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Thesis Overview/abstract
Psoriasis is an immune-mediated chronic dermatological condition associated with a
range of physical and psychological comorbidities, and a significant disease burden.
Healthy sleep plays a key role in maintaining health and wellbeing. Conversely,
chronic sleep disturbance significantly increases the risk of developing a range of
physical and mental health conditions if left untreated. Sleep disturbance is a known
feature of other chronic conditions and is associated with disease-specific influences
and consequences. Therefore, given the links between sleep, health and functioning,
the experience of sleep disturbance in psoriasis was investigated using a multimethod approach.
Chapter One provides an overview of psoriasis and sleep and the potential impact
psoriasis and sleep disturbance can have on health and wellbeing. Chapter Two
identifies what is known from the existing literature and the limitations of the studies
reviewed. From here a prospective research agenda was formulated. A crosssectional survey (Chapter Three) sought to address the gaps in the literature by
examining the extent, characteristics and correlates of sleep disturbance using
validated measures. Chapter Four then describes the first in-depth qualitative study
exploring the experience of sleep disturbance in people with psoriasis. The
Common-Sense Model of Self-Regulation was used as a guiding framework and
facilitated exploration of beliefs, emotions and behaviours associated with sleep
disturbance. This study provided insights into the role of psoriasis specific factors,
the impact of sleep disturbance on daily life and the limited coping options available.
Using Experience Sampling Methodology, Chapter Five examined the bi-directional
and sequential relationships between sleep disturbance and daytime variables in
psoriasis. Multiple daily assessments of psoriasis, mood, night-time experiences and
functioning were combined with actigraphy and sleep dairies. This study revealed
possible treatment targets to improve sleep and daytime functioning. However,
findings related to psoriasis were contrary to previous chapters.
The findings from the preceding chapters were synthesised in Chapter Six. The
methodologies used were also critically appraised. Clinical implications were
discussed in addition to a brief overview of potential avenues for future research.
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Chapter One:

Thesis introduction: A general overview of psoriasis and sleep
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1.1. Introduction to psoriasis: defining features, characteristics and
symptoms

Psoriasis is a chronic immune-mediated long-term systemic inflammatory condition,
primarily, but not exclusively affecting the skin (Griffiths & Barker, 2007; Griffiths
& Voorhees, 1992; Hunter, Griffiths, & Kleyn, 2013). Although the prevalence of
psoriasis has been difficult to determine due to considerable variability worldwide, it
is estimated to affect 2-4% of the general population, with proportions distributed
equally between males and females (Gelfand et al., 2005; Kurd & Gelfand, 2009;
Springate et al., 2017; Stern, Nijsten, Feldman, Margolis, & Rolstad, 2004). While
psoriasis can occur at any age, age of onset is distributed bi-modally with onset
occurring between 15-20 years old, and 55-60 years old (Ferrándiz, Pujol, GarcíaPatos, Bordas, & Smandía, 2002; Henseler & Christophers, 1985). Psoriasis can be
recognised more broadly as having two phenotypes (Henseler & Christophers,
1985). These phenotypes, termed Type 1 and Type 2, correspond to psoriasis onset
occurring prior to age 40 and after 40 respectively (Henseler & Christophers, 1985).
Early-onset (Type 1) psoriasis accounts for 75% of all cases and is associated with
poorer prognosis relative to late-onset (Type 2) patients (Langley, Krueger, &
Griffiths, 2005).

Psoriasis can present as any one of five sub-types; plaque, pustular, guttate, inverse
and erythrodermic, each expressing distinct differences in morphology (see Table
1.1) (Griffiths & Barker, 2007). These subtypes of psoriasis can be localized to a
particular body region or be widespread, and both can contribute to high levels of
psychological and physical impairment (Langley et al., 2005). Of the five subtypes,
plaque psoriasis is the most common affecting approximately 90% of patients
(Griffiths & Barker, 2007). Clinically, plaque psoriasis manifests as red/silvery,
pruritic (itchy), scaly lesions found most commonly on the elbows, trunk and knees,
but can affect any area of the body including nails and scalp (Griffiths & Barker,
2007) (see Figure 1). Psoriatic lesions can be differentiated from those of other skin
conditions such as atopic dermatitis by their circular, well-demarcated and typically
symmetrical nature (Langley et al., 2005). It is known that these plaques occur due
to hyper-proliferation of the epidermis, replacing itself in 3-5 days rather than the
25

usual 28-30 days in healthy skin. This over-production of immature skin cells or
keratinocytes results in thickening of the skin (acanthosis), further contributed to by
infiltration of inflammatory cells, with increased tortuous capillaries leading to the
characteristic redness of the plaques (Nestle, Kaplan, & Barker, 2009).
Table 1.1: Clinical features of psoriasis sub-types. Summarised from Griffiths & Barker,
Lancet, 2007 & Langley, Krueger & Griffiths, BMJ, 2005.

Subtype
Plaque psoriasis

Pustular psoriasis

Guttate psoriasis

Inverse psoriasis
Erythrodermic
psoriasis

Characteristics
Raised, inflamed lesions covered in red/silvery plaque, welldelineated from normal skin, often distributed symmetrically on the
elbows, knees, scalp and trunk.
Sterile pustules surrounded by red and tender skin. Can be confined
to palms and/or soles (Palmoplantar pustulosis) or widespread and
unstable, accompanied by fever (Generalised pustular psoriasis).
Small (<1cm) red/pink papules that form on the trunk but can occur
over large areas of the body, often triggered by streptococcal
infection.
Shiny, smooth, inflamed lesions absent of scales that typically
develop on skin folds and intertriginous sites.
Generalized erythema accompanied with pain, itching and
fluctuations in body temperature. Often precipitated by infection,
or withdrawal from certain medications.

Figure 1.1 Typical plaque psoriasis lesions, showing characteristic demarcated boundaries,
acanthosis and distinct red/silvery scaling. With permission from Professor Christopher E.M.
Griffiths, Salford Royal NHS Foundation Trust.
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1.2. Psoriasis pathophysiology: genetics and pathogenesis of
psoriasis
1.2.1. Genetic basis of psoriasis
Throughout the past 20 years substantial progress has been made in understanding
the factors underlying the aetiology of psoriasis with both genetic and environmental
factors implicated. The genetic basis of psoriasis was recognised in early
epidemiological studies showing increased prevalence in first-degree relatives of
psoriasis patients relative to the general population (Lomholt, 1963). Later studies
using twin pairs have shown high concordance rates of up to 90% in monozygotic
twins, compared to 20% in dizygotic twins (Gudjonsson & Johnston, 2009). Notably,
heritability in psoriasis is amongst the highest seen in complex genetic conditions,
ranging from 60 to 90% (Elder et al., 1994).

A number of genes have been identified as involved in psoriasis, with many relating
to the major histocompatibility complex (MHC). Classic genome-wide linkage
analyses have identified 9 loci (PSORS1-9) associated with psoriasis. Of these the
PSORS1 locus located on chromosome 6p21.3, possesses the greatest risk for
psoriasis with approximately 35-50% heritability (Hawkes, Feng, & Duffin, 2016;
Nestle et al., 2009). Since the identification of these loci, three genes on PSORS1
have been reliably associated with psoriasis: human leukocyte antigen C (HLA-C)
allele Cw6 (HLA-Cw6); CCHCR1 and; corneodesmosin (Hawkes et al., 2016;
Nestle, 2009). The HLA-Cw6 allele has strongly been associated with chronic
plaque psoriasis, particularly early onset (Type 1), present in around 60% of patients
with this subtype (Strange et al., 2010), nevertheless, no disease-specific mutations
have been identified on this allele. Whilst clear advancements have been made in
understanding, the genetic basis of psoriasis is particularly complex and much
remains unknown. Epigenetic and environmental factors are also involved, with
HIV, stress, obesity and β haemolytic streptococcal infection, known to trigger
psoriasis in those with a genetic predisposition, indicating the role of epigenetic
mechanisms in psoriasis onset (Baker et al., 1991; Fortune, Richards, Main, &
Griffiths, 1998; Zhang, Su, & Lu, 2012).
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1.2.2. Pathogenesis of psoriasis
Strong evidence exists supporting the role of abnormal immune system activity
involving CD4+ Th cells. In particular, the T helper 1 cell (Th1) pathway has been
heavily implicated (Martin et al., 2013), with the over-expression of proinflammatory cytokines interleukin-2 (IL-2); interleukin-12 (IL-12); tumor necrosis
factor-α (TNF-α); and interferon-y (IFN-γ) observed in psoriasis plaques (Arican,
Aral, Sasmaz, & Ciragil, 2005; Austin, Ozawa, Kikuchi, Walters, & Krueger, 1999).
T-cells and other immune cells infiltrate the dermis and accumulate, leading to
keratinocyte hyperproliferation and the formation of the characteristic psoriasis
plaques (Cai, Fleming & Yan, 2012). In turn, these T-cells produce a number of proinflammatory cytokines which drive inflammation (Lowes et al. 2008). As such,
current treatments aim to target cytokine activity associated with psoriasis including
IL-6, IL-1, IL-12, IL-17, TNF- α, IL-23 and IFN- γ. For instance, a drug targeting
IL-12 (Ustekinumab), which binds to the p40 protein subunit of IL-12 and 23,
showed significant improvements in psoriasis area severity index (PASI) scores
(Leonardi et al., 2008) which indicate pathological activity. Treatment types are
discussed in greater detail below and in table 2.

In recent years, attention has shifted towards the role of the IL-23/IL-17 axis which
has a central role in psoriasis (Lowes et al., 2008; Nograles et al., 2008; Quatresooz
et al., 2012). Genetic studies have provided support for this link with genetic variants
on genes IL23R and IL23A associated with increased psoriasis risk (Capon et al.,
2007; Nair et al., 2009). Th17 cells are activated primarily by IL-6 and IL-23 but
also IL-1β and IL-21 (Coimbra, Figueiredo, Castro, Rocha, Pereira, & Santos, Silva,
2012) which are over-expressed in psoriasis skin lesions (Piskin, Sylva-Steenland,
Bos, & Teunissen, 2006). The role of this pathway has been confirmed by
improvements in psoriasis severity when treated with IL-23/IL-17A cell-targeting
treatments (Campa, Mansouri, Warren, & Menter, 2016; Nestle et al., 2009)
including Ustekinumab, Ixekizumab (Campa et al., 2016; Leonardi et al., 2012), and
Secukinumab (Langley et al., 2014) and reductions in these cytokines following
treatment with Apremilast (Papp et al., 2012) and psoralen-ultraviolet A (PUVA)
and narrowband ultraviolet B light (UVB) therapy (Coimbra et al., 2010). Indeed,
promising results have been shown following treatment with Ixekizumab showing
reductions in PASI score by at least 75% (Leonardi et al., 2012). Taken together,
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these data suggest that IL-23/17A play an important role in the pathogenesis of
psoriasis, however further work is needed to establish the long-term safety of many
of these medications.

1.3. Comorbidities of psoriasis
Though psoriasis is rarely life threatening, patients are at increased risk of
developing a variety of related conditions, not only as a result of psoriasis itself, but
also due to hyperactivation of inflammatory systems and associated disease activity
(Mrowietz, Elder, & Barker, 2007). The most common associations include
cardiovascular disease (CVD) (Mehta et al., 2011; Parisi et al., 2015); metabolic
syndrome (40%) (Langan et al., 2012; Love, Qureshi, Karlson, Gelfand, & Choi,
2011; Sommer, Jenisch, Suchan, Christophers, & Weichenthal, 2007); inflammatory
bowel disease (including Crohn’s disease) (10%) (Cohen, Dreiher, & Birkenfeld,
2009; Egeberg et al., 2016; Lee, Bellary, & Francis, 1990); and diabetes (Cohen et
al., 2008). Additionally, around 7-40% develop psoriatic arthropathy (PsA), an
inflammatory and destructive joint condition, appearing like, but displaying distinct
clinical features from, rheumatoid arthritis (Gladman, Antoni, Mease, Clegg, &
Nash, 2005). The impact of PsA is well documented; contributing to impaired
functioning, reduced quality of life (QoL) and increased disease burden and
associated distress (Gladman et al., 2005).

These conditions can exert substantial influence on patients, with significant
impairments to normative functioning (O'Leary, Creamer, Higgins, & Weinman,
2004; Rapp, Feldman, Exum, Fleischer, & Reboussin, 1999). Indeed, the physical,
psychological and social disease burden of psoriasis has been compared similarly to
that of cancer, CVD and arthritis (Rapp et al., 1999). It is evident that psoriasis’
impact is not limited to the skin, and that a comprehensive approach to management
is required. Recent efforts have been made to develop an integrated approach to
evaluate and manage psoriasis due to the high levels of associated comorbidity and
the impact these can have on wellbeing (Daudén et al., 2013). Indeed, the National
Psoriasis Foundation has released guidelines for the screening and management of
psoriasis-associated comorbidities (Kimball et al., 2008) and the National Institute
for Health and Clinical Excellence (NICE) management and treatment guidelines
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reflect the often complex clinical presentations encountered in psoriasis patients,
advocating a holistic approach to pro-actively manage co-morbid conditions
alongside psoriasis.

1.4. Treatment and management of psoriasis
Medical therapies for chronic plaque psoriasis aim to control symptom severity and
improve QoL (Laws & Young, 2010a). The NICE guideline classifies treatments
into three broad categories: topical, phototherapy and systemic treatments, and
systemic / biologic treatments, acting as first, second and third-line treatments
respectively (National Institute for Health and Clinical Excellence [NICE], 2012).
Treatment decisions are based upon this hierarchy with topical treatments a mainstay
for many patients. Mild psoriasis can often be appropriately managed using such
treatments, including: emollients which moisturize the skin and prevent drying and
cracking; corticosteroids to suppress local inflammatory responses; retinoids and
vitamin D3 derivatives to slow skin cell growth; and keratolytics to reduce plaque
buildup whilst also softening the skin (Laws & Young, 2010a).

Topical treatments are only recommended for those with <10% skin involvement
and can have adverse consequences for skin integrity (Laws & Young, 2010a). If
topical treatments fail to result in skin improvement, <10% skin involvement, there
is frequent recurrence or high psychological distress NICE recommends escalating
therapy (Laws & Young, 2010b; NICE, 2012 ). For moderate/moderate to severe
disease, systemic treatments are warranted. These include phototherapy-based
treatments (e.g. narrowband UVB) and the more potent PUVA which act by slowing
skin growth and reducing skin inflammation. Other options include Methotrexate
and Ciclosporin which suppress the immune system; and retinoids such as Acitretin
which slow skin growth (Menter & Griffiths, 2007). These treatments are associated
with significant unwanted effects, including increased risk of skin cancers, premature
skin ageing, hypertension, hepatoxicity and immune-suppression (Menter &
Griffiths, 2007). Severe disease requires more aggressive treatment, with systemic
biologic medication used including TNF-α inhibitors (e.g. Infliximab, Adalimumab,
Etanercept), IL-12/23 inhibitors (Ustekinumab) and IL-17A inhibitors
30

(Secukinumab, Ixekizumab). These medications work by inhibiting production and
function of cytokines implicated in the pathophysiology of psoriasis. Unfortunately
due to the immunosuppressant nature of biologics they are associated with the
greatest level of risk of adverse effects and careful monitoring of treatment response
and side-effects is required (Ashcroft, Li Wan Po, & Griffiths, 2000; Fairhurst,
Ashcroft, & Griffiths, 2005) A summary of psoriasis treatments including known
side effects is presented in Table 2.

Table 1.2: Summary of psoriasis treatment categories including examples, uses and side
effects. Adapted from Menter & Griffiths, Lancet, 2007.

Treatment
type

Examples

Uses/indications

Side effects

Topical

Emollients, corticosteriods, salicylic
acid, vitamin D3 derivaties
(calciprotol, calcitriol, tacalcitol),
retinoids (tazarotene), Coal tar,
dirthtranol (anthralin)

Mild disease

Contact
photosensitivity
dermatitis,
temporary skin
staining, skin
thinning, skin
irritation

Phototherapy

Broadband and narrowband UVB,
PUVA photochemotherapy

Moderate/severe
disease

Increased risk of skin
cancers, premature
skin ageing, burns

Systemic

Traditional: Methotrexate,
Ciclosporin, Retinoids, Fumarates
Biologics: TNF-A inhibitors
(Infliximab, Adalimumab,
Etanercept, Apremilast), Human
monoclonal antibody/IL-12/IL-23
inhibitors (Ustekinumab), IL-17A
inhibitors (Secukinumab,
Ixekizumab)

Immunosuppression,
hypertension,
hepatoxicity, foetal
Moderate/severe
death or
disease
abnormalities,
gastrointenstinal
intolerance,
hyperplasia, fatigue

Clinical decisions of how and what to treat are based on the anatomical location; the
severity and extent of disease; treatment history; risk of or existing comorbidities and
impaired QoL (Menter & Griffiths, 2007). Ideally treatment is tailored to an
individual and with the patient involved in the decision-making process although this
does not happen consistently, partially due to patients’ limited understanding of
psoriasis (Nelson et al., 2017).
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1.5. Psychological and social aspects of psoriasis
1.5.1. Distress and psoriasis
Negative self-perceptions are common in psoriasis, patients report experiencing low
self-esteem and high avoidance of activities where their skin may be seen, which
may contribute to social isolation (De Korte, Sprangers, Mombers, & Bos, 2004;
Krueger et al., 2001; Magin, Adams, Heading, Pond, & Smith, 2009). Lack of
engagement in social contexts and strategic isolation can impede the development of
personal relationships with family and wider social networks (De Korte et al., 2004).
Embarrassment, shame, self-consciousness and feelings of physical/sexual
undesirability are frequently reported, and may contribute to reduced social
functioning, including isolation, and avoidance of social situations (De Korte et al.,
2004; Sampogna, Sera, & Abeni, 2004). In line with this, Fortune and colleagues
(1997). found fear of negative evaluation from others and subsequent avoidant
behaviour contributed significantly to the development of psychological distress,
particularly those patients that report an association between stress and their
psoriasis, termed high stress responders (Fortune, Main, O'Sullivan, & Griffiths,
1997; Heller, Lee, & Koo, 2011). Indeed, perceptions of stigmatisation and
depression are shown to be significant predictors of psoriasis-related disability
(Richards, Fortune, Griffiths, & Main, 2001). Thus, the psychological impact of
psoriasis must be taken into account in order to understand the impact psoriasis can
have on daily life (Reich, Hrehorow, & Szepietowski, 2010; Verhoeven et al., 2009).

A number of thought patterns have been implicated in psoriasis associated distress.
In psoriasis, maladaptive schemas; vulnerability to harm and defensiveness predict
anxiety whereas and vulnerability to harm and social isolation predict depression
(Mizara, Papadopoulos, & McBride, 2012). These schemas of psoriasis may cause or
perpetuate psoriasis-associated distress. In addition, emotional inhibition has been
reported in psoriasis patients, experiencing difficulties in identifying feelings and
expressing emotions (Mizara et al., 2012). Together, these maladaptive schemas and
subsequent schema-driven coping may result in elevated distress and concomitantly
lead to exacerbation of their psoriasis in stress responders (Hunter et al., 2013;
Mizara et al., 2012).
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The clinical severity of psoriasis has low association with psychological distress
(Finzi et al., 2007; Sampogna et al., 2004). Although not universal, patients
experiencing severe psoriasis can report lower levels of psychological distress and
those with less severe psoriasis can show a greater psychological impact (Finzi et al.,
2007; Sampogna et al., 2004). This suggests a disconnect between objective
psoriasis severity and its subjective impact, highlighting the complexity in individual
psychological experience of psoriasis (Evers et al., 2005; Kirby et al., 2001; O'Leary
et al., 2004). Furthermore, it suggests assumptions about the impact of psoriasis on
people’s lives should not be based upon the clinical severity of the disease. Research
has shown that levels of depression are strongly correlated with subjective
perception of psoriasis severity rather than objective severity (Schmitt & Ford,
2007). Based upon these findings, factors other than disease severity appear to drive
distress and maintain limited QoL including disrupted mood, disease symptoms and
perception of psoriasis. In an effort to improve distress Fortune and colleagues
(2004) investigated whether psoriasis treatment, in this instance with PUVA,
resulted in meaningful changes in psychological functioning. Some improvements
were observed in stress and levels of psoriasis-related disability following skin
clearance; however changes were not observed in depression, anxiety or worry.
Moreover, skin clearance did not improve patients’ perceptions of coping or illness
beliefs (Fortune, Richards, Kirby, et al., 2004). The lack of improvement in
psychological functioning may be due to more long-held beliefs about psoriasis that
drive psychological distress, particularly in those who have had the condition for
some time which may lead to inflexibility in patients’ self-perceptions.

A recent study showed that age of onset moderates the relationship between social
anxiety and subjective disease severity: in early onset psoriasis more severe disease
was associated with higher social anxiety but not in late onset psoriasis (Łakuta &
Przybyła-Basista, 2017). Additionally, in those with late onset psoriasis, beliefs
about the contribution of appearance to self-worth accounted for social anxiety
whereas in early onset, stigmatization was most strongly related to social anxiety,
and across onset groups, emotions related to negative body image mediated the
relationship between psoriasis severity and depression (Łakuta & Przybyła-Basista,
2017). Together, these findings suggest that those with early-onset psoriasis may be
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more vulnerable to psychological distress possibly due to disease onset during early
adulthood where formation of social identity and socialisation are integral aspects of
development, and as a result of psoriasis, may experience stigmatization and
rejection which has long-lasting consequences (Łakuta & Przybyła-Basista, 2017).

In people with psoriasis, psychological impairments range from mood disturbances,
including anxiety and depression, to suicidal ideation (Kurd, Troxel, Crits-Christoph,
& Gelfand, 2010; Richards, Fortune, Weidmann, Sweeney, & Griffiths, 2004; Wu et
al., 2017). Compared to the general population, those with psoriasis have
significantly greater incidence of depression, even when adjusting for age, sex and
comorbid conditions (Jensen et al., 2016). Indeed, a study by Schmitt & Ford found
that clinical depression was present within 32% of participants with psoriasis with
greater severity of depression associated with reduced health related QoL and higher
psoriasis-related stress (Schmitt & Ford, 2007) relative to the prevalence of 4.7% in
the general population (Ferrari et al., 2013). Nevertheless, estimates of depression in
psoriasis vary significantly, ranging from 6% to as high as 62% (Dowlatshahi,
Wakkee, Arends, & Nijsten, 2014). To address this variation, Dowlatshahi and
colleagues conducted a meta-analysis finding the prevalence of depressive symptoms
to be 28% based upon validated questionnaires, and clinical depression to be 12%
and 19% using the International Classification of Diseases (ICD) and the Diagnostic
and Statistical Manual of Mental Disorders IV (DSM-IV) respectively. It was found
that approximately 10% of those with psoriasis experience clinical depression, and
that psoriasis patients were 1.5 times more likely to display depression symptoms
than healthy counterparts (Dowlatshahi et al., 2014). They proposed that the
discrepancies found in these studies may be the result of different measures and
diagnostic nosologies used to assess depression, varied study design, heterogeneous
populations and small non-population based studies (Dowlatshahi et al., 2014).
Furthermore, when compared to other dermatological disorders, psoriasis is
associated with higher rates of depression and anxiety relative to other common
dermatological disorders (e.g. atopic dermatitis and acne) and in the general
population (Dalgard et al., 2015). Of these dermatological populations, psoriasis
patients were the only group to show a significant association between their skin and
suicidal thoughts, with 67.6% attributing these thoughts to their skin (Dalgard et al.,
2015).
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The impact of psoriasis on social and occupational functioning is well documented
and thought to be cumulative over the lifespan (Kimball et al., 2010). It is proposed
that the multi-dimensional burden experienced significantly alters the trajectory of
individual’s lives, exposing them to situations and experiences they might otherwise
have avoided should they not have psoriasis (Warren, Kleyn, & Gulliver, 2011). This
can impact on occupational, educational, social and personal goals. Over 60% of
psoriasis patients report missing an average of 26 work-days per annum due to their
illness (Finlay & Coles, 1995; Horn et al., 2007) and around one third of patients are
unemployed and commonly report discrimination and stigmatisation (Meyer et al.,
2010). Absences and lost productivity is estimated at over £2500 ($4000) per
individual annually (Brezinski, Dhillon, & Armstrong, 2015). In addition, many
people living with psoriasis receive low income (Gelfand et al., 2004). People with
psoriasis also experience increased rates of divorce compared with the general
population (Frangos & Kimball, 2008) and frequently report difficulties in sexual
relationships (Weiss et al., 2002) and isolation (Mizara et al., 2012).

The absence of healthy social relationships may also contribute to disease burden.
Strong social support acts as a protective factor against the development of
psychiatric disorders (Cobb, 1976) and confers resilience against stress (Ozbay et al.,
2007) whereas lack of social support increases risk for depression and other
psychopathology in this group (Grav, Hellzèn, Romild, & Stordal, 2012). Thus,
seclusion and isolation may further contribute to the psychological burden
experienced by patients. Together, this shows that psoriasis can have a significant
and substantial impact on patients’ psychological and social functioning and general
QoL. However, further research is required to understand the variables and risk
factors determining the extent of disease impact.

1.5.2. Stress and psoriasis
Perception of a threat (stressor) leads to activation of a number of physiological
systems resulting in the classic stress or fight/flight/freeze response (Cannon, 1932;
Schmidt, Sterlemann, & Müller, 2008). The sympathetic-adrenal medullary (SAM)
axis is responsible for co-ordinating this response, with adrenal medullary
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catecholamines (adrenaline and nor-adrenaline) being released following activation
of sympathetic pre-ganglion cells. These catecholamines stimulate the autonomic
nervous system (ANS), increasing heart rate, arterial blood pressure, respiration and
other functions providing more energy and mobilising the individual to flee or fight
(Everly Jr & Lating, 2012). The hypothalamic-pituitary adrenal (HPA) axis is also
activated in response to stress, but not as rapidly as the SAM axis. Information about
the stressor is sent to the paraventricular nucleus of the hypothalamus leading to
secretion of CRH (Everly Jr & Lating, 2012). CRH then stimulates the anterior
pituitary gland which releases adrenocorticotropic hormone, subsequently activating
the adrenal gland, releasing the glucocorticoid cortisol (Padgett & Glaser, 2003).
This activity has repercussions for immune and inflammatory cell functioning
(Vileikyte, 2007). In instances of acute stress, the body returns to normal within 2448 hours once the stressor has been dealt with. However, when chronic stress is
experienced this physiological response can persist and, over time, increase allostatic
load, impairing HPA axis function and leading to increased risk of disease through
up-regulation of pro-inflammatory cytokines (Vileikyte, 2007).

Chronic stress can result in a down-regulation of anti-inflammatory glucocorticoids
which are key to healing processes and reduced sensitivity to cortisol, and upregulation of pro-inflammatory cytokines predisposing the body to inflammation
(Miller, Cohen, & Ritchey, 2002; Vileikyte, 2007). It is widely accepted that stress is
often a precipitant of depression (Melchior et al., 2007) and anxiety (McEwen, 2004)
the development of which can further impair immune functioning. Depression in
particular is known to reduce glucocorticoid activity and sustain inflammatory
activity (Vileikyte, 2007) while anxiety up-regulates pro-inflammatory cytokine
activity, including Th1 responses (Maes et al., 1998). Thus, over-activation of the
SNS can have a detrimental impact on both physiological and psychological
functioning, impairing tissue repair, immune functioning and contributing to the
development of psychopathology.

An established body of research indicates links between stress and psoriasis, with
many patients reporting stress as contributing to psoriasis exacerbation (Fortune,
Richards, Griffiths, & Main, 2002; Pacan, Szepietowski, & Kiejna, 2003; Zachariae
et al., 2004). Following stressful situations, psoriasis patients report increased itching
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and an increase in psoriasis severity with degree of itch correlating with the amount
of stress experienced by individuals one month prior to a flare up (Verhoeven et al.,
2009). Studies have shown the detrimental effects stress can have on psoriasis and
responsivity to treatment (Fortune et al., 2003); however, some other studies have
not shown stress exacerbates psoriasis flare (Picardi et al., 2005), and some
individuals report high stress but with mild psoriasis (Russo, Ilchef, & Cooper,
2004). Indeed, much of the literature is retrospective thus open to recall bias, and
limiting the identification of cause and effect relationships. Whilst prospective
studies show that stressful events predict psoriasis exacerbation (Malhotra & Mehta,
2008; Verhoeven et al., 2009) many studies do not take into account the differences
between acute and chronic stress, which are known lead to physiologically different
outcomes (McEwen, 2004; Vileikyte, 2007) and may explain some of the variation
documented in psoriasis.

Given the inconsistency in stress responsivity and its impact on psoriasis, research
suggests that individuals with psoriasis display distinct differences in stress
responsivity and thus fall into stress responder and non-stress responder groups
(Heller, Lee & Koo, 2011). Estimates suggest a substantial proportion of psoriasis
patients are high stress responders, ranging from 37-78% (Picardi & Abeni, 2001).
In one study, stress responders experienced increased frequency of flares six months
prior to hospital admission and reported greater levels of disease-related stress than
non-stress counterparts (Gupta et al., 1989). At a physiological level, differences are
present with high stress responders experiencing altered HPA-axis functioning with
those who report higher levels of daily stress exhibiting lower mean levels of serum
cortisol (Evers et al., 2010) and salivary cortisol (Richards et al., 2005) relative to
low stress counterparts. This is not surprising as hypo-responsivity or blunting of the
HPA axis may occur as a result of chronic stress. This phenomenon, known as hypocortisolism, is frequently observed in populations with chronic stress, including posttraumatic stress disorder (PTSD) with individuals experiencing lower baseline
cortisol even in the presence of heightened stress reactivity (Heim, Ehlert, &
Hellhammer, 2000; Miller, Chen, & Zhou, 2007; Yehuda, Sredni, Carasso, &
Kenigsbuch-Sredni, 2009) and also in Chronic Fatigue Syndrome (Papadopoulos &
Cleare, 2012). Although the mechanism underpinning this is unclear, this adaption
by the HPA axis is believed to occur as a means of protecting against chronic
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elevations in cortisol (Fries, Hesse, Hellhammer, & Hellhammer, 2005; Raison &
Miller, 2003). However, lower cortisol levels may increase vulnerability to
exacerbation of inflammatory processes and immune-suppression (Glaser & KiecoltGlaser, 2005) as low cortisol facilitates up-regulation of pro-inflammatory cytokines,
thus amplifying immune activity and increasing susceptibility to inflammatory
diseases (Evers et al., 2010). For psoriasis patients this may be particularly harmful
and maintain and exacerbate their psoriasis. Based upon this evidence, it is apparent
that there is a complex relationship between chronic psychological stress and
immune functioning in psoriasis due to the bi-directional relationship in these
processes (Hunter et al., 2013). Furthermore, interventions improving stress
management may reduce the negative impact of stress in those with psoriasis.

1.6. Lifestyle and behavioural interactions with psoriasis
There is growing evidence supporting the role of unhealthy lifestyle behaviours in
psoriasis onset and exacerbation. Many associations between lifestyle and risk of
psoriasis have emerged from large longitudinal studies such as the Nurses Health
Studies I and II which aimed to examine risk factors for the development of psoriasis
in women. These and other studies have demonstrated links with obesity (Setty,
Curhan, & Choi, 2007a); physical inactivity (Frankel, Han, Li, & Qureshi, 2012);
smoking (Fortes et al., 2005; Naldi & Mercuri, 2009; Setty, Curhan, & Choi, 2007b);
and excessive alcohol use (Armstrong, Harskamp, & Armstrong, 2012; Kirby et al.,
2008).

1.6.1. Smoking
Evidence suggests a strong link between psoriasis and smoking, with a meta-analysis
showing that smoking is an independent risk factor for psoriasis, and that psoriasis
patients smoke more relative to non-psoriasis counterparts (Armstrong et al., 2012).
In a case control study smoking was shown to be associated with the development
and exacerbation of psoriasis (Naldi et al., 2005). An earlier study also noted that
female smokers had more pustular lesions relative to non-smoking counterparts
(Naldi, Peli, & Parazzini, 1999). A further study found that smoking conferred a
70% greater risk for the development of plaque psoriasis when compared to non38

smokers, with higher odds ratios for women than men (Wolk et al., 2009). In the
same study smoking was significantly associated with severity scores. Other studies
have shown equivalent results, with daily smoking amount positively associated with
more severe psoriasis (Fortes et al., 2005). Smoking in severe psoriasis showed a
significant association with disease severity in both men and women, and that
psoriasis patients had a greater likelihood of being smokers than controls (Gerdes,
Zahl, Weichenthal, & Mrowietz, 2010).

1.6.2. Alcohol Use
The relationship between alcohol use and psoriasis is not as clear as that established
with smoking. Whilst there is evidence that alcohol use is heavier in patients with
psoriasis it is unclear whether it occurs as a coping strategy (Kimball et al., 2010) or
is a trigger for psoriasis development. Alcohol consumption has been found to be
heavier following initial psoriasis diagnosis (Higgins, 2000) and it is associated with
greater treatment resistance (Smith & Fenske, 2000), and more severe psoriasis
(Gerdes et al., 2010). Moreover, alcohol use is associated with greater disease
severity in women and patients with psoriasis are more likely to be excessive
drinkers than healthy controls, suggesting that alcohol may be both a trigger for and
a consequence of psoriasis (Gerdes et al., 2010).

1.6.3. Physical activity and obesity
Other lifestyle factors thought to play a central role in psoriasis onset and
exacerbation are living a sedentary lifestyle (Setty et al., 2007a). Obesity (Gisondi et
al., 2007; Naldi et al., 2005; Wolk et al., 2009) confers greater risk for incidence of
psoriasis. With increasing BMI there is a greater risk of psoriasis: multivariate risks
of psoriasis were 1.40, 1.48 and 2.69 for a BMI of 25.0-29.9, 30.0-34.9 and >35.0
respectively when compared to a body mass index (BMI) of 21.0-22.9, with other
risk factors including a higher waist-hip ratio and increased hip and waist
circumferences (Setty et al., 2007a). The proposed mechanism is adiposity generated
chronic low-grade inflammation with increased levels of IL-6 and IL-8 present in
adipose tissue (Hamminga, van der Lely, Neumann, & Thio, 2006; Park, Park, &
Yu, 2005) leading to psoriasis onset in genetically susceptible individuals. This
could also be contributed to by unhealthy lifestyle behaviours. Low levels of
physical activity have been observed in patients with psoriasis when compared to
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non-psoriasis controls (Torres et al., 2014), and analyses from the Nurses Study II
found that increased physical activity is independently associated with lower risk of
psoriasis (Frankel et al., 2012). A recent study showed that participants with
psoriasis engaged in lower levels of physical activity than sporting and non-sporting
controls, and that whilst family history of psoriasis was equivalent in the sporting
and non-sporting groups, the latter had a significantly higher prevalence of psoriasis
(Balato et al., 2015). Weight loss and dietary restriction have shown similar findings.
For instance, obese patients with psoriasis randomised to a low calorie diet
demonstrated increased weight loss and lower PASI scores when treated with
ciclosporin compared to obese patients only receiving ciclosporin (Gisondi, Del
Giglio, Di Francesco, Zamboni, & Girolomoni, 2008). In addition, a study found that
participants randomised to a 16 week low-energy diet had clinically significant
improvements in dermatology quality of life index (DLQI) PASI scores compared to
controls (Jensen et al., 2013).
Taken together, there appears to be a strong link between lifestyle factors and
psoriasis, in terms of disease risk, severity and treatment response. Although further
research is required to clarify the mechanisms involved, it would be worthwhile
exploring possible interventions in high-quality outcome trials and examine the most
effective way of integrating these into current clinical care.

1.7. Interventions to reduce the negative impact of living with
psoriasis
With the increasing recognition of the psychological burden of psoriasis,
psychotherapies aimed at improving physical and psychological outcomes have been
evaluated. Cognitive Behavioural Therapy (CBT) is a mainstay of psychotherapy,
aimed at targeting and addressing unhelpful cognitions, behaviours and reducing
distress using cognitive and behavioural techniques. In psoriasis CBT has been
shown to be effective, both in reducing distress and improving Psoriasis Area
Severity Index (PASI) scores (Bundy et al., 2013; Fortune, Richards, Kirby, et al.,
2002). Fortune and colleagues found that CBT adjunct to medical therapy resulted in
significant improvements in psoriasis severity, psoriasis related disability, stress and
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mood, with effects remaining at 6 months follow-up relative to treatment-as-usual
controls (Fortune, Richards, Kirby, et al., 2002). In a subsequent study by this group,
CBT plus standard psoriasis treatment led to improvements in illness beliefs about
the frequency and severity of symptoms, severity of consequences, and reduced
beliefs about an emotional cause of their psoriasis (Fortune, Richards, Griffiths, &
Main, 2004). In contrast, no improvements were observed in coping, or beliefs about
controllability and cause of psoriasis (Fortune, Richards, Kirby, et al., 2004). This
failure to change participants’ complete cognitive model of their psoriasis has been
suggested as a consequence of the chronic nature of psoriasis, thus leading to more
firmly held cognitions, and that these cognitive constructs may not be appropriate
targets in a LTC like psoriasis (Fortune, Richards, Griffiths, et al., 2004). Also using
a CBT framework, Bundy and colleagues (2013) implemented web-based CBT,
significantly reducing anxiety while also improving in quality of life, however no
improvements were observed in depression scores or psoriasis severity (Bundy et al.,
2013). The lack of effect in this study could be attributed to low depression scores at
baseline, however it appears that the interventions applied by both Bundy et al
(2013) and Fortune et al (2004) did not have enough psoriasis specific components
included.

Variations of CBT have also shown promising results. In an early study, arousal
reduction using mindfulness adjunct to phototherapy showed significantly faster
psoriasis clearance compared with phototherapy alone (Kabat-Zinn et al., 1998).
More recently, a pilot study of mindfulness-based cognitive therapy (MBCT) was
found to be effective at reducing psoriasis severity and improving QoL (Fordham,
Griffiths, & Bundy, 2015). However, other studies using stress-reduction
interventions report no significant changes in either physical or psychological
domains, or modest improvement in physical outcomes only (Fordham, Griffiths, &
Bundy, 2013). Many of the studies demonstrate methodological inadequacies
including poor statistical reporting and poorly defined methods used such as selfhypnosis techniques (Fordham et al., 2013). Nevertheless, CBT and MBCT are
promising as psychological interventions in psoriasis and warrant further
investigation, in particular, using valid and reliable techniques/treatment protocols
tailored to a psoriasis population. Other psychological approaches have shown
promising results in reducing the impact of psoriasis. Following treatment using
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emotional disclosure, whereby patients are asked to write or talk about traumatic
events, improvements were observed in QoL and PASI scores, which were reliably
predicted by changes in mood (Vedhara et al., 2007). In addition, Larsen et al,
(2014) found that motivational interviewing conducted via telephone resulted in
improvements in psoriasis severity, self-efficacy related to lifestyle behaviour
change, self-monitoring and knowledge about psoriasis relative to controls which
were maintained at 6 months (Larsen, Krogstad, Aas, Moum, & Wahl, 2014). Taken
together, these findings show that psychological therapies confer improvements in
psoriasis and may reduce its impact. Nevertheless, whilst this work is promising, less
is known about how these treatments work, who they work best for, in which
settings they work best, and importantly which theoretical frameworks they map
onto. As such, further work is needed to clarify these gaps, and treatments should be
guided by appropriate theoretical models.

1.8. Itch in psoriasis
Itch is a distressing symptom for many psoriasis patients (Globe, Bayliss, &
Harrison, 2009), and one of the most commonly reported by patients, although some
physicians do not consider it a core symptom of the disease (Amatya, Wennersten, &
Nordlind, 2008). When compared to other pruritic conditions, itch is usually less
severe in psoriasis, possibly explaining why some physicians do not recognise it as a
problem (Reich, Mędrek, & Szepietowski, 2016). Estimates place the prevalence of
itch between 84% (Yosipovitch, Goon, Wee, Chan, & Goh, 2000) and 96%
(Mrowietz et al., 2014), with some studies reporting diurnal variations, with greater
intensity in the early evening and nighttime (Globe et al., 2009; Yosipovitch et al.,
2000). The mechanism(s) responsible for itch in psoriasis has yet to be fully
elucidated, nevertheless, it is believed that neuropeptides may mediate the
relationship between itch and psoriasis. Abnormal expression of neuropeptides has
been documented in psoriasis, including increased substance P in psoriasis patients
reporting itch (Nakamura, Toyoda, & Morohashi, 2003), alongside greater protein
gene product 9.5 (PGP-9.5) immune-reactive nerve fibers which correlate positively
with itch intensity. Other tentative mechanisms include reduced opioid receptors
(Kupczyk et al., 2017); increased gamma-aminobutyric acid reactive inflammatory
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cells in the skin (Nigam, El-Nour, Amatya, & Nordlind, 2010); and vascular
abnormalities (Nakamura et al., 2003; Szepietowski & Reich, 2016).

Understandably, itch has a substantial impact on QoL (Amatya et al., 2008). A
recent, novel study asked people with psoriasis to write a postcard addressed to their
psoriasis, expressing how their skin condition affected them. Itch dominated
participants responses, with respondents often associating itch and scratching with
negative emotional sequelae (Bundy et al., 2014). Indeed, research across a variety
of pruritic skin disorders has shown consistent links between itch and
psychopathology (Afsar, Isleten, & Sonmez, 2010; Gupta & Gupta, 1998; Picardi,
Abeni, Melchi, Puddu, & Pasquini, 2000), with the relationship appearing to be bidirectional. Distress can occur as a consequence of itch and result in maladaptive
scratching responses in pruritic and healthy populations (Jordan & Whitlock, 1972,
1974; Verhoeven et al., 2008; Zachariae, Zachariae, Lei, & Pedersen, 2008).
Furthermore, those reporting itch have been found to have higher scores on measures
of depression relative to those not reporting itch (Reich et al., 2010).

Significant associations have been found between itch, depression and stress one
month prior to a flare in psoriasis patients, suggesting that psychological factors may
increase sensitivity to itch in a pending psoriasis flare (Reich et al., 2010). Similar
findings from earlier studies showed that stress can increase the sensation of itch for
psoriasis patients (Reich, Szepietowski, Wiśnicka, & Pacan, 2003), and in healthy
individuals (Yamamoto et al., 2009). Verhoeven and colleagues have sought to
characterize biopsychosocial mechanisms implicated in itch, identifying individual
differences (helplessness, worry, acceptance, scratching, and perceived social
support) as mediators in adjustment to chronic disease, with negative affectivity and
external stressors being proposed as tentative causal factors of itch (Verhoeven et al.,
2008). Clearly mood and itch are closely linked, both reducing QoL in psoriasis.

Whilst the precise mechanisms may be uncertain, evidence suggests that depression
may amplify the sensation of itch by lowering perception threshold possibly due to
increased levels of corticotrophin-releasing hormone (CRH) and opiates within the
central nervous system (CNS) (Gupta, Gupta, Schork, & Ellis, 1994). In a treatment
study the addition of escitalopram to standard psoriasis treatment led to significant
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reductions in depression alongside concomitant improvements in itch (D’Erme et al.,
2014), raising the possibility that psychological factors may also underlie itch.
Further evidence for the role of psychological mechanisms in itch comes from recent
studies showing that verbal suggestion and conditioning can induce and reduce itch
sensation in healthy individuals (Bartels et al., 2014). The placebo and nocebo
effects in itch are comparable to that of pain, where expectancy, individual
differences and personality factors are implicated (Bartels, Laarhoven, Kerkhof, &
Evers, 2016; Evers, Bartels, & van Laarhoven, 2014). This may have important
implications for intervention to reduce the sensation of itch in psoriasis.

Presently only one study has provided a thorough qualitative investigation of the
experience of itch in psoriasis. Globe and colleagues (2009) investigated the daytime
consequences of itch in psoriasis and conducted focus groups with patients and
physicians regarding the impact of itch on patients’ daily lives. Participants reported
that itch was the most important and bothersome symptom of psoriasis, describing it
as “unbearable”. They also reported substantial disruption across a wide range of
settings, such as their social life, work, sexual behavior, and emotions as a result of
itch (Globe et al., 2009). One area highlighted by participants as being strongly
affected by itch was sleep. One study participant described their experience as “it’s
itching instead of falling asleep”, with another commenting that they just want to
“rip their skin off because it wakes me up. It’s like never-ending.”. These findings
indicate possible issues initiating and maintaining sleep due to itch in people with
psoriasis (Globe et al., 2009) with other studies showing similar associations
(Amatya et al., 2008). Based upon these findings, it appears that the underlying
causes of itch in psoriasis are complex, nevertheless, it exerts a significant influence
on the lives and wellbeing of people with psoriasis.

1.9. Theoretical models applied to understand the patient experience
of psoriasis
With increasing recognition of the psychological and social aspects of psoriasis,
research has attempted to explore patients’ understanding and experience of psoriasis
by applying models which aim to understand patients’ cognitions, emotions
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knowledge and experiences of illness (Hale, Treharne, & Kitas, 2007). One such
model is the is the Common Sense-Self-Regulation Model (CS-SRM) which
provides a framework for exploring individuals’ experience and understanding of
illness and their ability to create and initiate coping strategies in a multi-level and
dynamic process. The model proposes that people develop beliefs or illness
representations regarding a threat to their health (Leventhal, Brissette, & Leventhal,
2003; Leventhal, Phillips, & Burns, 2016). These beliefs informed by past
experiences (termed prototypes) such as prior illnesses; social influences such as
encounters with medical professionals; lay sources of information (Leventhal et al.,
2016); and somatic deviations from the norm (i.e. experience of symptoms) form
illness representations that can be categorized as: illness identity, timeline, cause,
consequences, curability and control (Leventhal et al., 2016). In parallel with these
beliefs, emotional representations of illness (anger, anxiety, frustration, guilt and low
mood) are generated. These cognitive and emotional representations subsequently
inform coping strategies and action plans to deal with the illness or threat to health.
Additionally, information obtained from medical professionals, family and other
sources may also exert influence upon coping strategies (Hale et al., 2007). Once
coping strategies have been applied they are appraised for effectiveness and the
results of appraisals subsequently feedback into the individual’s illness beliefs which
may be adjusted depending on the success of the coping strategy.

The CS-SRM has been applied to a number of conditions, including rheumatoid
arthritis (Carlisle, John, Fife‐Schaw, & Lloyd, 2005) diabetes (Mann, Ponieman,
Leventhal, & Halm, 2009) and inflammatory bowel disease (Rochelle & Fidler,
2013). These ‘personal models’ of illness are predictive of poorer physical and
psychological health, greater worry and impaired social functioning (Fortune,
Richards, Kirby, et al., 2002; O'Leary et al., 2004; Scharloo et al., 2000) in psoriasis.
However, psychological interventions in psoriasis including CBT do not always lead
to changes in beliefs about control, timeline, cause and coping, suggesting that
individuals’ models are fixed possibly due to the chronicity of their condition
(Fortune, Richards, & Griffiths, 2005). Many of these associations have been
assessed using the Illness Beliefs Questionnaire (Broadbent, Petrie, Main, &
Weinman, 2006) a self-report measure based upon the core constructs of the model.
Whilst these studies have demonstrated links between illness beliefs and health
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outcomes, they do not examine the dynamic interactions between constructs within
the model nor do they acknowledge the social context in which these beliefs occur
and therefore, may not represent the complexity of the underlying processes driving
self-management (Leventhal et al., 2016).
Understanding patients’ illness beliefs is important for health professionals as they
provide insight into the patients’ experience and understanding of their illness and
moreover, beliefs may be tentative mechanisms by which to improve outcomes or
treatment response/adherence (Hale et al., 2007). A further benefit of the CS-SRM is
that it facilitates multiple perspectives of chronic illness to be understood, including
experiences that may differ subjectively in importance on a patient-by-patient basis,
which would translate well into personalised therapeutic interventions. In addition,
understanding how patients’ beliefs impact their action planning and coping
facilitates the development of interventions that may improve adherence to treatment
or behavior change conducive to health (Leventhal et al., 2016).

1.10. Summary
Although psoriasis falls under the remit of a dermatological disease, its impact goes
beyond the skin, evidenced not only by the underlying immune processes at work,
but by the impact it can have on physiological and psychological health. Taken
together, research underscores the complex nature of psoriasis and the interaction
between physiological and psychological mechanisms underpinning psoriasis, and
that appropriate management of psoriasis should consider both of these domains in
tandem. Thus, these complexities show that psoriasis should be researched and
treated holistically. One factor known to negatively affect physiological and
psychological health that has not yet received much attention is sleep. This will be
considered in detail with regards to its potential impact upon health and psoriasisspecific health in the rest of this chapter and subsequent chapters.
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1.11. Sleep: its definition, characteristics and function

Sleep is a highly nuanced, complex and reversible neuro-behavioural, state
performed by all living animals. It is typically characterised by behavioural inactivity
and complete disengagement from the surrounding environment and external stimuli
(Carkadon & Dement, 2011). It consists of a continuous progression from
wakefulness into two distinct types of sleep; non rapid-eye movement (NREM) and
rapid eye movement (REM) sleep. Sleep and wakefulness can be reliably measured
and differentiated using both behavioural and physiological assessments; however,
clear assessment of sleep architecture and distinctions between individual stages of
sleep and wakefulness can only be made using electroencephalogram (EEG) applied
to sleep in the context of polysomnography (PSG). Considered the ‘gold standard’
assessment of sleep (Kushida et al., 2005), PSG involves continuous monitoring of a
number of physiological parameters, including muscle tone (electromyography
[EMG]) and eye movements (electrooculography [EOG]) to facilitate scoring of
specific stages of sleep against standardised criteria (IberAncoli-Israel, Chesson &
Quan, 2007).

These standardized criteria directly correspond to specific electrophysiological
changes in brain activity occurring throughout each state and stage of sleep. NREM
sleep can be subdivided into three distinct stages, numbered 1, 2 and 3 and comprises
75% of nocturnal sleep. Stage 1 (N1) occurs at sleep onset and is the transition from
wakefulness to sleep, thus is the entry stage to sleep. It is characterised by low
amplitude theta waveforms (4-7Hz), lasting approximately 1-7 minutes. During this
time individuals can readily be awoken by noise. Sleep onset is typically defined by
the presence of stage 2 (N2) sleep. During the transition from N1 to N2, sleep
displays specific changes in electrophysiological activity including increases in
amplitude (K-complexes) and frequency (sleep spindles) which are interspersed
throughout theta activity with this lasting typically for 20 minutes. Stage 3 (N3), also
known as Slow Wave Sleep (SWS) subsequently follows and is characterised by
slow delta brainwaves (0.5-2Hz). These are required to be present for >20% of the
epoch (30 second interval used for scoring) with each period of SWS and lasts for
around 30-40 minutes. This is followed by REM sleep, which, unlike NREM is not
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subdivided but considered a single stage of sleep. It is marked by highly active and
desynchronised brain activity, similar to that observed during wakefulness,
displaying a ‘sawtooth’-like pattern (Figure 1.2). Specific alterations to behaviour
are also evident including muscle atonia and episodic bursts of rapid eye
movements, in addition to increased cardiovascular and respiratory activity. If
awoken during this stage many individuals will report vivid dream mentation It is
during this stage of sleep that dreaming typically occurs.

Figure 1.2: Here, overnight electroencephalography (EEG) waveforms are shown for each
stage of sleep. Each panel represents a 30 second epoch documenting the changes occurring
across 7 electrodes (top to bottom): left eye, right eye (EOG: electrooculogram); C3-A2, C4A1, O2-A1, O1-A1; and a single channel of EMG (electromyogram). The top left hand panel
(a) is Wake; (b) Stage 1 sleep (N1); (c) Stage 2 sleep (N2); the bottom left hand image (d) is
Stage 3 (N3 or SWS); (e) is Rapid Eye Movement (REM). In panel (c) a sleep spindle and
K-complex are pointed out by arrows; in panel (d) slow wave oscillations in N3 or SWS;
and in (e) characteristic sawtooth wave patterning in REM. Adapted and redrawn, with
permission from Kyle, SD., Henry, AL and Miller, C: Measurement and disorders of Sleep.
In: Horton C, ed. Sleep and Cognition. Oxford: Psychology Press; in press.
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This progression from NREM sleep to REM sleep and back to NREM continues
throughout the night with a complete cycle lasting approximately 90-120 minutes,
with healthy adults achieving, on average, 5 complete cycles per night. NREM sleep
is more predominant in the first half of the night, whereas REM periods increase as
sleep progresses, with the longest REM periods towards the end of the night
(Carskadon & Dement, 2011; Aserinsky & Kleitman, 1953) (Figure 1.3).

Figure 1.3: A hypnogram displaying the typical sleep architecture for a normal sleeper on a
single night. The y-axis corresponds to specific stages of sleep and wakefulness, and the xaxis to hours spent sleeping. Awake; REM (Rapid Eye Movement); Stage 1 (N1); Stage 2
(N2); Stage 3 (N3). Adapted and redrawn, with permission from Kyle, SD., Henry, AL and
Miller, C: Measurement and disorders of Sleep. In: Horton C, ed. Sleep and Cognition.
Oxford: Psychology Press; 2017.
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A number of models have been attempted to explain the transition from wake to
sleep, the most prominent being the two process model (Borbély, 1982; Borbély et
al., 2016) which proposes that sleep is regulated by two interacting processes. A
homeostatic process (Process S) increases exponentially as a function of wakefulness
and declines during sleep. That is, the longer spent awake, the greater the sleep
debt/pressure accumulated and thus, the greater the propensity to sleep. In the same
way, the longer spent asleep, the more sleep pressure dissipates and the increased
likelihood of awakening. This interacts with the second process (Process C); the
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circadian pacemaker, which governs the timing of the sleep-wake cycle, oscillating
with an approximate 24-hour periodicity independent of sleep and wake, typically
coordinated with the light-dark cycle. Physiological markers of these two processes
have been established, with NREM slow wave activity (SWA) representative of
process S during sleep and theta activity during wake, and core body temperature
and melatonin rhythms principal markers of process C (Borbley et al., 2016).

Whilst our understanding of sleep has progressed substantially over the past 30
years, its function(s) remains poorly understood. It is evident that sleep has an
important role in the repair of the body, homeostasis of physiological systems and
restoration of psychological and neural functioning. Contemporary theories suggest a
core neural role for sleep (Cirelli & Tononi, 2008). This includes the clearance of
wake-accumulated metabolites (e.g. beta-amyloid) (Xie et al., 2013) and synaptic
downscaling and plasticity (Tononi & Cirelli, 2006) which primes neural circuits for
use the following day. Other areas impacted by sleep loss include memory
consolidation, executive functioning (Diekelmann & Born, 2010; Lim & Dinges,
2010; Walker, 2009), emotional functioning (Beattie, Kyle, Espie, & Biello., 2015;
Kyle et al., 2014) and motor and behavioural functioning (Williamson & Feyer,
2000). Physiological systems are similarly dependent on sleep, with sleep implicated
in optimal metabolic (Arble et al., 2015; Van Cauter, Spiegel, Tasali & Leprould,
2008), immunological (Irwin, 2015) and endocrine function (Stieger, 2003). Much
of the evidence supporting the role of sleep in health and functioning has emerged
from experimental sleep deprivation studies showing deficits resulting from sleep
loss are cumulative, with progressive deterioration if sleep loss continues (Van
Dongen, Maislin, Mullington & Dinges, 2003). Longitudinally, sleep disturbance
can increase susceptibility to a range of physical and psychological conditions
(Franzen & Buysse, 2008) which will be discussed later. Before this it is important
that sleep disturbance is defined.
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1.12. Sleep disturbance
Sleep disturbance is common, experienced by approximately 50% of the general
population (Léger et al., 2008). It can exert substantial impact, hindering daily
functioning and adversely impacting upon physical and psychological health and
quality of life (Kyle & Henry, 2017; Kyle, Morgan & Espie. 2010). Although the
term “sleep disturbance” is frequently used in the literature, it lacks a consistent
definition. Nevertheless, sleep disturbance can be considered as an all-encompassing
term that describes insufficiencies across multiple dimensions of sleep including:
sleep duration, timing, quality, continuity/efficiency and the ability to maintain
alertness/the experience of sleepiness during the day (Buysse, 2014) (Table 1.3).
Clinically, sleep disturbances are typically examined through self-report and
actigraphic assessment which measure these domains and other variables relevant to
sleep.

Table 1.3: Five dimensions of Sleep. Adapted from Kyle & Henry, British Journal of
Health Psychology, 2017 “Sleep is a modifiable determinant of health: implications for
health psychology.” and Buysse Sleep, 37, 2014 “Sleep Health: Can We Define It? Does It
Matter?”
Dimension
Sleep Duration

Definition
The total amount of sleep occurring
within a 24-hour day

Sleep Timing

The temporal occurrence of sleep
within a 24-hour day

Satisfaction/Quality

Subjective appraisal of "good" or
"poor" sleep. May be predicted, in
part, by macro- and micro-structural
features of EEG measured sleep.
Ease of initiating and maintaining
sleep
Ability to maintain wakefulness
during the day, to facilitate optimal
attention

Continuity/Efficiency
Alertness/sleepiness

Insufficiencies across these dimensions can be attributable to symptoms of sleep
disorders. Although over 80 major sleep disorders exist, these can be conceptualised
within six primary categories outlined in Table 1.4. These disorders can develop as
the result of alterations to physiological and/or psychological processes. The two
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most common sleep disorders – insomnia and OSA are discussed below. For a
comprehensive review on other sleep disorders see Sateia (2014) and Thorpy (2012).

Table 1.4: Essential features and common clinical presentations of the major sleep disorder
classes. Adapted from Kyle & Henry, British Journal of Health Psychology, 2017 “Sleep is
a modifiable determinant of health: implications for health psychology.”
Disorder Class

Essential Features

Common Presentations

Parasomnias

Undesirable physical events or
experiences that occur during entry
into sleep, within sleep or during
arousals from sleep

NREM (sleep walking, nightterrors) REM (REM Behaviour
Disorder, Nightmare Disorder)

Sleep-related
movement
disorders

Simple, usually stereotyped
movements that disturb sleep

Restless Legs Syndrome (RLS),
Periodic Limb Movement
Disorder (PLMD)

Circadian Rhythm
Sleep-Wake
Disorders

Chronic pattern of sleep and wake
disturbance resulting from
misalignment between an
individual's endogenous rhythm
and the 24-hour social
environment or due to alterations
within the circadian system

Delayed Sleep-Wake Phase
Disorder/Advanced SleepWake Phase Disorder

Sleep-related
breathing
disorders

Abnormal respiration during sleep

Obstructive Sleep Apnoea
(OSA)

Insomnia

Persistent difficulty with initiation,
duration, consolidation or quality
of sleep that results in functional
impairment despite adequate sleep
opportunity

Chronic Insomnia Disorder

Central disorders
of
hypersomnolence

Inability to maintain wakefulness
during major waking episodes of
the day (excessive daytime
sleepiness, cataplexy)

Narcolepsy

1.12.1. Insomnia
Insomnia disorder is relatively common, estimated to affect around 10% of the
population, with symptoms present in close to a third (Roth, 2007; Morin & Benca,
2012). The key symptoms of insomnia are subjective, with individuals reporting
difficulties initiating sleep, maintaining sleep or waking up early with an inability to
resume sleep (Kyle et al., 2010; American Psychiatric Association, 2013).
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Symptoms extend into waking hours, with impairments to daytime functioning
reported across multiple domains of life including: daytime sleepiness, poor
concentration, low mood and impaired cognitive functioning (American Academy of
Sleep Medicine; 2014; American Psychiatric Association-, 2013). It is not surprising
that insomnia is associated with significant workplace impairment, including
presenteeism and absenteeism and thus, results in substantial direct and indirect
economic costs (Daley et al., 2009). It is often these impairments rather than nighttime symptoms that prompt help-seeking (Kyle et al., 2013). Given these specific
night-time and daytime symptoms, it is apparent that the impact of insomnia extends
across the 24-hour day, which is why it is not surprising that low HRQoL is also
common in people with insomnia (Kyle et al., 2010).

A number of models have attempted to understand the aetiological factors
underpinning the onset and maintenance of insomnia. Proposed by Spielman (1987)
the 3P stress-diathesis model consists of three components posited to be involved in
the aetiology of insomnia and focusing on the interaction between predisposing
factors, precipitating factors and perpetuating factors (3P’s). Predisposing factors
may increase an individuals’ risk of developing acute sleep disturbance and include
genetic susceptibility, ruminative personality, alterations in wake and sleep
promoting neurotransmitter function, and high trait arousability. When this
predisposition is combined with precipitating factors (e.g. psychological/physical
illness or life stressors) it may lead to acute sleep disturbance. Sleep disturbance
becomes sub-chronic due to perpetuating factors; maladaptive coping strategies
employed in an effort to cope with and manage the effects of poor sleep (e.g.
conservation of energy, caffeine use or napping to combat daytime sleepiness) or to
increase the likelihood of falling asleep at night (e.g. going to bed early to increase
sleep opportunity). Thus, sleep becomes a conscious, effortful process, rather than
automatic (Spielman, Caruso & Glovinsky, 1987; Espie, et al., 2006; Tang &
Harvey., 2004). In most cases, once the precipitating factor resolves sleep will return
to normal. However, in those who have a greater predisposition to sleep disturbance
the maladaptive coping strategies lead to chronic sleep disturbance and through
conditioning, the individual learns to associate the bedroom environment and sleep
with arousal (Harris et al., 2015). The model proposes that in those with chronic
sleep difficulties, sleep automaticity can be restored by targeting the perpetuating
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factors (Spielman et al., 1987). Although the model is widely endorsed, it principally
focuses on behavioural factors and does not explicitly account for cognitive factors
that may also perpetuate sleep disturbance.

In contrast, the cognitive model of insomnia (Harvey, 2002) attempts to understand
how cognitive processes contribute to the maintenance of insomnia and maladaptive
coping strategies. It proposes that individuals with insomnia display pathological
levels of worry about sleep and ruminate about the consequences of insufficient
sleep (i.e. ‘excessive negatively toned cognitive activity’/cognitive arousal).
Preoccupation with sleep and negatively toned cognitive activity over-time results in
a hyper-anxious state characterised by autonomic arousal and emotional distress. As
a result of this high-stress state, individuals will selectively attend towards and
monitor for internal and external sleep-related threats, including sleepiness and
impaired ability to function during the day. It is posited that the combination of high
stress about sleep and increased attention towards sleep-related stimuli result in
overestimation of perceived deficits to sleep and daytime function (Morin et al.,
1993; Carney, Harris, Moss & Edinger, 2010). These dysfunctional attitudes and
beliefs about sleep increase cognitive arousal and distress and maladaptive coping
strategies employed only confirm and exacerbate these beliefs by inhibiting sleep
onset and creating conditioned arousal in the bedroom environment. The distress
associated with these perceived ‘deficits’, can subsequently increase cognitive
arousal, creating a self-fulfilling cycle that may lead to ‘real’ functional deficits due
to these factors impairing one’s ability to initiate sleep.

A number of factors are associated with increased insomnia risk, with the strongest
including: being female; increased age; and the presence of comorbid physical and
psychological health problems (Budhiraja, Roth, Hudgel, Budhiraja & Drake, 2011;
Morin & Benca, 2012; Roth, 2007). Psychological illness and insomnia are closely
linked, with around 40% of individuals with insomnia also reporting a comorbid
psychiatric diagnosis (Ford & Kamerow, 1989), particularly depression and anxiety.
Indeed, DSM-5 criteria for depression indicates sleep disturbance is a symptom, and
additionally, individuals with insomnia disorder, relative to good sleepers
demonstrate higher scores on subjective measures of depression, anxiety,
neuroticism, predisposition to arousal and stress perception and a tendency to
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employ emotion-orientated coping strategies (LeBlanc et al., 2007). Similar findings
have been shown in those who experience insomnia symptoms relative to good
sleepers (LeBlanc et al., 2007). Baseline levels of these constructs have been shown
to predict insomnia onset of good sleepers (LeBlanc et al., 2009). In line with this,
many patients report negative stressful life events as precipitating their insomnia
such as those related to family circumstances, work-related events and health
(Bastien, Vallieres & Morin., 2004).
In family studies, those reporting insomnia often display a positive family history,
with one study showing a positive family history in 72.7% of those with insomnia
relative to 24.1% of controls (Dauvilliers, Maret & Tafti, 2005), and similar findings
established in other studies (Beaulieu-Bonneau, LeBlanc, Mérette, Dauvilliers &
Morin, 2007). A further study supporting evidence for a familial link showed firstdegree relatives having elevated risk relative to healthy sleeper controls for both
current and lifetime insomnia with a heritability of 45% and 58% (Wing et al.,
2012). Whilst these studies indicate a familial link, they are limited in that they do
not identify the contributions of genetics relative to environmental factors. Twin
studies partially overcome this limitation and have shown a moderate influence of
genetics on insomnia, with features including sleep length, quality disturbance and
insomnia found to be heritable across studies (Partinen, Kaprio, Koshenvuo,
Putkonen & Langinvainio, 1983; Heath, Kendler, Eaves & Martin, 1990; Heath,
Eaves, Kirk & Martin, 1998). Equivalent findings have been found in more recent
research using large twin cohorts suggesting that insomnia and characteristics of
sleep are heritable, with approximately one-third of the variance in insomnia
symptoms occurring due to genetic factors (Watson et al., 2006; Boomsma et al.,
2008).

A number of genotypes have been found to be associated with increased risk for
insomnia. These were documented in a recent genome-wide association study using
UK Biobank data showing an association between insomnia symptoms and loci near
MEIS1, TMEM132E, CYCL1, TGFBI and WDR27 (Lane et al. 2017). Many of
these identified regions are also associated with a range of psychopathology and may
explain some of the links between insomnia and increased psychopathology risk
(Lane et al. 2017) short allele of PER3 in humans (Viola et al., 2007). Further, genes
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related to neurotransmitters involved in the regulation of sleep have similarly been
implicated, including the S allele of the serotonin transporter polymorphic region
(5HTTLPR) (Deuschle et al., 2010). From this evidence there is clear support for a
genetic basis of insomnia; however current research proposes that epigenetic
mechanisms are responsible for the onset and maintenance of insomnia with
environmental variables such as a stressful life event acting as triggers (Palagini,
Biber & Riemann, 2014).

1.12.2. Obstructive Sleep Apnoea
Obstructive sleep apnoea (OSA) is a sleep-related breathing disorder, characterised
by repetitive periods of total (apnoea) or partial (hypopnoea) cessation of breathing
despite continued respiratory effort. These breathing difficulties result from the
collapse of soft tissue in the throat, which occludes the airway concomitantly leading
to impaired respiration. It is estimated to affect 3-7% of the general population
(Punjabi, 2008; Epstein et al., 2009) and presents as excessive daytime sleepiness,
loud snoring (with periods of respiratory cessation followed by gasps), interrupted
breathing and resultant nocturnal arousals due to breathing difficulties. Usually OSA
symptoms are reported by a bed partner or roommate who notices the individual
ceasing breathing, gasping for air or snoring.

Increased body mass is a common risk factor for OSA development, with OSA twice
as common in obese patients, and a 10% weight gain increasing risk of development
by six-fold (Peppard, Young, Palta & Skatrud., 2000). Nevertheless, not all
individuals with OSA are obese with a range of other factors elevate risk including:
family history, increased adipose tissue around the upper airway and thorax,
increased neck circumference, older age, male gender and craniofacial and upper
airway abnormalities (Young, Skatrud & Peppard, 2004; Schwab et al., 2003).
Increased OSA risk has also been associated with congestive heart failure; type 2
diabetes; stroke; and myocardial infarction (MI). Nevertheless, in many of these
conditions a causal relationship is not clear; however if a patient presents with these
conditions current guidelines recommend that they undergo screening for OSA
(Epstein et al., 2009).
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Prompt assessment and management is important due to the risk OSA confers on
adverse health outcomes. Strong associations have been reported between OSA and
hypertension, stroke and diabetes. Indeed, OSA is associated with increased risk of
MI (Shah et al., 2010); arterial hypertension (Lavie et al., 2000); stroke (Yaggi et al.,
2005); and left ventricular hypertrophy (Cloward et al., 2003). Cardiovascular risk in
particular is thought to be mediated by the abrupt and repeated activations of the
sympathetic nervous system that occurs following apnoeic events and decreased
oxygen saturation. Alterations to immune and metabolic systems have also been
reported, with chronic intermittent hypoxia triggering elevations in IL-6 and TNF-α
(Minoguchi et al., 2004; Yokoe et al. 2003), possibly contributing to endothelial
dysfunction, sympathetic excitation and subsequently metabolic dysregulation (Ryan
& McNicholas, 2008; Lavie, 2009).

As a result of sleep loss and chronic intermittent hypoxia, OSA confers significant
functional impairment, with daytime sleepiness being a core symptom and often a
presenting feature. Neuropsychological functioning is impaired, with deficits in
attention, memory and executive functions being most characteristic (Aloia, Arendt,
Davis, Riggs & Byrd, 2004). This can have significant consequences, including up to
a four-times greater risk for workplace and road-traffic accidents. One meta-analysis
showed up to a four-fold risk relative to normal sleepers (Tregear, Reston, Schoelles
& Phillips, 2009). Imaging studies have shown neurological changes associated with
OSA, with diffuse grey matter reductions in frontal, temporal, parietal and occipital
cortices, alongside the thalamus, hippocampus and basal ganglia which are
associated with impaired cognitive performance (Yahoui et al., 2009; Canessa et al.
2011). However, studies suggest improvements in cognitive performance following
treatment with continuous positive airway pressure (Canessa et al. 2011).

1.13. Consequences of sleep disturbance on functioning and health
As alluded to above, sleep disturbance can deleteriously impact a range of
physiological and psychological functions. Our understanding of the consequences
of sleep disturbance has emerged from studies documenting the effects of sleep loss
in both experimental sleep deprivation studies and naturalistic settings. Generally,
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sleep loss is considered as sleep duration lasting less than 7-8 hours per night
(Hirshkowitz et al., 2015). This can be due to voluntary curtailment or restriction of
sleep, or occur as a result of a sleep disorder such as insomnia. Insufficient sleep is a
frequently reported issue with around 40% of the population sleeping less than the
recommended 7-8 hours per night (Ford, Cunningham & Croft, 2015; Hublin,
Kaprio, Partinen & Koskenuvo, 2001; Keyes et al., 2015). This widespread
curtailment in sleep duration has been termed a ‘public health epidemic’ by the
Centers for Disease Control and Prevention (CDC, 2014) due to the adverse impact
sleep loss can have on health and functioning.

Laboratory studies of full or partial sleep deprivation have documented detrimental
effects on a variety of functions. Accumulating evidence demonstrates that good
quality sleep supports optimal information processing in the hippocampus, including
initial encoding (Drummond et al., 2000), consolidation (Walker, 2008; Walker &
Stickgold, 2006), and retrieval of information (Gais, Lucas, & Bornd, 2006).
Memory and executive functions are susceptible to deterioration resulting from sleep
loss including decision making (Killgore, Balkin & Wesensten, 2006;
Venkataraman, Chuah, Huettel, & Chee, 2007), cognitive flexibility and response
inhibition (Slama et al, 2017).

1.13.1. Consequences of sleep disturbance on physical health and functioning
Sleep disturbance can also increase the risk of adverse physical and psychological
health outcomes. Increasing evidence suggests that habitual excessive sleep
durations are associated negative health outcomes and mortality (Cappuccio, D’Elia,
Strazzulli & Miller., 2010; Itani et al., 2017). A recent meta-analysis found that short
sleep duration (<6 hours) was associated with increased risk of obesity (RR = 1.38),
type 2 diabetes (RR = 1.37), coronary heart disease (RR = 1.26), hypertension (RR =
1.17), CVD (RR = 1.16) and mortality (RR = 1.12) (Itani et al., 2017). These
associations are believed to be driven by alterations in bodily processes associated
with abnormal sleep duration. For instance, short sleep duration is associated with
alterations in endocrine activity, specifically reduced leptin, elevated ghrelin and
increased BMI (Taheri et al., 2004), insulin resistance (Matthews et al., 2012;
Buxton et al., 2010), impaired glucose control (Gotlieb et al., 2005) and lower
metabolic rate (Wu et al., 2012). These alterations may contribute to the increased
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risk of diabetes observed in short sleepers (Gangwisch et al., 2007; Spiegel et al.,
2005; Yaggi, Araujo & McKinlay, 2006). In addition, prolonged sleep restriction or
disruption is associated with the development of hypertension (Palagini et al., 2013)
and predicts adverse cardiovascular outcomes including MI (Laugsand, Vatte, Platou
& Janszky, 2011) and CVD (Cappuccio et al., 2011).

A number of putative pathophysiological changes associated with sleep may help
explain the relationship between sleep disturbance and disease risk. Since sleep plays
an important role in inflammatory functioning and SNS activation, disruption to
sleep may impair the homeostasis of these systems. Consequences of this may
include increased inflammation (Faraut, Boudjeltia, Vanhamme, & Kerkhofs, 2012;
Irwin, 2015) and stress reactivity (Meerlo, Sgoifo & Suchecki, 2008) contributing to
the development of hypertension and cardiovascular morbidity by increasing
allostatic load (McEwen, 2006). This is supported by experimental sleep deprivation
which results in nocturnal SNS activation, absence of the normal dip in blood
pressure and maintenance of increased blood pressure across the following day
(Sayk et al., 2010). Indeed, increased wakefulness may maintain SNS reactivity to
physical and psychosocial stressors during the day and subsequently, poor sleep may
impair the return of these systems to baseline, with recurrent activation the following
day (Meerlo et al., 2008; McEwen, 2006; Palagini et al., 2013). In addition to these
direct pathways, sleep disturbance may negatively impact health indirectly by
altering behaviours. For instance, sleep disturbance has been associated with
increased calorie intake (Nedeltcheva et al., 2008; Nedeltcheva, Kessler, Imperial &
Penev, 2009), increased likelihood of choosing unhealthy foods (Pardi et al., 2017),
poorer weight loss outcomes (Elder et al., 2012), increased propensity for alcohol
and drug use (Haario et al., 2013; McKnight et al., 2011); and poorer adherence to
medication (Afonso et al., 2013; Wickwire et al., 2010).

Research suggests close interactions between sleep and the immune system. During
sleep, increased production of IL-2, IFN-γ and IL-12 occur, the latter of which is
important for the differentiation of T cells into Th-1 (Irwin, 2015; Lange et al., 2010;
Lissoni et al., 1998). Therefore, it is not surprising that sleep disturbance can
negatively impact adaptive immune responses. Alterations in immune activity have
been observed in individuals with sleep disorders. In a chronic insomnia sample, IL59

6 was reported to be significantly elevated and peak secretion shifted earlier in the
evening, relative to healthy controls (Vgontzas et al., 2002). Moreover, curtailed
sleep duration is associated with poorer antibody response to influenza and hepatitis
vaccinations and reduced ability to resist the common cold, potentially leading to
increased disease risk (Miller et al., 2004; Prather et al., 2012; Prather, JanickiDeverts, Hall & Cohen , 2015).

Sleep disturbance need not be chronic to be associated in changes to immunological
functioning (Irwin, 2015). In healthy individuals, even a single night’s sleep loss has
been shown to result in elevations of IL-6 (Vgontzas et al., 1999) and four days sleep
deprivation can result in increased concentrations of IL-6 and TNF-alpha receptors
(Shearer et al., 2001). Other studies have shown reduced production of IL-2 (Irwin,
Thompson, Miller, Gillin & Ziegler,, 1999) and IL-12 (Lange et al., 2006). These
findings have been further substantiated by the discoveries that sleep loss results in
increased inflammatory signaling (Irwin et al., 2008), and increased levels of Creactive protein (CRP), a marker for cardiovascular risk (Meier-Ewert et al., 2004).
Together these findings indicate that even a short period of sleep disturbance
engenders alterations to immune system functioning and indeed, over time these may
contribute to the development of disease. These effects may be particularly harmful
in chronic conditions characterised by systemic inflammation and autoimmune
processes by further upregulating inflammatory and immune processes.

1.13.2. Consequences of sleep disturbance on psychological health and
functioning
Epidemiological studies have shown high rates of comorbid psychological disorders
in individuals experiencing chronic sleep disruption, particularly depression. For
instance, over 50% of individuals with insomnia have a diagnosis of depression or
anxiety (Breslau, Roth, Rosenthal & Andreski, 1996; Buysse et al., 1994; Ford &
Kamerow., 1989) with longitudinal data demonstrating increased risk of depression
(Baglioni et al., 2011) and anxiety disorders (Neckelmann, Mykletun & Dahl, 2007).
Sleep profile changes (difficulty initiating and maintaining sleep) are also more
prevalent in people with depression, with up to 90% reporting some alteration
(Wulff, Gatti, Wettstein & Foster, 2011). Indeed, the relationship between insomnia
and depression has been known for some time, with sleep difficulties being a
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symptom of major depressive disorder in the Diagnostic and Statistical Manual of
Mental Disorders 5th edition nosology (APA, 2013), and up to 80% of patients with
depression experiencing insomnia symptoms (Tsuno, Besset, & Ritchie, 2005).
Insomnia is known to result in increased psychological distress and enhanced
functional impairment when experienced alongside a mood or anxiety disorder
(Soeher & Harvey, 2012). Together, this evidence in addition to experimental
studies demonstrating the role of sleep in emotional brain homeostasis (Walker,
2010), suggest that there is a close relationship between sleep and mood disturbance
perhaps due to shared mechanisms (Manber & Chambers, 2008; Baglioni et al.,
2011; Kyle et al., 2014).

Alterations to other aspects of sleep are also associated with a number of other
disorders. Irregular sleep timing and duration can precipitate manic episodes in
bipolar disorder with the establishment of a stable sleep rhythm a target of bipolar
therapy (Plante & Winkelman, 2008). Other disorders associated with disrupted
sleep include anxiety disorders such as: PTSD (Harvey, Jones & Schmidt. 2003),
generalised anxiety disorder and panic disorder (Ohayon & Roth, 2003). In the case
of these disorders, cause and effect is difficult to ascertain as insomnia can
predispose individuals to anxiety, which, in turn can disrupt sleep and subsequently
further anxiety (Wulff et al., 2011). However, a further study showed that chronic
insomnia is a risk factor for both state and trait anxiety (Neckelmann et al., 2007).

1.14. Sleep disturbance in the context of long-term conditions
Many long-term conditions display features that may contribute to sleep disturbance
and subsequently feedback on disease expression via pathways known to rely
heavily on sleep. Sleep disturbance in the context of chronic conditions that share
similarities with psoriasis will be briefly discussed below.

1.14.1. Atopic Dermatitis
Atopic dermatitis (AD) is a chronic skin disorder characterised by skin inflammation
resulting in itchy, cracked and occasionally blistered skin. Sleep disturbance appears
to be common in people with AD. A recent study sought to characterise sleep in AD
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patients compared to controls using a combination of subjective and objective
assessments (actigraphy and PSG), finding over 50% of AD patients (n=72)
experienced poor sleep quality, with difficulties in sleep initiation, maintenance and
awakening from sleep (Chang et al., 2014). However, other studies have shown
estimates as high as 87% (Jeon et al. 2017). Objective assessments indicated lower
sleep efficiency (SE), increased sleep onset latency (SOL) and increased sleep
fragmentation, with reduced NREM sleep relative to controls. Subjective and
objective disease severity was significantly associated with poorer SE, shorter TST,
and longer wake-time after sleep onset (WASO) (Chang et al., 2014). These specific
problems are proposed to be the result of a range of precipitants including itching
and subsequent scratching, which patients report to be worse in the evening and also
circadian and cytokine dysregulation of the skin (Chang & Chiang, 2016). Objective
assessments of disease severity have shown to be positively associated with
objective measures of sleep (Bender, Ballard, Canono, Murphy and Leung, 2008), It
is not surprising therefore that studies have observed discrepancies between
subjective and objective assessments, with patients underestimating WASO (Bender,
Leung & Leung, 2003; Bender et al. 2008)., which in the insomnia literature is
attributed to psychological and physiological hyperarousal (Bonnet & Arand, 2010).

The consequences of poor sleep in AD are well recognised, and present in both
intrapersonal and interpersonal domains of life. Although causality has not been
disentangled, sleep disturbance, notably reduced SE has been associated with
elevated IL-6, increased scratch intensity and more severe disease (Bender et al.,
2008). These findings raise the possibility that sleep disturbance is associated with
disease exacerbation by altering key physiological and psychological processes
underpinning AD. Nevertheless, further research is required to establish causality.
Interpersonally, the consequences of sleep disturbance extend beyond the patient.
Both patients and family members of those with AD report impaired daytime
functioning, fatigue and mood (Camfferman et al., 2010; Chamlin et al., 2005;
Lewis-Jones, 2006)). Parents and caregivers of those with AD also experience sleep
disturbance which can deleteriously impact their ability to care for family members
with AD (Meltzer & Booster, 2016).
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1.14.2. Chronic pain conditions
Research suggests that pain and sleep reciprocally interact, with this well-established
association between chronic pain conditions and sleep receiving greater attention in
recent decades (Moldofsky, 2001; Smith & Haythornwaite, 2004). Estimates suggest
that up to 88% of those with chronic pain conditions including rheumatic disorders
experience sleep problems (Smith & Haythornwaite, 2004), and that insomnia
disorder is present in >50% (Tang, Wright & Salkovskis, 2007; Taylor, Mallory &
Lichstein, 2007). Typically patients report difficulties initiating sleep, less restorative
sleep and increased awakenings throughout the night (Hirsch et al., 1994; Wolfe,
Michaud & Li, 2006) with these problems associated primarily with low mood and
pain (Wolfe et al., 2006; Lee et al., 2009; Power, Perruccio & Badley, 2005) and also
health anxiety (Tang et al., 2007). Objective data from polysomnography and
actigraphy have shown similar disturbances, with patients experiencing increased
WASO, poorer SE compared to healthy individuals, periodic limb movements
during sleep (Lavie et al., 1992) and increased alpha wave activity during sleep
(Lavie et al.,1991; Mahowald. Mahowald, Bundlie, Ytterberg, 1989; Moldofsky, Lue
& Smythe, 1983; Drewes et al., 1998). Elevated alpha activity has been posited to
occur as a result of pain and stiff joints which contribute to arousals throughout the
night and are associated with sleepiness the following day (Drewes et al., 1998;
Zamir et al, 1998). Further evidence supporting the link between pain and sleep
disturbance has emerged from a number of longitudinal and cross-sectional studies
(Finan, Goodin & Smith, 2013). Yet, literature examining the link between daytime
pain and sleep is equivocal. Whilst cross-sectional data have shown associations
between sleep and pain, prospective studies have failed to demonstrate consistent
links between pain and sleep disturbance (Lewandowski, Palermo, De la Motte &
Fu. 2010), instead finding cognitive and mood factors as key precipitants (Tang,
Goodchild, Sanborn, Howard & Salkovskis, 2012). This suggests that psychological
features of disease including attention to pain (Affleck, Urrows, Tennen, Higgins &
Abeles, 1996), mood (Ashworth, Davidson & Espie, 2010) and pre-sleep arousal
(Tang et al., 2012) are key targets to improve sleep in chronic pain populations.

The sleep on pain relationship appears to be stronger than that of pain on sleep, with
this literature demonstrating more consistent findings (Finan et al., 2013). Luyster et
al (2011) found that poor sleep quality was associated with increased depression,
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fatigue, greater pain severity and indirectly leads to greater functional disability in
patients with rheumatoid arthritis. Experimental data have shown that following
sleep restriction, patients with rheumatoid arthritis experienced greater fatigue, pain
and lower mood relative to controls (Irwin et al., 2012). Other studies have shown
similar findings with increased pain associated with poor sleep quality, suggesting
that sleep disturbance may increase sensitivity to pain in chronic pain patients
(Wolfe et al., 2006; Lee et al., 2009), with this replicated in healthy individuals
following sleep loss (Roehrs et al., 2006; Schuh-Hofer et al., 2013). Prospective
experience sampling studies have further demonstrated a link between sleep and next
day pain, with poor sleep continuity and quality predicting pain the following day in
patients with chronic pain (Tang et al. 2012). Taken together, although sleep
disturbance appears to bidirectionally interact with symptoms in chronic pain
conditions, cognitive processes have a stronger relationship with night-time sleep
than pain. Research now should delineate possible disorder-specific differences in
strength and directionality of association.

1.15. Sleep disturbance in psoriasis
Sleep disturbance in the context of long-term conditions appears to be associated
with disease-specific influences, and negatively impacts daytime functioning and the
next-day experience of symptoms. Given that patients with AD and chronic pain
conditions experience sleep disturbance and the similarities these conditions share
with psoriasis, it is not inconceivable that psoriasis patients similarly experience
sleep disturbance. A handful of studies, including large epidemiological datasets
have reported increased risk of sleep disturbance in patients with psoriasis (Shutty et
al., 2013; Tsai et al., 2011). Indeed, psoriasis is associated with a range of
psychological and physical factors that have been implicated in sleep disturbance in
healthy individuals and as documented previously, in similar long-term conditions.
These include itch (Aoki, Kushimoto, Hishikawa & Savin, 1991) and behavioural
responses, including scratching (Globe et al., 2007; Gowda, Goldblum, McCall &
Feldman, 2010) and pain (Gupta et al. 2016), suggesting the role of psoriasis-specific
factors in addition to ones associated with sleep disturbance more broadly such as
low mood (Shutty et al., 2013) Therefore, it would be important to identify psoriasis-
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specific correlates that are associated with sleep disturbance and could act as
potential treatment targets from which to improve sleep.

Sleep disturbance has been associated with negative outcomes on health directly by
altering physiological and psychological pathways and indirectly by increasing
propensity for engagement in negative lifestyle behaviours (Kyle & Henry, 2017).
In psoriasis, sleep may elevate the cumulative impact of psoriasis on health given the
immune-mediated nature of psoriasis and increased risk of disease associated with
sleep disturbance and compound the poor QoL associated with psoriasis by
increasing daytime tiredness, fatigue, thus impairing daytime functioning. A recent
study provides support for this idea, documenting a 25% increase of cardiovascular
disease in psoriasis patients experiencing sleep disturbance compared to normal
sleepers (Chiu et al. 2016). Based upon these findings and studies evidencing sleep
disturbance in other long-term conditions it would be prudent to conduct a
comprehensive investigation of sleep disturbance in psoriasis. In support of this,
narrative reviews have called for further work to be conducted investigating the
relationship between sleep disturbance and psoriasis (Thorburn & Riha, 2010;
Gowda et al. 2010).

1.16. Rationale for this thesis and research questions
Therefore, the central aim of this thesis is to characterise sleep disturbance in people
with psoriasis from a multidimensional perspective and examine reciprocal
relationships with psychological and physical aspects of psoriatic disease. This will
include examining cognitive, behavioural and physical processes that may underlie
sleep disturbance and thus identifying possible treatment targets. Doing so will
provide important findings relating to sleep disturbance that could enhance the
experience of living with psoriasis. A further aim is to investigate the impact of sleep
disturbance on the daily experiences of patients with psoriasis. The first step in this
programme of work was to conduct a systematic review of the sleep disturbance and
psoriasis literature.
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1. What evidence is there for sleep disturbance in psoriasis, and what
methods have been used to examine sleep in people with psoriasis?
In order to assess what is currently known about sleep disturbance in
psoriasis, a systematic review of the sleep and psoriasis literature was
conducted. This aimed to investigate the prevalence and characteristics of
sleep disturbance and associated factors whilst also examining the methods
used to examine sleep and the quality of the literature. (Chapter Two)

Based upon the findings from this review, a research agenda is outlined. The studies
that follow on address this agenda and explore the relationship between sleep
disturbance and psoriasis using a multi-methods approach. All research questions
examined within this thesis are detailed in Figure 1.4. For the purposes of continuity,
all subsequent research questions and aims are detailed below:

2. What is the extent, nature and correlates of sleep disturbance in
psoriasis?
Given the findings of Chapter Two a cross-sectional survey was conducted to
address the inconsistencies within the literature in addition to expanding
examination of possible drivers of sleep disturbance. This study sought to
comprehensively characterise multiple dimensions of sleep-wake
functioning, assess how common sleep disturbance is and investigate
predictors using validated measures in a large community-based sample.
(Chapter Three)

3.

How do people with psoriasis experience and attempt to manage
sleep/sleep disturbance in the context of the Common Sense-SelfRegulation Model?
Drawing upon the findings of Chapter Three, this study aims to provide an
in-depth exploration of the experience of sleep disturbance in people with
psoriasis. This study provided an opportunity to understand the impact and
consequences of sleep disturbance on peoples’ lives and how they attempt to
reduce its impact and improve their sleep. This was achieved by conducting
semi-structured interviews to explore individuals’ beliefs about their sleep,
its impact and management by applying the Common Sense-Self –Regulation
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Model as a guiding framework. Data were analysed using thematic analysis
and principles of framework analysis (Chapter Four).

4. What is the reciprocal relationship between daytime psoriasis and night
time sleep and how does sleep disturbance impact upon next-day
functioning?
This study sought to empirically examine the bidirectional associations
suggested by the findings in Chapters Three and Four. The daily-diary
method, experience sampling methodology, was used in addition to
actigraphy and sleep diaries to capture objective and subjective estimations of
sleep. Participants’ daily experience and sleep was sampled for 15 days
consecutively in order to allow sequential associations to be examined.
Moreover, the combination of objective and subjective sleep assessments
allowed the relationships with specific sleep parameters to be identified
(Chapter Five).
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Figure 1.4: A schematic representation of the four studies comprising this thesis. Each study
uses a different methodology in order to answer a specific research question about sleep and
sleep disturbance in psoriasis. Taken together, these studies provide a comprehensive
understanding of the relationship between sleep disturbance and psoriasis and the lived
experience of sleep disturbance. As evident, Study 1 guided study 2, with the findings of
study 2 feeding into both studies 3 and 4. Study 4 sought to sequentially test the associations
found within studies 3 and 4, and the in-depth qualitative findings of study 4 aided in the
interpretation of the findings of study 4.
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Chapter Two:

Measurement, classification and evaluation of sleep disturbance in psoriasis: A
systematic review

The contents of this chapter have been published and presented as follows:
Henry, A.L., Kyle, S.D., Bhandari, S., Chisholm, A., Griffiths, C.E.M., & Bundy, C.
(2016). Measurement, classification and evaluation of sleep disturbance in psoriasis:
A systematic review. PLoS One, 11(6):e0157843 21
Henry, A.L., Kyle, S.D., Bhandari, S., Chisholm, A., Griffiths, C.E.M., & Bundy, C.
(2015). Measurement, Classification and Evaluation of Sleep Disturbance in
Psoriasis: A Systematic Review. Presented at the 29th Annual Meeting of the
Associated Professional Sleep Societies, Seattle, WA, USA*
*Awarded a Merit for Scientific Excellence from the Sleep Research Society for this abstract

Note: As this paper has been published, the formatting and layout of the chapter is in
accordance with PLOS One guidelines. Thus, for this chapter, references will be in the
appropriate style and be placed at the end of the chapter.
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2.1. Abstract
2.1.1. Background
Psoriasis is a long-term immune-mediated inflammatory disorder mainly, but
not only, affecting skin, and is associated with significant medical and psychological
morbidity. Evidence suggests that sleep is disrupted in psoriasis, however high
quality empirical evidence is lacking. Given the importance of sleep for health,
characterisation of sleep disruption in psoriasis is an important goal. We therefore
conducted a systematic review of the sleep-psoriasis literature.

2.1.2. Methods
Searches were conducted in Pubmed, SCOPUS and Web of Science from
inception to May 2016. Studies were compared against inclusion/exclusion criteria
and underwent a quality evaluation. Given the heterogeneity of studies, we
conducted a narrative synthesis of the findings.

2.1.3. Results
Searches revealed 32 studies which met our predetermined
inclusion/exclusion criteria. Whilst 93.7% of studies reported sleep disruption in this
population, ranging from 0.05% to 85.4%, many had important methodological
shortcomings. Over half of all quantitative studies (54.8%; 17/31) relied on nonvalidated measures, contributing to heterogeneity in study findings. In those that
employed valid measures, assessing sleep was often not the primary objective. We
frequently found the absence of adequate sample size calculations and poor
statistical reporting.

2.1.4. Conclusion
This review showed that in psoriasis, reported rates of sleep disturbance
varied substantially. Most studies lacked a hypothesis driven research question
and/or failed to use validated measures of sleep. We were unable to draw firm
conclusions about the precise prevalence and nature of sleep disturbance within the
psoriasis population. We offer suggestions to help advance understanding of sleep
disturbance in psoriasis.
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2.2. Introduction
Psoriasis is a long-term, immune mediated inflammatory skin disorder, characterised
by scaly plaques on knees, elbows and scalp, but any skin surface may be affected
[1]. Population-based cohort studies indicate that psoriasis is associated with other
systemic inflammatory conditions, including: psoriatic arthritis (PsA) [2];
inflammatory bowel disease [3]; cardiovascular disease (CVD) [4]; and diabetes [5].

Contemporary evidence suggests that sleep is important for daytime functioning and
health, [6-8] subserving optimal physiological [9] and psychological functioning
[10-13]. Moreover, disturbed sleep may causally drive disease processes. For
example, persistent sleep disturbance is a risk factor for the future development of
diabetes [14], CVD [15], hypertension [17,18], and depression [19-22]. Several
studies [23-38], including four reviews, have examined sleep domains in psoriasis
populations. One review evaluated factors linked to sleep disturbance in psoriasis,
concluding that mood, obstructive sleep apnoea (OSA), itch and pain as possible
sources of sleep disturbance [29]. Another review provided an overview of the sleep
and dermatology literature with a focus on the role of itch, suggesting skin
temperature, circadian rhythm and psychological factors, such as depression,
influenced itch, which in turn disrupted sleep [30]. Similarly, a further review
assessed the associations between sleep disorders and the broad category of skin
disorders [31]. More recently, Gupta et al. conducted a systematic review of
psoriasis and sleep disorders and found an increased prevalence of OSA and restless
leg but inconclusive evidence of increased insomnia risk [32]. Whilst these reviews
provide some insight into the nature and predictors of sleep in psoriasis the majority
are narrative and none critically examine the measures used to assess sleep nor do
they assess the quality of current research. Additionally the most recent review [32]
only included papers where a sleep disorder diagnosis was made, thus excluding
studies where sleep was assessed without a diagnosis, potentially missing research
where sleep was assessed but no diagnosis was made. Accordingly, a more rigorous
and nuanced appraisal of the sleep-psoriasis literature is required. We present a
systematic review focusing on (1) the evidence for sleep disturbance in psoriasis and
(2) the quality of measures and methodology employed to assess sleep in patients
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with psoriasis. We conclude by outlining a research agenda aimed at advancing
understanding of sleep disturbance in the context of psoriasis.

2.3. Method
2.3.1. Search criteria
PubMed, SCOPUS and Web of Science databases were searched from inception to
May 2016. We used the PICOS framework (Population, Interventions,
Comparators/Control, Outcomes, Study design) [33] however the intervention
category could not be applied due to poor reporting and/or too much variation in
study design. In order to increase the sensitivity of the search, search terms were kept
broad and were combined using ‘AND’ plus wildcard operators (*) and MeSH terms
(Table 2.1). Studies were assessed against inclusion/exclusion criteria determined by
an expert group of reviewers (Table 2.2). Reference lists of eligible studies were
forward and backward searched for completeness. Reviews were included to identify
additional studies that were not identified via database searches.
Table 2.1: Search terms used across databases
1.
2.
3.
4.
5.

Sleep /OR sleep disruption /OR sleep disturbance /OR sleep fragmentation
Psoriasis/ OR chronic plaque psoriasis/ OR psori*
Circadian*/ OR circadian rhythm
1 OR 3
4 AND 2

Table 2.2: Inclusion criteria for studies
Inclusion Criteria
1. Partial or whole psoriasis sample
(including any subtype of psoriasis or
psoriatic arthritis)
2. Sleep was measured either directly using
a valid measure of sleep, unvalid measure of
sleep or by-proxy via another measure
3. Any study design
4. Any age group
5. Published in English
6. Accessible in full text

Exclusion Criteria
1. Not peer reviewed

2. Animal studies
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2.3.2. Data extraction
Data extracted from studies included: authors, title, year, study aim(s), journal, study
design, type of psoriasis, sample size, measure of sleep used and findings relating to
sleep (Tables 2.3-2.5).
Table 2.3: Information (i.e. aim, study design, primary focus of the study, measure of sleep
used, sample, pertinent results relating to sleep) and quality scores for each study using a
validated measure of sleep included in the review
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110

111

112
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AHI - Apnoea Hypopnoea Index, BMI - Body Mass Index, BPI (30) – Brief Pain Inventory, ESS – Epworth Sleepiness Scale, FOSQ Functional Outcomes of Sleep Questionnaire, GSDS – General Sleep Disturbance Scale, HRQoL/QoL - Health related quality of life/Quality of
Life, ISI – Insomnia Severity Index, MCID – Minimal Clinically Important Difference, MOS-SS – Medical Outcomes Study Sleep Scale, OSA –
Obstructive Sleep Apnoea, PSA – Psoriatic Arthritis, PSG – Polysomnography, PSQI – Pittsburgh Sleep Quality Index, RCT - Randomized
controlled trial, SD - Sleep duration, SE – Sleep Efficiency, SOL – Sleep Onset Latency, SQ – Sleep Quality, SQQ – Sleep Quality Questionnaire,
TWT – Total Wake Time
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included in the review.

pertinent results relating to sleep) and quality scores for each study using an unvalidated measure of sleep

Table 2.4: Information (i.e. aim, study design, primary focus of the study, measure of sleep used, sample,
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BMI - Body Mass Index, BPI (30) – Brief Pain Inventory, (C)DLQI - (Children’s) Dermatology Life Quality Index ,
GHQ-30 – General Health Questionnaire (30) HRQoL/QoL - Health related quality of life/Quality of Life, SF-36 –
Short Form 36 Health Survey
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relating to sleep) and quality scores for the qualitative included in the review

Table 2.5: Information (i.e. aim, study design, primary focus of the study, measure of sleep used, sample, pertinent results

2.3.3. Quality Evaluation
We adapted a standard quality scoring tool [34] for quantitative and qualitative study
designs to include information about the quality of the sleep measure used, details of
potential confounding variables and the sleep findings reported by each paper.
Members of the review team (ALH, SB, CB, AC) tested the quality tool on a sample
of four papers. The first author then reviewed all papers, discussing any problems
with the fourth and sixth authors with amendments discussed and agreed upon
during subsequent meetings until there was full agreement on the domains included
in the tool. Subsequently ten randomly selected papers were coded by the third
author (SB) independently with these scores compared to those of the first author
(ALH). Disagreement in scores was found for one domain which was resolved
following discussion with the rest of the team resulting in 100% agreement.

Fifteen domains were used for quantitative papers and seven for qualitative papers.
Each quality evaluation domain had specific criteria that had to be fulfilled in order
to obtain a score from 0 to 2. A standardised rating scale was used to score each item
thus: a score of 2 indicates that criteria had been fulfilled, a score of 1 indicates
partial fulfillment, and a score of 0 indicates no fulfillment of the criteria.
Quantitative studies, depending on their design could score a maximum score of 40,
whereas qualitative studies could score a maximum of 22 points.

Each paper's total quality score was then standardised as a percentage, obtained by
dividing the study’s score by the total points available. Quality appraisal thresholds
determined by the team were then applied to each study based upon its percentage
score (good: ≥80%; fair: ≥61-79%; and poor: ≤60%).

2.4. Results
We identified 337 original papers. Abstracts were screened for eligibility and 42 full
papers were obtained and scrutinised (Figure. 2.1). In total, 32 papers were included
in the final review. Thirty-one studies employed quantitative designs, and one study
used a qualitative framework. We structured our review findings under the following
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category headings: study quality; sleep methodology and prevalence of sleep
disruption; and factors associated with sleep disturbance.
Figure 2.1: PRISMA flow diagram outlining the systematic review process

2.4.1. Study Quality
Fewer than half of all studies (15/32; 46.9%) were rated as good quality (i.e. scoring
≥ 80%), over fair (15/32;46.9%) (scoring ≥ 61-79%), and the remainder (2/32;
6.25%) as poor (scoring ≤ 60%) (Table 3-5). Overall quality scores were fair (mean
%= 76.9), with a number of methodological limitations identified across studies: 27
studies failed to perform sample size calculations, 17 had inappropriately small or
large sample sizes, 7 studies did not provide demographic data, 2 studies failed to
report any data on central tendency or variability, and 5 studies reported this data for
only one time-point and 14 studies failed to control for confounding variables
(Appendix B). Of the 14 studies using valid measures of sleep, the majority (9)
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scored in fair (scoring ≥ 61-79%), and poor (2) categories (scoring ≤ 60%) and only
3 were rated as good (scoring ≥80%).

2.4.2. Measurement and prevalence of sleep disturbance
Studies used a range of sleep measures but only in 14 of 31 (45.2%) had these been
validated. Five studies used polysomnography (PSG), and focused on OSA
[26,27,35,36] or itch [37], with one of these also using the Functional Outcomes of
Sleep Questionnaire [26]. Four used the Pittsburgh Sleep Quality Index (PSQI)
[23,24,38,39], one of which was conducted on a PsA sample [39] and one study used
a condensed version of the PSQI [40]. One study used the Insomnia Severity Index
(ISI) [23] while a further four studies used other validated self-report measures
specifically, the General Sleep Disturbance Scale [41] and the Medical Outcomes
Study Sleep Scale (MOS-SS) [28,42,43]. One study was qualitative, evaluating the
impact of pruritus using interviews with physicians alongside patient focus groups
[44].

The remaining 17 (54.8%) quantitative studies used non-validated sleep measures.
Six studies used broad measures of health and functioning, which incorporated sleep
items, such as measures health-related quality of life (HRQoL) (General Health
Questionnaire, modified Dermatology Life Quality Index, Children’s Dermatology
Life Quality Index, General Health Questionnaire Hindi) or other general healthrelated questionnaires (Brief Pain Inventory, McGill Pain Questionnaire) [45-50].
Four studies used non-validated questionnaires [25,51-53] three of which contained a
single item pertaining to sleep disturbance [25,52,53] (e.g "in a typical month, how
many days did your disease interfere with sleeping?”) [25]. Four studies solely used
medical records [54,55,56,57], and another used a clinical diagnostic interview with
a sleep disorder diagnosis [58]. In two validation studies HRQoL was assessed using
a willingness-to-pay paradigm, where participants were asked to indicate how much
money they would allocate to relieve themselves of a particular symptom [59,60].
Interestingly, in one of the studies using a PsA sample, sleep was allocated the
highest median amount of money ($10,000) [60], whereas in the other study, with a
psoriasis sample, sleep was the lowest ranked issue ($625) [59].
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Of all studies reviewed, 11 (34.4%) had an a priori aim to assess sleep, however,
only three (9.4%) had the primary objective of assessing sleep quality and
quantifying sleep disturbance in psoriasis [23,24,37]. The other studies were not
primarily focused on general sleep in psoriasis. Two studies investigated
associations between PsA and sleep [25,39] while four studies assessed the link
between OSA and psoriasis [26,27,35,36]. The remaining two studies measured the
influence of itch on psoriasis [37,51], one of which used a mixed dermatological
sample [37] with just 1 of 15 participants (6.67%) having psoriasis. The former [51]
used a questionnaire and the latter [37] used PSG to assess sleep. One study aimed to
assess the links between sleep disorders in psoriasis and cardiovascular risk [56].

Thirty (93.7%) of 32 studies, including one qualitative study, observed sleep
disturbance. However, in studies where sleep was measured prospectively, values
varied from 0.05% to 85.4% (Table 2.6). Two papers reported no sleep problems
relative to healthy controls [24,59]. In one of these studies, whilst sleep disturbance
was reported by the majority (55%) of participants, relative to other domains of life,
sleep disturbance was the least bothersome [59].
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Table 2.6: Rates of sleep disturbance found in studies where sleep was measured or
quantified within the sample. Studies where the whole sample had sleep disturbance or
where the number of those experiencing sleep disturbance are not included in this table.

Rates of sleep disruption (%)

Measures used to assess
sleep

Karaca et al.

18/32 (Dx with OSA) (56.3)

Polysomnography

Papadavid et al.

19/35 (Dx with OSA) (54.3)

Polysomnography

Buslau &
Bentomane

9/25 (Dx with OSA) (36)

Polysomnography

Gezer et al.

35/41 (85.4)

PSQI

Shutty et al.

81.80%

PSQI

Ljosaa et al. 2012
Sharma et al.
Ljosaa et al. 2010
Hu et al.

63%
17/30 (56.7)
74/139 (53.2)
60/100 (60)

GSDS
GHQ-H
BPI (30)
Willingness-to-pay (proxy
HRQoL measure)

Delfino et al.

22/40 (55)

Willingness-to-pay (proxy
HRQoL measure)

Duffin et al.

208/420 (49.5)

Individual question ('In a
typical month how many
days did your disease
interfere with your
sleeping?')

Nyunt et al

91/223 (40.9)

Clinical interview

Sanchez-Carazo
et al.

125/1022 (12.2)

Medical History

Chiu et al.

2,223/99,628 (2.23)

Sleep disorder diagnosis

Tsai et al.

28/51,800 (0.05)

Sleep disorder diagnosis

BPI – Brief Pain Inventory, Dx – Diagnosed, GHQ – General Health Questionnaire,
GSDS – General Sleep Disturbance Scale, HRQoL – Health Related Quality of Life,
OSA – Obstructive Sleep Apnea, PSG – Polysomnography, PSQI - Pittsburgh Sleep Quality Index

In contrast, another study reported sleep as being the second-most disrupted domain
as a consequence of psoriasis, across young, middle aged and older-aged
respondents; indicated by 20%, 22% and 22% respectively [53]. Sleep quality was
worse in psoriasis patients (8.8±4.4 vs. 6.3±4.4) [23] and PsA patients (9.70±3.9 vs.
4.05±1.85) [39] relative to healthy controls in two out of three studies using PSQI
with the third paper showing no difference between psoriasis patients and controls
(5.56 vs. 5.13) [46]. The fourth paper using the PSQI showed that on two
components of the measure scores were significantly worse in psoriasis subjects than
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healthy controls (subjective sleep quality; 1.48±0.17 vs. 1.02±0.13 and habitual sleep
efficiency; 0.79±0.19 vs. 0.32±0.14) [38]. Nevertheless, they did not report data for
one component nor did they provide global PSQI scores for both groups [38].
Furthermore, one of these studies showed significantly increased ISI scores in
psoriasis patients (11.0±7.0) relative to healthy controls (6.3±6.0) [23], with
psoriasis patients’ mean score at the threshold for clinical insomnia [61].

Four studies found high rates of OSA in psoriasis patients ranging from 36% to as
high as 56.3% [27,35,36]. Moreover in a large epidemiological study, psoriasis
patients had a significantly increased prevalence of sleep disorder diagnosis than
non-psoriasis counterparts [57] and in another, psoriasis patients with a sleep
disorder had elevated cardiovascular risk relative to those without a sleep disorder
[56].

2.4.3. Factors associated with sleep disturbance
Sixteen of the 32 reviewed studies reported factors associated with sleep disturbance.
Itch, depression, PsA and pain were the most commonly reported factors associated
with sleep disturbance however others were reported across studies. Itch was
reported to occur more frequently at night [50] and in six studies it was associated
with disrupted sleep [25,37,42,44,50,52]. Itch predicted lower scores on the MOSSS, indicating worse sleep [42]; increased scratching was associated with more
awakenings during stages 1 and 2 of sleep [37]; and itch was reported by subjects as
causing difficulty initiating and maintaining sleep as well as performing daily
activities [44]. Additionally, in one study 65% of participants reported that sleep
ameliorated itch [52].

The association between itch and sleep was documented further in one study finding
the association between depressive symptoms and itch severity was partially
mediated by sleep quality [40]. In another study daytime sleepiness was associated
with depression [28]. Contrasting findings were indicated by one study in which itch
levels were reported as equivalent across those with and without sleep disruption,
whereas depression was significantly higher in those who experienced sleep
disruption relative to those who did not [51]. This suggests that depression may have
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played a greater role in sleep disruption than itch. This is supported by another study
showing that when controlling for depression variables, psoriasis patients are no
more likely to experience poor sleep or have greater insomnia symptoms than
controls [23], and another study showing that while PSQI scores were higher in
psoriasis subjects, there were no differences in psychiatric symptoms relative to
controls [38].

Pain appears to contribute to poorer sleep, and in one study over 85% of those
reporting increased pain specified sleep as the most disrupted function [47]. Another
study showed that sleep disturbance mediated the relationship between pain and
reduced HRQoL [41]. Four studies showed associations between PsA and sleep
[25,28,39,60]. PsA and generalized pain was associated with reduced PSQI scores
relative to healthy controls [39], increased want for improved sleep [59] and
predicted sleep disturbance [25]. Additionally, sleep disturbance was associated with
anxiety, enthesitis, levels of C-reactive protein; and erythrocyte sedimentation rate
[39].

Sleep disturbance was consistently associated with reduced QOL [28,47,54,58].
Moreover, in four treatment studies using biologics, improvements were observed in
sleep quality, disturbance, daytime sleepiness and adequacy [26,41,43,46] suggesting
that improvements in psoriasis disease processes may lead to concomitant
improvements in sleep. Furthermore, in a longitudinal cohort study, sleep showed
the greatest improvement from baseline to follow-up across varied psoriasis
therapies (topicals and systemic) relative to other items on the Children’s
Dermatology Life Quality Index [48].

2.5. Discussion

2.5.1. Key findings from the review
This systematic review examined the evidence for sleep disturbance in psoriasis and
the measures and methodology used to assess sleep. The majority of studies showed
sleep problems were associated with itch, low mood and pain. Itch appears to be
associated with increased sleep fragmentation, disturbance and reduced quality of
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sleep. These findings are consistent with research in other pruritic conditions [6264]. Low mood and pain were also implicated in poor sleep as previously shown in
both healthy individuals and other illness populations [65, 66]. It is likely that mood,
pain and itch interact to disturb sleep; although the nature of this interaction requires
examination within the context of purposively-designed studies.

Prevalence rates varied substantially and while studies were of fair-to-good quality,
many demonstrated a number of methodological and statistical shortcomings. In
particular, the lack of validated measures of sleep, coupled with limited theoretical
work-up may have accounted for the variation in rates of sleep disturbance across
studies. Nevertheless, prevalence clustered around the 50-60% mark; higher than
current estimations of sleep pathology in the general population [67]. Additionally,
rates of OSA appear to be higher in psoriasis (36-56.3%) relative to the general
population (3-7%) [68]. Although the reasons for this are unclear; OSA is
multifaceted, involving both inflammatory pathways and lifestyle factors including
high BMI and physical inactivity [69]. OSA can have a significant impact on health
and contribute to cardiovascular disease risk [70], which is already elevated in
psoriasis [4]. Further research should identify mechanisms underpinning the link
between OSA and psoriasis.

Lack of detailed assessments and incomplete data reporting have impeded further
conclusions and provide a somewhat superficial picture of the true problem. For
instance, studies using the PSQI often failed to report full data for the measure (sleep
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use
of sleeping medication and daytime dysfunction). Providing these data would
facilitate a more thorough and itemised understanding of sleep quality.
Moreover, despite the ‘gold standard’ PSG being used in five studies, it provides
limited information about the range of factors that may impact upon sleep [71, 72].
Comprehensive assessment of sleep involves the integration of objective and
subjective measures, profiling of sleep-wake patterning over time, and the
assessment of factors that may contribute to night-to-night variation in sleep quantity
and quality [71,72]. We found no studies in this review that conformed to these
standards and neither actigraphy nor sleep diaries have been applied in psoriasis
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populations. These data would support a more nuanced understanding of sleep
disruption in psoriasis and help to design appropriate interventions [71,72].

2.5.2. Limitations
This review only included studies published in English and those that have
undergone peer review. Therefore, it is possible that some relevant findings may
have been missed. Further, due to the subjective nature of the quality scoring, there
is greater opportunity for personal bias to influence scores. However, we attempted
to minimize this risk by the authors scoring papers independently and there was
close to 100% agreement in paper scores following independent scoring.

2.5.3. Concluding remarks: Recommendations for future research
There is a need to systematically and consistently examine sleep in psoriasis
populations, employing comprehensive and validated measures of sleep in
specifically designed studies. Accurate prevalence rates of sleep disturbance must
first be established; from here prospective studies can explore the relationship
between sleep and psoriasis, focusing on potential precipitating and perpetuating
factors that may drive and maintain poor sleep, (candidate targets: itch, mood, pain
and OSA). Work should also explore sleep-wake variability in this population and
assess any concomitant consequences on daytime functioning.

Obtaining a comprehensive understanding of sleep in psoriasis is of importance due
to the implications of sleep disruption for health. Sleep disturbance may result in
disruptions to immune and sympathetic nervous system functioning possibly leading
to the maintenance and/or exacerbation of psoriasis, conferring risk for adverse
psychological and medical outcomes. This has been suggested in a recent study
which found that the presence of a sleep disorder alongside psoriasis confers
increased risk for CVD morbidity [56].

The potential role of inflammation in the relationship between poor sleep and
psoriasis has also been suggested. Four studies included in this review [26,42,43,45]
showed improvements but not a mitigation of sleep problems following the
administration of biologic medication. This suggests that reductions in systemic
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inflammation may confer sleep improvement possibly through a reduction in itch
and associated skin discomfort. Further research is required to examine mediating
pathways and treatment mechanisms in greater detail.
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Chapter Three:

A cross-sectional survey of the nature and correlates of sleep disturbance in people
with psoriasis

The contents of this chapter have been published and presented as follows:
Henry, A.L., Kyle, S.D., Chisholm, A., Griffiths, C.E.M., & Bundy, C. (2017) A
cross-sectional survey of the nature and correlates of sleep disturbance in people
with psoriasis. British Journal of Dermatology, 177(4): 1052-1059.
Henry, A.L., Kyle, S.D., Chisholm, A., Griffiths, C.E.M., & Bundy, C. (2016) The
nature and correlates of sleep disturbance in people with psoriasis. Presented at the
96th Meeting of the British Association of Dermatologists, Birmingham, UK

Note: As this paper has been published, the formatting and layout of the chapter is in
accordance with BJD guidelines. Thus, for this chapter, references will be in the appropriate
style and be placed at the end of the chapter.
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3.1. Abstract
3.1.1. Background
Research suggests that sleep disturbance is common in psoriasis. While
several sleep investigations have been conducted in psoriasis populations, many have
methodological shortcomings, and no study has examined multiple dimensions of
sleep-wake functioning. Moreover, research has yet to comprehensively examine the
range of physical and psychological factors that may affect sleep in people with
psoriasis.
3.1.2. Objective
To characterise sleep disturbance using validated measures and identify
physical and psychological predictors of sleep quality in people with psoriasis.
3.1.3. Methods
An online survey was conducted (n=186;Mage=39.2) comprising validated
measures assessing sleep (Pittsburgh Sleep Quality Index [PSQI], Berlin
Questionnaire, Pre-Sleep Arousal Scale), chronotype (Morningness-Eveningness
Questionnaire), mood (Hospital Anxiety and Depression Scale), itch (5-D Itch Scale)
and psoriasis severity (Simplified Psoriasis Index). Group comparisons and
regression analyses were used to examine predictors of poor sleep.
3.1.4. Results
Mean PSQI score was 9.24 (SD=4.32), with 76.3% scoring above the
threshold for poor sleep (≥ 6 on the PSQI) and 32.8% scoring ‘positive’ for probable
obstructive sleep apnoea. Poor sleep and high likelihood of OSA was associated with
more severe psoriasis (p<.05; η2=.07; η2=.005). Cognitive arousal (β=.264, p=.001),
itch (β=.260, p<.001) and depression (β=.236, p=.001) were the most robust
predictors of poor sleep quality which, together with somatic arousal (β=.168,
p=.022), accounted for 43% of variance in PSQI scores.
3.1.5. Conclusion
Poor sleep is common in psoriasis and associated with psychological and
physical factors. Rates of probable obstructive sleep apnoea are also high. Given the
importance of restorative sleep for health, sleep complaints should receive greater
clinical attention in the management of psoriasis.
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3.2. Introduction
Psoriasis is a complex immune-mediated inflammatory disease primarily impacting
on skin and affecting 2-3% of the population worldwide.1 It has well established
associations with a number of other conditions, including: cardiovascular disease
(CVD),2 inflammatory bowel disease,3 psoriatic arthritis,4 diabetes,5 and depression
and anxiety.6 The disease burden of psoriasis is greater than other chronic
dermatological conditions7 and equivalent to that experienced in cancer, CVD and
arthritis populations.8
There is mounting interest in the relationship between sleep and psoriasis. A
systematic review by our group showed that a high proportion (ranging from 0.05%
to 85.4%) of individuals with psoriasis may experience sleep disturbances,9 which
are associated with itch, psychological distress (low mood and anxiety), pain and
obstructive sleep apnoea (OSA).9 However the published literature demonstrates
substantial variation in rates of disturbed sleep, and is limited by poor measurement
of sleep, with many studies using unvalidated measures, in some cases just a single
question. Indeed, lack of a comprehensive and valid examination of sleep, alongside
incomplete data reporting,9 10 has hindered our understanding of sleep in psoriasis.
Sleep disturbance, including OSA, is associated with a range of adverse health
outcomes including elevated risk for a range of physical diseases, several of which
people with psoriasis are already more susceptible to (e.g. diabetes,11 hypertension,12
CVD).13 Moreover, sleep disturbance increases risk of psychological illness (e.g.
depression,14 anxiety)15 and, over time, all-cause mortality.16 Sleep is essential for
metabolic17 and immunological health,18 while sleep disturbance may be proinflammatory and impact on psoriasis activity.18-20 Indirect evidence supporting the
impact of sleep on inflammation in psoriasis comes from a recent epidemiological
study showing that the presence of a comorbid sleep disorder increases CVD risk by
25% in psoriasis patients.21 Additionally, relationships between circadian factors and
psoriasis have been identified, with a longitudinal study reporting that regular nightshift work is associated with increased risk of developing psoriasis.22 Circadian
misalignment may disrupt normative metabolic and endocrine functioning, leading to
adverse cardiometabolic complications, possibly through impairment of normal
melatonin functioning. Melatonin, is involved in both sleep, 23 and regulates
141

inflammatory responses,24 and may lead to increased risk of psoriasis onset if
chronically disrupted.22
Based upon the strong links identified between sleep, health and psoriasis, a
multidimensional assessment of sleep in this population is warranted. Whilst
previous studies provide evidence of sleep disturbance in psoriasis, few studies have
measured multiple domains of sleep disturbance in psoriasis patients using validated
tools.9 A range of validated measures must be used to comprehensively assess the
range of sleep dimensions, including sleep timing (i.e. chronotype), sleep quality,
sleep continuity and sleep duration. Due to the limited appraisal of potential
predictors of sleep quality in psoriasis we sought to examine the role of these in
predicting poor sleep, focusing on variables associated with poor sleep in psoriasis
including low mood,14 15 25 26 anxiety15 27 28 and itch29 30 and more generally, pre-sleep
arousal.31-33 Our aims were as follows: firstly to examine multiple dimensions of
sleep-wake functioning in a representative community-based sample, and secondly,
to identify the predictors of sleep disturbance, focusing on both physical and
psychological variables known to interact with sleep in psoriasis.

3.3. Methods
3.3.1. Design
We conducted a cross-sectional online survey using SelectSurvey.NET (v4.146.001,
ClassApps, Overland Park, KS, USA). This allowed an international sample to
access the survey, and enabled participants to complete it in their own time.
3.3.2. Recruitment
Links for the survey were distributed via social media sites by the Psoriasis
Association of Great Britain and Ireland, the National Psoriasis Foundation, the
Canadian Psoriasis Association, The British Skin Foundation, and were posted on
Facebook groups for members of the New Zealand Psoriasis Association along with
other psoriasis support groups. Additional snowballing techniques were used: the
survey link was distributed by the IMPACT research group’s
(www.impactpsoriasis.org.uk) professional contacts, an existing psoriasis research
database and through posters placed in a UK University.
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3.3.3. Participants
Inclusion criteria included (i) a diagnosis of plaque psoriasis from a healthcare
professional, (ii) ≥18 years old and (iii) a good understanding of English. The survey
was available to any individual with psoriasis regardless of whether or not they were
experiencing sleep disturbance to ensure that variation in sleep quality was captured.
3.3.4. Procedure and analysis
Upon opening the survey link, participants were presented with an information sheet
explaining the study’s aims, content and research team contact details. Consent was
provided online immediately preceding participation. Demographic questions,
measures relating to sleep, mood, psoriasis, and itch were presented for completion
and included:
(i)

The Pittsburgh Sleep Quality Index (PSQI).34 35 - Assesses sleep quality
and disturbance over one month. It consists of 19 items scored across 7
components which yield a global score ranging from 0 to 21. A score of
≤5 indicates normal sleep whereas ≥6 indicates poor sleep.

(ii)

The Berlin Questionnaire.36 – A screening questionnaire used to assess
risk for the development of OSA. It consists of 3 categories containing a
total of 10 items. Positive scores in >2 categories indicate high OSA risk
and low risk if <1 category is positive.

(iii)

The Morningness-Eveningness Questionnaire (MEQ).37 – Ascertains
when an individual’s peak alertness is (morning, evening or in between)
over 19 multiple choice questions. Scores correspond to the following
chronotypes: 16-30 – definite evening, 31-41 – moderate evening, 42-58
– intermediate, 59-69 – moderate morning, and 70-86 – definite morning.

(iv)

The Pre-Sleep Arousal Scale (PSAS).38 39 - Quantifies cognitive and
somatic arousal during the pre-sleep period. It consists of 16 items across
2 subscales, one assessing cognitive arousal and the other somatic arousal
with scores ranging from 8 to 40. A higher score indexes greater presleep arousal.

(v)

The Hospital Anxiety and Depression Scale (HADS).40 41 – An established
measure of depression and anxiety comprising 14 items, with 7 relating to
depression and 7 relating to anxiety (each subscale scored between 0 and
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21). A higher score reflects greater distress. A cut-off score of 9 for each
subscale indicates ‘caseness’ for probable clinical levels of ditress.41
(vi)

The Simplified Psoriasis Index-Severity Score (SPI-S).42 – A selfassessment of psoriasis severity asking participants to rate the extent and
plaque thickness which are multiplied to obtain a severity score. Scores
range from 0-50 with a higher score indicating more severe psoriasis. A
SPI-S score of <5, <10, >18, >19 and >20 is equivalent to a Psoriasis
Area Severity Index score of <5,<10, >15 , >18 and >20 respectively.43

(vii)

The 5-D Itch Scale.44 - A measure of the degree, duration, direction,
disability and distribution of itch. It can be calculated to provide a global
score of itch severity and impact. Scores can range from 5 (no itch) to 25
(severe itch).

All questions on each page had to be completed in order to progress to the next page.
Ethical approval for this study was obtained in June 2015 (ref: 15/LO/1052)
(Appendix C).
3.3.5. Statistical analyses
Descriptive data were obtained for all variables. Normality was assessed and due to
positively skewed data, bootstrapping based upon 5000 replications was applied to
tests using psoriasis severity. Associations between questionnaire variables were
tested using Pearson’s product moment correlations and point-biserial correlations
when using OSA probability. Independent t-tests were used to compare psoriasis
severity scores for normal (PSQI≤5) and poor sleepers (PSQI≥6) and to compare
psoriasis severity scores between those with a high and low likelihood for OSA. A
one-way analysis of variance (ANOVA) compared psoriasis severity scores for
morning, intermediate and evening chronotype groups. Relative between-group
effect sizes, expressed as eta-squared (η2), were applied to estimate and compare the
magnitude of observed effects. To examine which factors predicted poor sleep a
multiple linear regression was performed for all variables that correlated with sleep
(r≥.4),45 entered simultaneously. All analyses were conducted on SPSS (v22.0, IBM
Corporation; Armonk, NY, USA).
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3.4. Results
3.4.1. Sample characteristics
One hundred and eighty-six people (140 [75.3%] female; Mage = 39 years; range 1870 years) from 15 countries (UK, USA, Canada, New Zealand, Australia, Ireland,
Germany, Greece, Argentina, Egypt, India, France, Italy, Denmark, Puerto Rico)
completed the survey between June 2015 and January 2016, providing complete
data. Partial data was obtained from 241 participants, however, many dropped out in
the initial pages of the survey. Rather than substitute data for partially complete
responses we chose to use complete data only. Psoriasis severity was predominantly
mild with a sample mean SPI-S score of 9.56 (SD=8.58). Mean score for the
depression and anxiety subscales were below the clinical threshold at 6.52
(SD=4.24) and 8.56 (SD=4.34) respectively.41
3.4.2. Sleep Characteristics
Of 186 participants, 76.3% (n=142) were classified as poor sleepers with the sample
having a mean PSQI score of 9.24, SD=4.32. Sixty-one (32.8%) participants had a
high probability of OSA as determined by the BQ. Consistent with elevated OSA
probability, the mean BMI for the sample was high at 30.7 kg/m2, with 26.4%
overweight (>25kg/m2) and 44.8% obese (>30 kg/m2). Regarding pre-sleep arousal,
the mean score for the cognitive subscale was 21.01 (SD=7.5) and 14.53 (SD=5.85)
for the somatic subscale. The mean MEQ score for the sample was 51.43 (SD=9.98),
with the majority possessing an intermediate chronotype (62.9%), followed by
morning (23.1%) then evening (14%).
Participants’ mean total sleep time was 371.3 (SD=89.14) minutes with 83.3%
classified as short sleepers (<7 hours), 14.5% as normal sleepers (7-9 hours) and
2.2% as long sleepers (>9 hours).46 Mean sleep efficiency for the sample was
relatively poor at 75.34% (SD=17.33), with a mean sleep onset latency of 42.37
(SD=44.04) minutes. Reported sleep problems related to poor subjective sleep
quality (51%) two or more times per week, difficulties initiating sleep (52.1%) two
or more times per week and difficulty with both maintaining sleep along with early
awakening from sleep (79%) two or more times per week. Participants’ also reported
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difficulties sleeping due to being too hot and experiencing pain. Further detail on
these can be seen in Appendix D.
Descriptive data for all variables are presented in Table 3.1. Comparisons of mean
scores for normal and poor sleepers for each continuous measure can be seen in
Figure 3.1.
Figure 3.1: Radar chart comparing mean scores for those classified as normal sleepers and
poor sleepers. HADS-A, HADS-D, Hospital Anxiety and Depression Scale – anxiety and
depression subscales; PSAS C, PSAS S, Pre-Sleep Arousal Scale – cognitive and somatic
subscales; SPI-S, Simplified Psoriasis Index-Severity.
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Table 3.1: Characteristics of the study population (n=186)
Variable

Score

Sex, male/female, n (%)

46 (24.7)/140 (75.3)

Age (years), mean (SD)

39.2 (12.63)

BMI, mean (SD)
Alcohol (units per week), mean (SD)
PSQI score, mean (SD)

a

Min

Max

18

70

30.7 (9.37)

13.2

78.9

4.21 (9.35)

0

70

9.24 (4.32)

2

20

Normal sleepers (≤5), n (%)

44 (23.7)

Poor sleepers (≥6), n (%)

142 (76.3)

OSA probability
Low, n (%)

125 (67.2)

High, n (%)

61 (32.8)

PSAS
Cognitive Arousal, mean (SD)

21.01 (7.5)

8

40

Somatic Arousal, mean (SD)

14.53 (5.84)

8

33

51.43 (9.98)

19

75

MEQ, mean (SD)
Morning type, n (%)

43 (23.1)

Intermediate type, n (%)

117 (62.9)

Evening type, n (%)

26 (14)

Itch, mean (SD)

13.99 (4.27)

5

25

Psoriasis severity, mean (SD)b

9.56 (8.58)

0

48

Mild (<10), n (%)

110 (59.1%)

Moderate (11-20), n (%)

57 (30.6%)

Severe (>20), n (%)

19 (10.2%)

Depression, mean (SD)

6.52 (4.24)

0

20

Anxiety, mean (SD)

8.56 (4.34)

0

21

HADS

a

Scores range from 0-21, higher values indicate poorer sleep
Scores range from 0-50, higher values represent more severe psoriasis
Abbreviations: BMI: Body Mass Index, PSQI: Pittsburgh Sleep Quality Index, OSA:
Obstructive Sleep Apnea, PSAS: Pre-sleep arousal scale, MEQ: MorningnessEveningness Questionnaire, HADS: Hospital Anxiety and Depression Scale
b
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A significant difference was present in psoriasis severity scores between normal
sleepers (M=6.36; SD=5.44) and poor sleepers (M=10.55; SD=9.14 t(184)=3.73,
p<.001,η2=.07), with poor sleepers having significantly higher psoriasis severity
scores. Similarly, individuals with a high probability of OSA (M=11.58, SD=10.30)
had significantly higher psoriasis severity scores than those with a low probability
(M=8.58, SD=7.45 t(184) = 2.03, p<.05,η2=.005). There were no significant
differences in psoriasis severity scores between morning (M=7.75, SD=6.86),
intermediate (M=10.19, SD=8.69), and evening (M=9.69, SD=10.39) chronotype
groups, (p=.281; η2=.014).

3.4.3. Predictors of sleep quality
Next, we evaluated the contribution of variables (age, sex, BMI, psoriasis severity,
mood, itch, pre-sleep arousal, chronotype and OSA risk) to variation in sleep quality.
Sleep quality was significantly positively correlated with psoriasis severity, anxiety,
depression, itch, somatic arousal and cognitive arousal and negatively correlated
with chronotype (Table 3.2). All variables except psoriasis severity, chronotype and
OSA probability correlated with sleep quality at r≥.4. Therefore, anxiety, depression,
itch, and somatic and cognitive arousal were included in the subsequent regression
analysis (Table 3.3).
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Table 3.2: Correlations between study measures

149

Multiple regression analysis indicated that cognitive arousal (β=.264, p<.05), itch
(β=.260, p<.0001), depression (β=.236, p<.05) and somatic arousal (β=.168, p<.05)
were independent predictors of sleep quality, together accounting for 43% of
variance in PSQI scores.
Table 3.3: Results of the multiple regression analysis.
Predictor

b

SE

β

t

p

Itch
Cognitive Arousal
Depression
Somatic Arousal
Anxiety

.263
.152
.241
.124
-.020

.063
.043
.071
.054
.083

.260
.264
.237
.168
-.020

4.16
3.54
3.39
2.31
-.24

.000
.001
.001
.022
.809

Model

R2
.430

Dependent variable: Sleep quality (PSQI total)
b, unstandardised regression coefficient; SE, standard error; β, standardised regression coefficient; t, obtained tvalue; p, probability; R2, proportion of variance explained

3.5. Discussion
The aim of this study was to characterise sleep in psoriasis and to examine the
predictors of sleep quality. Our results show that poor sleep quality is more common
in psoriasis (76.3%) than estimates in the general population (30-50%).47 Indeed,
sleep quality and sleep efficiency were worse than previously reported in psoriasis 4850

or diabetes samples51 and equivalent to that shown in a psoriatic arthritis sample.52

Additionally, we observed a high probability of OSA in our sample (32.5%), again at
a rate higher than the prevalence in the general population (3-7%),53 although
somewhat lower than the rate of around 50% reported in other psoriasis samples.54 55
Short sleep duration (<7 hours) was common in our sample, reported by the majority
(83.3%). Short sleep duration has well established links with negative health
consequences including obesity,56 diabetes57

58

and hypertension59 and thus may

contribute to increased disease burden. Participants reported difficulties initiating
and maintaining sleep, alongside early awakening with an inability to resume sleep;
these are core features of insomnia.60 Indeed, there was high pre-sleep cognitive and
somatic arousal in our sample, at least as high as clinical insomnia patients.61 Presleep arousal is a known feature of insomnia, frequently precipitating and
contributing to sleep difficulties31 62 manifesting as cognitive (rumination, worry and
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negative emotion),32 somatic (elevated sympathetic activity, metabolic rate and
hypothalamic-pituitary-adrenal axis activity)63-65 and cortical (increased brain
metabolism and high-frequency EEG activity)66 67 hyper-arousal.
The elevated OSA probability present in our sample is consistent with the high mean
BMI score found, with obesity a known risk factor for OSA68 and common in people
with psoriasis.69 It is likely that lifestyle factors (e.g. obesity, physical inactivity) are
involved and may contribute to this elevated risk.55 Nevertheless, it has been
proposed that psoriasis and OSA are linked bidirectionally via inflammatory
pathways, with both disorders demonstrating increased concentrations of interleukin
(IL)-17, IL-6 and tumour necrosis factor (TNF)-α.70-73 Whilst the precise
mechanisms linking OSA and psoriasis remain unclear, lifestyle factors,
inflammatory processes and hypertension may all underlie this elevated risk.74 It is
worth mentioning that OSA estimates in this study are lower than reported
elsewhere9 and may be due to the use of a self-report measure (Berlin Questionnaire)
rather than polysomnography to assess OSA. However, the Berlin Questionnaire has
proven validity, and a moderate-strong positive predictive value, ranging from .7275
to .89.36 Given that OSA is a known risk factor for CVD,76 ischemic stroke,77 road
traffic accidents78 and hypertension79 we suggest that sleep disordered breathing is
queried in patients with psoriasis to facilitate appropriate diagnosis and treatment.
Cognitive arousal, itch, depression and somatic arousal were identified as key
predictors of sleep quality. Elevated arousal in the pre-sleep period is associated with
sleep difficulties in insomnia and healthy individuals, contributing to increased sleep
onset latency, reduced sleep efficiency and total sleep time and sleep-state
misperception.31-33 Although speculative, a number of factors may contribute to
elevated arousal in psoriasis including disease-related rumination and worry, and
monitoring of somatic symptoms, such as itch. Further arousal may stem from
disrupted emotional regulation, resulting in negatively-toned emotional activity with
sleep disturbances known to modulate emotional responses.80 81 Nevertheless, the
content of this elevated arousal in the pre-sleep period could be investigated further,
examining psoriasis-specific factors. Itch and associated scratching have been
reported as disrupting sleep in psoriasis and other pruritic conditions, with scratching
occurring throughout the sleep period.82-85 Evidence suggests conditioned scratching
activity can occur during sleep, with nocturnal scratching reported as a distinct
151

parasomnia in a number of cases.86 Moreover, itch has strong links with mood,87
with depression amplifying itch perception.88 In addition, well-established links
between depression and sleep exist, with low mood and insomnia interacting
bidirectionally14 89 suggesting the existence of shared aetiology.14 26 Future research
could focus on prospectively examining the causal direction between these predictors
and poor sleep with the aim of identifying possible mediating pathways.
A key strength of this study is that it provides a multidimensional assessment of
sleep using validated measures in an international sample. Despite this, there are
limitations that must be considered. First, our study may have been subject to
selection bias with people that experience sleep disruption having a greater
motivation to participate. We attempted to minimise this by inviting all individuals
with psoriasis regardless of sleep status to participate. Moreover, although the
majority of our sample had mild psoriasis, magnitude of sleep disturbance and high
levels of pre-sleep arousal suggest that poor sleep is a prevalent issue in this group. It
is unclear, however, why there was a predominance of women participating in the
study. It could be speculated that this is due to a higher prevalence of insomnia, thus
may be the result of selection bias.90 Indeed, evidence suggests women are more
likely to respond to survey research with similar gender distributions to those
encountered here observed in other sleep-related survey studies.91 92 It is also unclear
why we obtained a low participation rate relative to the recruitment efforts. Over
11,800 individuals engaged with the survey link, however 11,471 did not continue
past the information sheet. We are unsure why this is; however, a contributing factor
may have been the number of questions included. A further limitation stems from the
use of subjective sleep measures, which, whilst valid, were retrospective in nature
and thus may be subject to recall biases, which is a limitation of cross-sectional
research. A further limitation arises from the fact that we did not examine other sleep
disorders such as sleep-related movement disorders, circadian rhythm disorders,
parasomnias or excessive daytime sleepiness; thus hidden sleep pathology may not
have been detected. Finally, with the study being cross-sectional we are limited in
our ability to explore the causal ordering of variable relationships.
In summary, our findings suggest that sleep disturbance more common than
previously thought in psoriasis and that it is associated with a range of psychological
and physical factors. Whilst a handful of studies have shown improvements in sleep
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in psoriasis following administration of biologic medication,93 94 this should be
combined with psychological therapies specifically targeting the modifiable factors
identified here including, itch, negative mood and pre-sleep arousal. Therapeutic
focus on these variables may lead to improvements in sleep in people with psoriasis.

153

3.6. References
1. Parisi R, Symmons DP, Griffiths CE, et al. Global epidemiology of psoriasis: a
systematic review of incidence and prevalence. Journal of Investigative
Dermatology 2013;133(2):377-85.
2. Parisi R, Rutter MK, Lunt M, et al. Psoriasis and the risk of major cardiovascular
events: cohort study using the clinical practice research datalink. Journal of
Investigative Dermatology 2015.
3. Cohen A, Dreiher J, Birkenfeld S. Psoriasis associated with ulcerative colitis and
Crohn's disease. Journal of the European Academy of Dermatology and
Venereology 2009;23(5):561-65.
4. Gladman D, Antoni C, Mease P, et al. Psoriatic arthritis: epidemiology, clinical
features, course, and outcome. Annals of the Rheumatic Diseases
2005;64(suppl 2):ii14-ii17.
5. Cohen A, Dreiher J, Shapiro Y, et al. Psoriasis and diabetes: a population‐based
cross‐sectional study. Journal of the European Academy of Dermatology and
Venereology 2008;22(5):585-89.
6. Kurd S, Troxel A, Crits-Christoph P, et al. The risk of depression, anxiety, and
suicidality in patients with psoriasis: a population-based cohort study. Archives
of Dermatology 2010;146(8):891-95.
7. Evers A, Lu Y, Duller P, et al. Common burden of chronic skin diseases?
Contributors to psychological distress in adults with psoriasis and atopic
dermatitis. British Journal of Dermatology 2005;152(6):1275-81.
8. Rapp SR, Feldman SR, Exum ML, et al. Psoriasis causes as much disability as
other major medical diseases. Journal of the American Academy of
Dermatology 1999;41(3):401-07.
9. Henry A, Kyle S, Bhandari S, et al. Measurement, classification and evaluation of
sleep disturbance in psoriasis: A systematic review PLoS One
2016;11(6):e0157843.
10. Henry AL, Kyle SD, Bundy C. A call for improved sleep research in psoriasis
populations. International Journal of Dermatology 2016; 55(5).
11. Spiegel K, Knutson K, Leproult R, et al. Sleep loss: a novel risk factor for insulin
resistance and Type 2 diabetes. Journal of Applied Physiology
2005;99(5):2008-19.
154

12. Palagini L, Maria Bruno R, Gemignani A, et al. Sleep loss and hypertension: a
systematic review. Current Pharmaceutical Design 2013;19(13):2409-19.
13. Mullington JM, Haack M, Toth M, et al. Cardiovascular, inflammatory, and
metabolic consequences of sleep deprivation. Progress in Cardiovascular
Diseases 2009;51(4):294-302.
14. Baglioni C, Battagliese G, Feige B, et al. Insomnia as a predictor of depression: a
meta-analytic evaluation of longitudinal epidemiological studies. Journal of
Affective Disorders 2011;135(1):10-19.
15. Neckelmann D, Mykletun A, Dahl AA. Chronic insomnia as a risk factor for
developing anxiety and depression. Sleep 2007;30(7):873.
16. Cappuccio FP, D'Elia L, Strazzullo P, et al. Sleep duration and all-cause
mortality: a systematic review and meta-analysis of prospective studies. Sleep
2010;33(5):585.
17. Van Cauter E, Spiegel K, Tasali E, et al. Metabolic consequences of sleep and
sleep loss. Sleep Medicine 2008;9:S23-S28.
18. Irwin MR. Why sleep is important for health: a psychoneuroimmunology
perspective. Psychology 2015;66(1):143.
19. Irwin MR, Olmstead R, Carroll JE. Sleep disturbance, sleep duration, and
inflammation: a systematic review and meta-analysis of cohort studies and
experimental sleep deprivation. Biological Psychiatry 2015.
20. Vgontzas A, Zoumakis M, Papanicolaou D, et al. Chronic insomnia is associated
with a shift of interleukin-6 and tumor necrosis factor secretion from nighttime
to daytime. Metabolism 2002;51(7):887-92.
21. Chiu H-Y, Hsieh C-F, Chiang Y-T, et al. Concomitant sleep disorder
significantly increased the risk of cardiovascular disease in patients with
psoriasis. PLOS One 2016.
22. Li W, Qureshi AA, Schernhammer ES, et al. Rotating night shift work and risk
of psoriasis in US women. Journal of Investigative Dermatology
2013;133(2):565.
23. Cajochen C, Kräuchi K, Wirz‐Justice A. Role of melatonin in the regulation of
human circadian rhythms and sleep. Journal of neuroendocrinology
2003;15(4):432-37.
24. Esposito E, Cuzzocrea S. Antiinflammatory activity of melatonin in central
nervous system. Current neuropharmacology 2010;8(3):228-42.
155

25. Franzen PL, Buysse DJ. Sleep disturbances and depression: risk relationships for
subsequent depression and therapeutic implications. Dialogues in Clinical
Neuroscience 2008;10(4):473.
26. Manber R, Chambers AS. Insomnia and depression: a multifaceted interplay.
Current Psychiatry Reports 2009;11(6):437-42.
27. Ohayon MM, Roth T. Place of chronic insomnia in the course of depressive and
anxiety disorders. Journal of Psychiatric Research 2003;37(1):9-15.
28. Ramsawh HJ, Stein MB, Belik S-L, et al. Relationship of anxiety disorders, sleep
quality, and functional impairment in a community sample. Journal of
Psychiatric Research 2009;43(10):926-33.
29. Bender BG, Ballard R, Canono B, et al. Disease severity, scratching, and sleep
quality in patients with atopic dermatitis. Journal of the American Academy of
Dermatology 2008;58(3):415-20.
30. Sherry HY, Attarian H, Zee P, et al. Burden of Sleep and Fatigue in US Adults
With Atopic Dermatitis. Dermatitis 2016;27(2):50-58.
31. Robertson JA, Broomfield NM, Espie CA. Prospective comparison of subjective
arousal during the pre‐sleep period in primary sleep‐onset insomnia and
normal sleepers. Journal of Sleep Research 2007;16(2):230-38.
32. Wuyts J, De Valck E, Vandekerckhove M, et al. The influence of pre-sleep
cognitive arousal on sleep onset processes. International Journal of
Psychophysiology 2012;83(1):8-15.
33. Tang NK, Harvey AG. Effects of cognitive arousal and physiological arousal on
sleep perception. Sleep 2004;27(1):69-78.
34. Buysse DJ, Reynolds CF, Monk TH, et al. The Pittsburgh Sleep Quality Index: a
new instrument for psychiatric practice and research. Psychiatry Research
1989;28(2):193-213.
35. Backhaus J, Junghanns K, Broocks A, et al. Test–retest reliability and validity of
the Pittsburgh Sleep Quality Index in primary insomnia. Journal of
Psychosomatic Research 2002;53(3):737-40.
36. Netzer NC, Stoohs RA, Netzer CM, et al. Using the Berlin Questionnaire to
identify patients at risk for the sleep apnea syndrome. Annals of Internal
Medicine 1999;131(7):485-91.

156

37. Horne JA, Ostberg O. A self-assessment questionnaire to determine
morningness-eveningness in human circadian rhythms. International Journal of
Chronobiology 1975;4(2):97-110.
38. Nicassio PM, Mendlowitz DR, Fussell JJ, et al. The phenomenology of the presleep state: the development of the pre-sleep arousal scale. Behaviour Research
and Therapy 1985;23(3):263-71.
39. Jansson-Fröjmark M, Norell-Clarke A. Psychometric properties of the Pre-Sleep
Arousal Scale in a large community sample. Journal of Psychosomatic
Research 2012;72(2):103-10.
40. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand 1983;67(6):361-70.
41. Bjelland I, Dahl AA, Haug TT, et al. The validity of the Hospital Anxiety and
Depression Scale: an updated literature review. Journal of Psychosomatic
Research 2002;52(2):69-77.
42. Chularojanamontri L, Griffiths CE, Chalmers RJ. The Simplified Psoriasis Index
(SPI): a practical tool for assessing psoriasis. Journal of Investigative
Dermatology 2013;133(8):1956-62.
43. Chularojanamontri L, Griffiths CE, Chalmers RJ. Responsiveness to change and
interpretability of the simplified psoriasis index. Journal of Investigative
Dermatology 2014;134(2):351-58.
44. Elman S, Hynan L, Gabriel V, et al. The 5‐D itch scale: a new measure of
pruritus. British Journal of Dermatology 2010;162(3):587-93.
45. Cohen J. Statistical Power Analysis for the Behavioral Sciences: Taylor &
Francis, 2013.
46. Watson NF, Badr MS, Belenky G, et al. Recommended amount of sleep for a
healthy adult: a joint consensus statement of the American Academy of Sleep
Medicine and Sleep Research Society. Sleep 2015;38(6):843-4.
47. Leger D, Poursain B, Neubauer D, et al. An international survey of sleeping
problems in the general population. Current Medical Research and Opinion
2007;24(1):307-17.
48. Shutty BG, West C, Huang KE, et al. Sleep disturbances in psoriasis.
Dermatology Online Journal 2013;19(1).

157

49. Stinco G, Trevisan G, Piccirillo F, et al. Psoriasis vulgaris does not adversely
influence the quality of sleep. Giornale Italiano di Dermatologia e
Venereologia 2013;148(6):655-59.
50. Balta I, Karadag AS, Selek S, et al. General psychiatric symptoms, quality of
sleep, and coping strategies in patients with psoriasis vulgaris. International
Journal of Dermatology 2016;55(1):60-64.
51. Lou P, Qin Y, Zhang P, et al. Association of sleep quality and quality of life in
type 2 diabetes mellitus: A cross-sectional study in China. Diabetes Research
and Clinical Practice 2015;107(1):69-76.
52. Gezer O, Batmaz İ, Sariyildiz MA, et al. Sleep quality in patients with psoriatic
arthritis. International Journal of Rheumatic Diseases 2014.
53. Punjabi NM. The epidemiology of adult obstructive sleep apnea. Proceedings of
the American Thoracic Society 2008;5(2):136-43.
54. Karaca S, Fidan F, Erkan F, et al. Might psoriasis be a risk factor for obstructive
sleep apnea syndrome? Sleep and Breathing 2013;17(1):275-80.
55. Papadavid E, Vlami K, Dalamaga M, et al. Sleep apnea as a comorbidity in obese
psoriasis patients: a cross‐sectional study. Do psoriasis characteristics and
metabolic parameters play a role? Journal of the European Academy of
Dermatology and Venereology 2013;27(7):820-26.
56. Taheri S, Lin L, Austin D, et al. Short sleep duration is associated with reduced
leptin, elevated ghrelin, and increased body mass index. PLoS medicine
2004;1(3):210.
57. Yaggi HK, Araujo AB, McKinlay JB. Sleep duration as a risk factor for the
development of type 2 diabetes. Diabetes care 2006;29(3):657-61.
58. Gangwisch JE, Heymsfield SB, Boden-Albala B, et al. Sleep duration as a risk
factor for diabetes incidence in a large US sample. Sleep 2007;30(12):1667.
59. Gangwisch JE, Heymsfield SB, Boden-Albala B, et al. Short sleep duration as a
risk factor for hypertension analyses of the first national health and nutrition
examination survey. hypertension 2006;47(5):833-39.
60. AASM. International Classification of Sleep Disorders, 3rd Edition: American
Academy Of Sleep Medicine, 2014.
61. Morin CM, Rodrigue S, Ivers H. Role of stress, arousal, and coping skills in
primary insomnia. Psychosomatic Medicine 2003;65(2):259-67.

158

62. Bonnet MH, Arand DL. Hyperarousal and insomnia: state of the science. Sleep
medicine reviews 2010;14(1):9-15.
63. de Zambotti M, Covassin N, de Min Tona G, et al. Sleep onset and
cardiovascular activity in primary insomnia. Journal of sleep research
2011;20(2):318-25.
64. Bonnet M, Arand D. Insomnia, metabolic rate and sleep restoration. Journal of
internal medicine 2003;254(1):23-31.
65. Vgontzas AN, Bixler EO, Lin H-M, et al. Chronic insomnia is associated with
nyctohemeral activation of the hypothalamic-pituitary-adrenal axis: clinical
implications. The Journal of Clinical Endocrinology & Metabolism
2001;86(8):3787-94.
66. Nofzinger EA, Buysse DJ, Germain A, et al. Functional neuroimaging evidence
for hyperarousal in insomnia. American Journal of Psychiatry
2004;161(11):2126-28.
67. Perlis ML, Smith MT, Andrews PJ, et al. Beta/Gamma EEG activity in patients
with primary and secondary insomnia and good sleeper controls. Sleep
2001;24(1):110-17.
68. Young T, Peppard PE, Taheri S. Excess weight and sleep-disordered breathing.
Journal of Applied Physiology 2005;99(4):1592-99.
69. Armstrong A, Harskamp C, Armstrong E. The association between psoriasis and
obesity: a systematic review and meta-analysis of observational studies.
Nutrition & Diabetes 2012;2(12):e54.
70. Arican O, Aral M, Sasmaz S, et al. Serum levels of TNF-α, IFN-γ, IL-6, IL-8, IL12, IL-17, and IL-18 in patients with active psoriasis and correlation with
disease severity. Mediators of Inflammation 2005;2005(5):273-79.
71. Minoguchi K, Tazaki T, Yokoe T, et al. Elevated production of tumor necrosis
factor-α by monocytes in patients with obstructive sleep apnea syndrome.
CHEST Journal 2004;126(5):1473-79.
72. Lowes MA, Kikuchi T, Fuentes-Duculan J, et al. Psoriasis vulgaris lesions
contain discrete populations of Th1 and Th17 T cells. Journal of Investigative
Dermatology 2008;128(5):1207-11.
73. Kagami S, Rizzo HL, Lee JJ, et al. Circulating Th17, Th22, and Th1 cells are
increased in psoriasis. Journal of Investigative Dermatology
2010;130(5):1373-83.
159

74. Hirotsu C, Noqueira H, Albuquerque R, et al. The bidirectional interactions
between psoriasis and obstructive sleep apnea. International Journal of
Dermatology 2015;54(12):1352-58.
75. Pataka A, Daskalopoulou E, Kalamaras G, et al. Evaluation of five different
questionnaires for assessing sleep apnea syndrome in a sleep clinic. Sleep
medicine 2014;15(7):776-81.
76. McNicholas W, Bonsignore M, B26 MCoECA. Sleep apnoea as an independent
risk factor for cardiovascular disease: current evidence, basic mechanisms and
research priorities. European Respiratory Journal 2007;29(1):156-78.
77. Yaggi HK, Concato J, Kernan WN, et al. Obstructive sleep apnea as a risk factor
for stroke and death. New England Journal of Medicine 2005;353(19):203441.
78. Tregear S, Reston J, Schoelles K, et al. Obstructive sleep apnea and risk of motor
vehicle crash: systematic review and meta-analysis. J Clin Sleep Med
2009;5(6):573-81.
79. Lavie P, Herer P, Hoffstein V. Obstructive sleep apnoea syndrome as a risk
factor for hypertension: population study. Bmj 2000;320(7233):479-82.
80. Yoo S-S, Gujar N, Hu P, et al. The human emotional brain without sleep—a
prefrontal amygdala disconnect. Current Biology 2007;17(20):R877-R78.
81. Gujar N, Yoo S-S, Hu P, et al. Sleep deprivation amplifies reactivity of brain
reward networks, biasing the appraisal of positive emotional experiences. The
Journal of neuroscience 2011;31(12):4466-74.
82. Aoki T, Kushimoto H, Hishikawa Y, et al. Nocturnal scratching and its
relationship to the disturbed sleep of itchy subjects. Clinical and Experimental
Dermatology 1991;16(4):268-72.
83. Savin J, Paterson W, Oswald I, et al. Further studies of scratching during sleep.
British Journal of Dermatology 1975;93(3):297-302.
84. Globe D, Bayliss MS, Harrison DJ. The impact of itch symptoms in psoriasis:
results from physician interviews and patient focus groups. Health Qual Life
Outcomes 2009;7(1):62.
85. Yosipovitch G, Goon A, Wee J, et al. The prevalence and clinical characteristics
of pruritus among patients with extensive psoriasis. British Journal of
Dermatology 2000;143(5):969-73.

160

86. Nigam G, Riaz M, Hershner SD, et al. Sleep Related Scratching: A Distinct
Parasomnia. J Clin Sleep Med 2016;12:139-42.
87. Reich A, Hrehorow E, Szepietowski JC. Pruritus is an important factor
negatively influencing the well-being of psoriatic patients. Acta DermatoVenereologica 2010;90(3):257-63.
88. Gupta MA, Gupta AK, Schork NJ, et al. Depression modulates pruritus
perception: a study of pruritus in psoriasis, atopic dermatitis, and chronic
idiopathic urticaria. Psychosomatic Medicine 1994;56(1):36-40.
89. Baglioni C, Riemann D. Is chronic insomnia a precursor to major depression?
Epidemiological and biological findings. Current psychiatry reports
2012;14(5):511-18.
90. Zhang B, Wing Y. Sex differences in insomnia: a meta-analysis. Sleep
2006;29(1):85.
91. Lund HG, Reider BD, Whiting AB, et al. Sleep patterns and predictors of
disturbed sleep in a large population of college students. Journal of adolescent
health 2010;46(2):124-32.
92. Miller CB, Gordon CJ, Toubia L, et al. Agreement between simple questions
about sleep duration and sleep diaries in a large online survey. Sleep Health
2015;1(2):133-37.
93. Strober B, Sobell J, Duffin K, et al. Sleep quality and other patient‐reported
outcomes improve after patients with psoriasis with suboptimal response to
other systemic therapies are switched to adalimumab: results from
PROGRESS, an open‐label Phase IIIB trial. British Journal of Dermatology
2012;167(6):1374-81.
94. Wu C-Y, Chang Y-T, Juan C-K, et al. Depression and Insomnia in Patients With
Psoriasis and Psoriatic Arthritis Taking Tumor Necrosis Factor Antagonists.
Medicine 2016;95(22):e3816.

161

Chapter Four:

Understanding the experience of sleep disturbance in psoriasis: A qualitative
exploration using the Common Sense-Self-Regulation Model

Henry, A.L., Bundy, C., Kyle, S.D., Griffiths, C.E.M., & Chisholm, A. (2018).
Understanding the experience of sleep disturbance in psoriasis: A qualitative
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Note: As this paper has been submitted for publication to the British Journal of
Dermatology, the formatting and layout of the chapter is in accordance with British Journal
of Dermatology guidelines. Thus, for this chapter, references will be in the appropriate style
and be placed at the end of the chapter.
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4.1. Abstract
4.1.1. Background
Psoriasis is associated with significant morbidity which negatively impacts
upon quality of life. Sleep disturbance is reported by patients to be common in
psoriasis and is associated with physical and psychological variables, although there
is little published work in this area. Understanding sleep and the factors involved in
its disturbance in psoriasis is a potentially important clinical area given the role of
sleep in health and disease processes.

4.1.2. Objective
To explore the experience of sleep and sleep disturbance in psoriasis using
the Common-Sense-Self-Regulation Model (CS-SRM).

4.1.3. Method
Semi-structured interviews were conducted with adults diagnosed with
psoriasis. Interview questions were informed by the CS-SRM and previous research.
Framework analysis was applied, including coding data into the CS-SRM
dimensions and allowing additional inductive themes to emerge.

4.1.4. Results
Seventeen people with psoriasis (9 female, 8 male; aged 19-86) were
interviewed about sleep and sleep disturbance. Seven themes emerged, with six
accounted for by the CS-SRM: characteristics of sleep disturbance, change in sleep
patterns, thoughts about and symptoms of disease disturbing sleep, impact of poor
sleep on daily life, attempts to improve sleep, a daily battle for control and a seventh
relating to metacognitive processes. A reciprocal relationship between sleep and
psoriasis was evident across themes with interactions between key sleep-related
thoughts, emotions and behaviours.

4.1.5. Conclusion
This study showed that sleep disturbance is a persistent concern for people
with psoriasis, it has a 24-hour impact, and interacts with psychological and physical
aspects of psoriasis. The distress and frustration felt when managing sleep
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disturbance perpetuated problematic sleep. Addressing this with currently available
sleep treatments may therefore confer sleep and psoriasis-related benefits for people
living with this condition.
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4.2. Introduction
Psoriasis is a long-term immune-mediated inflammatory skin condition affecting
approximately 2% of the population.1 Aside from its characteristic clearly
demarcated plaques and other dermatologic sequelae, it is associated with significant
physical and psychological comorbidity, namely: diabetes,2 psoriatic arthritis ,3
cardiovascular disease4 and depression and anxiety5 respectively.
Mounting evidence suggests a link between psoriasis and sleep disturbance.6 A
recent study found sleep disturbance in people with psoriasis was common and
characterised by difficulties initiating and maintaining sleep, early waking and an
inability to resume sleep, as well as short sleep duration (<7h) predominant.7 Factors
associated with sleep disturbance in psoriasis include itch, pre-sleep cognitive and
somatic arousal, depression and pain.6-10 Sleep has an important role in the optimal
functioning of numerous physiological and psychological systems. Beyond the
noticeable consequences of sleep disturbance (e.g. tiredness, low mood, daytime
dysfunction)11 physiological systems can be adversely affected, including
dysregulation of metabolic,12 immune13 and cardiovascular functioning,14 which,
over time, can increase the propensity for physical and psychological illness and
impact upon disease processes.15, 16

Insight into sleep disturbance can be gained from models of insomnia. The 3P model
proposes that biopsychosocial factors (altered neurotransmitter functioning,
ruminative tendencies or social pressures) predispose to sleep difficulties which are
often precipitated by illness.17 Unhelpful cognitive and behavioural coping strategies
(e.g. excess caffeine use, increasing time in bed, reduced energy expenditure), used
to promote sleep and/or manage the consequences of poor sleep paradoxically
maintain sleep difficulties.17,18 Whilst the 3P model of insomnia helps conceptualize
how chronic sleep disturbances manifest it may not account for interactions between
sleep disturbance and disease-specific processes and a framework that encompasses
multiple dimensions of illness, including peoples’ beliefs about the causes of poor
sleep may be more appropriate. The Common Sense-Self-Regulation Model (CSSRM) proposes that the perception of a threat to health, illness perceptions (beliefs
about an illness/health threat) based upon six domains: illness identity, timeline,
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cause, consequences, coping and controllability are generated.19 These, along with
the parallel processes of emotional representations inform coping responses and
predict health outcomes in psoriasis.20-22 The CS-SRM has been used to explore the
experience of psoriasis,23 and psoriatic arthritis (PsA).24 Although it has been used to
identify beliefs about psoriasis and related conditions it has not been used to identify
how sleep interacts with psoriasis. In doing so we may gain new perspectives into
overlapping health threats that individuals are managing simultaneously.

Obtaining an in-depth participant-led account of these interactions may identify
psoriasis-specific factors that contribute to and maintain sleep disturbance.
Qualitative methodology provides context and gives the opportunity for participants
to describe an experience in their own words facilitating an in-depth exploration of
experiences to aid understanding of a particular phenomenon.25-27 We set out to
explore the experience of sleep disturbance in psoriasis in accordance with the CSSRM framework, and to evaluate whether the model is appropriate for this goal.

4.3. Methods
4.3.1. Sampling and recruitment
Participants were required to be ≥18 years old and have a diagnosis of psoriasis. Due
to the systemic nature of psoriasis, no differentiation was made between those with
psoriasis and comorbid PsA in order to recruit an ecologically valid sample.
Purposive sampling using a maximum variation approach28 was employed to gain
perspectives across a range of variables including age, gender, ethnicity and varying
degrees of self-reported sleep disturbance. Participants were recruited from a
university psoriasis clinic, a research participant database, and posters placed in
community settings and on social media.

4.3.2. Data collection

Semi-structured interviews were conducted between February 2016 and April 2017
by ALH either face-to-face or by telephone, supervised by experienced qualitative
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researchers. Semi-structured interviews facilitated understanding of individuals’ own
experiences in detail and allowed aspects of the CS-SRM framework to be explored.
Written consent was obtained prior to the interview. The topic guide was based upon
the CS-SRM and piloted with members of a research user group (Appendix F).
Interviews were digitally recorded, with field notes made following interviews to
document salient patterns emerging from the data. All interviews were transcribed
verbatim and anonymized.

4.3.3. Data analysis
Analysis was consistent with Framework analysis.29 This approach was chosen to
test the utility of the CS-SRM but also allowed emergent themes not accounted for
by the model to be documented. Following familiarization, data were initially coded
according to the six CS-SRM dimensions and a working analytical framework of
themes and subthemes was developed. In an attempt to reduce subjectivity multiple
coding was used.30 Analysis was led by the first author (ALH), and was supported
by other authors (CB, AC), both of whom are experienced in qualitative research and
brought a health psychology perspective to analyses. All three independently coded
the first three interview transcripts, with codes discussed and compared within the
research team to reduce the influence of subjective biases on analysis. This provided
an opportunity to discuss initial labels and refine codes of themes and subthemes.
Constant comparison methods were used in parallel with data collection and
iteratively allowing the developing analysis to inform subsequent interviews and vice
versa,31 conducted by the first author. Data not accounted for by the model were
coded by grouping emergent patterns of data into defined categories and discussed
between the analysis team until a consensus on emergent themes was reached.
Subsequently, overarching categories of data from within and without the CS-SRM
were organised into superordinate themes and sub-themes. Meetings between
analysis team members occurred throughout data analysis and allowed refinement of
themes and sub-themes throughout. Any inconsistencies were resolved following
discussion. Independent coding and subsequent discussions helped reduce
subjectivity in analysis and ensured consistency throughout the analytic process.
Data collection and analysis ceased when thematic saturation was achieved (i.e.
interview data no longer added new insight to the emergent themes/sub-themes and
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no new themes emerged from the data). The study was approved by NHS ethics
(15/NE/0424) (Appendices G & H).

4.4. Results
Seventeen participants (9 [53%] female) completed interviews (10 face-to-face and 7
by telephone), lasting between 26 and 133 minutes (Mean=52 min; SD=25.5). Ages
between 19 and 86 years (Mean=40.4; SD=16.9) and the age of psoriasis onset
ranged from 2 to 59 years (Mean=22.9 years; SD=16.4). In total, three participants
were of south Asian ethnicity, 13 were white British, and one was white Eastern
European. Eleven participants used prescribed medications for their psoriasis. All
participant characteristics are displayed in Table 4.1.
Table 4.1: Characteristics of the study sample (n=17)

Variable

Score

Min

Max

Age (years), mean (SD)

40.4 (16.9)

19

86

Sex, male/female, n (%)

8 (47%)/9 (53%)
22.9 (16.4)

2

59

52 (25.5)

26

133

Age of psoriasis onset (years),
mean (SD)
Length of interview (minutes),
mean (SD)
Ethnicity
White British

13

White European

1

South Asian

3

Prescribed psoriasis
medication
Topicals

6

Systemics

2

Biologics

3
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4.4.1. Key themes

The analysis produced seven overarching themes, six of which were accounted for
by the CS-SRM.
4.4.1.1. Theme 1: Identity – Symptoms of sleep disturbance
Participants reported sleep difficulties throughout the night in three distinct
experiences.
1.1 Can’t get to sleep: For many participants, sleep onset was problematic, often
taking a number of hours. Some participants reported that they could differentiate
between occasions when sleep is taking longer than usual but achievable compared
to when significant effort is required to initiate sleep.
“So as much as it takes me a little bit of time to fall asleep, I can definitely
tell the difference between when I’m just taking a while to get to sleep, and when I’m
actually struggling to cue sleep, overall, yeah. [P10]”
1.2. Can’t stay asleep: For others, difficulties returning to sleep and maintaining
sleep were also reported. Frequent awakenings occurred throughout the night which
created a feeling of frustration. Once awake, some patients found it challenging to
resume sleep and some were unable to return to sleep at all and remained awake the
rest of the night describing “watching the clock go all the way through four to five
[P8]” or giving up attempts to sleep and engaged in a productive task.
“I do go to sleep quickly but then I’ll wake up, it can be an hour, it can be a
few hours and I can wake up several times in the night. Sometimes I go back to
sleep. Sometimes I can be up at four o’clock in the morning ironing. So it’s…you
know, ‘cause you lie there for a while and you think, bloody hell, I’m wasting my
time and, like, I’ll get up and do something useful…[P11]”

1.3. Lighter sleep: Sleep was perceived as lighter, with some believing that they
remained partially awake throughout the night, and described being woken easily by
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environmental perturbations. Again, this was associated with frustration. Central to
this was the idea that sleep was described as a skill that had been lost over time and
contrasted with sleep earlier in life.
“You lose the ability to sleep. How I slept before was sound and now it’s a
lighter sleep. It’s not a sound sleep. [P1]”

4.4.1.2. Theme 2: Timeline - Change in sleep patterns
The history and change in sleep patterns varied across participants.

2.1. Marked Change: Current sleep represented a marked difference to how it had
been previously in life and for many sleep disturbance had been occurring for a
number of years, in some cases so long that participants couldn’t recall when it
began or remember the last time they slept well. This change could be attributed to a
specific precipitating event, such as disease onset or life stress, while others reported
a more gradual change over time. Participants’ descriptions of the history and timeframe of their sleep difficulties were largely neutral, suggesting acceptance or
resignation that little could be done to improve their sleep.
“It just seems to be the way it is now and at some time…like I say, years ago
I was…I don’t remember it being like this. But I’ve been like this for so long that I
don’t know when it started. [P11]”

2.2. Variability of sleep: For some sleep could be variable, with some describing
cyclical patterns associated with sleep better during the winter, or on weekends due
to greater opportunity for sleep and lack of work commitments. Participants also
described temporal links between sleep and the condition of their skin, with sleep
deteriorating as a function of time since the last treatment due to increased skin
agitation. Thus, some participants could anticipate and predict that their sleep would
deteriorate due to deteriorations in skin and reported fragmented sleep due to having
to apply treatment in the time period approaching an appointment.
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“Some nights are worse than others, it depends on how the skin is. My skin's
not too bad at the moment. But as it's getting closer to my injection, so my injection's
due in a couple of weeks, so my skin's now starting to flare up. So my sleep patterns
are getting worse, because I'm up again putting cream on. [P6]”

4.4.1.3. Theme 3: Cause - Thoughts and disease symptoms disturbing sleep
Sleep disturbance was associated with psychological and physical intrusions, with
these primarily relating to aspects of psoriasis. It was evident, therefore, that
psoriasis was intrinsically associated with sleep problems.
“I think if I haven’t had psoriasis, my sleep would improve, absolutely, and it
would improve the quality of life in everywhere else, absolutely. [P5]”

3.1.1. Thoughts/worries: Intrusive thoughts, worries and rumination were
frequently described as inhibiting sleep. This unwanted cognitive activity could
occur both before sleep and during night-time awakenings. For some, thoughts
directly caused sleep difficulties, whereas for others, intrusive thoughts appeared to
occur only when they were having trouble sleeping. Content could be general, about
everyday concerns such as family or work or be related to their psoriasis, however it
was predominantly negative and often distressing. Psoriasis-specific thoughts varied
in content including previous adverse treatment effects, concerns about
appointments, wondering whether they will ever achieve clear skin, treatment
effectiveness, how their skin was going to look the following day and how others
would perceive them.
“When I’m finding it difficult to sleep, that’s probably the time when my
mind refocuses back to my illness and the condition I have, and it kind of magnifies
the whole thing, and I kind of delve into different areas about my appointments,
about the past, about the future, so I’ll kind of think about different things in
different ways. [P2]”

3.1.2. Lack of distraction: Thoughts and worries were dominant at night and
believed to be the result of the lack of distractions at night relative to daytime when
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they were distracted or preoccupied with social and occupational demands. As a
result, many participants described that while psoriasis was always on their mind,
night time thoughts were dominated by psoriasis and was when they were “faced
with the reality of the situation [P2].” It was evident from participants’ narratives
that the intensity of psoriasis-related thoughts at night was noticeably different even
amplified in intensity to daytime.
“I think they [thoughts] probably are worse at night because I’m not
distracted whereas during the day you’re distracted with work, other people but at
night time there’s no real distraction so the mind is playing games. [P5]”

3.1.3. Difficult to control: This degree of cognitive activity was particularly
challenging to control. Participants described struggling to inhibit thoughts or change
the content of their thoughts regardless of how much effort they put in. Whilst
participants had coping strategies these tended not to work. This contributed to
frustration and began a vicious cycle that could quickly spiral out of control, with
cognitive activity spanning a range of topics. This appeared to perpetuate cognitive
arousal and inhibited sleep onset, which was associated with a sense of defeat. In a
sense, the mind’s activity was distinct from the desires of the individual.
“Yeah, I do struggle with that [controlling thoughts]. You know, if I'm
thinking of something I can't just be like, it's alright, I’ll just stop thinking about that.
It does get to a certain point where you're just like, wow, I can't stop this. You know,
I really want to and I'm really trying but I just can't. [P12]”
“Yes, it's just I think it's just all the multitudes of thoughts sort of scrambled
together and a mishmash really. [P6]”

The inability to control thoughts often resulted in feelings of guilt and self-blame as
participants believed they were somehow responsible for this unwanted cognitive
activity.
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“Yes, most of the time I think it's my own fault, why am I lying awake
thinking about X, Y or Z? It's not always to do with psoriasis, but a lot of it is linked
I think deep down underlying, you know, in your head. [P16]”

3.2. Psoriasis symptoms: Disease symptoms including itching, burning skin, and
pain from skin and joints contributed to sleep difficulties. In the same manner as
thoughts, symptoms appeared to be worse at night and contributed to further
cognitive arousal. Participants described finding a comfortable position challenging,
having to move frequently due to itchy skin and painful skin and joints. This was
particularly prominent during flares at which time poor sleep was also anticipated.
As a consequence of itchy skin participants reported scratching which interfered with
sleep and could occur while awake and during sleep, the latter of which is often only
realised in the morning as blood would be present on pajamas and bedsheets.
“Yeah, if I'm having a really bad flare-up and my skin’s really red and
irritated, I know before I go to bed that I'm going to wake up at least once during the
night, because it's just so irritable that you can't focus on sleep. I don’t know if that
makes sense but you just can't go to sleep because you're constantly thinking, my
God, that’s so itchy, or, that’s so irritable, what can I do to make that not feel that
way. [P12]”
“It's so painful. And of course if you've got it on your sides and your
back…when mine becomes really bad it's normally on my sides and the backs of my
legs and what have you. Turning, because as soon as you move……you're moving
your skin, aren't you? And it is painful, it's horrible. [P6]”

3.3. Goal conflict: sleep vs. treatment: Participants also described goal conflicts,
internally debating about choosing between consolidated sleep at the expense of their
skin but allowing occupational demands to be met during the day or conversely,
purposefully fragmenting sleep to apply treatments to reduce skin agitation and
dryness. This trade-off left participants feeling conflicted, contributing to frustration
at the lack of consolidated and restful sleep.
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“...I take [medication] at night time, and I think it works over a period of 16
hours, so by around four, five o’clock the next day I have to top it up with some
paracetamol based painkillers which last two to four hours, so by night time I’m sort
of in quite a lot of pain, which is the time that I go to bed, but then the sustained
release inflammatories which I take to keep me going through the day, they take time
to sort of work, so it’s usually during the night that I’m having the problems, and I
can’t really do that during the day because that’s when I go to work, so I need to be
pain free during the day, so I have to sort of compromise on the sleep. [P2]”

Some felt fed up at having to fragment sleep to manage their skin and on occasion
attempted to ignore symptoms as long as possible due to the desire for a good night’s
sleep. Nevertheless, they eventually had to give in and get out of bed to apply
treatments because they could no longer cope with how irritated their skin was
despite putting significant effort into attempting to ignore symptoms.
“Because there have been a couple of nights where I've thought I'm not
getting up, I'm just not getting up. But then I've had to get…and I might have done
that for about an hour or so. But then I've had to get up, because I just can't stand it
anymore. [P6]”

4.4.1.4. Theme 4: Consequences - Impact of sleep disturbance on daily life
Interviews captured a number of salient daytime consequences of sleep disturbance
which were present on intrapersonal and interpersonal levels in addition to psoriasis
specific consequences.

4.1. Intrapersonal: Daytime tiredness, exhaustion, unproductivity and a lack of
energy, impacting upon attention, motivation, concentration and reduced ability to
manage anxiety was reported. Consequences were significant and inhibited the
ability to engage in social activities or describing having to struggle through the day,
just managing to get by.
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“I seem to survive, in terms of just…and this afternoon, I was like…well,
now, I feel tired. But it’s sort of like when it gets to you just after lunchtime, or sort
of like feeling a bit lethargic, like I can’t…it’s like yawning and… [P13]”

The inability to sleep also led to the belief that they were abnormal and different
from others as they could sleep well which engendered a sense of isolation.
However, this was associated with negative self-perceptions, including blame with
many believing they were somehow responsible for it. This sense of abnormality
was compounded by the inability to perform everyday tasks as others do.
“I think there is a degree of sort of blame and guilt and why me, why can’t I
stop this, why can’t I just have a good night’s sleep like everybody else; not that
everybody else has a good night’s sleep. So it’s one of them, yeah, I suppose I do get
those sort of thoughts, you know, why the hell can’t I stop this and just get on with it,
come on, be normal. [P8]”

In addition to worries about how others may perceive their skin, disease exacerbation
(skin and joint flares, pain, itchiness and fatigue) was experienced in the days
following poor sleep which negatively fed-back and contributed to difficulties
throughout the day. Here participants described a vicious cycle whereby sleep
disturbance resulted in increased stress, leading to disease exacerbation and
subsequently impairing sleep.
“It would definitely flare up, but it wouldn’t be the next day, it would be…it
would take place…I would be getting very little sleep and it would be over a period
of days and it would be causing me stress, and on top of that I would be flaring up
slowly, and that will be adding another stress, and now the fact my sleep, and so it
would be a part of not getting enough sleep, stressful about it, noticing the flare up,
stressing about that and then that would feed into not getting a good sleep because I
would be thinking about it at night. [P5]”

4.2. Interpersonal: Poor sleep negatively affected mood and social relationships,
with participants describing increased irritability and disconnection from friends and
family. Sleep difficulties meant that adjustments had to be made by others to
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facilitate participants’ sleep or to help with treatment applications or responsibilities
as participants felt unable to perform these duties due exhaustion or flare which they
attributed to sleep disturbance.
“But then I'll say to them, God, I've not…and these will say mum, you're
really not well today, there's no reason why you shouldn't sleep. But in myself it
makes me feel really guilty because then I wake up and things will have been done,
and my husband works all week and he works nights, so then I don't think it's fair
that he should have to come home and start cleaning up or going shopping…[P6]”

A strong sense of stigma and isolation were reported due to the lack of understanding
about compromised sleep from others including medical professionals. Some
expressed concerns they would be perceived as lazy, and described stigma around
discussing their sleep problems and napping during the day. Many felt that their
sleep problems weren’t taken seriously and brushed off as insignificant. Jealousy and
envy were expressed towards family members who slept well and participants could
not comprehend why sleep came so easily to them which further contributed to a
sense of abnormality and isolation.
“I’ve spoken to my GP about it in the past, as well, but I didn’t really, he
didn’t really pick up on it particularly, he just said, oh I’m sure your sleep will
improve, and that was kind of it really, he didn’t take it particularly seriously.
[P17]”
“I just…I can’t get around my head how she can do it, I’m trying to think,
what goes through her mind that allows her to fall asleep, is it something that…I
don’t know, chemical thing in the brain, but what does it do that allows someone, is
it not having any worries in the head. [P5]”
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4.4.1.5. Theme 5: Coping - Attempts to improve sleep and manage the
consequences of sleep disturbance
It was evident from participant narratives that coping with sleep disturbance was a
24-hour effort, involving both night-time and daytime strategies. Many coping
strategies were of limited effectiveness or not effective at all.

5.1. Night-time coping: At night participants described trying to force sleep,
passively hoping for sleep, distracting themselves from intrusive thoughts and
frustration while lying awake and also increasing sleep opportunities. Although these
strategies were ineffective and in some cases counterproductive, participants
continued to use these.
“I’m thinking, oh God, the alarm is on for half six, come on, push yourself,
make yourself sleep; and that’s virtually impossible; sometimes I get to that point
and, do you know what, I might as well just get up that one hour early. [P8]”
“Probably more frustrated, because I mean, I’ve gone to bed earlier,
because I feel tired. And I’ve gone to bed and I can’t sleep. [P13]”

Arousal reduction techniques were used including meditation, breathing exercises,
listening to music, and mindfulness, which, for some, were effective. Use of
prescription and over-the-counter sleep medication was common, yet these were
used sparingly due to concerns about dependence and desire to obtain control over
sleep.
“I want to try and retrain my brain to actually sleep without it, that would be
ideal, you know, no one really wants to be taking medication if they can actually
course correct without it. [P9]”

5.2. Daytime coping: During the day people consumed caffeine and increased
physical activity to reduce tiredness. Whilst these could be effective during the day,
some had negative repercussions at night and contributed to sleep difficulties.
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“If I haven’t slept well, I’ll suddenly fill myself full of caffeine the next day
and drink tea, but then again, I didn’t even think about the fact that drinking tea
could be why I didn’t sleep very well…[P9]”

5.3. Acceptance/passive normalisation: Despite negative discussion about sleep
difficulties at night and reporting distress, participants expressed acceptance,
resignation or passive normalisation of current sleep. Such beliefs may be due to
persistence of sleep problems, perceived lack of control and ineffective coping
strategies suggesting that nothing can be done.
“I can’t say I’m happy with it, no because I would love to sleep all night and
get up in the morning. But I’m accepting of it. It’s…it is what it is. It doesn’t
distress me. I’m not upset about it. It’s just the way it is. [P11]”

4.4.1.6. Theme 6: Control - A constant battle for control over sleep
Varying perceptions of control over sleep and the ability to improve/manage sleep
were described, from limited control, to absolute lack of control and differences in
control from day to night.

6.1. Limited control: Those reporting limited control thought that their coping
strategies had some influence, that they could be doing more to improve sleep, or
believed that they were in control when they slept well.
“I think I'd have a little bit [of control], maybe just using the techniques that
I use, but ultimately, probably, not a lot. [P3]”

6.2. Absolute lack of control: Others reported an absolute lack of control, believing
that sleep was not something that came to them naturally and was dependent on
chance, that their sleep would improve were they in control of sleep and that they
had limited or no effective coping strategies. Despite this belief in external factors,
participants reported negative self-perceptions and disappointment in themselves for
being unable to sleep when desired.
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“I’m very disappointed with myself. I feel like this is my body, I should be
able to fall asleep when I want to. [P5]”

6.3. Day vs. Night: However, control was viewed as temporally dependent as
participants realized that there were differences in perceived control between day
and night-time. Sleep could be controlled effectively during the day as participants
could cope with tiredness using coping strategies and/or nap if desired. By contrast at
night, participants believed they had no control whatsoever. This difference may be
the result of more effective coping during the day than at night.
“Maybe it doesn't control me as much as I think it does actually, because if I
allowed it to I would go to sleep in the day. But I don't always allow myself to. So in
that respect I'm control it then in the daytime. But in the night time, no. [P6]”

4.4.1.7. Theme 7: Metacognitive processes: Paradoxical effect of metacognitive
coping strategies
A theme not accounted for by the CS-SRM related to the use of metacognitive
processes at night-time as a way of coping with sleep. Although intended as a coping
strategy to reduce engagement with thoughts, these often further exacerbated sleep
disturbance by intensifying thoughts.
7.1. Metacognitive techniques: Participants described ‘clearing their mind’ in an
attempt to suppress intrusive thoughts that interfered with sleep and diverting or
replacing thoughts to more positive or neutral and relaxing cognitions.
“Yes, well indeed and that’s it, and I try to stop myself going off onto other
things, but what I find sometimes is the more I try and stop myself the more I
actually do end up thinking about these things, I don’t want to sound too stupid, but I
just think, I’m not going to think about it, and the of course I do think about it and so
it goes on really. [P17]”

7.2. Paradoxical effect: However, using metacognitive coping strategies often had
the paradoxical effect of thought rebound and increased arousal following attempts
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to suppress intrusive thoughts, initiating a vicious cycle by increasing cognitive
activity and increasing difficulties with sleep onset, thus perpetuating wakefulness.
Thus some could identify this as contradictory and ineffective because it was in a
sense artificial and a falsification of the desired goal.
“thought suppression, because that doesn’t tend to work for me in the same
way that relaxation methods don’t tend to work for me, because I’m, sort of, those to
me are, sort of, almost like trying to fool yourself a little bit, you know, like, a
relaxation method is trying to make yourself relax and to make that…that seems like
a contradiction in terms and I have that same, sort of, problem with suppressing
thoughts, because that would be a contradiction...[P9]”

4.5. Discussion
We conducted a theory-driven qualitative exploration of sleep disturbance in
psoriasis. New aspects of sleep disturbance in psoriasis were identified. In line with
the CS-SRM, we documented complex and dynamic interactions between thoughts
(e.g. lack of control over sleep/sleep perpetuating thoughts/chronicity of sleep
disturbance), emotions (e.g. frustration/guilt/negativity/worry) and behaviours (e.g.
increasing time in bed/distraction) associated with sleep disturbance.
Although the cognitive processes described were similar to those seen in insomnia,32
thought content centered around psoriasis rather than sleep-related issues.33,34 This
may be due to cognitive and behavioural processes biasing attention towards
symptoms and negative illness-related thoughts and worries, further increasing
arousal and distress35-41 and thus, exacerbate sleep difficulties. Moreover, nocturnal
itch and scratching was reported. It is unclear whether this is a parasomnia-like event
occurring during sleep,42 or whether scratching takes place during brief awakenings.

Importantly, this study raises the possibility that sleep disturbance may exacerbate
disease, through a number of pathways. Participants highlighted stress as a potential
mechanism, with sleep disturbance initiating a vicious cycle of stress and psoriasis
exacerbation that reinforce each another. Other pathways include dysregulation of

180

the Hypothalamic-Pituitary -Adrenal (HPA) axis, immune dysfunction and altered
melatonin secretion, increased distress and Sympathetic Nervous System (SNS)
arousal. Melatonin has been implicated in immune functioning and displays reduced
secretion and altered circadian rhythmicity in psoriasis patients which may
contribute to exacerbation of psoriasis.43-44 These potential pathways should be
examined in future mechanism studies.

Despite acceptance of poor sleep, perceived lack of control and a desire for control
were common across themes. Sleep is tightly regulated by circadian and homeostatic
processes,45 however participants attempted to control sleep by forcing sleep or
increasing sleep opportunity, believing that this would increase the likelihood of
successful sleep. This is a common trait in poor sleepers,46 and counterproductive
thought control strategies are relied upon to manage intrusive thoughts, which
paradoxically maintains arousal.47,48 The absence of effective strategies at night and
increased arousal may bias attention towards indicators of wakefulness or disease
symptoms and increase cognitive load.46 Participants reported a sense of limited or
poor control over sleep at night, which may be compounded by attention driven
towards sleep and sleep-related threats, reinforcing the inability to sleep.34
Coping by trying to ‘clear one’s mind’, counterproductively contributed to intrusive
thoughts, anxiety and perpetuated sleep difficulties. Thought rebound and increased
arousal following suppression attempts is well documented in poor sleepers49-51 and
other clinical populations.52 Recently, metacognitive processes have been proposed
as contributing to emotional distress to a greater extent than specific illness beliefs53
and may partially account for and maintain emotional distress due to their lack of
effectiveness as a coping strategy. Moreover, metacognition is known to mediate the
relationship between trait arousal and pre-sleep cognitive arousal in insomnia.54
Studies combining mindfulness and cognitive behavioural therapy for insomnia
(CBT-I) demonstrate sustained improvements in self-reported sleep and arousal.55
Indeed, CBT-I results in robust improvements in sleep, quality of life, functioning
and disease processes in a range of clinical populations.56-58 A similar intervention
may prove effective in those with psoriasis experiencing sleep difficulties and, along
with appropriate management and timing of psoriasis treatments, may reduce skin
irritation and increase likelihood of sleep. Therefore, this requires further attention
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and at least warrants a pilot study examining the feasibility of CBT-I in this
population.

One further consideration is the isolation and stigma resulting from the lack of
attention and legitimacy given to sleep difficulties. Other studies in primary
insomnia samples have found similar findings, suggesting it is a widespread
issue.11,32,59 Given the importance of sleep for health and the current emphasis on
more comprehensive assessments of psoriasis (i.e. lifestyle/quality of life and skin
functioning) we encourage clinicians and NICE psoriasis guidelines to afford sleep
the same emphasis as other lifestyle behaviours. This would align with current
efforts to address sleep as a health behaviour with cognitive, behavioural and
emotional elements and provide opportunities to improve health broadly.60,61

Given the sampling strategy used, the findings here may not be representative of all
individuals with psoriasis and should not be generalised beyond the sample.
However, participants were asked whether they had similar experiences to those
described by other participants in previous interviews which helped increase the
credibility of findings. Overall, we did achieve a diverse sample in terms of age, age
of psoriasis onset, ethnicity, treatment-type and, indeed, in sleep difficulties
experienced. Participants were not screened for sleep problems as our aim was to
explore varied sleep experiences, nevertheless, this methodology reveals important
aspects of sleep experience that could not be explored using quantitative
methods,62,63 supporting and building upon previous findings.7 Although efforts were
made to ensure the trustworthiness of our findings, we recommend a future
prospective study should investigate the temporal associations between night-time
sleep and a wider range of daytime variables including symptoms in people with
psoriasis.

Some considerations must be made regarding the use of the CS-SRM as a framework
to understand sleep disturbance in patients with psoriasis. Arguably, the framework
facilitated a comprehensive understanding of the experience and impact of sleep
disturbance to be obtained, with participant’s narratives fitting within the constructs
of the model. Indeed, some of the experiences described were similar to those
conceptualised within models of insomnia (e.g. Harvey’s Cognitive Model34 and
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Espie’s Attention-Intention-Effort Pathway46). Despite this, some aspects of their
experience did not fit neatly within the framework, specifically meta-cognitive
processes which could fall into the coping, causes and control themes. This suggests
that the model might not readily account for the dynamic and complex experiences
of and interactions between cognitive processes, thought content, emotions and
behaviours. Indeed, although the model as a whole describes a dynamic and multilevel process, this does not appear to be reflected in the specific beliefs that underpin
the model, and thus the CS-SRM may be limited in its ability to conceptualise the
dynamic interactions in the “real-world” experience of thoughts / beliefs, emotions
and behaviours.

Further, as the purpose of this study was to primarily understand and describe the
experience of sleep disturbance in this clinical population, the full process described
by the CS-SRM was not tested. Therefore, in this case, a distinction should be made
between the CS-SRM as a model and as a framework. The CS-SRM appears to be a
useful framework to understand sleep disturbance in psoriasis from a descriptive
perspective, however it remains unclear whether the CS-SRM can be used as a
testable model to understand the experience and response to sleep disturbance in this
population.

In summary, the CS-SRM appears to be a useful framework to understand the
experience of sleep disturbance in psoriasis, identifying disease-specific factors that
may not be accounted for by sleep-specific models and supporting the dynamic
interactions between dimensions. Our findings suggest that sleep disturbance has a
significant impact on people with psoriasis, underscored by the 24-hour impact on
their lives. The relationship between sleep disturbance and psoriasis appears to be
reciprocal, involving psychological and physical aspects of disease. Therefore
understanding and treating sleep disturbance should be part of clinical care of those
with psoriasis.
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Chapter Five:

Examining the relationship between sleep and daytime variables in psoriasis: An
investigation using actigraphy and experience sampling methodology.

Henry, A.L., Carter, L., Bundy, C., Chisholm, A., Bundy, C., Griffiths, C.E.M., &
Kyle, S.D. (2018). Examining the relationship between sleep and daytime variables
in psoriasis: An investigation using actigraphy and experience sampling
methodology. In preparation for submission to Behavioural Sleep Medicine.

Note: As this paper has been submitted for publication to Behavioural Sleep Medicine, the
formatting and layout of the chapter is in accordance with Behavioural Sleep Medicine
guidelines. Thus, for this chapter, references will be in the appropriate style and be placed at
the end of the chapter.
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5.1. Abstract

5.1.1. Study Objectives
We sought to: (1) examine whether psoriasis symptoms, night-time arousal
(cognitive and somatic arousal and arousal from environment) and low mood predict
objective and/or subjective sleep; (2) examine whether objective and/or subjective
sleep predicts next-day psoriasis symptoms and; (3) to explore whether sleep is
associated with next-day functioning.
.
5.1.2. Methods
Nineteen individuals (Female: 11 [57.9%], median age: 39 years) with
psoriasis and poor sleep were recruited to take part in the study. Momentary
assessments of psoriasis symptoms, mood and daytime functioning were completed
at five pseudo-random intervals for 15 days. Objective sleep was estimated using
actigraphy alongside reports of subjective sleep and night-time arousal assessed each
morning.

5.1.3. Results
Night-time arousal was significantly associated with subjective sleep
disturbance. Conversely, neither subjective nor objective sleep parameters were
significantly associated with psoriasis symptoms in bi-directional analyses. Both
objective and subjective sleep parameters predicted impairments in next-day fatigue,
sleepiness and concentration.

5.1.4. Conclusions
Here we demonstrate that night-time arousal predicts subjective perceptions
of sleep in people with psoriasis, and that sleep is an important predictor of next-day
functioning. Current sleep treatments that target cognitive factors (e.g., cognitive
behavioural therapy) should be investigated in the context of psoriasis.
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5.2. Introduction
While psoriasis is a dermatological disorder, its impact extends beyond the skin. In
addition to the characteristic dermatological features, psoriasis is associated with
significant physical (e.g. psoriatic arthritis (Christophers et al., 2010), inflammatory
bowel disease (Cohen, Dreiher, & Birkenfeld, 2009), diabetes (Cohen et al., 2008)
and cardiovascular disease (Parisi et al., 2015) and psychological (e.g. depression
and anxiety (Kurd, Troxel, Crits-Christoph, & Gelfand, 2010) morbidity. It is not
surprising, therefore, that studies have demonstrated low health-related quality of life
and high disease burden in patients with psoriasis (Meyer et al., 2010; Obradors,
Blanch, Comellas, Figueras, & Lizan, 2016).

Research indicates that sleep disturbance is common in psoriasis, characterized by
difficulties initiating and maintaining sleep and early awakening with an inability to
resume sleep, in addition to poor sleep quality and short sleep duration (Henry, Kyle,
Chisholm, Griffiths, & Bundy, 2017). A range of psychological and physical
variables are associated with sleep disturbance in psoriasis, including cognitive
arousal (i.e. thoughts/worries/rumination), low mood, pre-sleep somatic arousal, and
psoriasis-specific influences such as itch (Amatya, Wennersten, & Nordlind, 2008;
Aoki, Kushimoto, Hishikawa, & Savin, 1991; Duffin, Wong, Horn, & Krueger,
2009; Globe, Bayliss, & Harrison, 2009; Henry, Kyle, et al., 2017; Yosipovitch,
Goon, Wee, Chan, & Goh, 2000). Recently, these associations were explored in
greater detail using semi-structured interviews, revealing important insights into the
lived experience of sleep disturbance and its relationship with psoriasis. It was found
that whilst cognitive processes described were similar to those described in the
insomnia literature (e.g. rumination, worry), the content primarily reflected psoriasisrelated concerns, and that these thoughts disturb sleep throughout the night.
Moreover, participants in this study also reported that symptoms are both a cause and
consequence of poor sleep (Henry, Bundy, Kyle, Griffiths, & Chisholm, 2017). In
addition, the negative impact of sleep disturbance on next-day functioning was
evident, with participants reporting sleepiness, poor work-place functioning and
fatigue.

192

Despite research providing important insights into the experience and consequences
of sleep disturbances in psoriasis, studies are limited to cross-sectional designs using
subjective measures of sleep, which are susceptible to a number of biases and do not
allow temporal associations to be explored. In addition, research has yet to
empirically examine the relationship between sleep and next-day variables. Doing so
may provide greater insight into possible treatment targets and help characterize the
relationship between sleep disturbance and next-day symptoms and functioning.
Experience Sampling Methodology (ESM) (Larson & Csikszentmihalyi, 1983) is a
prospective daily-diary approach whereby experiences (e.g. mood, cognitions,
behaviours, symptoms) are sampled at multiple momentary time-points in the
participants’ normal surroundings over a number of days. Capturing the patient
experience in this manner allows sequential associations to be examined and
overcomes many of the limitations associated with retrospective assessments
(Csikszentmihalyi & Larson, 2014; Shiffman, Stone, & Hufford, 2008).

Recently, ESM designs have been built upon to examine the relationships between
daytime variables and night-time sleep by integrating sleep measures such as
actigraphy in a range of mental and physical health conditions, revealing important
associations between daytime and sleep parameters (Mulligan, Haddock, Emsley,
Neil, & Kyle, 2016; Russell, Wearden, Fairclough, Emsley, & Kyle, 2016; Tang,
Goodchild, Sanborn, Howard, & Salkovskis, 2012). Here we used a similar
approach, combining actigraphy and sleep diaries with multiple assessments of
symptoms, mood and functioning each day in addition to examining night-time
arousal. This facilitated the examination of relationships between daytime variables
and sleep across multiple days, and sleep to be assessed across multiple nights.
Therefore, building upon previous work, the current study sought to investigate three
core aims:

1. Examine whether psoriasis symptoms, arousal, and low mood predict sleep
disturbance, hypothesizing that greater symptoms, night-time arousal and
lower mood would predict greater sleep disturbance that night.
2. Examine the relationship between sleep and next-day symptoms,
hypothesizing that greater sleep disturbance would predict greater symptom
severity across the following day.
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3. Examine whether sleep disturbance predicts functional impairments the next
day, hypothesizing that greater sleep disturbance would be associated with
greater subjective functional impairment the following day.

5.3. Methods

5.3.1. Participants
Participants were recruited from the general psoriasis and psoriasis and wellbeing
(Pso Well) clinics at Salford Royal NHS Foundation Trust, a participant research
database and via social media. All participants held a diagnosis of psoriasis, were
≥18 years old, had a sufficient understanding of English to complete measures and
scored ≥6 on the Pittsburgh Sleep Quality Index (PSQI) (Buysse, Reynolds, Monk,
Berman, & Kupfer, 1989). Participants were excluded if they were currently
receiving inpatient care, met criteria for a sleep disorder other than insomnia
determined by the Brief Sleep Screen (Wilson et al., 2010), had a primary organic
disorder responsible for sleep disturbances (e.g. hyperthyroidism, neurological
disorders) or were using central nervous system altering medications that interact
with sleep. Ethical approval was obtained from the Health Research Authority North
East Ethics Committee (REC ref: 16/NE/0338) (Appendices I, J & K).

5.3.2. Screening measures
Two screening measures were administered via telephone to assess the eligibility of
all participants alongside collecting demographic information.
(i)

Brief Screen for Sleep disorders (Wilson et al., 2010). Comprising
five sets of questions, it assesses for the presence of sleep pathology,
including: sleep related breathing disorders; narcolepsy; sleep-related
movement disorders (restless leg syndrome, periodic limb movement
disorder); circadian rhythm disorders and parasomnias. Participants
were excluded if they screened positive for any of these disorders.

(ii)

Pittsburgh Sleep Quality Index (Buysse et al., 1989). The Pittsburgh
Sleep Quality Index (PSQI) is a well validated measure assessing
sleep quality and disturbance over the past month. It consists of 19
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items scored across seven components, which yield a global score
ranging from 0 to 21. A score of ≥6 indicates poor sleep (Backhaus,
Junghanns, Broocks, Riemann, & Hohagen, 2002).

5.3.3. Baseline Measures
Four baseline measures were administered prior to the ESM procedure to fully
describe the sample in terms of sleep, mood, psoriasis and stress.
(i)

Dysfunctional Beliefs and Attitudes about Sleep Scale (Morin,
Vallières, & Ivers, 2007). Participants’ beliefs and attitudes about
sleep were assessed using the Dysfunctional Beliefs and Attitudes
about Sleep Scale: Brief Version (DBAS-16). The questionnaire
comprises of 16 questions split over four domains: consequences of
insomnia, worry about sleep, sleep expectations, and medication.
Items are rated on a 10-point Likert scale ranging from 0 (strongly
disagree) to 10 (strongly agree). The total score is calculated by
averaging across all items to produce a mean item score.

(ii)

Hospital Anxiety and Depression Scale (Zigmond & Snaith, 1983).
Mood was assessed using the Hospital Anxiety and Depression Scale
(HADS); a commonly used assessment of depression and anxiety. It
consists of 14 items divided across two subscales of depression and
anxiety. Items are rated on a four point scale from 0-3, with a total
score calculated for each subscale. Scores ≥9 indicate clinical levels
of distress for both subscales (Bjelland, Dahl, Haug, & Neckelmann,
2002).

(iii)

Simplified Psoriasis Index – Self Assessment (Chularojanamontri,
Griffiths, & Chalmers, 2013). Psoriasis severity was assessed using
the Simplified Psoriasis Index Severity scale (SPI-S) which asks
participants to rate the extent and thickness of plaques which are
multiplied together to obtain a severity score. Scores range from 0-50
with a higher score indicating more severe psoriasis.

(iv)

Perceived Stress Scale (Cohen, Kamarck, & Mermelstein, 1983).
Stress was assessed using the Perceived Stress Scale (PSS). The PSS
is a widely used measure of stress, assessing the degree to which
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participants appraise certain situations in their lives as stressful. It
consists of 10 items, scored on a five-point Likert scale ranging with
scores ranging from 0 to 40.

5.3.4. Daily Sleep Measures
Actigraphy: Sleep-wake patterns were estimated objectively using a
CamNtech Patient Reported Outcomes (PRO) Diary actigraph, a wrist-worn activity
monitor with an integrated electronic diary allowing the wearer to respond to
momentary questions. Actigraphy provides continuous monitoring of movement
using a tri-axial accelerometer, allowing differentiation between sleep and wake
states. Actigraphy has good agreement with polysomnography, and the PRO-Diary
motion and questionnaire functions have been validated previously (Jungquist,
Pender, Klingman, & Mund, 2015). Participants were instructed to wear the
actigraph on their non-dominant wrist over a period of 15 days and 14 nights. Data
were extracted and analysed using Motionware 1.1.20 software (CamNtech Ltd.,
Cambridge, UK). A sleep diary was used to guide analysis of actigraphic data. For
each night the following sleep variables were extracted:

(i) Total Sleep Time (TST): The total time spent asleep according to the
epoch-by-epoch wake/sleep categorisation.
(ii) Sleep Efficiency (SE): The proportion of time in bed spent asleep
relative to time spent in bed expressed as a percentage.
(iii) Sleep Fragmentation Index: The sum of time spent mobile and
immobile bouts lasting ≤1 minute with a higher score reflecting
greater sleep fragmentation expressed as a percentage.

Consensus Sleep Diary (Carney et al., 2012): Participants completed the
Consensus Sleep Diary (CSD) upon waking each morning to record subjective sleep
parameters. The CSD comprises questions related to various aspects of sleep. The
key diary variables extracted for this study were (i) TST, (ii) SE [TST/ TIB (Time
elapsed between when sleep was attempted and rise time) x 100], (iii) sleep quality
[rated on a 5-point Likert scale (1 – very poor to 5 - very good)]. The variables used
to calculate subjective TIB were also used to set TIB for actigraphy analysis.
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Sleep Interference Rating Scale: In addition to the CSD, the Sleep
Interference Rating Scale (SIRS) was completed upon waking each morning .The
SIRS is a nine-item measure which captures aspects of night-time arousal including
cognitive, emotional, somatic factors that may disturb sleep continuity and quality.
Participants attribute the extent to which certain experiences contributed to sleep
difficulties including: thinking too much, worrying and dwelling on concerns, body
wasn’t ready for sleep, unpleasant emotions, environmental factors, visual imagery,
awakening from a dream, feeling at least partly awake during parts of the night and
other types of experience that interfered with sleep. Items are rated on a scale from 0
(did not occur) to 10 (interfered with sleeping very much). Total scores for these
items were calculated for each day per participant and could range from 0 to 90. This
measure has recently undergone preliminary validation (Bernstein, Gellis, Nau, &
Fichten, 2015).

5.3.5. ESM diary questions
Items relating to psoriasis, mood and functioning were completed by participants at
each assessment point and delivered via the OLED display on the PRO-Diary. The
inclusion of these items is based upon previous research (Henry, Bundy, et al., 2017;
Henry, Kyle, et al., 2017). To ensure their relevance and appropriateness all items
were piloted with the IMPACT Psoriasis (www.impactpsoriasis.org.uk) research
user group (Appendix L).

Physical symptoms of psoriasis
At each assessment point, participants were instructed to rate the extent to
which they were experiencing physical symptoms related to their psoriasis at that
moment. These nine items are based upon symptoms reported by patients in the
Patient Reported Outcomes Measure for Psoriasis Treatment Study (PROMPT) and
have been validated previously (Kitchen, Cordingley, Young, Griffiths, & Bundy,
2015). The symptoms include: itching, soreness, pain, cracking, dry/flaking,
burning, stinging, bleeding and hot. Items were answered on a seven-point Likert
scale (1= not at all, to 7=extremely itchy/sore/painful etc.) and combined to create a
global score representing psoriasis symptoms which could range from 9 to 63.
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Mood
Participants were asked about their mood at each time point. Items assessed
to what extent they felt: sad, anxious, and irritable, with all items scored on a sevenpoint Likert scale (1 = not at all, to 7 = very much so), with total scores having a
possible range from 3 to 21. These items have been used to assess mood in previous
ESM studies (Mulligan et al., 2016; Palmier-Claus, Dunn, & Lewis, 2012).

Functioning
Participants were asked to complete items relating to aspects of functioning,
including sleepiness, fatigue and concentration. These asked ‘How sleepy do you feel
right now?’, ‘How fatigued do you feel right now?’ and ‘How well are you able to
concentrate right now?’ As with the other items, these were scored on a Likert scale
from 1-7 (1=not at all sleepy/fatigued/not able to concentrate at all, to 7= extremely
sleepy/fatigued/Can concentrate very well). These items were selected based upon
previous studies reporting these as experienced daily in people with psoriasis (Henry,
Bundy, et al., 2017; Skoie et al., 2017; Wong, Chandran, Li, & Gladman, 2017) and
were treated as individual items in analyses.

5.3.6. ESM and Sampling procedure
All ESM items were programmed onto the PRO-Diary actigraphy watches,
which administered and recorded the assessments. The actigraph was programmed to
beep at 5 quasi-random time points each day for the 15 days. The schedules were
personalized based upon the habitual bedtime and rise time of each participant, with
beeps occurring within 1 hour of these times and then at 3 random intervals between
these prompts. This sampling strategy was used to maximise adherence to the ESM
procedure and to reduce anticipatory responses and the likelihood of reactivity
(Palmier‐Claus et al., 2011; Verhagen, Hasmi, Drukker, van Os, & Delespaul, 2016).
Participants were instructed to wear the actigraph continuously from 18:00 on the
day they were given it for fifteen days consecutively, except during wet activities
(Appendix M). Fifteen days was chosen to provide a longer period over which to
examine any variation in psoriasis symptoms. This allowed participants to become
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habituated to the method, and for power to accumulate more instances of predictor
and outcome relationships. A schematic of this can be seen in Figure 1.

Figure 5.1: A schematic diagram of the ESM sampling procedure for 24 hours of the study
displaying the questions completed at each time point in addition to an example of
actigraphy output from across the 24 hour period. Questions were delivered randomly within
one hour of habitual sleep onset and offset for each participant, and at three random intervals
between these times.

CSD – Consensus Sleep Diary; Diary Qs – Diary Questions; SIRS – Sleep Interference Rating
Scale

5.3.7. Procedure
Recruitment/screening phase
All participants were given a minimum of 24 hours to decide whether they
wished to participate. Interested participants were initially contacted via telephone
by the first author who screened for eligibility following verbal consent. For all
eligible participants approximate bedtime and rise-times were established based
upon PSQI responses to ensure ESM schedules could be personalized for each
participant.

Baseline phase
All eligible participants met with the researcher at the University or another
convenient location. At this meeting written consent was obtained and baseline
assessments were collected. Following this, participants were briefed on the
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sleep/ESM phase, familiarizing participants with the PRO-Diary watch, ESM
questions and completion of the paper copies of the CSD and SIRS.

Sleep/ESM phase
Participants’ were contacted by either phone or email on the first, fourth and
eighth days of the study to check for difficulties with the watch and to remind
participants to complete assessments and wear the actigraphy watch. This also
provided an opportunity to check that participants were still happy to continue
participating.

Post-sleep/ESM phase
On the fifteenth day participants returned the PRO-Diary and paper
questionnaires. All participants were debriefed (Appendix N) and given £50 cash as
a token of appreciation for their involvement.

5.3.8. Statistical Analysis
Analyses were conducted using Stata version 14.0 (Stata Corporation, 2016, Texas,
USA). ESM typically has a three-level structure, with momentary assessments
nested within days nested within individuals and thus violates the assumption of
independent observations. However, using mean aggregate scores for each day, as
required for sleep data (since sleep is only sampled once per day), resulted in a twolevel structure with days nested within participants and thus required two-level
models. Mean aggregate scores were calculated for each scale (psoriasis and mood)
and items (functioning, psoriasis-related stress and awareness of psoriasis) for each
day per participant. To limit multiple and redundant testing, SOL and WASO were
not included in analyses as these contribute to and are therefore highly correlated
with SE which was used as it provides a summary of both these parameters.
Therefore, all analyses used objective and subjective TST, objective and subjective
SE, subjective sleep quality and objective sleep fragmentation. Multi-level mixed
linear models were estimated to address each research question. Following
modelling analyses, residuals were calculated for all models and were examined
retrospectively for normality by inspecting histograms, with all being normally
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distributed. For all models baseline psoriasis severity was included as a covariate.
Intra-class correlations (ICC) were calculated to examine within-subject variability
for each model. Three participants’ assessments crossed over the beginning of
daylight savings, thus a sensitivity analysis was conducted to examine any effect of
daylight savings on results by removing one-week of data following on from
daylight savings to account for any influence on sleep. No substantial changes were
observed in coefficients, confidence intervals or significance, therefore we report
results on the complete dataset.

5.4. Results
5.4.1. Sample Characteristics
Initial responses were received from 56 individuals, with 15 of these not responding
to further contact, leading to a total of 41 individuals who were screened for
eligibility. Of these, 19 were excluded as they did not fulfil inclusion criteria (10 due
to medication, six not meeting PSQI cut-off, three presenting with probable
comorbid sleep conditions). Scheduling/location issues prevented two from
participating and one individual due to start the study had to withdraw for personal
reasons. Thus, the final sample consisted of 19 participants (Median age = 39; Q1 =
31, Q3 = 55). Demographic and baseline data for all participants are displayed in
Table 5.1.

The mean PSQI score for the sample was 9.11 (SD = 2.62). Psoriasis severity for the
sample was characterized as mild (Mean = 6.79; SD = 6.47) with a mean disease
duration of 19.42 (SD = 13.21) years. Of the 19 participants, 13 were currently
taking medication for their psoriasis. HADS scores were below the clinical threshold
for anxiety and depression; 7.05 (SD = 3.6) and 4.26 (SD = 3.35) respectively.
DBAS scores were equivalent to that found in clinical insomnia populations
(Mean=4.76; SD = 1.52) and higher than the score denoting a level of unhelpful
beliefs about sleep associated with clinically significant insomnia (Carney et al.,
2010; Morin et al., 2007). Of 1364 possible time points, participants completed 1031
(75.4%). The ICC for day-level mean aggregated psoriasis symptoms was .80,
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indicating low within subject variability. Mean day-level psoriasis symptoms for the
sample was 19.67 (SD=11.05) out of a possible 70.

Table 5.1: Characteristics of the study sample (n=19)
Variable
Sex, male/female, n (%)
Age (years), median (Q1, Q3)

Score
8 (42.1%)/11 (57.9%)
39 (31, 55)

Min

Max

22

69

PSQI score, mean (SD)

9.11 (2.62)

6

15

Psoriasis severity, mean (SD)
Mild (<10), n (%)
Moderate (11-20), n (%)
Severe (>20), n (%)
Psoriasis treatments, n (%)
Topicals, n (%)
Systemics/biologics, n (%)
Duration of psoriasis (years), mean
(SD)
HADS
Depression, mean (SD)
Anxiety, mean (SD)
DBAS score, mean (SD)
PSS score, mean (SD)
Alcohol (number of drinks) per day,
mean (SD)

6.79 (6.47)
16 (84.2%)
2 (10.5%)
1 (5.3%)
13 (68.4%)
8 (42.1%)
5 (26.3%)

1.5

27.5

1

40

0
0
2.94
7

13
15
8.9
31

0

10

19.4 (13.21)

4.26 (3.35)
7.05 (3.6)
4.76 (1.52)
17.5 (6.5)
0.876 (1.78)

DBAS – Dysfunctional Beliefs and Attitudes about Sleep Scale; HADS – Hospital
Anxiety and Depression Scale; PSS – Perceived Stress Scale; PSQI – Pittsburgh Sleep
Quality Index; SD – Standard Deviation
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5.4.2. Sleep variables
Mean scores, standard deviations, range and ICC of actigraphy and sleep diary data
for all participants can be viewed in Table 5.2. Actigraphy-defined TST indicated
that 78.9% of participants slept <7 hours, 19.5% 7-9 hrs and 1.6% >9 hours.

Table 5.2: Actigraphy (objective) and sleep diary (subjective) variables for the study sample
Variable
Total Sleep Time (min)

Data Type
Subjective
Actigraphy

Mean (SD)
408.8 (81.3)
370.8 (71.9)

Range
225-720
199-644

ICC
0.20
0.37

Sleep Onset Latency (min)

Subjective

28.9 (31.9)

0-240

0.23

Sleep Efficiency (%)

Actigraphy
Subjective
Actigraphy

19.8 (40.7)
83.8 (11.5)
76.7 (11.2)

0-328
43.8-100
27.10-100

0.25
0.19
0.60

Subjective

2.9 (1.1)

1-5

0.35

Actigraphy

32.9 (13.9)

0-88.4

0.48

Sleep Quality (1 very poor-5
very good)
Sleep Fragmentation Index
(%)

.

WASO – Wake After Sleep Onset; SD – Standard Deviation; ICC – Intraclass Correlation
Coefficient
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5.4.3. Aim 1: Do psoriasis symptoms, night-time arousal and mood predict
objective/subjective sleep parameters?
Day-level psoriasis symptoms and mood did not significantly predict any objective
or subjective sleep parameter (all p≥0.05). Increased night-time arousal predicted
lower subjective TST, SE and poorer subjective sleep quality, controlling for
baseline psoriasis severity. However no relationship was observed for objective
estimates of sleep. Coefficients, p-values, 95% confidence intervals and intra-class
correlation coefficients for each model are displayed in Table 5.3.

Table 5.3: Predictors of objective and subjective sleep parameters
Model
1

2

3

4

5

6

Predictor
Psoriasis
symptoms
SIRS
Mood
Psoriasis
symptoms
SIRS
Mood
Psoriasis
symptoms
SIRS
Mood
Psoriasis
symptoms
SIRS
Mood
Psoriasis
symptoms
SIRS
Mood
Psoriasis
symptoms
SIRS
Mood

Outcome

β

P

95% CI

Model
ICC

Objective TST

0.348

0.681

-1.312, 2.000

0.331

0.044
1.886

0.919
0.272

-0.799, 0.886
-1.479, 5.251

-0.052

0.652

-0.278, 0.174

0.027
-0.026

0.632
0.912

-0.083, 0.137
-0.482, 0.431

0.306

0.051

0.002, 0.614

0.057
-0.288

0.466
0.364

-0.096, 0.209
-0.910, 0.334

0.671

0.456

-1.095, 2.437

-1.691
1.336

0.000
0.463

-2.637, -0.744
-2.229, 4.903

-0.129

0.261

-0.353, 0.096

-0.383
0.091

0.000
0.701

-0.509, -0.256
-0.375, 0.557

-0.010

0.343

-0.031, 0.011

-0.040
0.037

0.000
0.089

-0.051, -0.029
-0.006, 0.080

Objective SE

Sleep
Fragmentation

Subjective TST

Subjective SE

Sleep Quality

0.603

0.454

0.148

0.087

0.185

β – Model coefficient; 95% CI – 95% Confidence Interval; Model ICC – Model Intraclass Coefficient; SE – Sleep Efficiency; SIRS – Sleep Interference Rating Scale; TST
– Total Sleep Time
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5.4.4. Aim 2: Do subjective and objective sleep parameters predict next-day
psoriasis symptoms?
Objective and subjective sleep parameters were not found to predict next-day
psoriasis symptoms (p>0.05) (Table 5.4). Coefficients and 95%CIs for each model
were transformed to reflect 60 minute changes in objective/subjective TST and 10%
changes in objective/subjective SE and objective sleep fragmentation.

Table 5.4: Predictors of next day psoriasis symptoms
Predictor

Outcome

β

P

95% CI

Model
ICC

1

TST

Psoriasis
symptoms

-0.380

0.521

-1.543, 0.782

0.261

2

SE

Psoriasis
symptoms

-0.988

0.178

-2.325, 0.449

0.247

3

Sleep
Fragmentation

Psoriasis
symptoms

0.006

0.991

-1.049, 1.061

0.261

4

TST

Psoriasis
symptoms

0.193

0.685

-0.736, 1.121

0.269

5

SE

Psoriasis
symptoms

0.043

0.939

-1.059, 1.146

0.257

6

Sleep Quality

Psoriasis
symptoms

0.222

0.731

-1.043, 1.488

0.274

Model
Actigraphydefined sleep

Sleep Diary

β – Model coefficient; 95% CI – 95% Confidence Interval; Model ICC – Model Intra-class
Coefficient; SE – Sleep Efficiency; TST – Total Sleep Time
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5.4.5. Aim 3: Do sleep parameters predict next day functioning (sleepiness,
fatigue and concentration)?

Objective and subjective sleep parameters were examined as predictors of next-day
functioning. Lower objective and subjective TST and poorer subjective sleep quality
significantly predicted higher levels of next-day fatigue. Thus, for a one hour
decrease in objective TST, subjective TST fatigue scores would be expected to
increase by 0.151 and 0.113 respectively. Lower subjective TST, SE and poorer
subjective sleep quality and significantly predicted increased next-day sleepiness.
Finally, poorer subjective sleep quality significantly predicted reduced concentration
the following day (Table 5.5).
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Table 5.5: Predictors of next day sleepiness, fatigue and concentration
Predictor

Outcome

β

P

95% CI

Model
ICC

TST

Sleepiness

-0.099

0.149

-0.233, 0.035

0.375

2

Fatigue

-0.151

0.028

-0.286, -0.016

0.368

3

Concentration

-0.043

0.473

-0.162, 0.075

0.442

Sleepiness

-0.045

0.606

-0.217, 0.127

0.376

5

Fatigue

-0.057

0.522

-0.230, 0.117

0.358

6

Concentration

0.006

0.932

-0.147, 0.159

0.437

Sleepiness

-0.009

0.874

-0.133, 0.113

0.381

8

Fatigue

0.056

0.380

-0.068, 0.179

0.341

9

Concentration

0.079

0.153

-0.029, 0.188

0.476

Sleepiness

-0.152

0.005

-0.257, -0.464

0.376

11

Fatigue

-0.113

0.040

-0.222, -0.052

0.355

12

Concentration

0.039

0.404

-0.054, 0.133

0.457

Sleepiness

-0.128

0.044

-0.252, -0.004

0.372

14

Fatigue

-0.064

0.321

-0.192, 0.063

0.356

15

Concentration

0.078

0.156

-0.029, 0.187

0.457

Sleepiness

-0.149

0.046

-0.295, -0.003

0.363

17

Fatigue

-0.161

0.034

-0.309, -0.012

0.328

18

Concentration

0.141

0.032

0.012, 0.269

0.444

Model
Actigraphy
1

4

7

SE

Sleep
Fragmentation

Sleep diary
10

13

16

TST

SE

Sleep Quality

β – Model coefficient; 95% CI – 95% Confidence Interval; Model ICC – Model Intra-class Coefficient;
SE – Sleep Efficiency; TST – Total Sleep Time
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5.5. Discussion
This study sought to systematically test observations from previous research by
prospectively and repeatedly examining factors associated with sleep disturbance
and next-day impact. We found that night-time arousal is an important predictor of
self-reported sleep disturbance. Conversely, no relationship was observed between
psoriasis symptoms and sleep parameters. However, both objective and subjective
parameters were found to predict next-day functioning in people with psoriasis.
Actigraphy data also indicated sleep disturbance across objective and subjective
sleep parameters, with suboptimal sleep duration (79% < 7 hours), sleep efficiency
(<85%) in addition to fragmented sleep.

5.5.1. Key findings
Night-time arousal including, cognitive arousal was found to be associated with
subjective perceptions of sleep, including TST, SE and sleep quality. The
identification of night-time arousal predicting subjective sleep variables corroborates
previous research in psoriasis and insomnia research generally. It is possible that
aspects of psoriasis may be associated with arousal, including psoriasis-related
rumination and worry which was documented in a previous study by our group
(Henry, Bundy, et al., 2017). Nevertheless the SIRS is not limited to cognitive
factors, but also comprises questions relating to somatic and environmental factors.
Thus a range of experiences across these domains may interfere with sleep. With
night-time arousal being potentially an important driver of subjective sleep
disturbance, identifying and addressing precipitating factors and arousal reduction
may be an appropriate treatment target from which to improve sleep.

Contrary to our hypothesis, daily psoriasis symptoms were not found to predict
night-time sleep in this sample. Our previous cross-sectional and qualitative research
indicated that symptoms such as itch may interfere with various aspects of sleep,
including sleep quality, onset and result in nocturnal awakenings (Henry, Kyle, et al.,
2017; Yosipovitch et al., 2000). A number of explanations may account for the lack
of association. Importantly, the sample described within this study had
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predominantly mild psoriasis, and this may have translated into reduced daily
psoriasis symptoms which were relatively low (19.67 on a scale of 9-63).

Nevertheless, the relationship between psoriasis severity and symptoms appears
complex. For instance, itch in particular has modest relationships with disease
severity (Evers et al., 2005; Szepietowski, Reich, & Wisnicka, 2002; Yosipovitch et
al., 2000) with evidence suggesting symptom severity has a stronger association with
psychological variables such as mood (Reich, Hrehorow, & Szepietowski, 2010).
Indeed, baseline depression scores were below clinical cut-off and may have
contributed to the lack of associations found. Nevertheless, disease improvement is
associated with reductions in itch, suggesting that immune factors have an important
role in the experience of itch (Szepietowski et al., 2002). Thus, the well-controlled
nature of the sample may have reduced the experience of symptoms.

In addition, just over half of the participants were currently using medications for
their psoriasis, including topical and biologic medications, possibly explaining the
presence of relatively mild and stable disease symptoms. Previous research has
shown improvements in sleep measures following administration of biologic
therapies (Strober et al., 2012; Thaci et al., 2014). A more varied sample may have
exposed relationships between psoriasis symptoms and night-time sleep. It seems
likely that this sample was biased towards poor sleep that operates independent of
psoriasis severity and thus may be driven by psychological factors typically
associated with poor sleep. Therefore recruitment of people who attribute sleep
disturbance to psoriasis could have delivered different results. Future research
should seek to clarify the relationship between psoriasis symptoms and sleep using
prospective designs, a larger and more severe sample and those who endorse sleep
disturbance associated with psoriasis.

In a similar manner, no significant relationship was found between night-time sleep
and next-day psoriasis symptoms. Although psoriasis exacerbation has been reported
following sleep disturbance (Henry, Bundy, et al., 2017), we failed to find a link
between sleep and next-day symptoms. In this study the time period examined may
have been too short to witness any changes in skin expression and resultant
symptoms. Conversely, small variations in sleep may have been too minimal to
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result in significant changes in daytime symptoms. Short sleep duration and sleep
deprivation have been associated with upregulated immune activity in healthy
individuals (Irwin, 2015; Irwin, Olmstead, & Carroll, 2015) and exacerbation of
psoriasis in murine models of psoriasis (Hirotsu, Rydlewski, Araujo, Tufik, &
Andersen, 2012). However, observable and meaningful changes in skin activity and
symptoms may require greater experimental manipulation of sleep. Future research
should seek to examine this using both experimental and real-world paradigms and
look to integrate cognitive, behavioural and immunological assessments as done
previously in rheumatoid arthritis (Irwin et al., 2012).

Importantly, this study documented a relationship between sleep and next-day
functioning. Both objective and subjective estimations of sleep were associated with
next-day measures of sleepiness, fatigue and concentration, all of which are known
to negatively affect the daily lives of people with psoriasis (Henry, Bundy, et al.,
2017; Skoie et al., 2017; Verhoeven et al., 2007). Indeed, in a study using a similar
design, subjective sleep variables were reliably associated with next-day fatigue in
chronic fatigue syndrome.(Russell et al., 2016) Objective TST also emerged as a
predictor in our study, suggesting that perceptions of sleep and also objective TST
are important in the experience of next-day fatigue. The impact of sleep on daytime
dysfunction may contribute to impaired quality of life (QoL) by increasing disease
burden and help-seeking behaviour due to reduced ability to cope with challenges
(Kyle, Morgan, & Espie, 2010; Morin et al., 2016). This would be worth examining
in future research.

Given that psychological factors were found to be important predictors of sleep, our
findings provide further credence to targeting sleep disturbance in this population
using existing interventions. Participants displayed dysfunctional beliefs about sleep
above the clinical threshold. These in addition to night-time arousal emerging as a
predictor suggests that currently available interventions may be appropriate (Morin
et al., 2007). An important next-step therefore would be to conduct a pilot study of
CBT-I or a similar intervention to target the predictors identified in this study and to
examine the effective of such interventions on sleep, psoriasis symptoms and
daytime functioning. Both face-to-face and digital CBT-I has shown moderate to
strong effects on sleep parameters in chronic conditions (McGrath et al., 2017; Wu,
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Appleman, Salazar, & Ong, 2015), however the effects on measures of disease are
less convincing (McGrath et al., 2017; Tang et al., 2015). Therefore, a next step
should be to conduct a pilot trial of CBT-I in psoriasis to examine whether it is
acceptable to patients; ascertain whether it requires refinement or adaptation; and to
assess whether there are preliminary indications of effectiveness.

5.5.2. Strengths and limitations
This study is the first to apply ESM to examine objective and subjective sleep in
people with psoriasis over multiple nights and relationships with daytime experience
of psoriasis and functioning. It appears that this methodology is acceptable in this
population as evidenced by the completion rate of momentary assessments (75.4%).
A further strength was the integration of actigraphy and ESM, allowing the full 24hour experience to be captured in a sequential and ecologically valid manner. A
further strength is that that this is the first study to provide a high-resolution
examination of the experience of psoriasis symptoms and, although not an aim of the
present study, found little within-subject variation.

There are a number of limitations that require consideration. First, although
sequential associations were established, no causal inferences can be made between
variables. Moreover, as night-time arousal was examined retrospectively no clear
temporal relationship can be inferred from the data. Second, despite the increases in
power associated with the high frequency of assessments in ESM, the sample only
consisted of 19 participants, which may have limited the variation in psoriasis
severity. Third, indirectly measuring sleep using actigraphy did not permit
examination of sleep staging or architecture, which may be altered due to the
sensation of itch and subsequent scratching (Aoki et al., 1991) or due to
inflammatory processes (Thomas, Motivala, Olmstead, & Irwin, 2011).

Due to concerns around measurement reactivity the SIRS had to be administered
retrospectively and did not provide a momentary examination of possible sleepinterfering night-time factors. As such, it would be interesting to examine these in
the moment to probe specific experiences occurring throughout the night, however,
careful consideration should be given to ensure measurement would not interfere
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with sleep itself. This could be achieved by obtaining in the moment audio
recordings of thoughts experienced in the pre-sleep period similar to the method used
to develop the Glasgow Content of Thoughts Inventory (Harvey & Espie, 2004)
which may reveal important insights into the role of specific thoughts and potential
mechanisms and pathways that drive sleep disturbance in psoriasis. A final
consideration is that multiple statistical tests were performed, thus increasing the risk
of Type 1 errors. Since this is the first examination of the reciprocal relationship
between sleep and daytime factors in psoriasis, it was considered appropriate to
report exact p values rather than make any formal adjustment. This transparent
approach to reporting is supported in clinical research and acknowledges that
adjustment methods may increase risk for Type 2 error (Perneger, 1998).

Despite these limitations, this is the first ESM-actigraphy study to examine the
reciprocal relationship between sleep and daytime variables in people with psoriasis.
We found that night-time factors are important correlates of disturbance in subjective
sleep parameters and that sleep significantly influences next-day functioning in
people with psoriasis. Our findings suggest that existing sleep interventions may be
effective at improving sleep, and consequentially daytime functioning in individuals
with psoriasis. Building upon this work, an important next-step would be to examine
the acceptability and effectiveness of CBT for insomnia in patients with psoriasis.
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6.1. Summary of main findings
The purpose of this thesis was to systematically examine sleep in psoriasis using a
multi-method approach to obtain a multi-dimensional understanding of sleep
disturbance in people with psoriasis by addressing four specific research questions,
three of which emerged from the systematic review within Chapter Two. The
application of novel methodologies and validated sleep methods facilitated the
examination of multiple domains of sleep disturbance from a variety of perspectives
(Table 6.1). In doing so, this body of work provides a more extensive understanding
of sleep disturbance in psoriasis, including the extent, characteristics, and associated
factors in addition to an in-depth exploration of the lived experience. Together,
these findings provide a basis from which to investigate the effectiveness of
interventions to improve sleep.
The systematic review (Chapter Two) sought to critically appraise current research
into sleep disturbance in psoriasis. Results indicated substantial heterogeneity in
rates of sleep disturbance in psoriasis, limited use of validated measures of sleep and
that studies did not adequately examine sleep in this population as a primary research
objective. This highlighted the need for a thorough examination of sleep and
associated predictors (Henry et al., 2016; Henry, Kyle and Bundy, 2016). In addition,
studies had not examined multiple dimensions of sleep, with much research solely
examining sleep quality, rather than also assessing other domains, including sleep
timing, sleep duration, alertness, and sleep efficiency. This review also showed sleep
disturbance may be associated with itch, OSA, pain from PsA and low mood.
Chapter Three sought to address the gaps in the literature identified within Chapter
Two. The first aim was to assess and characterise multiple domains of sleep using
validated measures in a community sample using a cross-sectional survey delivered
online and secondly, to identify psychological and physical correlates and of sleep
disturbance. Findings indicated that sleep disturbance was common, with poor sleep
quality reported by over 75% of participants, with short sleep duration, poor SE and
difficulties initiating and maintaining sleep documented. Those classified as poor
sleepers were found to have significantly higher psoriasis severity than normal
sleepers. Poor sleep was significantly predicted by increased pre-sleep cognitive and
somatic arousal, low mood and increased itch. Finally, in agreement with other
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research, this study found an increased likelihood of OSA in those with psoriasis,
and those at high risk of OSA had more severe psoriasis symptoms.
Building upon the findings of Chapter Three, Chapter Four sought to provide an indepth exploration of sleep disturbance in people with psoriasis from a qualitative
perspective. Semi-structured interviews guided by the CS-SRM probed the lived
experience of sleep disturbance, including thoughts, emotions and behaviours in a
sample of people living with psoriasis. Interviews documented multiple
characteristics of sleep disturbance in people with psoriasis, the negative impact of
sleep disturbance on functioning, and the coping strategies used to improve sleep or
reduce the impact of poor sleep. Participants reported sleep difficulties were
persistent and had been present for a number of years. These difficulties were
associated with thoughts and worries about psoriasis and psoriasis symptoms. Whilst
psoriasis-related cognitions were present, the cognitive processes described were
similar to those described in the insomnia literature including rumination and worry.
In addition, although intended as a coping strategy, metacognitive processes such as
thought suppression or diversion often perpetuated sleep difficulties. Coping
strategies were limited in their effectiveness at improving sleep and were associated
with a perceived lack of control over the ability to initiate sleep at night. This was in
contrast with the perceived control of associated daytime sequelae. In the days
following poor sleep participants described experiencing more disease symptoms
and that both sleep disturbance and symptoms interacted with stress and could often
negatively feed-back onto sleep. Importantly, participants reported healthcare
professionals paid little attention towards sleep and that their concerns were often
diminished when seeking help, which contributed to a sense of isolation and stigma
associated with the experience of poor sleep. The impact of sleep disturbance on
next-day functioning was evident, with reports of sleepiness, difficulty
concentrating, mood instability and increased fatigue. Taken together, this study
indicated that persistent sleep disturbance had a significant influence on their lives
and that links between psoriasis and sleep disturbance appear to be reciprocal.
Chapter Five sought to build upon the previous chapters by examining the temporal
and sequential associations between daytime variables and sleep. Experience
Sampling Methodology (ESM) was used to sample the daily experience of psoriasis
symptoms and other daytime variables including, fatigue, concentration and
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sleepiness in real time. This was combined with actigraphy and sleep diaries which
provided objective and subjective estimations of sleep. Night-time experiences,
including cognitive, emotional and somatic arousal in addition to environmental
triggers were also examined. Three primary aims were addressed by this study: 1),
examining whether psoriasis symptoms, low mood and night-time arousal predict
objective and subjective sleep parameters, 2) assess whether objective and/or
subjective sleep parameters significantly predict next-day psoriasis symptoms and 3),
whether sleep predicted next-day functioning. Additionally, this study reported the
first objective assessment of sleep over a number of nights in a sample of people
with psoriasis. Night-time arousal significantly predicted subjective perceptions of
sleep. In contrast to the findings of Chapters Three and Four, psoriasis symptoms did
not emerge as robust predictors of sleep parameters, nor were they predicted by prior
night’s sleep. Nevertheless, relationships between sleep and next-day functioning
were evident with both objective and subjective parameters significantly predicting
next day fatigue, sleepiness and concentration. Findings from this study suggest that
targeting night-time arousal (e.g. cognitive, somatic and arousal stemming from
environmental factors) may confer improvements upon sleep and concomitant
functioning the following day.
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Table 6.1: Key findings and contributions from thesis
Chapter
Aim
Two
To systematically review current
research into sleep disturbance
in people with psoriasis

Three

To provide a multi-dimensional
assessment of sleep with the
purpose of establishing the
frequency, characteristics and
correlates of sleep disturbance.

Four

To explore the lived experience
of psoriasis in-depth using
qualitative interviews informed
by the Common-Sense Model of
Self-Regulation.

Five

To examine the reciprocal and
sequential interactions between
daytime variables and
objective/subjective sleep using
experience sampling
methodology (ESM) and
actigraphy.

Key findings/contributions
Whilst sleep disturbance was reported in
most studies, literature displayed
heterogeneous rates of sleep disturbance.
Many studies used non-validated measures
of sleep, failed to measure multiple
dimensions of sleep-wake functioning and
did not assess sleep as the primary objective.
Identified possible drivers of sleep
disturbance (itch, low mood, pain and
obstructive sleep apnoea).
Poor sleep appears to be common in
psoriasis and those with more severe
psoriasis have poorer sleep increased risk of
OSA.
Pre-sleep cognitive and somatic arousal, itch
and low mood significantly predict poor
sleep. These factors may be possible
treatment targets from which to improve
sleep.
First study to assess multiple domains of
sleep and possible predictors using validated
measures in psoriasis.
The relationship between sleep disturbance
and psoriasis is reciprocal, and sleep
disturbance is often persistent and longstanding.
Psoriasis symptoms and worries interfered
with sleep. Poor sleep was associated with
next-day consequences.
Coping strategies are not effective at
improving sleep, but could reduce tiredness
during the day.
First study exploring the experience of and
beliefs about sleep disturbance in people
with psoriasis using qualitative methods.
Subjective perceptions of sleep were reliably
predicted by night-time arousal. Subjective
and objective sleep were associated with
next-day functioning including fatigue,
tiredness and concentration difficulties.
Contrary to previous chapters, no
relationship between sleep and psoriasis
symptoms was observed in either direction.
Highlights important treatment targets for
improving sleep and next-day functioning.
First application of ESM and actigraphy in
psoriasis.
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6.2. Methodological considerations
This thesis employed a multi-method approach using both quantitative and
qualitative methods testing clearly defined aims as specified by a set of research
objectives. Using a variety of methodological perspectives has a number of
strengths, including facilitating data triangulation, confirmation of findings and
allowing the results from quantitative studies to be explored in greater detail using
qualitative approaches with newly identified associations subsequently tested
empirically (Morse, 2003). Due to the varied methods used, it is worth considering
the strengths and limitations of these approaches, both in the context of this thesis
and in the field more broadly.
Prior to engaging in a programme of research an important first step was to examine
what was currently known about sleep disturbance in psoriasis. Meta-analysis was
not feasible due to little standardisation of measurement and design within the
literature. The systematic review provided an appropriate means of synthesising and
examining the current state of the field. In synthesising the current knowledge
Chapter Two advanced current understanding by being the first systematic review of
sleep disturbance and psoriasis. Although one was published at the same time, it
excluded many studies by only including those where a sleep disorder diagnosis had
been made. In addition, the review within Chapter Two examined the quality of
current literature by adapting a standardised quality scoring and data extraction tool
(Kmet, Lee & Cook, 2004). By evaluating the quality of the studies, it allows both
the results and methodological quality to be taken into account. A concern with any
quality assessment is that subjectivity can influence results, however by using a
standardised assessment tool and second-scoring papers consistency was ensured. A
notable limitation stems from the omission of grey and unpublished literature. Whilst
inclusion of grey literature has been widely debated due to concerns around the lack
of peer review, its inclusion may have provided additional information relevant to
the research question (Tetzlaff, Moher, Pham, & Altman, 2006). Moreover,
inclusion of grey literature can reduce the impact of publication bias, thus can
provide an unbalanced perspective (Haig & Dozier, 2003). Effort was made to
ensure the majority of potentially eligible papers were found by searching across a
range of databases and back-searching references from identified papers. Due to a
number of months passing between initial database searching and submission for
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publication, database searches were repeated and newly identified eligible papers
were subsequently included.
The cross-sectional survey described in chapter three helped to explore the
heterogeneous findings in Chapter Two. This provided an opportunity to obtain a
valid and comprehensive examination of the extent of sleep disturbance, multiple
dimensions of sleep and possible predictors in a large community-based sample.
Whilst this study revealed important insights into characteristics of sleep disturbance
and predictors of sleep quality, cause and effect cannot be inferred from
retrospective cross-sectional data. Additionally, retrospective questionnaires are
impacted by a number of systematic biases resulting from errors of autobiographical
memory. For instance, research has shown that a number of heuristics impact
autobiographical memory, including the availability heuristic (Tverksy &
Kahenman, 1974), whereby individuals are more likely to consider an event
important if it comes to mind easily. In addition, retrieval of previous experiences
can be influenced by current states or symptom intensity (Eich, Reeves, Jaeger &
Graff-Radford, 1985; Kihlstrom, Mulvaney, Tobias & Tobis, 2000), and also by
salient or intense experiences and final experiences, thus leading to overestimation of
previous experiences (Scheider, Stone, Schwartz & Broderick, 2011). Therefore,
individuals completing questionnaires in chapter three may have been subject to such
biases. Furthermore, the high rate of poor sleep quality found (>75%) may have been
inflated by selection bias and individuals more prone to sleep disturbance may have
been more likely to participate. It should be noted that this figure cannot be taken as
a measure of point or true prevalence due to the sampling strategy used. In order to
do so, the proportion of the psoriasis population that have sleep disturbance (cases)
would have to be determined.
Although this study established a rate of sleep disturbance, due to the selection bias
described above, caution should be taken when generalising this rate to the
population as a whole. Thus, a more appropriate means of achieving point
prevalence would have been to recruit individuals presenting to a psoriasis clinic and
have them complete measures of sleep disturbance or insomnia. This would have
reduced selection biases and would also facilitate follow-up at 6-months or a year
and allow associations to be made between a range of variables including
medication, disease severity, comorbidities and sleep disturbance. A further
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limitation is the lack of a control group as a comparator. The rationale for excluding
a control group stemmed from the aim of the study which was to examine the
predictors of sleep within a psoriasis sample. Given that previous case-control
studies had been completed, a comprehensive cross-sectional study seemed more
appropriate, especially with limited examination of sleep and poor data reporting in
psoriasis samples across current research. (Henry et al. 2016). In addition, a recently
published cross-sectional survey of psoriasis patients assessing sleep using the PSQI
found a similar proportion of poor sleepers and PSQI score which was significantly
higher than healthy controls (Wong, Chandran & Gladman, 2017). Nevertheless, the
inclusion of a control group may have facilitated an approximation of the prevalence
of sleep disturbance in people with psoriasis.
In order to capture a large and varied sample, administration of the survey online
was considered to be an appropriate medium. Using the internet as a means of
delivery and data collection allowed easy data management and allowed data to be
downloaded and cleaned concurrently with ongoing data collection. This greatly
reduced the time typically required for large questionnaire-based studies.
Furthermore, using the internet for recruitment and data collection, the study may
have appealed to difficult-to-reach groups who may not ordinarily had access to the
research were it limited to a particular geographic location, leading to a more diverse
sample (Hewson, 2003; Whitehead, 2007). Finally, collection of anonymous data online may have limited the impact of social desirability effects as participants could
complete the survey in a location of their choosing without the presence of a
researcher (Joinson, 2001).
Despite these advantages, a number of considerations must be made when using the
internet for research. Unlike face-to-face research, there is no opportunity for the
participant to ask any questions they have about the research prior to providing
consent. To ensure participants understood what was required and provided informed
consent, an information sheet and consent form was presented with completion
required prior to survey progression. With the study being open to anyone who had
access to the link, there is a chance that people without psoriasis may have come
across the survey and possibly completed it. In an attempt to address this there was a
question on the demographic page asking whether participants had been diagnosed
with psoriasis by a medical professional. Any responses that contained a ‘no’ answer
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to this question were excluded from analyses. Nevertheless, there was no system in
place to prevent an individual from completing it on more than one occasion and as
participants were not required to provide their names, data could not be easily traced
back to an individual other than by an IP address which was kept confidential. This
prevented any chance of follow up of participants.
Furthermore, while the questionnaires included were not anticipated to be of a
sensitive nature, in the event they did cause distress or participants wanted further
support with psoriasis or mental health issues, resources for charities and support
groups were provided on the final page of the survey. Finally, although internet
research is thought to reduce the effect of non-response bias in males, chapter three
had a preponderance of female respondents, although this appears to be common in
online sleep questionnaire studies (Lund, Reider, Whiting & Prichard, 2010; Miller
et al., 2015). In future studies greater effort may be required to encourage
participation from men to allow a more representative sample to be obtained.
The value of qualitative research is becoming increasingly recognised and has long
been a core methodological paradigm in sociological and psychological research.
Nevertheless, qualitative research in specialist groups, including dermatology
populations, has been limited (Nelson, 2015). Comparatively, qualitative methods
have been widely used in sleep to understand the lived experience of sleep disorders
(Araujo, Jarrin, Leanza, Vallières & Morin, 2017), including insomnia (Kyle, Espie
& Morgan, 2010) and sleep disturbance in medical illness (Ramlee, Afolalu & Tang,
2016). Indeed, Chapter Three was the first instance of qualitative methods being
applied to explore sleep and sleep disturbance in people with psoriasis. This study
revealed a number of important psoriasis-specific influences on sleep and
documented the substantial impact of sleep disturbance on individuals’ lives and the
limited coping strategies available to them. It is hoped that the findings of Chapter
Four encourage the use of qualitative methods in psoriasis populations and
dermatology more broadly.
Prior to engaging in qualitative research, a number of aspects of study design and
methodology must be considered to ensure qualitative rigor. Whilst the participant is
an inseparable part of qualitative research, its success is heavily dependent on the
researcher who possesses an important, and arguably powerful, role in the research
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process bringing their own biases, beliefs, values and knowledge to each interview
(Karnieli-Miller, Strier & Pessach, 2009; Mason, 2017). These prior experiences,
and indeed the research process, can influence the line of questioning within
interviews and subsequent analysis, and at a participant level, impact upon the extent
of disclosure, thus shaping the collected data (Finlay, 2002). Therefore, it is
paramount that researchers are aware of possible influences and attempt to address
these throughout the research process as part of a reflexive approach (Ryan &
Golden, 2006; Mays & Pope, 2000).
It is also important to ensure that participants feel comfortable enough to share their
experiences by creating a welcoming environment and building rapport which can
address some of the power issues that may emerge (Goodwin, Pope, Mort & Smith,
2003; Karnieli-Miller et al. 2009). This can be aided by a variety of strategies
including by being aware of the language used by the participant, and using the
participant’s own language and terminology (Karnieli-Miller et al., 2009) and asking
participants to verify that the interviewer’s understanding is correct (Karnieli-Miller
et al., 2009). A number of other strategies were applied in addition to those above to
increase the quality of the interview process. Throughout my PhD I underwent
training in qualitative interviewing and supervision from the supervisory team who
were experienced in qualitative research. It was anticipated that previous clinical
experience may be problematic in maintaining a research-based objective approach.
Nevertheless, this and other possible influences and anticipated problems were not
only discussed with the supervision team, but also recorded within field notes to
ensure transparency and account for possible influences on data collection and
analysis (Finlay, 2002). Moreover, meetings were arranged with the supervision
team throughout different stages of analysis to ensure consensus was achieved on
themes and subthemes from the data.
Generalisability is limited from qualitative studies due to the small sample size and
sampling strategy, but qualitative approaches can identify the nature, meaning and
features of phenomena not examined by quantitative methods, and uncover
interactions between aspects of experience (Ritchie and Lewis, 2003). Subsequently,
findings from qualitative studies can be confirmed or disconfirmed by conducting
further quantitative research, as in Chapter five. Thus, combining these approaches
has a number of benefits and together, provides a more comprehensive
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understanding of the research area than if only one methodology was used. For
instance, the use of qualitative methods revealed important details about the content
of night-time cognitive activity, expanding upon the findings of previous chapters.
Moreover, it provided insight into the how participants’ believe sleep disturbance
impacts them the following day and the coping strategies employed in an attempt to
improve sleep. Had qualitative methods not been applied, such detail may not have
emerged. Similarly, although not directly related to the experience of poor sleep per
se, the lack of understanding and attention given to sleep from health professionals
and others is an important clinical implication that emerged as a result of qualitative
methods.
Chapter Four documented the first use of the CS-SRM as a framework from which
to understand the experience of sleep in people with psoriasis, showing that it is an
appropriate model to apply. Indeed, the domains included within the model (beliefs
about identity, timeline, cause, consequences, controllability and coping) facilitate a
broad understanding of an individual’s experience of an illness or threat to health
and identified aspects of sleep experience implicated as precipitating and
perpetuating chronic sleep disturbance. The framework identified processes
consistent with other models of sleep notably, the 3P model (Spielman, Caruso &
Glovinsky, 1987), Harvey’s cognitive model (Harvey, 2002), and the AttentionIntention-Effort pathway (Espie, Broomfield, MacMahon, Macphee & Taylor,
2006). Although the CS-SRM was not intended to be used as a model to
conceptualise the aetiological processes underlying sleep disturbance in this
population, it proved useful at capturing individuals’ beliefs about the characteristics,
causes, impact and management of sleep disturbance. As such, it could be applied as
a framework within the context of other chronic conditions in order to explore the
patient experience of sleep disturbance. It is unclear, however, whether the CS-SRM
can act as a testable model in the context of sleep disturbance. Current models of
insomnia, including Spielman’s 3-P model, and Espie’s Attention-Intention-Effort
model allow the aetiology of both primary and comorbid insomnia to be reliably
conceptualised and are built upon a strong literature base.
Experience sampling method (ESM) was applied for the first time in psoriasis in
Chapter Five, sought to build upon the findings from previous chapter by examining
the sequential associations between sleep and daytime variables. Briefly, ESM is a
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pseudo-longitudinal method, whereby participants’ momentary experience of
thoughts, emotions, perceptions, beliefs, behaviours and symptoms is captured by
completing questions at multiple time points on a momentary basis, embedded
within the context of daily life. As a result, it has a number of advantages. Chiefly,
ESM seeks to overcome the limitations of cross-sectional designs (e.g. retrospective
questioning, recall bias, inability to establish causality, ecological validity concerns)
by integrating data collection into the everyday-life of participants (Larson &
Csikszentmihalyi, 1983), thereby increasing validity, reducing the impact of memory
biases, and allowing sequential associations between variables to be examined.
Additionally, due to the repeated assessments, ESM facilitates investigation of
within and between-person processes and allows integration of multiple methods
(Shiffman, Stone & Hufford, 2008; Larson & Csikszentmihalyi, 1983).
In relation to sleep, ESM affords the opportunity to investigate the relationship
between daytime processes and night-time sleep which can reveal possible
mechanisms underlying relationships between variables (Mulligan, Haddock,
Littlewood & Kyle, 2017). Given the limited examination of objective sleep in
psoriasis, ESM allowed examination of the interaction between sleep and daytime
variables in people with psoriasis. Despite this, the examination of sleep in ESM
studies has been limited, however, the few conducted have revealed important
insights into our understanding of sleep in the context of chronic mental and physical
health conditions and the possible mechanisms underlying the negative impact of
sleep on aspects of mental and physical health (Mulligan, Haddock, Emsley, Neil &
Kyle, 2016; Russell, Wearden, Fairclough, Emsley & Kyle, 2016). Whilst sleep can
be assessed using subjective and objective measures, the integration of both allows a
more comprehensive assessment of sleep-wake patterning and the opportunity to
examine discrepancies between both modalities. The addition of actigraphy in
particular can provide an assessment of sleep in a non-invasive manner and in
naturalistic settings over a number of days whilst also providing advantages over
classic ESM studies by integrating time-stamped diary functions. Daytime-level
variables can complement these by providing momentary assessments of the
consequences of sleep disturbance (e.g. sleepiness, concentration difficulties) across
the following day.
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When designing an ESM study, the examination of daytime-level variables must be
taken into account, including: question time/format, time schedules and sampling
rate. Furthermore, if sleep is also being examined, the assessment of night-time
processes must also be considered. The majority of ESM studies typically assess
daytime-level variables, including thoughts/beliefs, emotions and aspects of
functioning that may fluctuate within or between days. Typically, numerical scales
are used in ESM studies, however both closed and open-ended questions can be
used. Likert scales were decided upon as the most appropriate, as they facilitate
tracking of variation over time. Anywhere between four and seven response options
is considered optimal in relation to psychometric properties of scales and allows
individuals to discriminate between options (Lozano, Cueto and Muñiz, 2008).
Seven was decided upon as research indicates that respondents prefer more options
in order to convey their personal experience (Muñiz, Cueto & Lozano, 2005) and
therefore, is common in ESM research.
The sampling rate and schedule is also important to ensure the method is capturing
momentary experiences of the phenomena being studied as fixed sampling may
result in anticipatory effects, and too many assessments may reduce adherence to the
method. ESM studies can use as many as 10 assessments per day and collect data for
6 to as many as 30 days consecutively (Edwards, Cella, Tarrier & Wykes, 2016).
Therefore, because ESM studies have the potential to be onerous and timeconsuming thought should be given to ensure that the frequency and duration of data
sampling is feasible and appropriate (Myin-Germeys et al., 2009). Studies using a
high number of daily assessments often have poor completion of morning
assessments (Silvia, Kwapil, Eddington & Brown, 2013) which may be a factor of
the number of assessments and due to disagreement between the sampling schedule
and an individual’s sleep-wake timing (Mulligan et al., 2017). This can be overcome
by personalising the ESM schedule to an individual’s habitual sleep onset and offset
times, as used in Chapter Five of this thesis. Indeed, although this deviates from
standard ESM practice, no negative impact has been observed (Kimhy, MyinGermeys, Palmier-Claus, Swendsen, 2012; Mulligan et al., 2016; Mulligan et al.,
2017). In addition, using a signal-contingent design whereby ‘beeps’ occur at
pseudo-random intervals can reduce the predictability of assessments and increase
adherence to the method (Palmier-Claus et al., 2011; Verhagen et al., 2016).
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It is important to consider the design of ESM studies, including the number of items
and time spent completing each assessment in addition to the number of assessments
per day. Compliance issues are often encountered in ESM research, and may be
exacerbated by particularly burdensome designs (Hartley, Haddock, e Sa & Emsley ,
2015). This is particularly important to consider in those with chronic illness as
patients may experience reduced energy and subsequent motivation to participate or
remain within such research (Wilson et al., 1992). To examine the appropriateness
and feasibility of the ESM study, members of a research user group were consulted
on the design and questions used and asked to provide feedback, in addition to
piloting the momentary questions to ensure items were relevant to their experience of
psoriasis. All members consulted found the procedure and questions feasible and
relevant. This was reflected in high adherence to the momentary question intervals
(75%). Sleep diaries and actigraphy can similarly be impacted by compliance issues
in both non-clinical and clinical samples (Jerome et al., 2009; Gorczynski, Faulker,
Cohn & Remington, 2014). In addition to the feedback from the research user group,
participants received a detailed briefing and follow-up calls/emails throughout the
procedure to maximise adherence and minimise data loss. Thus, careful
consideration of design features and consultation with participant groups can prove a
valuable means of increasing compliance and reducing participant burden (Mulligan
et al., 2016).
Despite ESM overcoming many of the limitations associated with retrospective
designs it too has drawbacks which should be considered. Across psychological and
health research, studies have consistently shown that repeated measurement can
influence thoughts, emotions and behaviour (French & Sutton, 2010). Studies have
found this effect in relation to blood donation (Godin, Sheeran, Conner & Germain,
2008), physical activity (Bravata et al., 2007; Spence, Burgess, Rodgers & Murray,
2009) and perceived control over a long-term health condition (Fisher & Johnston,
1996), with findings resulting in changes to public health initiatives and health
behaviour change interventions (Miller & Rollnick, 2002). Frequent assessment of
emotions has been associated with higher self-reported distress (Lister, Rode, Farmer
& Salkovskis, 2002), most likely due to increased negative thoughts and worries
arising from frequent completion of disease-related questionnaires (French & Sutton,
2010). Moderate effect sizes have been shown across cognitive, behavioural and
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emotional domains as a result of either measurement reactivity (French & Sutton,
2010). Nevertheless, reactivity is not limited to measurement. Studies using 2x2
Solomon factorial designs to disentangle the independent and combined effects of
measurement and intervention have shown that administration of pre-test measures
and interventions can result in reactivity. For instance, participants randomly
assigned to receiving pedometers or pre-test physical activity questionnaires report
increased physical activity relative to those who were not given pedometers or
questionnaires with no physical activity items (Spence et al. 2009).
In conditions such as diabetes where repetitive monitoring of blood glucose is
required, increased levels of anxiety and depression have been observed in
association with monitoring, particularly in those not taking insulin (O’Kane,
Bunting, Copeland & Coates, 2008; Shlomowitz & Feher, 2014). Thus, due to the
frequency of questioning in ESM studies increases in thoughts and worries relating
to disease symptoms could occur due to repeated measurement. Studies in chronic
pain using daily diary designs have found mixed findings relating to reactivity
following repeated assessment (Aaron, Turner, Mancl, Brister & Sawchuk, 2005;
Peters et al., 2000; Tang, Goodchild, Sanborn, Howard & Salkovskis, 2012;. In cases
where reactivity has occurred, it appears to be short-lived, dissipating soon after the
initiation of data collection, usually within two to three days (Bolger, Davis &
Rafaeli, 2003). Therefore, although ESM reduces the impact of retrospective recall
biases often associated with self-report measures, the act of engaging with frequent,
momentary assessments may, itself alter an individual’s experience and response
within that moment, day or measurement period.
In summary, ESM provides a valuable means of measuring the lived experience of
an illness and the examination of bidirectional relationships between daytime
variables and sleep-wake functioning. Findings from Chapter Five suggest that it is
an acceptable and feasible method for use in people with psoriasis and, in addition to
studies in other long-term illness populations, there is an argument, for ESM to be
applied more broadly in the fields of psychology, behavioural medicine/health
psychology and sleep medicine. Recently, it has been shown to be of value in clinical
trials, and may be a valuable resource in the development of personalised
interventions (Verhagen et al. 2016). Going forward, it is hoped that ESM will be
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used more widely within research due to its value in identifying interactions between
sleep and daytime variables across health conditions.
Some considerations must be made in relation to statistical analyses in Chapter Five.
First, examining the associations between objective and subjective sleep parameters
and other variables required 30 multi-level linear models to be computed. As a result
of multiple testing the chance of achieving a false positive result (type 1 error) is
greatly increased. Although this can be remedied by adjusting p-values for multiple
comparisons using statistical methods such as Bonferroni corrections, these can
increase the risk of false negative findings (making a type II error), thus rendering
important relationships non-significant (Perneger, 1998; Sedgewick, 2014). It has
been recommended therefore, that due to Bonferroni corrections being too
conservative, the most parsimonious solution is to report exact p-values (Perneger,
1998). Therefore, based upon this argument, exact p-values were reported.
Nevertheless, due to the partial pooling performed by multilevel models more
reliable estimates are generated and thus address the problems associated with
multiple comparisons (Gelman et al., 2012).
Secondly, no sample size was calculated for this study. As mentioned earlier, ESM
studies typically elicit a three level data structure which, together combine to create a
total sample size, and thus can be particularly complex to compute. Although a twolevel structure was used, thus reducing complexity by eliminating within-day
variation estimates, no within- and between-subject variation estimates for outcomes
and covariates were readily available. This made computing a sample size
calculation challenging. Moreover, the number of within-day sampling units was
based on maximising coverage of the day whilst also minimising participant burden.
This meant that the number of days participants were sampled on was increased to
create a balance between the number of momentary and daily assessments to
increase the likelihood of compliance and adherence to the method. It was also
unknown what size of true effects exist between sleep and psoriasis symptoms, as
there are to studies to act as benchmark from which to compare findings. Thus future
work should be conducted to examine the effects of sleep on measures of psoriasis.
Nevertheless, the study could have been underpowered to detect effects on objective
variables and therefore a larger sample size may provide different results.
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6.3 Clinical implications and future directions
Based upon this body of work several important clinical implications emerge.
Importantly, this thesis highlights the need for attention towards sleep in this
population. Short sleep duration was pervasive throughout the studies in this thesis.
Indeed, the short sleep in both healthy individuals and those with insomnia has been
consistently associated with significant adverse health consequences compared to
those with normal sleep duration (Vgontzas, Fernandez-Mendoza, Liao & Bixler.
2013). Therefore, improving sleep should be considered an important treatment goal
in short sleepers (Bathgate et al., 2016; Vgontzas et al., 2010). In the context of
psoriasis, sleep disturbance may compound the already elevated disease risk by
further contributing to dysregulation of physiological systems necessary for health,
including immune, cardiac and metabolic functioning. (Kyle & Henry, 2017)
Indirectly, sleep disturbance may also negatively impact upon psoriasis via health
behaviours (Hui & Grandner, 2015) with sleep disturbance associated with poorer
dietary choices (Pardi et al., 2017), reduced physical activity (Baron, Reid & Zee,
2013), increased alcohol use (Haario, Rahkonen, Laaksonen, Lahelma & Lallukka,
2013) and non-adherence to medication (Wickwire, Smith, Birnbaum & Collop,
2010). Therefore, sleep disturbance may increase propensity for lifestyle behaviours
that exacerbate psoriasis in addition to the direct influences sleep disturbance has on
physical and psychological health. The need for addressing sleep is further indicated
given that sleep disturbance is associated with poorer next-day functioning, thus
negatively impacting the daily lives of people with psoriasis. Based upon these links,
sleep disturbance should be considered an important transdiagnostic issue.
Nevertheless, sleep problems appear to be overlooked by dermatologists and other
healthcare professionals (Chapter Four) despite the National Institute for Health and
Care Excellence (NICE) guidelines for psoriasis management recommending the
assessment of psoriasis and its impact, which should be comprehensive,
encompassing physical, psychological and social domains (National Institute for
Health and Care Excellence [NICE], 2012). Whilst it is commendable that such a
holistic approach is taken, these guidelines do not contain any recommendations for
asking about sleep. The findings of this thesis suggest that these guidelines may
benefit from being amended to include sleep, particularly because sleep is associated
with poorer physical and psychological health.
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Dermatologists do not have the time or resources available to provide detailed and
comprehensive assessments of sleep for all patients. Although they have access to
measures that examine the impact of psoriasis on everyday life, in the form of the
Dermatology Life Quality Index (DLQI) it does not include coverage of sleep.
Therefore, the development of a new measure of sleep disturbance in psoriasis
appears warranted and could provide a quick means of understanding the impact of
psoriasis on patients’ waking and sleeping life. Moreover, given that sleep
difficulties are significantly associated with poor quality of life (Kyle et al., 2010), it
may be that sleep disturbance and its consequences increase disease burden and
reduce the ability to cope by inhibiting optimal psychological and physical
functioning. Addressing sleep in this way, although minimal, may even reduce the
stigma reported by patients when raising sleep issues with their dermatologist or
clinician.
The extent of sleep problems observed in this thesis appear to be clinically
significant and equivalent to those seen in patients with a diagnosis of insomnia.
Indeed, the features and factors associated with sleep disturbance in people with
psoriasis share similarities with insomnia including severity of problem and beliefs
and attitudes held about sleep and are consistent with cognitive-behavioural
conceptualisations of insomnia (Espie, 2002; Harvey, 2002). These include the
characteristics of sleep disturbance (e.g. difficulties initiating sleep, maintaining
sleep and early awakening with an inability to resume sleep), pre-sleep arousal and
intrusive cognitions in the pre-sleep period, dysfunctional attitudes and beliefs about
sleep (Belanger, Morin, Gendron & Blais, 2005; Palagini et al., 2014), and
maladaptive behavioural strategies (e.g. increasing TIB, caffeine use, napping) that
perpetuate sleep difficulties.
It seems likely, therefore, that patients with psoriasis who experience sleep
disturbance may be appropriate candidates for CBT-I. CBT-I is considered the goldstandard treatment for chronic insomnia, (NICE, 2015; Qaseem, Kansagara, Forciea,
Cooke & Denberg, 2016; Riemann et al., 2017) and is supported by a strong
empirical evidence base, demonstrating durable effects extending beyond treatment
cessation (Sivertsen et al., 2006; Jacobs et al., 2004; van Straten et al., 2017)
including reduced nocturnal wakefulness, sleep onset latency and improved sleep
efficiency and sleep quality in primary (Trauer et al., 2015) and comorbid insomnia
236

(Hedges g =0.67-0.88) (Geiger-Brown et al., 2015; Wu et al., 2015). It is typically
delivered over 4-8 sessions, with techniques addressing cognitive, behavioural and
lifestyle domains (Table 6.2). It seeks to address the maladaptive thoughts and
behaviours that drive and maintain insomnia and sleep disturbance. Based upon the
strong evidence in support of CBT-I, these factors associated with sleep disturbance
in psoriasis would seemingly be highly responsive to treatment, given that treatment
components seek to address cognitive and behavioural attributes of sleep disturbance
(Siebern & Manber, 2011).
In recent years research has sought to examine the effectiveness of CBT-I in longterm conditions not only at improving sleep but also disease outcomes. Consistent
improvements in sleep have been observed in sleep across a range of disorders
including osteoarthritis (Vitiello, Rybarczyk, Von Korff & Stepanski, 2009),
fibromyalgia (Edinger, Wohlgemuth, Krystal & Rice, 2005) and other chronic pain
populations (Currie, Wilson, & Curran, 2002; Pigeon et al., 2012). In addition to
improved sleep, meta-analyses have demonstrated concomitant, albeit small
reductions in pain and fatigue in chronic pain patients following treatment with
CBT-I (Hedges g =0.39) (Tang et al., 2015; Wu et al., 2015). However, findings are
mixed, with some studies reporting minimal or no impact on physical outcomes
(McGrath et al., 2017). It may be that CBT-I confers improvements upon cognitive,
emotional, behavioural and physiological processes implicated in disease, but given
the strong associations between cognitive-emotional processes and sleep, greater
global improvements are observed in psychological outcomes than physical
outcomes. Evidence in support of sleep improvement conferring benefits on
physical health comes from a recent study showing reduced biological inflammatory
markers in elderly individuals with insomnia treated with CBT-I (Irwin et al., 2014)
at a level equivalent to physical activity. Nevertheless, further research is required to
validate these findings.

237

Table 6.2: Principal components of Cognitive Behavioural Therapy for Insomnia (CBT-I).
Adapted from Kyle & Henry, British Journal of Health Psychology, 2017 “Sleep is a
modifiable determinant of health: implications for health psychology.”
Therapy Component

Description

Cognitive Therapy

Identify, challenge and change dysfunctional beliefs and attitudes about
sleep and the consequences of poor sleep that may contribute to sleeprelated arousal. Use paradoxical intention techniques to reduce attempts
to control sleep.

Sleep Hygiene

General recommendations that promote healthy sleep habits and
practices that are conducive to healthy sleep. These can include altering
the bedroom environment, scheduling a consistent pre-sleep routine,
avoiding arousal promoting activities and limiting alcohol, caffeine and
nicotine before bed.

Stimulus control

Behavioural instructions aimed at eliminating the association between the
bedroom and arousal; instead strengthening the bedroom environment as
a stimulus for sleep and sleepiness. Examples include: only using the
bedroom for sleep-related activities; only going to bed when sleepy/tired;
leaving the bedroom when unable to sleep within ~15 minutes and
returning only when sleepy (‘quarter of an hour rule’).

Sleep Restriction

A behavioural intervention which involves restricting and standardising a
patient’s time in bed with the aim of increasing homeostatic sleep
pressure, overriding cognitive and physiological arousal, and strengthening
circadian control of sleep. Tailored prescription of bed and rise-times over
several weeks leads to improved sleep consolidation and quality.

Relaxation

Techniques that provide cognitive and somatic relaxation for the patient

Techniques

that may facilitate sleep onset/re-initiation, including: progressive muscle
relaxation; mindfulness; breathing meditation and guided imagery.

Throughout this thesis psoriasis symptoms were found to be associated with
difficulties sleeping, nevertheless, some inconsistencies were also found. In Chapter
Three itch was established as a robust independent predictor of PSQI scores, and
similarly in Chapter Four, itch and subsequent scratching, were reported as inhibiting
sleep and also occurring during sleep, as identified in previous research (Aoki,
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Kushimoto, Hishikawa & Savin, 1991). In contrast, Chapter Five failed to show any
relationship between psoriasis symptoms and sleep. The inconsistency may be
explained by the relatively well-controlled and predominantly mild sample recruited
in Chapter Five. Furthermore, for some people sleep disturbance may have stronger
associations with psychological factors than physical aspects of disease. Indeed,
research in chronic pain conditions has failed to show that pain robustly predicts
sleep disturbances, but rather, as seen in Chapter Five, is the result of cognitive
arousal. Moreover, trials of CBT-I in chronic pain conditions have shown small to
moderate improvements in disease symptoms but larger effects on sleep, suggesting
that sleep improvement occurs despite limited changes in physical symptoms,
hinting to a psychological mechanism underlying sleep problems (Wu et al., 2015).
Given the inconsistencies between studies in this thesis further research is necessary
to provide a definitive understanding of the relationship between sleep and psoriasis
symptoms.
Psoriasis-specific thoughts and worries were reported by patients in this study as
interfering with sleep and thus disease-specific adjustments to CBT-I may be
required. Rumination and worry are commonly associated with sleep difficulties, and
a hallmark feature of insomnia (Carney, Harris, Moss & Edinger et al., 2010;
Wicklow & Espie, 2000). Nevertheless, as demonstrated, the content of night-time
intrusive thoughts and worries was dominated by psoriasis-related concerns. The
emergence of disorder-specific content is not entirely surprising. In primary
insomnia samples, studies have repeatedly shown that thoughts and worries relate to
daytime symptoms including fatigue, concentration issues and dysphoria (Carney et
al., 2010; Carney, Harris, Falco & Edinger, 2013). In the context of psoriasis or other
long-term conditions rumination and worry about their condition may be the
dominant content of intrusive and distressing cognitions across the day (Sampogna,
Tabolli & Abeni et al., 2012). This may explain why the content of sleep-interfering
thoughts relates to disease-specific concerns rather than those about sleep, as
psoriasis is the primary source of distress and individuals perceive sleep as
inherently linked with their psoriasis. In other words, sleep disturbance may occur as
an associated feature of psoriasis, but ultimately in patients’ personal models,
psoriasis is the predominant concern. Exploring the place of sleep in patients’
personal models and the real-time experience of thoughts in the pre-sleep period
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using qualitative methods would be an interesting step to further understand the
patients’ experiences.
Although the examination of psychological interventions in psoriasis has been
limited and the evidenced mixed; mindfulness and acceptance-based approaches
have been promising (Kabat-Zinn et al., 1998; Fordham, Griffiths & Bundy, 2015).
Therefore, given that cognitive factors consistently emerged as a correlate of sleep
disturbance and that these related to long-term concerns, a possible option may be
mindfulness-based CBT-I (MCBT-I) as proposed in Chapter Four, which has proven
effectiveness in improving sleep and reducing cognitive arousal associated with
thoughts and worries such as those described within patients’ narratives (Ong, Ulmer
& Manber, 2012; Ong et al., 2014). In sum, given the promising effects of CBT-I on
sleep improvement in chronic conditions, research should examine the feasibility,
acceptability and effectiveness of CBT-I and/or adapted interventions at improving
sleep in people with psoriasis and any benefits it may confer on psoriasis and other
physical and psychological health outcomes. This could be achieved in the context
of a well-designed pilot trial and would provide an understanding of whether CBT-I
is an appropriate intervention or whether refinement is required. Following on from
this, and if found to be acceptable to patients, larger clinical trials can be developed
to provide a more detailed investigation of the effects of CBT-I on sleep and other
aspects of health in psoriasis.
An ongoing challenge relating to treatment of sleep disturbance, particularly using
CBT-I, is the lack of large-scale provision, limited accessibility, and few training
opportunities. Practically and economically, it is unlikely that comprehensive
assessment and treatment of sleep would be feasible for dermatologists in the context
of psoriasis or general dermatology clinics. However, in recent years the impact of
psoriasis on psychological and social functioning and lifestyle has been afforded
greater emphasis, with specialist-run psychological and lifestyle clinics for people
with psoriasis established (Orion, Feldman, Ronni, Orit, 2012; Moon, Mizara &
McBride, 2013). Such clinics would provide appropriate settings for the assessment
and treatment of sleep disturbance, particularly given the focus on facilitating
lifestyle behaviour change. Nevertheless, health psychology has generally not
afforded sleep equivalent emphasis as other lifestyle domains (Kyle & Henry, 2017).
Addressing sleep in the context of specialist lifestyle clinics seems appropriate as the
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goal of such services is to optimise and improve individuals’ health by facilitating
change through psychological treatment.
A possible means of addressing sleep disturbance in psoriasis patients may be via a
stepped care model. Principally, stepped care models reflect patient need, matching
more complex, treatment-resistant or problematic clinical presentations with
escalated treatment, ensuring all patients receive the necessary dose (Bower &
Gilbody, 2005). As such, they are well suited to increase availability of care in areas
of speciality with limited resources such as behavioural sleep medicine. Espie (2009)
has proposed that the treatment of insomnia based upon a CBT model is suitable for
stepped care, primarily because insomnia is common and can present with varying
levels of complexity and severity, there is limited expertise and resources for
treatment and that it is often chronic and non-remitting, thus providing even minimal
treatment is superior to no treatment (Espie, 2009). Moreover, with CBT-I being
component based, it is readily scalable and can be tailored to a patient’s specific
needs and clinical presentation, including self-help approaches (Morgan, Gregory,
Tomeny, David & Gasgoine, 2012), group therapy, more intensive face-to-face
treatment with a specialist in more complex presentations (Espie et al., 2008; Espie
et al., 2007; Espie, Inglis & Harvey, 2001) and also digital-based treatment (Espie et
al 2012; Luik, Kyle & Espie, 2017). Indeed, a recent pilot study indicated that digital
CBT-I can be successfully implemented within current NHS services using a
stepped-care approach (Luik et al., 2016). A significant amount of research would be
required prior to implementation of such a strategy including research exploring
service delivery feasibility. Following on from a programme of research examining
the feasibility, acceptability and effectiveness of CBT-I in psoriasis, research should
explore possible means of efficient implementation.
A further clinical recommendation that emerged from this thesis is appropriate
screening for individuals who appear at risk for OSA. Chapter Two highlighted that,
relative to estimates within the general population, people with psoriasis may be at
greater risk for OSA. Although a subjective measure was used to examine OSA,
elevated prevalence and risk in this population has been reported in other studies
(Egeberg, Mallbris, Gislason, Skov & Hansen, 2016; Papadavid et al., 2017; Shalom,
Dreiher & Cohen, 2016). Indeed, a recent study indicated that psoriasis is an
independent risk factor for OSA, with systemic inflammation due to psoriasis and
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obesity posited as a potential pathophysiological mechanism (Papadavid et al.,
2017). If left untreated, OSA is associated with significant morbidity, including
adverse cardiovascular and metabolic outcomes plus increased inflammation
(Aronsohn, Whitmore, Van Cauter & Tasali, 2010; Lavie, Herer & Hoffstein, 2000;
Ryan, Taylor & McNicholas, 2005; Shah, Yaggi, Concato & Mohsenin, 2010). As
such, if patients present with risk factors, including as hypertension, increased BMI
and diabetes in addition to excessive daytime sleepiness, they should warrant further
investigation or screening for OSA (Epstein et al., 2009; Young, Skaturd & Peppard,
2004).
Beyond a psychological perspective, there is important work to be completed from a
biological and physiological perspective in relation to sleep and psoriasis. A key
direction for future research is to investigate the impact sleep disturbance has on
physiological processes underlying psoriasis. This is particularly important due to
sleep disturbance being associated with alterations to immune functioning. Upregulation in inflammatory activity resulting from sleep disturbance may have
deleterious impacts on pathophysiological mechanisms underpinning psoriasis and
result in disease exacerbations. To date this has been examined in a murine model of
psoriasis with increases in inflammatory activity and increased scratching behaviour
following acute sleep deprivation. Whilst this may not be readily translatable into
humans, these findings, coupled with the well-established role of sleep in immune
function, suggest that examining sleep and its impact in psoriasis from
psychoneuroimmunological and psychophysiological perspectives may reveal
important insights into the role of sleep in disease processes.
This thesis was limited in its examination of objective sleep as polysomnography
(PSG) was not used. Whilst actigraphy was used, it does not directly assess
electrophysiological changes associated with sleep, instead estimating sleep-wake
activity based upon movement thresholds. Previous studies using PSG have shown
alterations in sleep architecture associated with scratching in patients with psoriasis
(Aoki et al., 1991; Savin, Paterson, Oswald & Adam., 1975); however, these have
consisted of less than 5 participants. Conducting larger studies using PSG would
permit assessment of relationships between sleep architecture and measures of
disease including symptoms and markers of disease severity. Additionally, sleep
manipulation studies have the potential to make more causal conclusions about the
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role of sleep disruption in psoriasis. For example, exposing participants to partial
sleep deprivation protocols alongside assessments of inflammation and symptom
experience (Irwin et al., 2012) may help characterise mechanistic pathways. .
In addition, it is relatively unknown to what extent psoriasis treatment and sleep
disturbance interact. Evidence has shown that biologic medication is associated with
modest improvements in sleep, however these have not been designed specifically to
examine such effects (Kim, Seidler & Kimball, 2013; Ljosaa, Mork, Stubhaug,
Moum & Wahl, 2012; Maari, Bolduc, Nigen, Marchessault & Bissonnette, 2014;
Thaci et al., 2014). Therefore, the association between biologic medication, other
psoriasis treatments and sleep disturbance should be examined in the context of welldesigned trials. This would also help uncover whether the improvement in sleep is
associated to improvements in skin disease. Nevertheless, given that sleep
disturbance is not always ameliorated with psoriasis treatment, it does suggest that
other factors influence sleep disturbance. In a similar manner it is important to
investigate whether sleep disturbance affects the efficacy of psoriasis treatments.
This has not been examined in systemic and biologic medications in any population.
Directly, sleep disturbance may alter efficacy disrupting immune regulation and
indirectly sleep disturbance may result in reduced adherence (Wickwire et al., 2010).
A further question is whether sleep disturbance increases risk of psoriasis onset in
otherwise healthy individuals. This could be examined longitudinally in a
prospective cohort design or looking at associations using medical record data.
Going forward, future work should be guided by evidence supported hypotheses to
ensure high-quality, well-designed studies examining sleep and sleep disturbance in
people with psoriasis. Finally, while chronotype was examined in Chapter Two, the
assessment of circadian variables in this thesis was limited - since the principal focus
was on clinically important sleep variables. A number of studies have shown links
between circadian factors and psoriasis, including epidemiological associations
between working night shifts and increased risk of psoriasis (Li, Qureshi,
Schernhammer & Han, 2013). Although causality cannot be ascertained from these
data, it does raise the possibility that circadian disruption may contribute to the
development of psoriasis. Other links between circadian functioning and psoriasis
have been made elsewhere, including animal models of psoriasis suggesting that skin
inflammation is regulated by CLOCK genes (Ando et al., 2015). Moreover early
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studies demonstrated altered melatonin secretion and rhythmicity in psoriasis
patients (Mozzanica et al., 1988). Future studies, therefore, should aim to integrate
both sleep and circadian measures to fully characterise the role of sleep and circadian
rhythm disruption in psoriasis.

6.4. Concluding remarks
The body of work contained within this thesis provides a multi-dimensional
understanding of sleep disturbance, its correlates and consequences in patients with
psoriasis. The breadth of data and insights obtained was arguably only achieved by
using multiple methods, many of which show promise to further understand the
experience of sleep in chronic conditions and were applied for the first time in this
population. Based upon these findings and the links between sleep and health, it is
evident that sleep disturbance in psoriasis should be given greater attention within
clinical settings and as a transdiagnostic treatment target. Moreover, this thesis
supports the continuation of research into sleep disturbance in psoriasis with an
important next-step examining the effectiveness of current sleep interventions in
psoriasis. It is hoped that the findings from this thesis will be built upon to enhance
the care of people living with psoriasis, in turn, improving the daily lives of those
living with this condition.
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Appendix B: Systematic review raw quality scores.
Appendix 1: Domain Scores for all studies included in review
(a) = quantitative papers (b) = qualitative papers
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Appendix D: Supplementary PSQI data
PSQI Variables

Score

TST, mean (SD)
371.13 (89.14)
SE, mean (SD)
75.4 (17.33)
SOL, mean (SD)
42.37 (44.04)
Subjective Sleep Quality, n (%)
Very good
13 (7)
Fairly good
78 (41.9)
Fairly bad
73 (39.2)
Very bad
22 (11.8)
>30 minute SOL, n (%)
Not during the past month
44 (23.7)
Less than once a week
45 (24.2)
Once or twice a week
30 (16.1)
Three or more times a week
67 (36)
Waking up during the night or early awakening, n (%)
Not during the past month
18 (9.7)
Less than once a week
21 (11.3)
Once or twice a week
37 (19.9)
Three or more times a week
110 (59.1)
Bathroom, n (%)
Not during the past month
44 (23.7)
Less than once a week
35 (18.8)
Once or twice a week
42 (22.6)
Three or more times a week
65 (34.9)
Breathing, n (%)
Not during the past month
126 (67.7)
Less than once a week
19 (10.2)
Once or twice a week
24 (12.9)
Three or more times a week
17 (9.1)
Coughing/snoring, n (%)
Not during the past month
114 (61.3)
Less than once a week
23 (12.4)
Once or twice a week
15 (8.1)
Three or more times a week
34 (18.3)
Cold, n (%)
Not during the past month
102 (54.8)
Less than once a week
40 (21.5)
Once or twice a week
26 (14.0)
Three or more times a week
18 (9.7)
Hot, n (%)
Not during the past month
55 (29.6)
Less than once a week
32 (17.2)
Once or twice a week
44 (23.7)
Three or more times a week
55 (29.6)
Bad dreams, n (%)
Not during the past month
90 (48.8)

Min

Max
120
18.2
0

660
100
300
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Less than once a week
Once or twice a week
Three or more times a week
Pain, n (%)
Not during the past month
Less than once a week
Once or twice a week
Three or more times a week
Sleep medication, n (%)
Not during the past month
Less than once a week
Once or twice a week
Three or more times a week
Difficulty staying awake, n (%)
Not during the past month
Less than once a week
Once or twice a week
Three or more times a week

51 (27.4)
25 (13.4)
20 (10.8)
82 (44.1)
23 (12.4)
31 (16.7)
50 (26.9)
140 (75.3)
9 (4.8)
8 (4.3)
11 (5.9)
95 (56.5)
30 (17.9)
27 (16.1)
16 (9.5)

Abbreviations: TST: Total Sleep Time, SE: Sleep Efficiency, SOL: Sleep
Onset Latency
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Appendix E: Copyright agreement and license for survey paper
published in the British Journal of Dermatology (John Wiley and
Sons) relating to Chapter Three
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Appendix F: Topic guide
Topic Guide:
1. Identity (how patients describe their symptoms of poor sleep, can be too
much or too little)
- It would be great if you could tell me a bit about what your sleep is like
- Can you describe a typical bad/good night’s sleep?
- What kind of problems do you have?
o sleep duration
o Waking up during the night
o Falling asleep/waking up early
o When you go to bed/wake up – consistent?
o Less alert the next day? (Refreshing sleep)
2. Timeline (how long have they had trouble sleeping)
- Could you tell me about what your sleep has been like throughout your
life? When you were younger?
- How was your sleep before you had psoriasis?
- Tell me a bit about when your sleep problem started
o Persistent
o Cyclical
o Infrequent
3. Cause (how patients identify why they have poor sleep)
- Could you have a think about what you think causes you to sleep
poorly/well?
- Internal causes:
o Mood/anxiety
o Symptoms
o Thoughts/worries
- External:
o Work/family life
o Environmental factors
4. Consequences (how participant’s believe sleep impacts on functioning)
- So you’ve had a good/bad night’s sleep; how does that make you feel the
next day?
- How does it affect social, relational, occupational, physical,
psychological/emotional functioning?
- Tell me about what effect a bad night’s sleep has on your ability to carry
out day-to-day tasks?
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5. Action planning/coping strategies (How participant’s attempt to cope with
sleep disturbances)
- I was wondering if now you could tell me how you cope/deal with your
sleep problem?
- How do you attempt to sleep better?
- Do you try the same things every night or use different strategies?
- How do you feel when coping strategies aren’t working?
- How do you know if what you’re doing is working?

6. Curability/Controllability (How curable do participants believe their sleep
problem is/what would improve their sleep
- How much control do you have over your sleep/how well are you able to
improve your sleep?
- I want to know more about whether you think you can control/improve
your sleep?

-
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Appendix G: REC ethical approval letter for qualitative study
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Appendix H: R&D approval for Salford Royal NHS Trust
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Appendix I: REC ethical approval for ESM study
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Appendix J: HRA approval for ESM study
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Appendix K: Substantial amendment approval for ESM study
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Appendix L: ESM daily measures
Measures delivered at the 5 time points each day (One hour within sleep
onset and offset, and three times between) via the watch. As such, these will
be programmed into the watch.
Psoriasis
Symptoms
(PROMPT)
1. Due to my
psoriasis, my skin
currently is itching
2. Due to my
psoriasis, my skin
currently is sore
3. Due to my
psoriasis, my skin
currently is painful
4. Due to my
psoriasis, my skin
currently is
cracking
5. Due to my
psoriasis, my skin
currently is
burning
6. Due to my
psoriasis, my skin
currently is
dry/flaking
7. Due to my
psoriasis, my skin
currently is
stinging
8. Due to my
psoriasis, my skin
currently is hot
9. Due to my
psoriasis, my skin
currently is
bleeding

Responses
ranging
from 1-7
1 Not
itching at
all
1 Not sore
at all

2

3 4

5 6

7 Extremely
itchy

2

3 4

5 6

7 Extremely
sore

1 Not
2
painful at
all
1 Not
2
cracking at
all

3 4

5 6

7 Extremely
painful

3 4

5 6

7 Extremely
cracked

1 Not
burning at
all

2

3 4

5 6

7 Burning
extremely

1 Not
2
dry/flaking
at all

3 4

5 6

7 Extremely
dry/flaky

1 Not
stinging at
all

2

3 4

5 6

7 Stinging
extremely

1 Not hot
at all

2

3 4

5 6

7 Extremely
hot

1 Not
bleeding
at all

2

3 4

5 6

7 Bleeding
extremely
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Functioning
1. How sleepy do
you feel right
now?
2. How well are
you able to
concentrate right
now?

1 Not
sleepy at all

2

3 4

5 6

1 Not able
2
to
concentrate
at all

3 4

5 6

3. How fatigued
do you feel right
now?

1 Not
fatigued at
all

2

3 4

5 6

1. Right now, do
you feel sad?
2. Right now, do
you feel anxious?
3. Right now, do
you feel irritable?

1 Not at all

2

3 4

5

1 Not at all

2

3 4

5

1 Not at all

2

3 4

5

7
Extremely
sleepy
7 Can
concentra
te
extremely
well
7
Extremely
fatigued

Mood
6 7 Very
much so
6 7 Very
much so
6 7 Very
much so
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Appendix M: Actigraphy watch instructions

Sleep Watch Instructions and Care
As part of this study you are being asked to wear a special watch that measures
your sleep. Please wear this on the hand you don’t write with (if you are right
handed, wear the watch on your left wrist, and if you are left handed wear it on
your right wrist).
Here are some other important things for you to know:
-

If you are going someplace where the watch may get lost or damaged, please
leave it at home.
Do not try and take the sleep watch apart as this will break it and we will not be
able to use it again.
These watches are expensive (more than two Apple watches), so please be
careful with it!

The sleep watch is not water resistant or waterproof.
-

If you are swimming or taking a bath/shower please take the watch off. When
washing your hands be careful not to get water onto the watch.

The watch will beep at 5 times each day. At each of these times you will be asked to
complete questions. To respond to the beeps press the select key (circle button on the
right hand of the screen). For each question slide the slider control (the bar below the
screen) to choose the most appropriate answer. Once you have selected the answer press
the select key (circle button) again to take you to the next question. Continue to do this
until all questions are answered.
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If you encounter any problems with the watch at any point during the study please do not
hesitate to get in contact with Mr. Alasdair Henry via email or by phone:
Email: alasdair.henry@postgrad.manchester.ac.uk
Phone: 07809747200
As mentioned by Mr Alasdair Henry when you were given the watch, he will be in contact
with you the second day you are wearing the watch to ensure you are not having any
problems with it.
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Appendix N: Participant debrief sheet

A prospective examination of the relationship between the daytime
experience of psoriasis and sleep-wake functioning using experiencesampling methods.
Participant Debrief Sheet
Thank you for participating in our research study examining sleep in people with
psoriasis. We understand that there were a substantial number of questions that
you had to answer, however, this is the first study providing an in depth investigation
into sleep problems for psoriasis sufferers. Your participation in this study will have
helped us greatly in understanding the potential factors involved in sleep problems.
We hope that you have found it interesting and have not been upset by any of the
topics discussed. However, if you have found any part of this experience to be
distressing and you wish to speak to one of the researchers, please contact:
Alasdair Henry, Stopford Building, Oxford Road, University of Manchester,
Telephone: 0161 275 0710, Email: alasdair.henry@postgrad.manchester.ac.uk
There are also a number of organisations listed below that you can contact.
If you have any questions or would like any further support with any aspect of living
with psoriasis please find resources on the website of the Psoriasis Association
(UK)
www.psoriasis-association.org.uk
Some people with psoriasis can experience distress or low mood. If you would like
support with living with psoriasis, or if you would like to talk to someone about
feeling down or distressed, please contact your GP. Additionally, there are a
number of other resources that may be help:
Samaritans operates a 24-hour service available every day of the year and can be
contacted by calling 08457 90 90 90. If you would prefer to write down how you are
feeling you can email them at jo@samaritans.org. Alternatively you can visit their
website at www.samaritans.org.
Mind also has some excellent support and resources about mental health. You can
visit their website at www.mind.org.uk.
Thank you again for taking time to participate in this study.
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