi et.al., 2008 
(PHOENIX 1)[391]  

48 Double-
blind 

12 Ustekinumab 45 mg 
SC. at week 0 and 4 

255  44.8 ± 
12.5 

 175 
(68.6) 

74 (29.0)  93.7 ± 23.8   19.7 ± 11.7  20.5 ± 8.6 27.2 ± 17.5 0.4% 

        Ustekinumab 90 mg 
SC. at week 0 and 4 

255  46.2 ± 
11.3 

 173 
(67.6) 

95 (37.1)  93.8 ± 23.9  19.6 ± 11.1  19.7 ± 7.6 25.2 ± 15.0 4.3% 

        Placebo at week 0 
and 4 

255  44.8 ±  
11.3 

 183 
(71.8) 

90 (35.3)  94.2 ± 3.5  20.4 ± 11.7 20.4 ± 8.6 27.7 ± 17.4 4.7% 

Papp et.al., 2008 
(PHOENIX 2)[388] 

70 Double-
blind 

12 Ustekinumab 45 mg 
SC. at week 0 and 4 

409 45.1 ± 
12.1 

283 
(69.2) 

107 (26.2) 90.3 ± 21.0 19.3 ± 11.7 19.4 ± 6.8 25.9 ± 15.5 1.5% 

        Ustekinumab 90 mg 
SC. at week 0 and 4 

411 46.6 ± 
12.1 

274 
(66.7) 

94 (22.9) 91.5 ± 21.3 20.3 ±  12.3 20.1 ± 7.5 27.1 ± 17.4 2.2% 

        Placebo 410 47.0 ± 
12.5 

283 
(69.0) 

105 (25.6) 91.1 ± 21.6 20.8 ± 12.2 19.4 ± 7.5 26.1 ± 17.4 4.4% 

Igarashi et.al, 
2012[390] 

35 Double-
blind  

12 Ustekinumab 45 mg 
SC. at week 0 and 4 

64 46.6  ± 
12.5 (45) 

[390,395] 

53 (82.8) 6 (9.4) 73.2 ± 15.4  15.8 ± 8.2 30.1 ± 12.9 47.0 ± 23.7 0% 

        Ustekinumab 90 mg 
SC. at week 0 and 4 

62 46.8  ± 
12.8 (44) 

[390,395]  

47 (75.8) 7 (11.3) 71.1 ± 14.0 17.3 ±  10.7 28.7 ± 11.2 46.6 ± 19.7 6.5% 

        Placebo SC. at week 
0 and 4 

32 48.5 ± 
12.7 (49) 

[390,395] 

26 (83.9) 1 (3.1) 71.2 ± 10.9 16.0 ± 11.2 30.3 ± 11.8 49.8 ± 22.5 12.5% 

Etanercept vs ustekinumab 45 mg vs ustekinumab 90 mg 

Griffiths et.al., 2010 
(ACCEPT)[392] 

67 Double-
blind  

12 Etanercept 50 mg 
SC. BIW 

347 45.7 ±  
13.4 

246 
(70.9) 

95 (27.4) 90.8 ± 20.9 18.8 ± 12.1 18.6 ± 6.2 23.8 ± 13.9 3.2% 

    Ustekinumab 45 mg 
SC. at week 0 and 4  

209 45.1 ± 
12.6 

133 
(63.6) 

62 (29.7) 90.4 ± 21.1  18.9 ± 11.8 20.5 ± 9.2 26.7 ± 17.8 3.8% 

        Ustekinumab SC. 90 
mg SC. at week 0 
and 4  
 

347 44.8 ± 
12.3 

234 
(67.4) 

95 (27.4) 91.0 ± 22.8 18.7 ± 11.8 19.9 ± 8.4 26.1 ± 17.6 1.4% 
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Authors, year Number 
of 

study 
sites 

Masking Randomised 
controlled-

phase 
(weeks) 

Interventions during 
randomised 

controlled-phase 

Number of 
participants 

receiving 
treatment  

Mean 
age ± 

SD 
(median) 

years 

Male, n 
(%) 

History of 
psoriatic 

arthritis, n 
(%) 

Mean weight 
± SD 

(median) kg 

Mean 
duration of 
psoriasis ± 

SD (median) 
years 

Mean 
PASI 

score ± 
SD 

(median) 

Mean BSA 
± SD 

(median) 
(%) 

Rate of 
missing 
patient  

data 

Etanercept vs ustekinumab vs no treatment 

Merck Sharp & 
Dohme 2015, 
NCT01276847, 
clinicaltrials.gov[393] 

NR Open  
label 

16 Etanercept 50 mg 
SC. BIW for 12 weeks 
then SC. QW for 4 
weeks 

10 39.5 ± 
12.5 

6 (60.0) NR NR NR NR NR 10% 

        Ustekinumab 45 mg 
SC. for participants 
weighing ≤ 100 kg, 
and ustekinumab 90 
mg SC. for 
participants weighing 
> 100 kg on day 1, 
and weeks 4 and 16 

20 45.7 ± 
12.1   

13 (65.0) NR NR NR NR NR 0% 

        No Treatment 10 53.4 ± 
13.0 

9 (90.0) NR NR NR NR NR 0% 

Etanercept vs secukinumab 150 mg vs secukinumab 300 mg vs placebo  

Langley et.al., 2014 
(FIXTURE)[382] 

231 Double-
blind 

12 Etanercept 50 mg 
SC. BIW 

323 43.8 ±  
13.0 

232 
(71.2) 

44 (13.5) 84.6 ± 20.5 16.4 ± 12.0 23.2 ± 9.8 33.6 ± 18.0 6.4% 

        Secukinumab 150 mg 
SC. QW week 0, 1, 2, 
3, 4 and then every 4 
weeks 

327 45.4 ± 
12.9 

236 
(72.2) 

49 (15.0) 83.6 ± 20.8 17.3 ± 12.2 23.7 ± 10.5 34.5 ± 19.4 3.7% 

        Secukinumab 300 mg 
SC. QW week 0, 1, 2, 
3, 4 and then every 4 
weeks 

326 44.5 ± 
13.2 

224 
(68.5) 

50 (15.3) 83.0 ± 21.6 15.8 ± 12.3  23.9 ± 9.9 34.3 ± 19.2 4.6% 

        Placebo at weeks 
corresponding to 
etanercept and 
secukinumab 
regimens 

327 44.1 ± 
12.6 

237 
(72.7) 

49 (15.0) 82.0 ± 20.4 16.6 ± 11.6 24.1 ± 10.5 35.2 ± 19.1 7.7% 

Abbreviations: BIW, twice weekly; BSA, body surface area; EOW, every other week; IV., intravenous; NR, not reported; PASI, Psoriasis Area and Severity Index; 

PGA, Physician Global Assessment; QW, once weekly; SC., subcutaneous; SD, standard deviation
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Eighteen RCTs compared TNFi (four adalimumab
[378,389,398–400]

, nine etanercept
[368–371,373,374,401–

403]
, five infliximab

[375–377,379,380]
) to placebo, with three studies reporting MACEs; while four RCTs 

compared ustekinumab (anti-IL-12/23 agent) with placebo
[385–387]

 with no MACEs reported. One 

RCT compared ixekizumab (anti-IL-17A agent) with placebo without MACEs reported.
[396,397]

 Six 

RCTs compared different dose regimens of ustekinumab (three RCTs)
[388,390,391]

 or secukinumab 

(anti-IL-17A agent, three RCTs)
[382–384]

 with placebo, with four MACEs reported from three 

RCTs. One RCT compared ustekinumab 45 mg and 90 mg with etanercept but no MACEs were 

observed.
[392]

 Secukinumab 150 mg was compared against 300 mg in one RCT and one patient 

experienced a MACE in the 300 mg dose group.
[381]

 Etanercept (TNFi) was compared with 

ustekinumab
[393]

, secukinumab
[382]

, ixekizumab
[372]

 and placebo/no treatment in four RCTs but 

only two of them reported two MACEs. One RCT compared adalimumab (TNFi) with placebo 

and methotrexate
[260]

, one RCT compared adalimumab with methotrexate
[394]

 and one RCT 

compared infliximab (TNFi) with methotrexate
[261]

; no patients in these studies experienced a 

MACE (Table 5.2).  

 

The overall MACE rates were 0.06% (n=8) for any biologic therapies (total patients 12,596), 

0.05% (n=3) for TNFi (total patients 6,216), 0.09% (n=3) for anti-IL-17A agents (secukinumab 

and ixekizumab) (total patients 3,514), 0.07% (n=2) for ustekinumab (total patients 2,866), 

0.04% (n=2) for placebo (total patients 5,092) and 0% (n=0) for methotrexate (total patients 

336). Seventeen RCTs reported the outcomes using an aggregate MACE definition (this 

included a study by Papp et.al., 2008 which used the term “cardiovascular events” instead of 

MACEs but its definition was the same as the definition of MACEs in this study.) while 21 RCTs 

reported AEs separately. 
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Table 5.2 Numbers of major adverse cardiovascular events in the included randomised 

controlled trials 

Authors, year Interventions Number of 
participants 

receiving 
treatment 

MACEs Randomised 
controlled-

phase 
(weeks) 

Adalimumab vs placebo  

Menter et.al., 2008         
(REVEAL)

[378]
 

Adalimumab 80 mg SC. at week 0 
followed by 40 mg SC. EOW starting at 
week 1 

814 0 16 

  Placebo at week 0 then EOW starting at 
week 1 

398 0   

Maari et.al., 2014
[389]

 Adalimumab 80 mg followed by 40 mg at 
week 1 and then 40 mg EOW for 7 weeks 

10 0 12 

  Placebo for 7 weeks 10 0   

Gordon et.al., 2015                    
(X-PLORE) 

[398]
 

Adalimumab 80 mg SC. at week 0 and 
then 40 mg EOW starting at week 1 

43 0 16 

  Placebo SC. 42 0   

AbbVie, 2015,  
NCT01646073, 
ClinicalTrials.gov, 
2015

[399]
 

Adalimumab 80 mg SC. at week 0 
followed by 40 mg SC. EOW starting at 
week 1

[400]
 

338 1 12 

  Placebo SC. at week 0 and EOW starting 
at week 1

[400]
 

87 0   

Adalimumab vs methotrexate 

Goldminz et.al., 2015
[394]

 Adalimumab 80 mg SC. at week 0 
followed by 40 mg SC. EOW 

15 0 16 

 Methotrexate 7.5 - 25 mg/week orally 15 0  

Adalimumab vs methotrexate vs placebo 

Saurat et.al., 2008 
(CHAMPION)

[260]
 

Adalimumab 80 mg SC. at week 0 
followed by 40 mg SC. EOW starting at 
week 1 

107 0 16 

 Methotrexate 7.5 - 25 mg/week orally 110 0  

 Placebo 53 0   

Etanercept vs placebo  

Gottlieb et.at., 2003
[401]

 Etanercept 25 mg SC. BIW 57 0 24 

  Placebo SC. BIW 55 1   

Tyring et.al., 2006
[402]

 Etanercept 50 mg SC. BIW 312 0 12 

 Placebo SC. BIW 306 0  

van de Kerkhof et.al., 
2008

[403]
 

Etanercept 50 mg SC. QW 96 0 12 

  Placebo SC. QW 46 0   

Gottlieb et.al., 2011
[368]

 Etanercept 50 mg SC. BIW week 0 - 11 141 0 12 

  Placebo SC. matching active treatment 68 0   

Strober et.al., 2011
[369]

 Etanercept 50 mg SC. BIW week 0 - 11 139 0 12 

  Placebo SC. matching active treatment 72 0   

Bagel et.al., 2012
[370]

 Etanercept 50 mg SC. BIW 59 0 12 

  Placebo SC. BIW 62 0   
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Authors, year Interventions Number of 
participants 

receiving 
treatment 

MACEs Randomised 
controlled-

phase 
(weeks) 

Bachelez et.al., 2015
[371]

 Etanercept 50 mg SC. BIW 335 1 12 

  Placebo  107 0   

Etanercept (different strengths) vs placebo  

Leonardi et.al., 2003
[373]

 Etanercept 25 mg SC. QW 160 0 12 

  Etanercept 25 mg SC. BIW 162 0   

  Etanercept 50 mg SC. BIW 164 0   

  Placebo 166 0   

Papp et.al., 2005
[374]

 Etanercept 25 mg SC. BIW 196 0 12 

  Etanercept 50 mg SC. BIW 194 0   

  Placebo SC. BIW 193 0   

Etanercept vs ixekizumab vs placebo 

Griffiths et.al., 2015 
(UNCOVER-2)

[372]
 

Etanercept 50 mg SC. BIW 357 1 12 

Ixekizumab 160 mg SC. week 0 then 80 
mg SC. every 2 weeks 

350 0  

  Placebo 167 0   

Griffiths et.al., 2015 
(UNCOVER-3)

[372]
 

Etanercept 50 mg SC. BIW 382 0 12 

Ixekizumab 160 mg SC. week 0 then 80 
mg SC. every 2 weeks 

384 0  

  Placebo 193 1   

Infliximab vs placebo  

Chaudhari et.al., 
2001

[375]
 

Infliximab 5 mg/ml IV. at week 0, 2 and 6 11 0 10 

  Placebo IV. at week 0, 2 and 6 11 0   

Gottlieb et.al., 2004 
(SPIRIT) 

[376]
 

Infliximab 5 mg/kg IV. infusion at week 0, 2 
and 6 At week 26, if patients had a static 
PGA of moderate to severe disease, they 
received a single additional IV. infusion of 
infliximab 5 mg/kg 

99 0 30 

  Placebo IV. infusion at week 0, 2 and 6 At 
week 26, if patients had a static PGA of 
moderate to severe disease, they received 
a single additional IV. infusion of placebo 

51 0   

Reich et.al., 2005 
(EXPRESS)

[377]
 

Infliximab 5 mg/kg IV. at week 0, 2 and 6 
and every 8 weeks 

298 0 24 

  Placebo at week 0, 2, 6, 14 and 22 76 0   

Menter et.al., 2007 
(EXPRESS II)

[379]
 

Infliximab 5 mg/kg infusion at week 0, 2 
and 6 

314 0 14 

  
 
 

Placebo  infusion at week 0, 2 and 6 207 0   

Yang et.al., 2012
[380]

 Infliximab 5 mg/kg IV. drip infusion week 0, 
2 and 6  

84 0 10 

  Placebo  IV. drip infusion week 0, 2 and 6  45 0   

Infliximab vs methotrexate 

Barker et.al., 2011 
(RESTORE1)

[261]
 

Infliximab 5 mg/kg at weeks 0, 2, 6, 14 and 
22 

649 0 16 

 Methotrexate 15 mg weekly with a dose 
increase to 20 mg weekly at week 6 if 
PASI < 25% 

211 0  
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Authors, year Interventions Number of 
participants 

receiving 
treatment 

MACEs Randomised 
controlled-

phase 
(weeks) 

Ixekizumab vs placebo     

Gordon et.al., 2016 
(UNCOVER-1)

[397]
  

Ixekizumab 160 mg SC. week 0 then 80 
mg SC. every 2 weeks 

433 0 12 

 Placebo SC week 0 then every 2 weeks 431 0  

Secukinumab 150 mg vs secukinumab 300 mg  

Mrowietz et.al., 2015 
(SCULPTURE)

[381]
 

Secukinumab 150 mg SC. at week 0, 1, 2, 
3, 4 and 8 

482 0 12 

  Secukinumab 300 mg SC. at week 0, 1, 2, 
3, 4 and 8 

483 1   

Secukinumab 150 mg vs secukinumab 300 mg vs placebo  

Langley et.al., 2014 
(ERASURE)

[382]
 

Secukinumab 150 mg SC. at week 0, 1, 2, 
3, 4 and then every 4 weeks  

245 0 12 

  Secukinumab 300 mg SC. at week 0, 1, 2, 
3, 4 and then every 4 weeks  

245 0   

  Placebo at week 0, 1, 2, 3, 4 and then 
every 4 weeks  

247 0   

Blauvelt et.al., 2015 
(FEATURE)

[383]
 

Secukinumab 150 mg SC. week 0, 1, 2, 3, 
4 and 8 

59 0 12 

  Secukinumab 300 mg SC. week 0, 1, 2, 3, 
4 and 8 

59 2   

  Placebo SC. week 0, 1, 2, 3, 4 and 8 59 0   

Paul et.al., 2015 
(JUNCTURE)

[384]
 

Secukinumab 150 mg SC. week  0, 1, 2, 3, 
4 and 8 

61 0 12 

  Secukinumab 300 mg SC. week  0, 1, 2, 3, 
4 and 8 

60 0   

  Placebo SC. week  0, 1, 2, 3, 4 and 8 61 0   

Ustekinumab vs placebo  

Tsai et.al., 2011 
(PEARL)

[385]
 

Ustekinumab 45 mg SC. at week 0 and 4 61 0 12 

  Placebo SC. at week 0 and 4 60 0   

Zhu et.al., 2013 
(LOTUS) 

[386]
 

Ustekinumab 45 mg SC. at week 0 and 4 160 0 12 

  Placebo SC. at week 0 and 4 161 0   

Lebwohl et.al., 2015 
(AMAGINE 2)

[387]
 

Ustekinumab SC. (45 mg for patients with 
a body weight ≤ 100 kg and 90 mg for 
patients with a body weight > 100 kg) on 
day 1 and week 4 

300 0 12 

  Placebo  309 0   

Lebwohl et.al., 2015 
(AMAGINE 3)

[387]
 

Ustekinumab SC. (45 mg for patients with 
a body weight ≤ 100 kg and 90 mg for 
patients with a body weight > 100 kg) on 
day 1 and week 4 

313 0 12 

 Placebo  315 0   

Ustekinumab 45 mg vs ustekinumab 90 mg vs placebo 

Leonardi et.al., 2008 
(PHOENIX 1)

[391]
 

Ustekinumab 45 mg SC. at week 0 and 4 255 1 12 

  Ustekinumab 90 mg SC. at week 0 and 4 255 0   

  Placebo at week 0 and 4 255 0   



106 
 

Authors, year Interventions Number of 
participants 

receiving 
treatment 

MACEs Randomised 
controlled-

phase 
(weeks) 

Papp et.al., 2008 
(PHOENIX 2)

[388]
 

Ustekinumab 45 mg SC. at week 0 and 4 409 0 12 

  Ustekinumab 90 mg SC. at week 0 and 4 411 1   

  Placebo 410 0   

Igarashi et.al, 2012
[390]

 Ustekinumab 45 mg SC. at week 0 and 4 64 0 12 

  Ustekinumab 90 mg SC.at week 0 and 4 62 0   

  Placebo SC. at week 0 and 4 32 0   

Etanercept vs ustekinumab 45 mg vs ustekinumab 90 mg 

Griffiths et.al., 2010 
(ACCEPT) 

[392]
 

Etanercept 50 mg SC. BIW 347 0 12 

 Ustekinumab 45 mg SC. at week 0 and 4  209 0   

  Ustekinumab SC. 90 mg SC. at week 0 
and 4  

347 0   

Etanercept vs ustekinumab vs no treatment  

Merck Sharp & Dohme 
2015, NCT01276847, 
ClinicalTrials.gov

[393]
 

Etanercept 50 mg SC. BIW for 12 weeks 
then SC. QW for 4 weeks 

10 0 16 

  Ustekinumab 45 mg SC. for participants 
weighing ≤ 100 kg, and ustekinumab 90 
mg SC. for participants weighing > 100 kg 
on day 1, and weeks 4 and 16 

20 0   

  No treatment 10 0   

Etanercept vs secukinumab 150 mg vs seckinumab 300 mg vs placebo 
 

Langley et.al., 2014 
(FIXTURE)

[382]
 

Etanercept 50 mg SC. BIW 323 0 12 

  Secukinumab 150 QW week 0, 1, 2, 3, 4 
and then every 4 weeks 

327 0   

  Secukinumab 300 QW week 0, 1, 2, 3, 4 
and then every 4 weeks 

326 0   

  Placebo at weeks corresponding to 
etanercept and secukinumab regimens 

327 0   

Abbreviations: BIW, twice weekly; EOW, every other week; IV., intravenous; MACEs, major 

adverse cardiovascular events; PASI, Psoriasis Area and Severity Index; PGA, Physician 

Global Assessment; QW, once weekly; SC., subcutaneous 

 

5.4.2 Meta-analysis 

 

Patients in 27 RCTs
[260,368–370,373–380,382,384–387,389,390,392,393,397,398,402,403]

 did not experience MACEs 

whilst exposed to any interventions but 10 MACEs were observed during the randomised 

controlled phase of nine studies.
[371,372,381,383,388,391,399,401]

  Overall, the pooled analysis of these 

nine trials found that there was no statistically significant difference in the risk of MACEs when 

comparing biologic therapies with placebo (pooled OR 1.45, 95% CI 0.34 – 6.24, p = 0.62), as 

shown in Figure 5.2. There was very low levels of heterogeneity between the included RCTs [χ
2 

= 7.58; degree of freedom (df) = 7; p = 0.37; I
2
 = 8%].  



107 
 

 

Considered separately, there was also no statistically significant difference for patients receiving 

TNFi (adalimumab, etanercept and infliximab), anti-IL-17A agents (secukinumab and 

ixekizumab), or ustekinumab; the corresponding pooled ORs were 0.67, 95% CI 0.10 – 4.63, p 

= 0.69 for TNFi (Figure 5.3), 1.00, 95% CI 0.09 – 11.09, p = 1.00 for anti-IL-17A agents (Figure 

5.4) and 4.48, 95% CI 0.24 – 84.77, p = 0.32 for ustekinumab (Figure 5.5). Comparing 

ustekinumab 45 mg against 90 mg and secukinumab 150 mg against 300 mg, the ORs suggest 

that there were no statistically significant differences in the risk of MACEs (OR 1.00, 95% CI 

0.06 – 16.03, p = 1.00 in four ustekinumab trials (Figure 5.6) and OR 0.13, 95% CI 0.01 – 1.30, 

p = 0.08 in five secukinumab trials (Figure 5.7). The sensitivity analyses using the Mantel-

Haenszel risk difference found similar results for all comparisons (as shown in Appendix 6).    
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Figure 5.2 Peto odds ratio of major adverse cardiovascular events and a funnel plot for 

the detection of publication bias in patients treated with biologic therapies versus 

placebo 
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Figure 5.3 Peto odds ratio of major adverse cardiovascular events and a funnel plot for 

the detection of publication bias in patients treated with tumour necrosis factor-alpha 

inhibitors versus placebo 

 

 

 

 

 

 

 



110 
 

Figure 5.4 Peto odds ratio of major adverse cardiovascular events and a funnel plot for 

the detection of publication bias in patients treated with anti-interleukin-17A agents 

versus placebo 

 

 

 

Figure 5.5 Peto odds ratio of major adverse cardiovascular events and a funnel plot for 

the detection of publication bias in patients treated with ustekinumab versus placebo 
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Figure 5.6 Peto odds ratio of major adverse cardiovascular events and a funnel plot for 

the detection of publication bias in patients treated with ustekinumab 45 mg versus 90 

mg 

 

 

 

Figure 5.7 Peto odds ratio of major adverse cardiovascular events and a funnel plot for 

the detection of publication bias in patients treated with secukinumab 150 mg versus 300 

mg 
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5.4.3 Risk of bias assessment 

 

The risk of bias assessment found that 28 RCTs (73.7%; low risk of bias) adequately reported 

the generation of the random sequence, 27 RCTs (71.1%) adequately concealed allocation; 22 

RCTs (57.9%) and 21 RCTs (55.3%) blinded patients and personnel, and outcome assessors 

respectively. Incomplete outcome data were well balanced in 33 RCTs (86.8%). Fifteen RCTs 

(39.5%) explicitly stated that CVEs were monitored and/or these outcomes were reported. Only 

10 RCTs (26.3%) had a committee for adjudicating suspected MACEs. Among 36 RCTs 

(94.7%), patient characteristics in all intervention groups were well balanced (Table 5.3). 
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Table 5.3 Risk of bias assessment for the included randomised controlled trials 

Authors, year Sequence 
generation 

Allocation 
concealment 

Blinding of 
participants 

and 
personnel  

Blinding of 
outcome 

assessors  

Incomplete 
outcome 

data  

Selective 
outcome 
reporting 

Adjudicate 
of MACEs 

Baseline 
imbalance  

Adalimumab vs placebo  

Menter et.al., 2008 
(REVEAL)[378] 

Low Low Unclear Low Low Unclear Unclear Low 

Maari et.al., 2014[389] Low Low Unclear Unclear Low Unclear Unclear Low 

Gordon et.al., 2015               
(X-PLORE)[398] 

Unclear Unclear High Unclear Low Unclear Unclear Low 

NCT01646073, 
clinicaltrials.gov, 2015[399], 
AbbVie, 2014[400] 

Unclear Unclear Unclear Unclear Low Unclear Unclear Low 

Adalimumab vs methotrexate 

Goldminz et.al., 2015[394] Unclear Unclear High Low Low Unclear Unclear Low 

Adalimumab vs methotrexate vs placebo 

Saurat et.al., 2008 
(CHAMPION)[260] 

Low Low Low Low  Low Unclear Unclear Low 

Etanercept vs placebo 

Gottlieb et.at., 2003[401] Low Low Low Low High Unclear Unclear Low 

Tyring et.al., 2006[402] Low Low Unclear Unclear Low Low Unclear Low 

van de Kerkhof et.al., 2008[403] Low Low Unclear Unclear Low Unclear Unclear Low 

Gottlieb et.al., 2011[368] Unclear Unclear Unclear Unclear Low Low Unclear Low 

Strober et.al., 2011[369] Unclear Unclear Unclear Unclear Low Low Unclear Low 

Bagel et.al., 2012[370] Low Low Unclear Unclear Unclear Unclear Unclear Low 

Bachelez et.al., 2015[371] Low Low Low Low Low Low Low Low 

Etanercept (different strengths) vs placebo  

Leonardi et.al., 2003[373] Low Low Low Low Unclear Unclear Unclear Low 

Papp et.al., 2005[374] Low Low Low Low Low Unclear Unclear Low 

Etanercept vs ixekizumab vs placebo 

Griffiths et.al., 2015 
(UNCOVER-2)[372] 

Low Low Low Unclear Low Low Low Low 

Griffiths et.al., 2015 
(UNCOVER-3)[372] 

Low Low Low Low Low Low Low Low 

Infliximab vs placebo  

Chaudhari et.al., 2001[375] Low Low Low Low Low Unclear Unclear  Low 

Gottlieb et.al., 2004 
(SPIRIT)[376] 

Low Low Low Unclear High Unclear  Unclear  Low 

Reich et.al., 2005 
(EXPRESS)[377] 

Low Low Low Low Low Unclear  Unclear  Low 

Menter et.al., 2007 EXPRESS 
II)[379] 

Low Low Low Low Low Unclear  Unclear Low 

Yang et.al., 2012[380] Unclear Unclear Unclear  Unclear  Low Unclear Unclear Low 

Infliximab vs methotrexate 

Barker et.al., 2011 
(RESTORE1)[261] 

Low High High High Unclear Unclear Unclear Unclear 

Ixekizumab vs placebo 

Gordon et.al., 2016 
(UNCOVER-1)[397]  

Low Low Low Low Low Low Low Low 

Secukinumab 150 mg vs secukinumab 300 mg  

Mrowietz et.al., 2015 
(SCULPTURE)[381] 

Unclear Unclear Low Low Low Unclear Unclear Low 

Secukinumab 150 mg vs secukinumab 300 mg vs placebo  

Langley et.al., 2014 
(ERASURE)[382] 

Low Low Low Low Low Low Low Low 

Blauvelt et.al., 2015  Low Low Low Low Low Low Low Low 
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Authors, year Sequence 
generation 

Allocation 
concealment 

Blinding of 
participants 

and 
personnel  

Blinding of 
outcome 

assessors  

Incomplete 
outcome 

data  

Selective 
outcome 
reporting 

Adjudicate 
of MACEs 

Baseline 
imbalance  

(FEATURE)[383] 

Paul et.al., 2015 
(JUNCTURE)[384] 

Low Low Low Low Low Low Unclear Low 

Ustekinumab vs placebo   

Tsai et.al., 2011 (PEARL)[385] Low Low Low Unclear Low Unclear Unclear Low 

Zhu et.al., 2013 (LOTUS)[386] Unclear Unclear Unclear Unclear Low Low Unclear Low 

Lebwohl et.al.a., 2015 
(AMAGINE 2)[387] 

Low Low Low Low Low Low Low Low 

Lebwohl et.al.b., 2015 
(AMAGINE 3)[387] 

Low Low Low Low Low Low Low Low 

Ustekinumab 45 mg vs ustekinumab 90 mg vs placebo  

Leonardi et.al., 2008 ( 
PHOENIX 1)[391] 

Low Low Low Low Low Unclear Unclear  Low 

Papp et.al., 2008 (PHOENIX 
2)[388] 

Low Low Low Unclear Low Unclear Unclear Low 

Igarashi et.al, 2012[390], 
NCT00723528, 
clinicaltrials.gov, 2014[395] 

Unclear Unclear Unclear Unclear Low Unclear Unclear Low 

Etanercept vs ustekinumab 45 mg vs ustekinumab 90 mg  

Griffiths et.al., 2010 
(ACCEPT)[392] 

Low Low Unclear Low Low Low Low Low 

Etanercept vs ustekinumab vs no treatment  

Merck Sharp & Dohme 2015, 
NCT01276847, 
clinicaltrials.gov[393] 

Unclear High High High Low Unclear Unclear Unclear 

Etanercept vs secukinumab 150 mg vs secukinumab 300 mg vs placebo 

Langley et.al., 2014 
(FIXTURE)[382] 

Low Low Low Low Low Low Low Low 

Abbreviation: MACEs, major adverse cardiovascular events 

 

Funnel plot analysis using the Peto method was used for assessing potential publication bias 

and visual inspection of funnel plot for the outcomes in TNFi studies did not show any evidence 

of publication bias (Figure 5.3). For the Mantel-Haenszel fixed-effect method, funnel plot 

analysis also did not show evidence of publication bias in all comparisons (Appendix 6). 

 

5.5 Discussion 

 

This meta-analysis of RCTs found that there was no statistically significant difference in the risk 

of MACEs in patients with plaque psoriasis exposed to biologic therapies (adalimumab, 

etanercept, infliximab, ustekinumab, secukinumab and ixekizumab) used at the licensed doses 

compared to placebo. Moreover, no difference in the risk was also found for comparisons 

between different licensed doses of ustekinumab (45 mg vs 90 mg) or secukinumab (150 mg vs 

300 mg).  

 

Two earlier meta-analyses of RCTs have examined the risk of MACEs and biologic therapies for 

the treatment of psoriasis. The first included 22 trials and reported that TNFi (adalimumab, 

etanercept and infliximab) and anti-IL-12/23 agents (ustekinumab and briakinumab) were not 

associated with an increased risk of MACEs.
[336]

 This meta-analysis used a Mantel-Haenszel 
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fixed-effect model to examine absolute risk difference, which is generally considered a less 

appropriate method for detecting rare events (lower than 1%).
[366]

 Risk difference meta-

analytical method produces estimates for all included studies owing to using 0.5 zero-cell 

corrections. The corrections are used when the included studies with no events are found in any 

arms. Risk difference meta-analytical method tends to show conservative CI coverage and low 

statistical power when the events are rare.
[366]

 Peto OR method which removes studies without 

events from an analysis is reported that it is the least biased and most powerful method for rare 

events when compared with other meta-analytical methods. It produces the best CI 

coverage.
[366]

 Due to the exclusion of studies without events, it may lead to an overestimation of 

true relative risk.
[404]

 

 

The second meta-analysis included 9 trials to examine the association between MACEs and 

anti-IL-12/23 agents (ustekinumab and briakinumab).
[337]

 The results of this analysis suggested 

that anti-IL-12/23 agents were significantly associated with an increased risk of MACEs. In the 

meta-analysis presented in this thesis, briakinumab was not included as this has not been 

licensed for use by the regulatory agencies. However, newer licensed biologic therapies 

(secukinumab and ixekizumab) were included. One important limitation of the earlier meta-

analyses is that they included patients treated with both non-licensed and licensed doses of 

biologic therapies whilst this meta-analysis has focussed only on those patients receiving 

biologic therapies at licensed dose regimens. 

 

Nonetheless, this meta-analysis was still faced with an important limitation. Most included RCTs 

had a small sample size and a short duration of the randomised controlled phase of the 

treatment (ranging from 10 to 30 weeks). These factors would impact on the power of the 

included studies to detect a change in the risk of MACEs and this uncertainty was reflected by 

the wide CIs surrounding some of this risk estimates. Moreover, the included RCTs tended to 

include patients with fewer comorbidities than those seen in clinical practice. It may limit the 

generalisability of the findings. Therefore, well-designed prospective cohort studies are needed 

which involve larger numbers of patients and longer durations of treatment exposure reflecting 

routine clinical practice in order to better examine the impact of biologic therapies on the risk of 

CVEs in patients with psoriasis. The next chapter will present the results of a prospective cohort 

study examining this association using a BADBIR dataset.   
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Chapter 6  

Risk of major cardiovascular events in 

patients with psoriasis receiving biologic 

therapies: prospective cohort study  
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6.1 Introduction 

 

Chapter 5 presented the findings from a systematic review and meta-analysis of RCTs in adult 

patients with plaque psoriasis exposed to biologic therapies. It showed that there were no 

significant differences in the risk of MACEs in patients with plaque psoriasis, although there 

were some important limitations of the included RCTs. Specifically, the trials had short durations 

of exposure and relatively small sample sizes. In addition, patients in RCTs tended to have 

fewer comorbidities than those seen in real-life practice. As mentioned in Chapter 2, earlier 

cohort studies examining the relationship between CVEs and biologic therapies in patients with 

psoriasis had some important limitations. They used inappropriate reference groups which 

included non-biologic therapies, non-systemic therapies (topical therapy, phototherapy and 

climate therapy) or methotrexate.
[7–11]

 These therapies are generally recommended for patients 

before receiving biologic therapies. Therefore, patients with milder severity of psoriasis which 

have different risk levels for the development of CVEs
[220]

 tended to receive these therapies 

compared with psoriasis patients receiving biologic therapies. Since participants in both 

comparison groups had the different risk levels for the development of CVEs, it could bias the 

results of these cohort studies. Large cohort studies which directly compare biologic therapies 

are required to examine the impact of these therapies on the risk of major CVEs in patients with 

psoriasis. This chapter describes the results of a prospective cohort study examining the 

relationship between biologic therapies and major CVEs using the BADBIR dataset.  

 

6.2 Aim and objectives 

 

This chapter aimed to assess the association between biologic therapies and major CVEs in 

patients with psoriasis in a prospective cohort study.  

 

The objectives of this study were: 

 - To compare baseline characteristics of adult patients with plaque psoriasis receiving 

biologic therapies and methotrexate 

- To calculate the incidence rates, incidence rate ratios and HRs for the risk of major 

CVEs in adult plaque psoriasis patients treated with biologic therapies or methotrexate  

 

6.3 Methods 

 

6.3.1 BADBIR Database 

 

The BADBIR is a large prospective observational pharmacovigilance registry in the UK and 

Republic of Ireland. It was established in September 2007 with the primary aim to examine the 

long-term safety profile of biologic therapies for the treatment of psoriasis. It has enrolled three 

psoriasis cohorts. The first cohort recruits patients receiving a biologic therapy while the second 

cohort recruits patients receiving only conventional systemic therapies (e.g. methotrexate).
[12]

 

Patients who receive a non-biologic small molecule (i.e. apremilast and dimethyl fumarate) are 
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recruited in the third cohort. UK guidelines and the NICE recommend psoriasis patients treated 

with a biologic therapy should be enrolled in this registry.
[45,330]

  Currently, the BADBIR recruits 

psoriasis patients from 157 secondary care dermatology centres across the UK and Republic of 

Ireland (Figure 6.1). 

 

Figure 6.1 BADBIR study sites 

 

 

Multicentre research ethics committee approval for the BADBIR was obtained in March 2007 

(National Health Service Research Ethics Committee North West England, 07/MRE08/9) and 

local research ethical committee approval was also obtained at each recruiting site (Appendix 7) 

Patients who participate in this registry have to read the study information sheet (Appendix 8) 

and sign the consent form (Appendix 9). 

 

The BADBIR is coordinated by the University of Manchester, and funded by the BAD. The BAD 

receives income from pharmaceutical companies marketing biologic therapies for the treatment 

of psoriasis. This income finances a separate contract between the BAD and the University of 

Manchester. Researchers who work on this database have academic freedom without 

pharmaceutical influence. 

 

6.3.2 Participants in the BADBIR 

 

The BADBIR recruits psoriasis patients who meet the inclusion criteria outlined in Table 6.1. 

Psoriasis patients are offered a biologic therapy when their conditions meet the requirements of 

guidelines from the UK, Scotland or Republic of Ireland.
[45,51,330]

 However, the BADBIR has not 
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defined these criteria (e.g. PASI and DLQI) for psoriasis patients in the biologic cohort and the 

non-biologic small molecule cohort. 

 

Table 6.1 Inclusion criteria for the BADBIR 

 Biologic cohort Conventional systemic 

cohort 

Non-biologic 

small molecule 

cohort 

Diagnosis by a 

dermatologist 

Psoriasis Psoriasis Psoriasis 

Therapy Start on or switch to a 

biologic therapy (i.e. 

efalizumab, 

adalimumab, 

etanercept, infliximab, 

ustekinumab, 

secukinumab, 

ixekinumab and 

certolizumab) within 

previous 6 months of 

registration 

 

Note:  

1) Since efalizumab was 

withdrawn, patients 

receiving this biologic 

therapy were recruited 

until 2009.  

2) Patients receiving 

infliximab have not been 

recruited since 31
st
 July 

2013. 

Start on or switch to a 

conventional systemic 

therapy (i.e. methotrexate, 

ciclosporin, acitretin, 

fumaric acide esters, 

hydroxycarbamide and 

PUVA) within previous 6 

months of registration 

Start on or 

switched to a non-

biologic small 

molecule therapy 

(i.e. apremilast 

and dimethyl 

fumarate) within 

previous 6 

months of 

registration   

Other factors - PASI ≥ 10 and DLQI > 10 

(except switching between 

conventional systemic 

therapies) 

- 

 - Never exposed to a 

biologic therapy 

Never exposed to 

a biologic therapy 

Abbreviations: BADBIR, British Association of Dermatologists Biologic Interventions Register; 

DLQI, Dermatology Life Quality Index; PASI, Psoriasis Area and Severity Index; PUVA, 

psoralen and ultraviolet A   
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6.3.3 Data collection 

 

Baseline assessments 

Baseline data collected at enrolment includes patient demographic characteristics, 

comorbidities, anthropometric data, drug therapies and clinical data such as type and severity of 

psoriasis (PASI) by health care professionals using an online database while lifestyle 

information such as smoking and alcohol consumption are collected directly from patients using 

a questionnaire (Appendix 10). 

 

Follow-up assessments 

Patients recruited into the BADBIR are followed up as long as they are in the register. Data are 

collected every 6 months for the first 3 years and then every year thereafter. This includes 

information on changes to drug therapies, measures of disease severity, hospitalisation and 

details of AEs including the outcomes of interest of this study (Appendix 11). Patient death 

details are derived from the BADBIR register and the ONS mortality records. AEs are coded 

using the Medical Dictionary for Regulatory Activities (MedDRA) system.
[405]

  

 

After these data are received, the BADBIR team routinely check the quality of data involving 

manual data cleaning to examine every record against the eligibility criteria. If any discrepancies 

are found, the BADBIR team will send queries to the study sites for clarification.  

 

6.3.4 Study design 

 

Study population and exposure 

Patients who enrolled in the BADBIR from September 2007 – October 2016 and had at least six 

months of follow-up data following initiation of treatment were selected for this study. Biologic-

naïve patients aged at least 18 years old with chronic plaque psoriasis who had no prior history 

of major CVEs were selected for the inclusion in this cohort study. For the main analysis, 

patients receiving first-line originator anti-IL-12/23 agent (ustekinumab) were compared with 

TNFi (etanercept or adalimumab) as the reference group. For the secondary analyses, patients 

receiving first-line adalimumab (the referent group) were compared with ustekinumab, 

etanercept or methotrexate. This study did not include infliximab due to the small sample size 

and it was reserved to use in patients with more severe psoriasis than patients receiving other 

biologic therapies in the UK. 

 

Outcome of interest and ascertainment 

The outcome of interest was fatal or non-fatal major CVEs (acute coronary syndrome, unstable 

angina, MI or stroke). The list of MedDRA codes regarding major CVEs was identified and 

discussed by W.R., M.K.R. and D.M.A. Table 6.2 provides the relevant MedDRA outcome 

codes. Death codes were reviewed with other terms in order to identify fatal major CVEs. All 

relevant MedDRA codes or descriptions of events were identified by W.R. Both codes and 

descriptions were reviewed in order to ascertain the outcome of the study by W.R. and M.K.R. 
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as an expert in cardiovascular studies. Some relevant MedDRA codes in the BADBIR dataset 

were recorded incorrectly and some major CVEs were recorded in only the descriptions of 

events but not recorded by MedDRA codes. W.R. asked for clarification about these cases from 

K.M. (as part of the BADBIR management team). When K.M. clarified these suspected cases 

and agreed that they might be the outcome of interest for this study, W.R. and D.M.A. made 

decisions whether these suspected events should be included in this study.  

 

Table 6.2 Potential adverse event terms 

System organ class (MedDRA system 

organ class) 

AE preferred term (MedDRA preferred term) 

Cardiac disorders Acute coronary syndrome 

Acute myocardial infarction 

Angina unstable 

Myocardial infarction 

General disorders and administration site 

conditions 

Death 

Nervous system disorders Carotid artery occlusion 

Cerebellar haemorrhage 

Cerebral haemorrhage 

Cerebral infarction 

Cerebrovascular accident 

Intracranial haemorrhage  

Hemiparesis 

Hemiplegia 

Ischaemic stroke 

Lacunar infarction 

Monoplegia 

Subarachnoid haemorrhage 

Subdural haematoma 

Thalamic infarction 

Abbreviations: AE, adverse event; MedDRA, Medication Dictionary for Regulatory Activities 

 

Data analysis 

Patients were observed from the date of receiving therapy to developing the first major CVE; the 

earliest date of change of treatment (changing to other biologic therapy in the biologic cohorts or 

starting a biologic therapy in the methotrexate cohort); end of recorded data in the BADBIR; 

death; or end of the study follow-up (30
th
 September 2016). Discontinuation of treatment was 

defined as a gap in a regimen for more than 90 days. The risk of major CVEs was examined 

over two periods: 1) whilst exposed to treatment and 2) extending the exposure effect window 

until 90 days after the last dose. Planned secondary analyses included direct comparisons 

between the individual biologic therapies and users of methotrexate.  
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Descriptive statistics were used to analyse baseline patient characteristics. Frequency (%) and 

median values (p25 - p75) were calculated for categorical and continuous variables, 

respectively. To control for imbalances in patient characteristics between cohorts, propensity 

score technique was used. This statistical technique is designed to balance the comparison 

groups on all measured covariates so that it mimics a randomised trial.
[406]

 Propensity score 

technique can balance several covariates using a score calculated for each patient while 

multiple regression adjustment requires 10 events/an adjusted covariate
[407]

. Since the outcome 

of this study (major CVEs) was a rare event and multiple cardiovascular risk factors had to be 

controlled for, this technique was used for this study. An exposure-specific propensity score 

which was calculated was based on the predicted probability of receiving the treatment of 

interest conditional upon the subjects’ baseline covariates using logistic regression models for 

the primary analysis and multinomial logistic regression models for the sensitivity analyses. The 

covariates were considered to be included the models if they were strongly related to the 

outcome; or the outcome and the exposure. These could reduce the variance of estimated 

exposure effects but not increase the bias.
[408]

 Covariates which were associated with only the 

exposures would not be included in the models since they could not decrease bias but they 

increased the variance of the estimates.
[408]

 The models included the following covariates: 

baseline PASI (the score which was before and closest to the start of the treatment exposures 

within 6 months), smoking status (ever/never), current alcohol drinking (yes/no), alcohol 

consumption (units/week), obesity (≥30 kg/m
2
), age, sex, history of psoriatic arthritis, 

hypertension, diabetes, dyslipidaemia, previous treatment with ciclosporin, acitretin, fumaric 

acid esters and methotrexate. After generating propensity scores, these scores were used by 

overlap weighting method. It could minimise the asymptotic variance of the weighted average 

treatment effects in the distribution of covariates between comparison groups.
[409]

 Overlap 

weights which were proportional to the probability of patients being assigned to the reference 

groups were calculated for only patients having predicted probabilities within the common 

support range. The common support range was defined as propensity scores of the treated 

groups overlapping the propensity scores of the reference groups. Covariate balance between 

the cohorts before and after propensity score overlap weighting was assessed using the 

expected percentage bias which is the difference in the outcome owing to the imbalance 

between each covariate taking into account the strength of the association between each 

covariate and the outcome. A maximum bias of 5% in either direction was considered an 

acceptable threshold. 

 

Multiple imputation was used to address missing data for baseline PASI score, smoking status, 

current alcohol drinking, alcohol consumption and obesity using chained equations of 20 cycles 

to reduce bias. This method preserved the variability and uncertainty of missing data and avoids 

the loss of power and bias when compared with complete case analysis.
[410]

 The imputation 

model consisted of exposures, start year of exposure, log of censoring time for the outcome 

occurring during drug therapy; and during the extended window period, and whether patients 

experienced the outcomes during drug therapy; and during the extended window period, 

concomitant drug therapies including ciclosporin, acitretin, fumaric acid esters and 
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methotrexate; and the other covariates included in the  propensity score models for the main 

analysis whilst the sensitivity analyses did not include concomitant methotrexate.  

 

For each comparison (ustekinumab vs TNFi for the primary analysis; and ustekinumab, 

etanercept or methotrexate vs adalimumab for the secondary analyses) and for all outcomes, 

incidence rates, incidence rate ratios, unadjusted, age and sex adjusted and overlap weighed 

HRs with 95% CIs were calculated. The proportional hazards assumption was assessed by 

examining Schoenfeld residuals, and confirming that it was not violated. All analyses were 

performed using Stata 14 (StataCorp LP, College Station, Texas, USA). 

 

6.4 Results 

 

A total of 5,468 patients were included in the main analysis [anti-IL -12/23 agent (ustekinumab): 

951 and TNFi (adalimumab and etanercept): 4,517] (Figure 6.2). Patients in the ustekinumab 

group were more likely to be obese, but less likely to have either a history of psoriatic arthritis, 

currently drink alcohol or concomitantly receive methotrexate therapy, as shown in Table 6.3. 

The median (p25 - p75) follow-up times for patients taking individual therapies were: 

ustekinumab 1.76 (0.92 – 2.96) years and TNFi 1.69 (0.81 – 3.10) years for the analysis of 

events occurring during drug therapy; and ustekinumab 2.01 (1.16 – 3.21) years and TNFi 1.93 

(1.05 – 3.34) years for the analysis of events occurring during the extended exposure window 

period.  
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Figure 6.2 Patient selection 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: BADBIR, British Association of Dermatologists Biologic Interventions Register; 
TNFi, tumour necrosis factor-alpha inhibitors 

Patients with chronic 
plaque psoriasis  

(n=9,574) 
 

Patients aged ≥ 18 years old 
(n=9,533) 

Biologic naïve 
patients 

(n=8,050)  

Patients enrolled in the BADBIR at 
data snapshot October 2016 

(n=12,848) 

Patients on a biologic or 
methotrexate therapy  

(n=11,009) 

 

Excluded patients without 
biologic or methotrexate 

therapies  
(n=1,839) 

Patients with ≥ 1 
follow-up visit 

(n=9,713) 

Excluded patients 
without follow-up data 

(n=1,296)  

Excluded patients 
without chronic 
plaque psoriasis 

(n=139) 

Excluded patients 
aged < 18 years old  

(n=41) 
 

Excluded non-biologic 
naïve patients 

(n=1,483)  

Patients on an eligible 
psoriasis treatment (n=7,657)  

Excluded patients with 
ineligible psoriasis 

treatment and previous 
outcomes 
(n=393) 

Included patients for the sensitivity 
analyses 

(n=7,657; ustekinumab=951; 
etanercept=1,313, adalimumab= 
3,204 and methotrexate=2,189) 

Included patients for the 
main analysis 

(n=5,468; TNFi=4,517 
and ustekinumab=951) 

Excluded patients on 
methotrexate 

(n=2,189) 
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Table 6.3 Baseline characteristics of patients receiving anti-interleukin-12/23 agent 

(ustekinumab) and tumour necrosis factor-alpha inhibitors 

Characteristics Ustekinumab TNFi 

Number of patients (N=5,468) 951 4,517 

Age (years) (N=5,468) 45 (35 - 54) 

(n=951) 

44 (35.2 - 53) 

(n=4,517) 

Sex, male (N=5,468)  590 (62.0) 

(n=951) 

2,645 (58.6) 

(n=4,517) 

Ethnicity, white (N=5,461)  853 (89.7) 

(n=951) 

4,157 (92.2) 

(n=4,510) 

BMI (kg/m
2
) (N=4,983) 30.3 (26.2 – 35.7) 

(n=851) 

29.4 (25.9 – 33.8) 

(n=4,132) 

Obese (BMI≥30kg/m
2
) 441 (51.8) 

(n=851) 

1,922 (46.5) 

(n=4,132) 

Ever smoke (yes/no) (N=4,885)  599 (66.6) 

(n=899) 

2,541 (63.8) 

(n=3,986) 

Disease durations (years) (N=5,417)  19 (11 - 30 ) 

(n=943) 

20 (12 - 29)  

(n=4,474) 

PASI score (N=4,833)  14.6 (11.2 – 19.2) 

(n=845) 

14.1 (11.0 – 19.3) 

(n=3,988) 

DLQI (N=2,949)  18 (12 - 24) 

(n=460) 

18 (13 - 24) 

(n=2,489) 

Comorbidities (N=5,468)   

   No comorbidities 315 (33.1) 1,356 (30.0) 

   Psoriatic arthritis 134 (14.1) 1,035 (22.9) 

   Hypertension 241 (25.3) 1,103 (24.4) 

   Diabetes mellitus 98 (10.3) 357 (7.9) 

   Dyslipidaemia 98 (10.3) 435 (9.6) 

   Other comorbidities  513 (53.9) 2,430 (53.8) 

Current alcohol drinking (N=4,899)  593 (65.7) 

(n=903) 

2,854 (71.4) 

(n=3,996) 

Alcohol units per week in patients consuming 

alcohol (N=3,382)  

8 (3 - 15) 

(n=584) 

9 (3 - 16) 

(n=2,798) 

Previous treatment of conventional systemic therapies  

   Methotrexate  667 (70.1) 3,124 (69.2) 

   Ciclosporin 540 (56.8) 2,585 (57.2) 

   Acitretin 399 (42.0) 2,008 (44.5) 

   Fumaric acid esters 165 (17.4) 879 (19.5) 

Concomitant therapies during drug therapy  

   Methotrexate 120 (12.6) 909 (20.1) 

   Ciclosporin 71 (7.5) 455 (10.1) 
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Characteristics Ustekinumab TNFi 

   Acitretin 28 (2.9) 163 (3.6) 

   Fumaric acid esters 13 (1.4) 79 (1.8) 

Concomitant therapies during drug therapy or window period (90 days) 

   Methotrexate 121 (12.7) 946 (20.9) 

   Ciclosporin 74 (7.8) 491 (10.9) 

   Acitretin 29 (3.1) 179 (4.0) 

   Fumaric acid esters 13 (1.4) 87 (1.9) 

Data are n (%) or median (25
th

 percentile - 75
th

 percentile) 

Abbreviations: BMI, body mass index; DLQI, Dermatology Life Quality Index; PASI, Psoriasis 

Area Severity Index; TNFi, tumour necrosis factor-alpha inhibitors 

 

Seven patients in the ustekinumab group experienced a major CVE during treatment with no 

additional patients experiencing such an outcome within 90 days after the last dose. For the 

TNFi cohort, 24 and 29 patients experienced major CVEs during drug therapy and during the 

extended exposure window period, respectively. The median times to onset of the major CVEs 

in both groups were about 1 year during either drug therapy or the extended exposure window 

period (Table 6.4). 

 

Incidence rates of major cardiovascular events  

The incidence rates of major CVEs associated with ustekinumab therapy for both periods were 

numerically but not statistically significantly higher than those associated with TNFi. Crude 

incidence rates (95% CI) in the ustekinumab and TNFi groups were 3.61 (1.72 – 7.58) and 2.46 

(1.65 – 3.67) per 1,000 patient-years, respectively for the outcome during drug therapy; and 

3.23 (1.54 – 6.77) and 2.67 (1.86 – 3.84) per 1,000 patient-years, respectively for the extended 

exposure window period (Table 6.4).  
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Table 6.4 Incidence rates and incidence rate ratios among patients receiving anti-interleukin-12/23 agent (ustekinumab) and tumour necrosis factor-alpha 

inhibitors 

  Ustekinumab TNFi 

Outcome during drug therapy   

Total patient-years 1,936.56 9,757.22 

Patient-years of follow-up (median, p25-p75) 1.76 (0.92 – 2.96) 1.69 (0.81 – 3.10) 

Number of major cardiovascular events 7 24 

Incidence rate per 1,000 patient-years (95% CI) 3.61 (1.72 – 7.58) 2.46 (1.65 – 3.67) 

Incidence rate ratio 1.47 (0.53 - 3.52) Reference 

Duration between the start of exposure to development of the outcome (years) (median, 

p25-p75) (only patients experiencing the outcome) 

1.06 (0.59 – 1.94) 1.19 (0.50 – 2.14) 

Outcome during drug therapy or window period (90 days)   

Total patient-years 2,167.61 10,858.90 

Patient-years of follow-up (median, p25-p75) 2.01 (1.16 – 3.21) 1.93 (1.05 – 3.34) 

Number of major cardiovascular events 7 29 

Incidence rate per 1,000 patient-years (95% CI) 3.23 (1.54 – 6.77) 2.67 (1.86 – 3.84) 

Incidence rate ratio 1.21 (0.45 – 2.82) Reference 

Duration between start of exposure to development of the outcome (years) (median, p25-

p75) (only patients experiencing the outcome) 

1.06 (0.59 – 1.94) 1.06 (0.47 – 1.98) 

Abbreviations: CI, 95% confidence interval; p25 - p75, 25
th
 percentile - 75

th
 percentile; 95%; TNFi, tumour necrosis factor-alpha inhibitors
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Comparative risks of major cardiovascular events  

The unadjusted and age-sex adjusted HRs showed no difference in the risk of major CVEs 

between patients treated with ustekinumab and TNFi therapies. In the propensity score adjusted 

analysis, there was similarly no difference in the risk of major CVEs occurring during both 

periods (Figure 6.3). The baseline characteristics of the treatment cohorts were comparable 

after applying the overlap weights using the propensity score method as shown in Figure 6.4 – 

6.5.  

 

Figure 6.3 Crude and adjusted hazard ratios (95% confidence interval) for major 

cardiovascular events associated with different psoriasis therapies for a comparison of 

anti-interleukin-12/23 agent (ustekinumab) with tumour necrosis factor-alpha inhibitors 

(referent group) 

 

Abbreviations: CI, 95% confidence interval; HR, hazard ratio   
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Figure 6.4 Distribution of confounders between anti-interleukin-12/23 agent 

(ustekinumab) and tumour necrosis factor-alpha inhibitors (referent) patients before 

creating propensity score and after overlap weighting by propensity score for outcomes 

occurring during drug therapy 

 

Abbreviations: IL, interleukin; PASI, Psoriasis Area Severity Index  

 

Figure 6.5 Distribution of confounders between anti-interleukin-12/23 agent 

(ustekinumab) and tumour necrosis factor-alpha inhibitors (referent) patients before 

creating propensity score and after overlap weighting by propensity score for outcomes 

occurring during drug therapy  and extended window period (90 days) 

 

Abbreviations: IL, interleukin; PASI, Psoriasis Area Severity Index 
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Secondary analyses 

A total of 7,657 patients were included in the secondary analyses (ustekinumab, 951; 

etanercept, 1,313; methotrexate, 2,189 and: adalimumab, 3,204). The proportions of patients 

with psoriatic arthritis in the ustekinumab (14.1%) and methotrexate (8.9%) groups were lower 

than in the adalimumab (23.3%) or etanercept (21.9%) groups, as shown in Table 6.5. The 

ustekinumab, etanercept and adalimumab cohorts had longer durations of follow-up than the 

methotrexate group (Table 6.6).  

 

Table 6.5 Baseline characteristics of patients receiving ustekinumab, etanercept, 

methotrexate and adalimumab 

Characteristics Ustekinumab Etanercept Methotrexate Adalimumab 

Number of patients 

(N=7,657) 

951 1,313 2,189 3,204 

Age (years) (N=7,657) 45 (35 - 54) 

(n=951) 

45 (36 - 53) 

(n=1,313) 

43 (33 - 53) 

(n=2,189) 

44 (35 - 53) 

(n=3,204) 

Sex, male (N=7,657)  590 (62.0) 

(n=951) 

758 (57.7) 

(n=1,313) 

1,127 (51.5) 

(n=2,189) 

1,887 (58.9) 

(n=3,204) 

Ethnicity, white 

(N=7,647)  

853 (89.7) 

(n=951) 

1,209 (92.3) 

(n=1,310) 

1,970 (90.1) 

(n=2,186) 

2,948 (92.1) 

(n=3,200) 

BMI (kg/m
2
)  (N=6,964) 30.3 

(26.2 – 35.7) 

(n=851) 

29.2  

(25.8 –34.1) 

(n=1,193) 

28.7 

(25.2 – 33.2) 

(n=1,981) 

29.4  

(26.0 – 33.7)  

(n=2,939) 

Obese (BMI≥30kg/m
2
) 

(N=6,964)  

441 (51.8) 

(n=851) 

546 (45.8) 

(n=1,193) 

824 (41.6) 

(n=1,981) 

1,376 (46.8) 

(n=2,939) 

Ever smoke (yes/no) 

(N=6,873)  

599 (66.6) 

(n=899) 

656 (61.8) 

(n=1,061) 

1,345 (67.7) 

(n=1,988) 

1,885 (64.4) 

(n=2,925) 

Disease duration (years) 

(N=7,593)  

19 (11 - 30 ) 

(n=943) 

20 (12 - 30) 

(n=1,307) 

17 (8 - 27) 

(n=2,176) 

20 (12 - 29) 

(n=3,167) 

PASI score (N= 6,384)  14.6  

(11.2 – 19.2) 

(n=845) 

13.8  

(10.8 – 18.6) 

(n=1,103) 

13 

(10.3 – 17.8) 

  (n=1,551) 

14.2  

(11 – 19.5) 

(n=2,885) 

DLQI (N=4,516)  18 (12 - 24) 

(n=460) 

18 (12 - 23) 

(n=719 

15 (11 - 21) 

(n=1,567) 

19 (13 - 24) 

(n= 1,770) 

Comorbidities (N=7,657)     

   No comorbidities  315  (33.1) 367 (28.0) 844 (38.6) 989 (30.9) 

   Psoriatic arthritis 134 (14.1) 288 (21.9) 194 (8.9) 747 (23.3) 

   Hypertension 241 (25.3) 360 (27.4) 380 (17.4) 743 (23.2) 

   Diabetes mellitus 98 (10.3) 114 (8.7) 140 (6.4) 243 (7.6) 

   Dyslipidaemia 98 (10.3) 126 (9.6) 170 (7.8) 309 (9.6) 

   Other comorbidities  513 (53.9) 693 (52.8) 1,106 (50.5) 1,737 (54.2) 

Current alcohol drinking 593 (65.7) 749 (70.5) 1,272 (64.2) 2,105 (71.8) 
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Characteristics Ustekinumab Etanercept Methotrexate Adalimumab 

(N=6,881) (n=903) (n=1,062) (n=1,982) (n=2,934) 

Alcohol units per week 

in patients consuming 

alcohol (N=4,628)  

8 (3 - 15) 

(n=584) 

10 (4 - 18) 

(n=720) 

6 (2 - 12) 

(n=1,246) 

8 (3 - 15) 

(n=2,078) 

Previous treatment of conventional systemic therapies  

   Methotrexate  667 (70.1) 865 (65.9) 250 (11.4) 2,259 (70.5) 

   Ciclosporin 540 (56.8) 684 (52.1) 497 (22.7) 1,901 (59.3) 

   Acitretin 399 (42.0) 593 (45.2) 610 (27.9) 1,415 (44.2) 

   Fumaric acid esters 165 (17.4) 331 (25.2) 132 (6.0) 548 (17.1) 

Concomitant therapies during drug therapy  

   Ciclosporin 71 (7.5) 125 (9.5) 266 (12.2) 330 (10.3) 

   Acitretin 28 (2.9) 59 (4.5) 91 (4.2) 104 (3.3) 

   Fumaric acid esters 13 (1.4) 33 (2.5) 31 (1.4) 46 (1.5) 

Concomitant therapies during drug therapy or window period (90 days) 

   Ciclosporin 74 (7.8) 132 (10.1) 409 (18.7) 359 (11.2) 

   Acitretin 29 (3.0) 66 (5.0) 185 (8.5) 113 (3.5) 

   Fumaric acid esters 13 (1.4) 36 (2.7) 93 (4.3) 51 (1.6) 

Data are n (%) or median (25
th

 percentile - 75
th

 percentile) 

Abbreviations: BMI, body mass index; DLQI, Dermatology Life Quality Index; PASI, Psoriasis 

Area Severity Index 

 

During drug therapy, major CVEs occurred in 7, 5, 7 and 19 patients receiving ustekinumab, 

etanercept, methotrexate and adalimumab, respectively; during the extended exposure window 

period, major CVEs occurred in 7, 6, 9 and 23 patients, respectively. The incidence rates 

associated with exposure to ustekinumab was numerically higher than those associated with 

adalimumab and methotrexate but these differences were not significant. The median times to 

onset of major CVEs in all groups and analyses were about 1 year but etanercept had the 

longest onset of major CVEs compared to the other groups (Table 6.6). 
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Table 6.6 Incidence rates and incidence rate ratios among patients receiving ustekinumab, etanercept, methotrexate and adalimumab 

 Ustekinumab Etanercept methotrexate Adalimumab 

Outcome during drug therapy     

Total patient-years 1,936.56 2,905.99 3,650.81 6,851.23 

Patient-years of follow-up (median, p25-p75) 1.76 (0.92 – 2.96) 1.67 (0.69 – 3.20) 1.18 (0.59 – 2.29) 1.69 (0.84 – 3.07) 

Number of major cardiovascular events 7 5 7 19 

Incidence rate per 1,000 patient-years (95% CI) 3.61 (1.72 – 7.58) 1.72 (0.72 – 4.13) 1.92 (0.91 – 4.02) 2.77 (1.77 – 4.35) 

Incidence rate ratio 1.30 (0.46 - 3.24) 0.62 (0.18 – 1.72) 0.69 (0.25 - 1.72) Reference 

Incidence rate ratio 1.89 (0.56 - 6.30) 0.90 (0.22 - 3.28) Reference 1.45 (0.58 - 4.07) 

Duration between the start of exposure to development 

of the outcome (years) (median, p25-p75) (only 

patients experiencing the outcome) 

1.06 (0.59 – 1.94) 1.29 (1.08 – 1.82) 0.99 (0.86 – 1.60) 0.90 (0.46 – 2.29) 

Outcome during drug therapy or window period (90 days)   

Total patient-years 2,167.61 3,226.03 4,185.94 7,632.87 

Patient-years of follow-up (median, p25-p75) 2.01 (1.16 – 3.21) 1.92 (0.93 – 3.45) 1.43 (0.84 – 2.53) 1.94 (1.09 – 3.32) 

Number of major cardiovascular events 7 6 9 23 

Incidence rate per 1,000 patient-years (95% CI) 3.23 (1.54 – 6.77) 1.86 (0.84 – 4.14) 2.15 (1.12 – 4.13) 3.01 (2.00 – 4.53) 

Incidence rate ratio 1.07 (0.39 – 2.58) 0.62 (0.21 – 1.56) 0.71 (0.29 – 1.60) Reference 

Incidence rate ratio 1.50 (0.48 – 4.53) 0.87 (0.25 – 2.72) Reference 1.40 (0.62 – 3.44) 

Duration between the start of exposure to development 

of the outcome (years) (median, p25-p75) (only 

patients experiencing the outcome) 

1.06 (0.59 – 1.94) 1.19 (1.06 – 1.82) 0.99 (0.86 – 1.60) 0.90 (0.44 – 2.29) 

Abbreviations: 95% CI, 95% confidence interval; p25 - p75, 25
th
 percentile - 75

th
 percentile
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The proportionality test for all comparisons and both analysis times showed no violation of 

proportional hazard assumptions. Moreover, the expected percentage bias achieved a good 

balance in all analyses, after adjusted for overlap weights by propensity score (Figure 6.6 – 

6.11).  

 

Figure 6.6 Distribution of confounders between ustekinumab and adalimumab (referent) 

patients before creating propensity score and after overlap weighting by propensity 

score for outcomes occurring during drug therapy 
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Figure 6.7 Distribution of confounders between ustekinumab and adalimumab (referent) 

patients before creating propensity score and after overlap weighting by propensity 

score for outcomes occurring during drug therapy and extended window period (90 

days) 

 

Abbreviation: PASI, Psoriasis Area Severity Index 

 

Figure 6.8 Distribution of confounders between etanercept and adalimumab (referent) 

patients before creating propensity score and after overlap weighting by propensity 

score for outcomes occurring during drug therapy 
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Figure 6.9 Distribution of confounders between etanercept and adalimumab (referent) 

patients before creating propensity score and after overlap weighting by propensity 

score for outcomes occurring during drug therapy and extended window period (90 

days) 

 

Abbreviation: PASI, Psoriasis Area Severity Index 

 

Figure 6.10 Distribution of confounders between methotrexate and adalimumab (referent) 

patients before creating propensity score and after overlap weighting by propensity 

score for outcomes occurring during drug therapy 
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Figure 6.11 Distribution of confounders between methotrexate and adalimumab (referent) 

patients before creating propensity score and after overlap weighting by propensity 

score for outcomes occurring during drug therapy and extended window period (90 

days) 

 

Abbreviation: PASI, Psoriasis Area Severity Index 

 

There were no significant differences in the risk for major CVE occurring during drug therapy or 

the extended exposure window period when patients using ustekinumab, etanercept or 

methotrexate were compared with those using adalimumab as shown in (Figure 6.12). 
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Figure 6.12 Crude and adjusted hazard ratios (95% confidence interval) for major 

cardiovascular events associated with different psoriasis therapies for comparisons of 

ustekinumab, etanercept or methotrexate with adalimumab (referent group) 

 

Abbreviations: CI, confidence interval; HR, hazard ratio 

 

6.5 Discussion 

 

In this large prospective cohort study, the results showed no significant differences in the risk of 

major CVEs between biologic therapies in adult patients with chronic plaque psoriasis. 

Moreover, the risk of major CVEs for methotrexate was not significantly different from 

adalimumab. These findings are derived from propensity score-adjusted models taking into 

account a range of important cardiovascular risk factors. These findings were consistent for 

separate analyses comparing the risk of major CVEs both during therapy and for an extended 

exposure window period. These results indicate that the risk of major CVEs should not a major 

discriminator for choosing biologic therapies for managing psoriasis.  
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studies, and not controlling for some important cardiovascular risk factors.
[7–11]

 The results of 

these previous studies suggested benefits of biologic therapies in relation to risk of 

cardiovascular outcomes. One study suggested that TNFi-treated patients (adalimumab, 

etanercept and infliximab; n=9,148) had a significantly lower risk of composite and individual 

CVEs (MI; stroke or transient ischemic attack; or unstable angina) when compared with those 

treated with methotrexate (n=8,581).
[7]

 In addition, two cohort studies suggested that TNFi 

(n1=1,463 and n2=11,410) significantly decreased the risk of MACEs when compared with 

topical therapies (n=13,112) and the risk of major CVEs (MI; stroke or transient ischemic attack; 

or unstable angina) when compared with phototherapy (n=12,433).
[10,11]

  

 

These three studies were conducted using US claims databases. Patients’ characteristics in 

these databases might be different from those in the current study since the US has a different 

healthcare system from the UK. The UK has universal healthcare coverage. This allows all UK 

residents to access healthcare service. Moreover, healthcare professionals tend to provide the 

services according to the national guidelines such as the NICE and SIGN guidelines. These 

guidelines recommend using biologic therapies (the most effective treatments) as the last 

choice for the treatment of psoriasis in patients with moderate-severe psoriasis.
[45,51]

 Thus, 

patients tended to have a similar severity of psoriasis in the current study.  

 

The US does not have universal healthcare coverage like the UK. Thus, data of some patients 

with psoriasis might not exist in these databases. In addition, healthcare professionals do not 

have to follow psoriasis treatment guidelines in the US. Therefore, these studies might have a 

problem with mixing patients with different levels of psoriasis severity. The severity of psoriasis 

among patients receiving biologic therapies in these databases might be different or have less 

severity than that among patients in the BADBIR. Since the severity of psoriasis can influence 

the development of CVEs, this factor could bias the results of the studies. As these databases 

are primarily collected for financial purpose, if prescriptions are filled outside of the insurance 

plan, it may be absent from the claims data.
[411]

 This might also cause misclassification bias for 

these studies.  

 

Moreover, all of these studies were supported by pharmaceutical companies marketing biologic 

therapies for the treatment of psoriasis. These pharmaceutical companies involved in study 

design, interpretation of data, review or/and approval of the publications in two out of these 

three studies.
[10,11]

 The results of these studies might be susceptible to bias while the current 

study was free from pharmaceutical influence. No researchers from pharmaceutical companies 

involved in the current study. These factors might be reasons why their results were different 

from the results of the study in this thesis.  

 

A further study using a Danish nationwide cohort defined CVEs as composite MI, stroke and 

cardiovascular death. It found a significantly lower risk of CVEs in TNFi (n=959) and 

methotrexate (n=3,564) treated groups while the risk in those treated with ustekinumab (n=178) 

was similar to those using other therapies (topical, phototherapy and climate therapy; 
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n=3,961).
[9]

 Since the sample size of the ustekinumab group was very small in the earlier study, 

it is unlikely that any difference in the risk of CVEs would be detected for this comparison. Since 

the reference therapies in all of these earlier studies are offered before biologic therapies for the 

treatment of psoriasis
[45,51]

, patients in the reference groups were likely to have less severe 

psoriasis. The risk of CVEs can be influenced by the severity of psoriasis.
[220]

 Thus, this factor 

might be one of the reasons why most of their results were different from the results in this 

thesis. In line with these findings, an earlier cohort study found that patients treated with biologic 

therapies (including ustekinumab, adalimumab, etanercept, alefacept and efalizumab) (n=7,682 

at enrolment) had a similar risk of CVEs (nonfatal-MI, nonfatal-stroke and CV death) when 

compared to those treated with non-biologic agents (n=5,576 at enrolment).
[8]

 Of related 

interest, two RCTs examining the impact of adalimumab (TNFi) on aortic vascular inflammation 

in patients with moderate-severe psoriasis also recently reported that adalimumab did not 

improve aortic vascular inflammation after 52 weeks of treatment.
[328,412]
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7.1 Discussion  

 

The overarching aims of this PhD thesis were: firstly to compare the prevalence of comorbidities 

in patients with psoriasis against participants without psoriasis (the results of this assessment 

are presented in Chapter 4); and secondly, to examine the impact of biologic therapies on the 

risk of CVEs in patients with plaque psoriasis. The detailed results related to this are described 

in Chapters 5 and 6. The aim of this Discussion chapter is to summarise the key findings from 

my PhD and discuss their contribution to current knowledge. The strengths and limitations of the 

work are also discussed. In addition, the clinical implications from the findings and the proposals 

for future research building from this research programme are also presented in this chapter. 

 

7.1.1 Psoriasis and comorbidities 

 

Patients with psoriasis are at high risk of a number of comorbidities. However, previous studies 

reporting their prevalence rates and associations had wide ranges. Furthermore, many earlier 

studies examined the prevalence of specific comorbidities in patients with psoriasis but very few 

studies reported on both the burden of physical and mental health comorbidities. Population-

based cross-sectional studies using databases designed for preventing and improving diagnosis 

of disease are scarce. Generally, these studies used electronic healthcare records for their 

investigation. The results from the cross-sectional study (Chapter 4) estimated the prevalence 

rates of physical and mental health comorbidities in patients with and without psoriasis. The UK 

Biobank database which broadly represents the middle-to-old aged UK population was used for 

this study. The UK Biobank was designed to support a diverse range of research to prevent and 

improve diagnosis of disease.
[353]

 The findings suggested that psoriasis was associated with an 

increased prevalence of a number of physical and mental comorbidities. Moreover, patients with 

psoriasis had higher prevalence rates for a number of established cardiovascular risk factors 

including hypertension, high cholesterol, diabetes, obesity, smoking and inflammatory arthritis 

than participants without psoriasis. These findings relating to the higher burden of 

cardiovascular risk factors were consistent with those in previous studies.
[115,185]

  

 

Chapter 4 also found that patients with psoriasis had an elevated risk of a history of MI and 

peripheral vascular disease, which has also been reported in some earlier studies.
[141,220]

 

Shared inflammatory pathways between psoriasis and atherosclerosis; and the expression of 

proinflammatory cytokines might lead to the development of these CVEs.
[197,360]

 However, a 

higher prevalence of previous stroke or transient ischemic attack was not apparent in this study. 

This was consistent with UK and Taiwanese cross-sectional studies.
[124,141]

  In addition, this 

study found that heart failure/pulmonary oedema, atrial fibrillation and a history of venous 

thromboembolic disease were not significantly associated with psoriasis. 

 

Psoriatic arthritis is one of the most common comorbidities in psoriasis patients. As rheumatoid 

arthritis is a common misdiagnosis of psoriasis arthritis
[81]

, both terms were grouped as 

inflammatory arthritis in this study. The results showed the largest difference in prevalence rates 
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between patients with and without psoriasis [16.9% vs 1.1%, adjusted PR 15.10 (95% CI 14.22 

– 16.05)]. Moreover, osteoarthritis and gout which are also common misdiagnoses of psoriatic 

arthritis
[358,359]

 showed the higher prevalence rates and the increased PRs in patients with 

psoriasis.  

 

This study found that psoriasis was associated with inflammatory bowel disease which was also 

found in previous studies.
[91–93,95]

 Furthermore, a higher prevalence of cirrhosis/liver failure 

including alcoholic liver disease/alcoholic cirrhosis was observed in patients with psoriasis in 

this study. Previously, two small-scale Italian studies reported that psoriasis was related to an 

elevated risk of NAFLD but the prevalence rates in these studies (prevalence rates for NAFLD: 

47 - 59.2% in patients with psoriasis and 28% in patients without psoriasis) were much higher 

than the prevalence rate of cirrhosis/liver failure including alcoholic liver disease/alcoholic 

cirrhosis presented in Chapter 4 (0.3% in patients with psoriasis and 0.1% in patients without 

psoriasis).
[87,88]

 The large difference in estimates from these studies might be due to the different 

definitions of the outcomes and outcome measurements. Chapter 4 mainly focuses on cirrhosis 

and liver failure which are serious diseases and life-threatening and have not been routinely 

investigated in previous studies while NAFLD defined by the Italian studies covered a wide 

range of hepatic conditions. Moreover, the outcome measurements among these studies were 

also different. The Italian studies used abdominal ultrasound and laboratory tests to define the 

outcomes while participants in the study in this thesis self-reported their liver diseases at the 

enrolment to the UK Biobank. The rates reported in Chapter 4 are similar to the prevalence 

rates of liver disease reported in a UK cross-sectional study comparing patients with psoriasis 

[1.0% (92/9,035)] and the general population [0.7% (659/90,350)] using the THIN dataset 

(electronic health records).
[141]

 The increased risk of cirrhosis/liver failure presented in patients 

with psoriasis might be due to liver dysfunction. An imaging study found that patients with 

psoriasis had subclinical inflammation in the liver.
[360]

 In addition, significantly increased PRs of 

renal failure were observed in patients with psoriasis [crude PR: 1.88 (95% CI 1.21 – 2.93) and 

PR adjusted for age, sex and deprivation: 1.81 (95% CI 1.16 – 2.82)]. Since psoriasis is 

associated with diabetes, hypertension, microalbuminuria and signs of subclinical glomerular 

dysfunction
[115,413,414]

, these factors can contribute to an increased prevalence of renal failure. 

Only a few earlier studies which examined the association between psoriasis and renal failure 

have also reported on this relationship.
[124,141]

  

 

Patients with and without psoriasis had similar frequencies of alcohol consumption in this study.  

Nevertheless, more patients with psoriasis had a history of alcohol dependence (0.4% vs 0.2%). 

The results of PRs also showed the significantly increased crude PR of 2.47 (95% CI 1.62 – 

3.78) and adjusted PR of 2.18 (95% CI 1.43 – 3.33). The results might imply that patients with 

psoriasis were more likely to drink excessive amounts of alcohol than participants without 

psoriasis. The alcohol problem among patients with psoriasis was found in a recent UK-based 

cohort study.
[361]

 It found that psoriasis patients had about a 60% greater risk of alcohol-related 

mortality compared with the general population and 85% of psoriasis patients with alcohol-

related deaths had a history of hospital admission due to a chronic alcohol-related condition. 
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Moreover, Chapter 4 shows higher prevalence rates of chronic sinusitis, irritable bowel 

syndrome, diverticular disease/diverticulitis or migraine which has not been reported in previous 

studies.  

 

Importantly, the study also found that patients with psoriasis had elevated prevalence rates for 

mental health comorbidities which could lead to decreased quality of life. These findings were 

consistent with previous evidence.
[61,62]

 Recently, a large population-based cohort study 

reported a higher prevalence of mental illness and modest increase in the risk of self-harm, but 

found overall a lower risk of suicide in patients with psoriasis.
[362]

 It is possible that this lower risk 

could be accounted for by closer monitoring for physical and mental illness by clinicians given 

the more frequent healthcare contact of patients with psoriasis than the general population or 

competing risk due to other causes of death.
[362]

 

 

Importantly, this large cross-sectional study found that patients with psoriasis experienced far 

more overall comorbidities compared to those without psoriasis; this was apparent for both 

physical and mental health comorbidities. There were significant trends towards ORs with the 

increasing numbers of comorbidities. Moreover, some comorbidities can lead to the 

development of other diseases. For example, psoriasis patients with diabetes might later 

develop CVD. These factors might increase the number of comorbidities in patients with 

psoriasis. 

 

The study evaluating comorbidities among patients with and without psoriasis had both 

strengths and potential limitations that should be considered in interpreting the findings 

presented. The UK Biobank, a large prospective cohort study, is an important resource for 

examining patients’ characteristics, the prevalence rates and the associations of comorbidities 

in patients with and without psoriasis. It has recruited over 500,000 middle-to-old aged 

participants. Middle and old aged people have an increased likelihood of developing serious 

diseases. The UK Biobank was designed for capturing clinical information, comorbidities and 

participants’ lifestyle characteristics. This prospective cohort study has a number of advantages 

in comparison to analyses undertaken using electronic health records may have particular 

problems with inaccuracy or incompleteness of recording.
[415]

 For example, the extent of missing 

data for smoking status in the UK Biobank was much lower than that which has been reported 

using the CPRD (0.6% vs 11.11%).
[216]

  Moreover, lifestyle habits (e.g. physical activity) which 

can have an influence on the development of comorbidities are not routinely captured in 

electronic healthcare records. 

 

To my knowledge, this is the first cross-sectional study of the UK Biobank assessing the 

prevalence of comorbidities in patients with psoriasis. Owing to the large size of the UK Biobank 

database and detailed data collection, it had the potential to examine a range from low – high 

prevalence of comorbidities. Since participants with and without psoriasis came from the same 

database, assessment centres, and same time-window; these might be able to minimise 

selection bias, information bias and detection bias. It is important to consider though whether 
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patients with a skin disease are more likely to have other conditions diagnosed whilst visiting 

their clinicians for their skin condition.
[343]

 If this was the case then it could potentially result in 

greater detection of comorbidities among psoriasis patients recorded in the health records than 

the non-psoriasis participants in the UK Biobank.  

 

This study used a self-report method to identify comorbidities. Although the use of self-reported 

comorbidities has a limitation due to the potential for recall bias, there is no clear reason to 

believe that recall would differ between those with psoriasis or not. The UK Biobank nurses are 

trained to capture relevant data on comorbidities and thus likely to minimise the risk of recall or 

misclassification bias. This method of data collection has been used in many other studies and 

found to be a suitable method to capture comorbidities.
[416]

    

 

However, this study still had some limitations. Diagnoses of diseases were not subsequently 

confirmed by clinicians. This could affect the true prevalence rates of psoriasis and 

comorbidities. Since most participants in the UK Biobank are white, it may limit the 

generalisability of the results to other ethnic groups. As participants had to respond to the 

invitation letter from the UK Biobank, this study might have a healthy volunteer selection bias. 

The volunteering participants might have different characteristics from the general 

population.
[417]

 A published UK Biobank study found that the participants in this database were 

more likely to be female and live in less socioeconomically deprived areas compared with non-

participants.
[354]

 These potential limitations should be considered when interpreting the findings. 

 

7.1.2 Biologic therapies and risk of major cardiovascular events 

 

The question of whether biologic therapies influence the risk of major CVEs in patients with 

psoriasis is of concern to healthcare professionals, researchers, patients and policy makers. 

The results of Chapters 5 and 6 showed that biologic therapies were not significantly associated 

with the risk of MACEs when compared with placebo or the different doses of the same biologic 

therapy; and the risk of major CVEs when compared with different biologic therapies or 

methotrexate. 

 

Chapter 5 presents the results of the systematic review and meta-analysis of RCTs. It included 

RCTs reporting AEs in adult patients with plaque psoriasis who received any licensed biologic 

therapies for the treatment of psoriasis approved up until 31
st
 March 2016. This study involved 

TNFi (adalimumab, etanercept and infliximab), anti-IL-12/23 agent (ustekinumab) and anti-IL-

17A agents (secukinumab and ixekizumab). It found that there was no significant difference in 

the risk of MACEs associated with the use of overall biologic therapies; TNFi; anti-IL-12/23 

agent or anti-IL-17A agents when compared with placebo among adults with plaque psoriasis. 

In addition, no difference in the risk was observed for the comparisons of the different licensed 

doses of ustekinumab (45 mg vs 90 mg) or secukinumab (150 mg vs 300 mg) during the 

relatively short-term follow-up of treatment during trials. 
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This study is the largest systematic review and meta-analysis examining the association 

between currently licensed doses of biologic therapies and MACEs in adults with plaque 

psoriasis conducted to date. The findings extend the result of an earlier meta-analysis published 

in 2011.
[336]

 The previous meta-analysis included a currently unlicensed biologic therapy 

(briakinumab) for the treatment of psoriasis and examined the risk using absolute risk difference 

which is a less appropriate method than Peto OR for detecting rare events (lower than 1%).
[366]

 

However, the findings for anti-IL-12/23 agent (ustekinumab) in this study presented in this thesis 

contrasted to that in the another meta-analysis published in 2013.
[337]

 It found that anti-IL-12/23 

agents (ustekinumab and briakinumab) significantly increased the risk of MACEs in adults with 

psoriasis. These different results might be due to the inclusion of the unlicensed biologic 

briakinumab in the meta-analysis. This biologic therapy was discontinued during the 

development programme due to concern regarding whether anti-IL-12/23 agents could be 

associated with an increased risk of CVD.
[333,335,350]

 One important limitation of the interpretation 

of these earlier meta-analyses was that they included patients treated with both non-licensed 

and licensed doses of biologic therapies whilst the meta-analysis presented in this thesis 

focussed only on those patients receiving biologic therapies at licensed dose regimens. In 

addition, Chapter 5 includes the new biologic therapies that had not been investigated in earlier 

meta-analyses. Specifically, the anti-IL-17A agents (secukinumab and ixekizumab) were 

compared with placebo and between different licensed doses of ustekinumab (45 mg vs 90 mg) 

and secukinumab (150 mg vs 300 mg). However, the numbers of included patients for these 

comparisons were relatively small (4,034 patients for the comparison of anti-IL-17A agents and 

placebo; 2,012 patients for the comparison of the different doses of ustekinumab; and 2,347 

patients for the comparison of the different doses of secukinumab). 

 

The work presented in Chapter 5 has several strengths. A systematic review and meta-analysis, 

the top hierarchy of evidence-based practice, was used to examine the impact of biologic 

therapies on the risk of MACEs in adults with plaque psoriasis. This study involved 12,596 

psoriasis patients treated with biologic therapies. It considered all licensed doses of biologic 

therapies for the treatment of psoriasis and far more extensive searches for eligible trials were 

conducted in comparison with the previous meta-analyses.
[336,337]

 The sources included 

published and unpublished documents from the regulatory websites, pharmaceutical websites 

and trial registries to ensure the optimal detection of eligible trials. Moreover, a range of 

comparisons was considered; both biologic therapies vs placebo and the different doses of the 

same biologic therapies. Furthermore, both Peto ORs and Mantel-Haenszel risk differences 

were calculated to ensure that different methods of assessment did not change the results.  

 

Nonetheless, several important limitations should be considered when interpreting the findings 

of the meta-analysis presented in this thesis. Firstly, the primary aim of all the included trials 

was to examine the efficacy of the treatments and only 10 trials explicitly provided a definition of 

MACEs and established a committee for adjudicating suspected cases. Most of the included 

trials had a relatively small sample size and a short duration of the randomised controlled phase 

of treatment (ranging from 10 to 30 weeks). These factors would impact on the power of the 
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included studies to detect a change in the risk of MACEs and this uncertainty was reflected by 

the wide CIs surrounding some of these risk estimates. For instance, ustekinumab has been 

suggested to increase this risk during the initial stage of therapy because of temporary 

increases in inflammatory mediators.
[418]

 A phase 2 study showed that serum levels of IL-

12/23p40, which is pro-atherogenic, in patients receiving ustekinumab dramatically increased at 

week 12 and decreased to little above baseline levels by week 32.
[419]

 Thus, the assessment of 

the potential association requires continued surveillance of emerging trial data. In 

cardiovascular research, it is also well established to use composite outcomes including MACEs 

to detect rare events; this will increase the power to detect clinically important differences in 

event rates.
[420]

 Ideally, the recent calls to facilitate the sharing of clinical trial data will also 

provide new opportunities to examine individual patient level data from RCTs thereby enabling 

more robust time-to-event meta-analysis to be performed.
[421]

 

 

The majority of the included studies were phase 3 trials which tend to enrol patients with fewer 

comorbidities than those seen in routine clinical practice and also exclude elderly patients who 

are at increased risk of MACEs. Thus, the background risk for both the exposed and non-

exposed groups is likely to be lower which may limit the generalisability of the findings. 

 

The existing RCTs and the earlier cohorts evaluating the association between major CVEs and 

biologic therapies for the treatment of psoriasis had some limitations. Therefore, it requires well-

designed cohort studies to examine this association. Chapter 4 showed that patients with 

psoriasis had a higher risk of cardiovascular risk factors such as psoriatic arthritis, diabetes, 

hypertension, dyslipidaemia, smoking and obesity. These factors should be taken into account 

when examining the impact of biologic therapies on the risk of major CVEs in adults with 

psoriasis.  

 

Chapter 6 presented the results of the prospective cohort study which examined the risk of 

major CVEs related to biologic therapies in patients with plaque psoriasis using the BADBIR 

dataset. There was no significant difference in the risk of major CVEs between biologic 

therapies in adult patients with moderate-severe plaque psoriasis when taking into account a 

range of important cardiovascular risk factors. In addition, a significant difference in the risk was 

not observed in the comparison of adalimumab and methotrexate. The results were consistent 

for separate analyses comparing the risk of major CVEs both during drug therapy and for an 

extended exposure window period. 

 

Earlier cohort studies suggested impressive benefits of biologic therapies for the treatment of 

psoriasis in relation to risk of cardiovascular outcomes.
[7–11]

 However, the study designs of these 

studies had many limitations. Specifically, they used inappropriate comparators, included 

participants with prior CVEs, and did not control for some important cardiovascular risk 

factors.
[7–11]

 These factors could bias the results of the assessment. None of the earlier cohort 

studies has compared the risk of cardiovascular outcomes between biologic therapies. Biologic 

therapies in these studies were compared with other psoriasis therapies (e.g. topical therapies) 
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which tend to be used in patients with less severity of psoriasis. It has previously been 

suggested that patients with severe psoriasis have a higher risk of CVEs.
[220]

 To examine the 

impact of biologic therapies, participants in comparison groups should have a similar severity of 

disease. Furthermore, psoriasis patients with prior CVEs have a high likelihood of recurrent 

CVEs compared with psoriasis patients without a history of major CVEs. All of these limitations 

in study designs could impact on the potential for bias in the assessment of any risk. These are 

likely to be the main reasons why the findings from the earlier cohort studies contrasted to those 

of the prospective cohort study in this thesis which showed no significant difference in the risk of 

major CVEs for all comparisons.  

 

This study has several important strengths. To my knowledge, this is the first large prospective 

cohort study to compare the risk of major CVEs between different biologic therapies in adult 

patients with plaque psoriasis. The risk of bias was reduced by using a new-user study design 

for the biologic cohorts
[422]

, and a propensity score technique for examining the impact of 

biologic therapies on the risk of major CVEs. The propensity score technique adequately 

controlled for measured cardiovascular confounders between comparison groups and these 

methods have not been used in the earlier cohort studies examining cardiovascular risk. 

Secondly, patients who had experienced prior major CVEs were excluded so as to minimise 

bias.  

 

However, some study limitations still existed. First, although measured confounders including 

the most important cardiovascular risk factors were controlled for, the effects of residual 

confounding due to other unmeasured variables such as physical activity and dietary factors 

cannot be excluded. Second, some aspects of cardiovascular risk factor management may be 

specific to this national cohort and therefore the results may not be generalisable to patients 

managed in different healthcare systems. Third, the small numbers of major CVEs and 

participants and limited follow-up may have an impact on the power for these analyses. 

Moreover, the impact of biologic therapies on the risk of major CVEs may change over the long-

term. Therefore, there is a need for continued surveillance. The BADBIR can be used to explore 

this association as it continues to collect safety information in psoriasis patients receiving 

biologic therapies over the longer-term.   

 

Chapter 5 found that the overall rate for MACEs associated with TNFi (adalimumab, etanercept 

and infliximab) was 0.05% in adult patients with plaque psoriasis. This rate was based on the 

existing RCTs while the prospective cohort study of this thesis using the BADBIR dataset 

showed the higher rates of major CVEs for TNFi (etanercept and adalimumab). The rates were 

0.53% for the events occurring during drug therapy and 0.64% for the events during the 

extended exposure window period. Even if both studies included different TNFi and defined the 

cardiovascular outcomes slightly differently, it can be seen that this prospective cohort was able 

to capture cardiovascular outcomes. Therefore, prospective cohort studies with robust study 

designs are essential to continue to evaluate the long-term safety profile of biologic therapies for 

the treatment of psoriasis. 
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7.2 Implications for clinical practice and policy 

 

The findings in this thesis will be of interest to healthcare professionals, patients and policy 

makers. It provides a clearer picture of the magnitude and association of physical and mental 

health comorbidities in patients with psoriasis and the cardiovascular safety profile of biologic 

therapies used for treatment of the disease. 

 

Patients with psoriasis were more likely to have deleterious lifestyle habits (e.g. smoking and no 

physical activity) and a number of physical and mental health comorbidities including 

cardiovascular risk factors. Some of these conditions can lead to other serious conditions or 

consequences. For example, psoriasis patients with diabetes and hypertension may later 

develop CVEs. The mental health comorbidities which were prevalent in patients with psoriasis 

are likely to reflect the psychosocial impact and lead to a negative impact on quality of life.
[61]

 

Therefore, regular lifestyle modification (e.g. smoking cessation), screening and monitoring of 

physical and mental health comorbidities may reduce the likelihood of developing new 

comorbidities and/or serious consequences as well as mitigating their severity. Earlier RCTs 

have shown that dietary interventions with or without increased physical activity which was used 

to reduce weight in overweight or obese patients with psoriasis could also reduce the severity of 

psoriasis and improve quality of life.
[423,424]

 These results support that lifestyle modification plays 

an important role in the management of psoriasis.  

 

As psoriasis patients had a high likelihood of having many chronic comorbidities, these 

diseases tend to be managed by polypharmacy and several different clinical specialities. 

Therefore, the use of multiple concurrent medications may lead to drug interactions, side-effects 

and lower medication adherence.
[425]

 These problems can be managed by an efficient 

multidisciplinary team (e.g. clinicians and pharmacists) and an efficient linkage of medication 

records among general practices, hospitals and pharmacies. These systems may help psoriasis 

patients gain maximum benefit and less harm from their medicines. In addition, the prevalence 

of psoriasis has steadily increased owing to an increasing population living longer in the UK.
[4]

 

Therefore, this has important implications for healthcare service delivery and resource 

allocation.   

 

The findings from Chapters 5 and 6 found that there was no significant difference in the risk of 

major CVEs in psoriasis patients treated with biologic therapies compared with placebo or the 

different doses of the same biologic therapies. Moreover, no significant difference in the risk of 

major CVEs was observed in patients receiving biologic therapies compared with different 

biologic therapies or methotrexate. These findings were based on the RCTs and registry data 

(BADBIR) which has a greater external validity than the former. Thus, the results of both studies 

suggested the same conclusion that the risk of MACEs or major CVEs is not a discriminator for 

choosing biologic therapies for moderate-severe plaque psoriasis in real-life practice. Clinicians 

should prescribe biologic therapies or methotrexate for patients with plaque psoriasis based on 

other factors such as efficacy and non-major CVEs side-effects of psoriasis therapies, 
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concomitant drugs and comorbidities. However, the findings are based on 10 – 30 weeks of 

drug exposure in RCTs and about 2 years of exposure in the prospective cohort study. Drug 

regulatory bodies which are responsible for approving medicines and ensuring that the benefits 

of the medicine outweigh the known risks can use the findings from these studies for their 

considerations. As patients with psoriasis in real-life practice tend to be different from those in 

clinical trials, the need for continued post-authorisation surveillance for cardiovascular safety is 

needed. Thus, they may encourage pharmaceutical companies, healthcare professionals, 

researchers and patients to continue to monitor the safety of all biologic therapies used for the 

treatment of psoriasis. This measurement will ultimately improve understanding of the 

cardiovascular safety profile of these novel agents.  

 

7.3 Recommendations for future research 

 

The UK Biobank study in the thesis suggested that patients with psoriasis were more likely to 

have a number of comorbidities compared with participants without psoriasis. The UK Biobank 

does not only collected information on participants’ comorbidities at baseline but collect this 

information through linkages with NHS hospital episode statistics, mortality and cancer 

registrations.
[6]

 Further follow-up of the UK Biobank will be able to gather greater insights on the 

incidence of new comorbidities. Thus, it is likely to be an important population database for 

assessing the temporal relationship between psoriasis and comorbidities and for other common 

dermatological disorders too.  

 

Psoriasis patients were more likely to have comorbidities as mentioned in Chapter 4. Thus, they 

tend to use multiple medications. The UK Biobank collected medication use from the 

participants. It may be used to examine patterns of polypharmacy and risk of adverse drug 

reactions in patients with psoriasis. In addition, the UK Biobank has collected information on 

phenotypic and genotypic data, it may be used to investigate genes relating to the associations 

between psoriasis and comorbidities. This could be used to gain a better understanding of the 

mechanisms between psoriasis and its comorbidities. 

 

Recently, biologic therapies have an increasing role in the management of psoriasis and more 

biologic therapies have recently been marketed. Specifically, some biologic therapies [e.g. 

brodalumab (anti-IL-17RA agent) and guselkumab (anti-IL-23 agent)] have been approved for 

the treatment of psoriasis after the studies of this thesis were completed. There is a need to 

conduct research examining the impact of these medicines on the risk of major CVEs in patients 

with psoriasis. This will ensure the safety of these products. 

 

The BADBIR has recruited patients exposed to biosimilar products for the treatment of 

psoriasis. This thesis did not evaluate biosimilars because there was no patient receiving 

biosimilar products who met the inclusion criteria for the study. Owing to their lower costs relative to 

the originators, they will be increasingly used in the future. It is essential to assess whether their 
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cardiovascular safety profiles are similar to those of the innovator biologic therapies as well as the 

risk of other serious AEs.  

 

The prospective cohort study in this thesis examined the risk of major CVEs in psoriasis patients 

exposed to the first biologic therapies for about two years in the BABDIR (Chapter 6). However, 

biologic therapies may take longer to have an effect on the risk of major CVEs. This may 

change the conclusions of the cohort study in the future as additional data matures. In addition, 

patients with psoriasis were more likely to have cardiovascular risk factors and MI as described 

in Chapter 4. Thus, some patients with psoriasis receiving biologic therapies might have a 

history of CVEs. It will be important to conduct future prospective cohort studies with more 

patients, longer follow-up and additional data on cardiovascular risk factors and the history of 

medication use to examine the effect of biologic therapies on the risk of the first or recurrent 

CVEs; or other CVEs (such as heart failure) in patients with psoriasis. These studies would 

provide important information on the cardiovascular safety profile of biologic therapies in longer-

term real-life practice. These will help healthcare professionals, researchers, patients and policy 

makers to better understand the safety profiles of these innovative biologic therapies. 

 

7.4 Final conclusions 

 

In conclusion, the cross-sectional study presented in the thesis was the first to examine 

demographic and anthropometric characteristics of patients with psoriasis and prevalence of 

physical and mental health comorbidities using the UK Biobank. This database was designed to 

support a diverse range of research so as to improve the prevention, diagnosis and treatment of 

serious and life-threatening diseases among middle and old aged people.
[353]

 Thus, it is an 

invaluable source for psoriasis studies. The results of the cross-sectional study showed that 

patients with psoriasis had an increased risk of a number of physical and mental health 

comorbidities compared to participants without psoriasis. In particular, cardiovascular risk 

factors e.g. hypertension, a history of MI and peripheral vascular disease, high cholesterol, 

diabetes and psoriatic arthritis or rheumatoid arthritis were increased.  

 

The impact of biologic therapies on the risk of major CVEs was examined by the largest 

systematic review and meta-analysis of RCTs conducted to date and the first large prospective 

cohort study comparing the risk between biologic therapies using the BADBIR dataset (registry 

data). The results showed that there was no significant difference in the risk of MACEs in 

psoriasis patients treated with biologic therapies compared with placebo or the different doses 

of the same biologic therapies. Moreover, no significant difference in the risk of major CVEs was 

observed in patients treated with biologic therapies compared with different biologic therapies or 

methotrexate.  

 

Future larger, longer follow-up studies with robust study designs are still required to examine 

the temporal relationship between psoriasis and comorbidities and the impact of biologic 

therapies on the risk of major CVEs over the longer-term.  
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Appendix 2: UK Biobank information leaflet 
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Appendix 3: UK Biobank consent 
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Appendix 4: Physical and mental health comorbidity lists 

Physical comorbidities 

Cardiovascular 

diseases 

Hypertension  Hypertension 

   Essential hypertension 

   Gestational hypertension/ 

pre-eclampsia 

 Previous heart 

attack/myocardial 

infarction 

 Heart attack/myocardial 

infarction 

 Heart failure/pulmonary oedema Heart failure/pulmonary oedema 

 Atrial fibrillation  Atrial fibrillation 

 Stroke or transient ischaemic 

attack 

Stroke 

   Subarachnoid haemorrhage 

   Brain haemorrhage 

   Ischaemic stroke 

   Transient ischaemic attack 

 Peripheral vascular disease Peripheral vascular disease 

   Leg claudication/intermittent 

claudication 

   Arterial embolism 

   Aortic aneurysm 

   Aortic aneurysm rupture 

   Aortic dissection 

 Venous thromboembolic disease Venous thromboembolic 

disease 

   Pulmonary embolism +/- deep 

venous thrombosis 

   Deep venous thrombosis  

 High cholesterol  High cholesterol 

Respiratory diseases Asthma  Asthma 

 Chronic 

obstructive 

airways 

disease/COPD 

 Chronic obstructive airways 

disease/COPD 

 Chronic sinusitis  Chronic sinusitis 

Gastrointestinal/ 

abdominal diseases 

Irritable bowel syndrome Irritable bowel syndrome 

 Inflammatory bowel disease Inflammatory bowel disease 

   Crohn’s disease 
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   Ulcerative colitis 

 Diverticular disease/diverticulitis Diverticular disease/diverticulitis 

 Cirrhosis/liver failure including 

alcohol liver disease/alcohol 

cirrhosis 

Liver failure/cirrhosis 

   Primary biliary cirrhosis 

   Alcoholic liver disease/alcoholic 

cirrhosis 

Renal failure   Renal/kidney failure 

   Renal failure requiring dialysis 

   Renal failure not requiring 

dialysis 

Endocrine disorders Diabetes  Diabetes 

   Gestational diabetes 

   Type 1 diabetes 

   Type 2 diabetes 

   Diabetes insipidus 

 Thyroid problem  Thyroid problem (not cancer) 

   Hyperthyroidism/thyrotoxicosis 

   Hypothyroidism/myxoedema 

   Thyroid radioablation therapy 

   Thyroiditis 

   Grave's disease 

   Thyroid goitre 

   Parathyroid gland problem (not 

cancer) 

Neurology/eye 

diseases 

Multiple sclerosis  Multiple sclerosis 

 Epilepsy  Epilepsy 

 Migraine  Migraine 

 Glaucoma  Glaucoma 

 Cataract  Cataract 

Musculoskeletal 

diseases 

Rheumatoid arthritis or psoriatic 

arthritis 

Rheumatoid arthritis 

   Psoriatic arthropathy 

 Osteoarthritis  Osteoarthritis 

 Gout  Gout 

Any cancer Ear/nose/throat cancer Cancer of 

lip/mouth/pharynx/oral cavity 

   Salivary gland cancer 

   Parotid gland cancer 
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   Other salivary gland cancer 

   Lip cancer 

   Tongue cancer 

   Gum cancer 

   Mouth cancer 

   Tonsil cancer 

   Oropharynx/oropharyngeal 

cancer 

   Nasal cavity cancer 

   Sinus cancer 

 Gastrointestinal cancer Oesophageal cancer 

   Stomach cancer 

   Small intestine/small bowel 

cancer 

   Large bowel cancer/colorectal 

cancer 

   Colon cancer/sigmoid cancer 

   Appendix cancer 

   Rectal cancer 

   Anal cancer 

   Liver/hepatocellular cancer 

   Gallbladder/bile duct cancer 

   Pancreas cancer 

   Malignant insulinoma 

 Neurological system cancer Peripheral nerve/autonomic 

nerve cancer 

   Eye and/or adnexal cancer 

   Retinoblastoma 

   Meningeal cancer/malignant 

meningioma 

   Brain cancer/primary malignant 

brain tumour 

   Spinal cord or cranial nerve 

cancer 

 Urinary tract 

cancer 

 Kidney/renal cell cancer 

   Bladder cancer 

   Other cancer of urinary tract 

 Breast cancer  Breast cancer 

 Genital tract 

cancer 

 Female genital tract cancer 
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   Ovarian cancer 

   Uterine/endometrial cancer 

   Cervical cancer 

   Cin/pre-cancer cells cervix 

   Vaginal cancer 

   Vulval cancer 

   Fallopian tube cancer 

   Male genital tract cancer 

   Prostate cancer 

   Testicular cancer 

   Penis cancer 

 Haematological malignancy Lymphoma 

   Hodgkins lymphoma/hodgkins 

disease 

   Non-hodgkins lymphoma 

   Leukaemia 

   Chronic lymphocytic 

   Chronic myeloid 

   Acute myeloid leukaemia 

   Multiple myeloma 

   Myelofibrosis or myelodysplasia 

   Other haematological 

malignancy 

 Skin cancer  Skin cancer 

  Malignant 

melanoma 

Malignant melanoma 

  Non-

melanoma 

skin cancer 

Non-melanoma skin cancer 

   Basal cell carcinoma 

   Rodent ulcer 

   Squamous cell carcinoma 

 Other cancer  Primary bone cancer 

   Mesothelioma 

   Thyroid cancer 

   Parathyroid cancer 

   Adrenal cancer 

   Sarcoma/fibrosarcoma 

   Malignant lymph node, 

unspecified 

   Metastatic cancer (unknown 
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primary) 

   Bone metastases/bony 

secondaries 

   Kaposis sarcoma 

 Respiratory/intrathoracic cancer Respiratory/intrathoracic cancer 

   Lung cancer 

   Small cell lung cancer 

   Non-small cell lung cancer 

   Larynx/throat cancer 

   Ear cancer 

   Trachea cancer 

   Thymus cancer/malignant 

thymoma 

   Heart/mediastinum cancer 

Abbreviation: COPD, chronic obstructive pulmonary disease 
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Mental health comorbidities 

Depression  Depression 

  Post-natal depression 

Anxiety/panic attacks  Anxiety/panic attacks 

Schizophrenia or mania/bipolar disorder/manic 

depression 

Schizophrenia 

  Mania/bipolar disorder/manic depression 

Alcohol dependency  Alcohol dependency 

Anorexia/bulimia/other eating disorder Anorexia/bulimia/other eating disorder 
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Appendix 5: Search strategies 

Search strategy: MEDLINE  

1     exp Psoriasis/  

2     psoriasis$.ti,ab.  

3     psoriatic$.ti,ab.  

4     1 or 2 or 3  

5     exp Biological Products/  

6     biologic$ product$.ti,ab.  

7     exp Biological Therapy/  

8     biologic$ therap$.ti,ab.  

9     biologic$ treatment$.ti,ab. 

10     biologic$ medicine$.ti,ab. 

11     biologic$ medication$.ti,ab.  

12     biologic$ agent$.ti,ab. 

13     tumo?r necrosis factor inhibitor$.ti,ab.  

14     tumo?r necrosis factor alpha inhibitor$.ti,ab.  

15     TNF inhibitor$.ti,ab.  

16     TNF blocker$.ti,ab.  

17     TNFi$.ti,ab.  

18     TNF-alpha inhibitor$.ti,ab. 

19     anti-TNF treatment$.ti,ab.  

20     anti-TNF therap$.ti,ab. 

21     anti-TNF alpha therap$.ti,ab. 

22     anti-TNF alpha treatment$.ti,ab. 

23     Anti-TNF agent$.ti,ab. 

24     Anti-TNF-alpha agent$.ti,ab. 

25     adalimumab.ti,ab. 

26     Humira.ti,ab.  

27     etanercept.ti,ab. 

28     Enbrel.ti,ab. 

29     infliximab.ti,ab. 

30     Remicade.ti,ab.  

31     exp Antibodies, Monoclonal/  

32     monoclonal antibod$.ti,ab.  

33     ustekinumab.ti,ab. 

34     Stelara.ti,ab. 

35     secukinumab.ti,ab. 

36     Cosentyx.ti,ab. 

37     ixekizumab.ti,ab. 

38     Taltz.ti,ab. 
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39     5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or          

         21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or   

         36 or 37 or 38 

40     "randomized controlled trial".pt. 

41     (random$ or placebo$ or single blind$ or double blind$ or triple blind$).ti,ab. 

42     (retraction of publication or retracted publication).pt. 

43     or/40-42 

44     (animals not humans).sh. 

45     ((comment or editorial or meta-analysis or practice-guideline or review or letter or  

         journal correspondence) not "randomized controlled trial").pt. 

46     (random sampl$ or random digit$ or random effect$ or random survey or random   

         regression).ti,ab. not "randomized controlled trial".pt. 

47     43 not (44 or 45 or 46) 

48     4 and 39 and 47 
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Search strategy: Embase 

1     exp psoriasis/  

2     psoriasis$.ti,ab. 

3     psoriatic$.ti,ab.  

4     1 or 2 or 3  

5     exp biological product/  

6     biologic$ product$.ti,ab.  

7     exp biological therapy/  

8     biologic$ therap$.ti,ab.  

9     biologic$ treatment$.ti,ab.  

10     biologic$ medicine$.ti,ab.  

11     biologic$ medication$.ti,ab.  

12     biologic$ agent$.ti,ab.  

13     exp tumor necrosis factor inhibitor/  

14     Tumo?r necrosis factor inhibitor$.ti,ab.  

15     exp tumor necrosis factor alpha inhibitor/  

16     Tumo?r necrosis factor alpha inhibitor$.ti,ab.  

17     TNF inhibitor$.ti,ab.  

18     TNF blocker$.ti,ab.  

19     TNFi$.ti,ab.  

20     TNF-alpha inhibitor$.ti,ab.  

21     anti-TNF treatment$.ti,ab.  

22     anti-TNF therap$.ti,ab.  

23     anti-TNF alpha therap$.ti,ab.  

24     anti-TNF alpha treatment$.ti,ab.  

25     Anti-TNF agent$.ti,ab.  

26     Anti-TNF-alpha agent$.ti,ab.  

27     exp adalimumab/  

28     adalimumab.ti,ab.  

29     Humira.ti,ab.  

30     exp etanercept/  

31     etanercept.ti,ab.  

32     Enbrel.ti,ab.  

33     exp infliximab/  

34     infliximab.ti,ab.  

35     Remicade.ti,ab.  

36     exp monoclonal antibody/  

37     monoclonal antibod$.mp.  

38     exp ustekinumab/  

39     ustekinumab.ti,ab.  

40     Stelara.ti,ab.  
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41     exp secukinumab/  

42     secukinumab.ti,ab.  

43     Cosentyx.ti,ab.  

44     exp ixekizumab/  

45     ixekizumab.ti,ab.  

46     Taltz.ti,ab.  

47     5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 

or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 

38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46  

48     (random$ or placebo$ or single blind$ or double blind$ or triple blind$).ti,ab. 

49     RETRACTED ARTICLE/  

50     48 or 49  

51     (animal$ not human$).sh,hw.  

52     (book or conference paper or editorial or letter or review).pt. not exp randomized 

controlled trial/  

53     (random sampl$ or random digit$ or random effect$ or random survey or random 

regression).ti,ab. not exp randomized controlled trial/  

54     50 not (51 or 52 or 53)  

55     4 and 47 and 54  
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Search strategy: EBM Reviews - ACP Journal Club, EBM Reviews - 

Cochrane Central Register of Controlled Trials, EBM Reviews - Cochrane 

Database of Systematic Reviews, EBM Reviews - Cochrane Methodology 

Register, EBM Reviews - Database of Abstracts of Reviews of Effects, 

EBM Reviews - Health Technology Assessment, EBM Reviews - NHS 

Economic Evaluation Database 

1     psoriasis$.ti,ab.  

2     Psoriatic$.ti,ab.  

3     1 or 2  

4     Biologic$ product$.ti,ab.  

5     Biologic$ therap$.ti,ab.  

6     Biologic$ treatment$.ti,ab.  

7     Biologic$ medicine$.ti,ab.  

8     Biologic$ medication$.ti,ab.  

9     Biologic$ agent$.ti,ab.  

10     Tumo?r necrosis factor inhibitor$.ti,ab.  

11     Tumo?r necrosis factor alpha inhibitor$.ti,ab.  

12     TNF inhibitor$.ti,ab.  

13     TNFi$.ti,ab.  

14     TNF-alpha inhibitor$.ti,ab.  

15     TNF blocker$.ti,ab.  

16     anti-TNF treatment$.ti,ab.  

17     anti-TNF therap$.ti,ab.  

18     anti-TNF alpha therap$.ti,ab.  

19     anti-TNF alpha treatment$.ti,ab.  

20     Anti-TNF agent$.ti,ab.  

21     Anti-TNF-alpha agent$.ti,ab.  

22     adalimumab.ti,ab.  

23     Humira.ti,ab.  

24     Etanercept.ti,ab.  

25     Enbrel.ti,ab.  

26     Infliximab.ti,ab.  

27     Remicade.ti,ab.  

28     monoclonal antibod$.ti,ab.  

29     ustekinumab.ti,ab.  

30     Stelara.ti,ab.  

31     secukinumab.ti,ab.  

32     Cosentyx.ti,ab.  

33     ixekizumab.ti,ab.  

34     Taltz.ti,ab.  



212 
 

35     4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 

21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34  

36     3 and 35  

37     remove duplicates from 36  
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Appendix 6: Figures of Mantel-Haenszel risk differences of major adverse 

cardiovascular events and funnel plots for the detection of publication 

bias 

Figure Mantel-Haenszel risk difference of major adverse cardiovascular events and                

a funnel plot for the detection of publication bias in patients treated with biologic 

therapies versus placebo 
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Figure Mantel-Haenszel risk difference of major adverse cardiovascular events and            

a funnel plot for the detection of publication bias in patients treated with tumour necrosis 

factor‐alpha inhibitors versus placebo 
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Figure Mantel-Haenszel risk difference of major adverse cardiovascular events and          

a funnel plot for the detection of publication bias in patients treated with anti-interleukin-

17A agents versus placebo 

 

 

 

 

Figure Mantel-Haenszel risk difference of major adverse cardiovascular events and          

a funnel plot for the detection of publication bias in patients treated with ustekinumab 

versus placebo 
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Figure Mantel-Haenszel risk difference of major adverse cardiovascular events and                   

a funnel plot for the detection of publication bias in patients treated with ustekinumab            

45 mg versus 90 mg 
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Figure Mantel-Haenszel risk difference of major adverse cardiovascular events and              

a funnel plot for the detection of publication bias in patients treated with secukinumab              

150 mg versus 300 mg 
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Appendix 7: BADBIR ethical approval by the North 

West NHS multicentre research ethics committee 
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Appendix 8: Patient information sheet for patients over 

16 years of age 
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Appendix 9: Patient consent form for patients over 16 

years of age 
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Appendix 10: Baseline questionnaires 

Patient clinical questionnaire 
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Patient baseline questionnaire 
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Dermatology life quality index questionnaire 
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CAGE questionnaire (cut down, annoyed, guilty, early morning) 
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Appendix 11: Follow-up questionnaires 

Clinical follow-up questionnaire 
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Event of special interest: Cerebrovascular accident (CVA) form 
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Event of special interest: Myocardial infarction/acute coronary disease form 

 

 

 


