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Summary

This thesis investigates the psychological and physiological issues associated with
congenital skin conditions, with a particular focus on X-linked ichthyosis (XLI), a rare
dermatological disorder stemming from genetic variations proximal to the steroid
sulfatase (STS) gene. Prior work by our research group has previously identified higher
susceptibility to various physical and psychological conditions in males with XLI (and
female carriers of XLI-linked genetic variants). Notably, higher incidences of mood and
neurodevelopmental disorders and atrial fibrillation have been observed. Nevertheless,
the extant literature offers only preliminary insights in this area, warranting further
exploration into a) potential interactions among these extracutaneous manifestations,
b) comparative analysis with other dermatological conditions, and c) possible comorbid

factors influencing various functional domains.

To address these gaps in knowledge and to provide a comprehensive understanding of
the experiences of those living with XLI, this thesis adopted a mixed-methods approach
through online survey methodologies spanning four distinct research studies. Outcomes
detailed in Chapters 3 and 4 highlighted increased prevalence rates of mood and
neurodevelopmental disorders and related traits due to skin-specific factors, alongside
negative effects on memory and executive functioning. Furthermore, findings discussed
in Chapter 5 reveal higher susceptibility to cardiac arrhythmias among XLI cohorts,
frequently precipitated by stress and concomitantly linked with gastrointestinal
complications, asthma, and anaemia. The concluding feasibility trial in Chapter 6,
asserts the suitability and efficacy of smartwatch technology for early detection of
cardiac arrhythmias in XLI populations.

These novel findings underscore the importance of providing comprehensive long-term
care strategies for individuals with XLI, encompassing various risk mitigation measures.
Subsequent interventions may focus on developing effective coping strategies and
stress reduction to enhance overall wellbeing, and potentially reduce both physiological
and psychological burden.
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Chapter 1: GENERAL INTRODUCTION

*Note: some of the material included in this Chapter relates to the following published
work, for which I am listed as the first author:

Wren GH, Davies W. X-linked ichthyosis: New insights into a multi-system disorder. Skin
Health and Disease. 2022;2(4):e179.

1.1 Dermatological Conditions
1.1.1 What is a dermatological condition?

Dermatological (skin) conditions affect a wide range of individuals across all countries,
genders, and ages, and can be genetic in origin, infectious, inflammatory, degenerative,
and in some cases, cancerous 3. The most commonly reported skin disorders globally
are psoriasis, skin cancer, eczema, and acne *>. Individual cases are treated based on
the potential for spontaneous resolution, regular relapse/remission cycles, or
improvements due to weather changes (heat), and common treatment methods include
pharmaceutical drugs, topical treatments, and self-management techniques such as

dietary restrictions °.

1.1.2 The economic and societal burden of skin conditions

Skin diseases affect almost one third of the global population ! 7 and are the fourth
most common global health complaint >, thus presenting a pressing challenge for the
global economy. The global financial burden of skin complaints was estimated at $35.9
billion in 1997 8, increasing to $39.3 billion in 2004 7, with the current cost likely to be
significantly higher again. Hospitalisations due to dermatological conditions alone
produced an annual cost of $5.04 billion in the US in 2014, and although modern
treatments including laser therapy and targeted biologicals are highly effective, they are
also associated with higher costs °. Across Europe, up to 20% of visits to primary care
are due to skin complaints °, and in the UK specifically, >50% of individuals will

experience a skin condition in their lifetime 1. In 2013, over 25% of Americans visited a
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primary care clinician due to skin complaints. In a one-month period studied in 2020,
over 10% of consultations with a General Practitioner [GP] in the UK were
dermatological in nature 2. Early and more accurate identification of skin disorders may
reduce this economic and societal burden, by utilising preventative measures and

prioritizing effective and timely treatment.

1.1.3 How do UK healthcare professionals manage dermatological
conditions?

To effectively and efficiently manage the high number of individuals affected by
common skin complaints such as psoriasis and eczema, primary care clinicians such as
GPs can utilise clinical guidelines created by the British Association of Dermatologists
[BAD] and accredited by the National Institute for Health and Care Excellence [NICE].
Designed for healthcare providers, commissioners, patients, and carers, the 43
guidelines currently available provide recommendations for the management of
common and rare diseases, as well as details on treatment methods such as
pharmacological therapeutics 3. Referral pathways for outpatient care are largely
dependent on the availability of regional services within the UK, with some NHS Trusts
offering specialist clinics for dermatology patients 4. In other areas of the UK, specially
designed web-based resources are available to assist primary care clinicians in the
diagnosis, management and referral procedures for patients presenting with suspected
skin conditions 1> 16, Other resources freely available to GPs include webinars and e-
learning courses via the Royal College of General Practitioners 7, and ‘Essential
Dermatology’ events via the Primary Care Dermatology Society 8. To support the
psychological needs of patients presenting with skin complaints, all NHS healthcare
practitioners have free access to a set of e-learning resources to guide the psychosocial
management of common disorders 1°. Furthermore, GPs with a special interest in
dermatology can apply with the BAD to be recognized as a ‘GP with an Extended Role in
Dermatology’ [GPWERs]; this allows GPs to undertake tasks beyond the normal scope of
their role, including receiving referrals for dermatology patients outside of their

immediate practice %°.



Page | 3

Online learning resources and training pathways for primary care clinicians interested in
dermatology provide an excellent opportunity to upskill healthcare professionals to meet
the urgent and unmet needs of this patient population. However, current research
suggests that most skin conditions are still regularly untreated and underdiagnosed,
due to insufficient access to care, limited knowledge about dermatology amongst
primary care clinicians, and high treatment costs 2! 22, A recent assessment of
dermatology-specific facilities and staffing across the UK exposed large variations in
how BAD guidelines were utilised, with a widespread shortage of appropriately trained
nurses and a distinct lack of psychodermatology services reported 23. Patients
experiencing moderate-severe psychological or emotional distress as a result of their
skin condition are rarely referred to an appropriate specialist, and these challenges are
often underestimated by healthcare professionals % 2>, As such, the most recent report
published by the All Party Parliamentary Group on Skin [APPG] emphasised the urgent

need for improved, accessible psychological care for individuals with a skin condition 2°.

1.1.4 Crisis in Dermatology

Issues surrounding understaffing, underdiagnosis and a lack of specialist services, have
recently cumulated in a ‘crisis in dermatology’ 23. Within the UK healthcare system, in
particular, these issues stem from two key areas of concern: a) a shortfall in the
number of practising dermatologists and b) the availability of service provisions.
Suggestions for how to address this crisis largely focus on service restructuring,

specifically prioritising the following areas:

e Increase time allocated to dermatology training on undergraduate medical
programmes (current provision <20 hours per course 27 28 29, 30),

e Improve access to high-quality training provisions for HCPs 26: 31,

e Improve diagnosis, understanding and management of skin complaints on black
and brown skin (also known as ‘non-white skin’, or ‘skin of colour’ [SOC]) to
reflect societal ethnic diversity 32 33,

e Increase the number of dermatology training posts for junior doctors 23 34,
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e Enhance the focus on multi-disciplinary teams (MDTSs) including primary care

clinicians, dermatologists and psychologists to manage dermatologic disease 2%
35

Tackling these systemic issues, will in all likelihood, subsequently address the current
poor care provisions for patients, dissatisfaction with available support from clinicians 3¢
3%, and improve diagnostic accuracy 3° 76, This ‘bottom-up’ approach is a crucial first
step to improving awareness, knowledge, resources and understanding amongst HCPs.
These targets are especially relevant for rare skin disorders, which are often
misdiagnosed *° and can require extensive genetic and clinical examination on first
presentation 4. The work from this thesis aims to improve understanding of rare skin

disorders (predominantly X-linked ichthyosis), and long-term, to enhance patient care.

1.2 Comorbid medical conditions with skin disorders

Some skin disorders are also associated with comorbid medical conditions. For example,
individuals with psoriasis and atopic dermatitis are significantly more likely to develop
cardiovascular issues such as hypertension 4> 43, chronic pulmonary disease #,
myocardial infarction ** %, and coronary artery disease ** %, Other conditions
commonly associated with psoriasis and dermatitis include diabetes mellitus ** 47,
autoimmune conditions * such as Crohn’s disease +* and psoriatic or rheumatoid
arthritis 481, There is also an established link between obesity and psoriasis/atopic
dermatitis 47 >% 33, and in psoriasis specifically, comorbidities appear to be more
common in those with more severe skin phenotypes *4. Individuals with acne are also at
increased risk of comorbid conditions, including asthma, sinus infection, food/digestive

allergy >4, as well as changes to gut microbial diversity .

There are various potential explanatory mechanisms to explain the link between skin
disorders and extracutaneous conditions. One potential explanation is the heritable
nature of these conditions; genetic predisposition to skin disorders such as psoriasis, AD
and acne may also predispose individuals to comorbid disorders > >7. Well-studied
genes responsible for this heritability include PSORS1 (psoriasis) >/, TIVF (acne) & and
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filaggrin (FLG) null gene mutations (atopic dermatitis) >°. The extent to which these
suggested genes impact upon comorbid disorder risk is likely dependent on the
type/size of genetic variant. However, whole-genome analysis remains a developing
area of research, and thus these links are not fully established, requiring further

analysis of rare genetic variants and additional candidate gene studies ¢ % 0,

Alternatively, environmental influences such as diet, or extracutaneous conditions may
impact skin health and the reverse may also be true, with skin conditions having
downstream impacts upon other biological systems. For example, disturbances in the
gut microbiota can negatively impact the skin 1 62 63, while improving gastrointestinal
functioning can positively affect the skin ¢* %>, Some gastrointestinal conditions have
been associated with cutaneous manifestations such as redness and skin ulcers,
specifically inflammatory bowel disease (IBS) ¢ 67 and intestinal bacterial overgrowth
61, The key pathways between the skin and gut are a topic of debate; suggestions
include a) the modulatory role of the gut microbiota via immune responses and
metabolic capacity, subsequently impacting the skin, b) the gut bacteria may travel to
the skin via a damaged gut barrier, and/or c) changes or disturbances in the diet which

may impact both skin and gut 68,

Other explanations largely focus on the wider causal role of inflammation across both
skin disorders and related medical issues as discussed. Some skin conditions such as
psoriasis and acne often begin as a result of an abnormal immune response, triggering
systematic inflammation across the body 4% 7. Environmental triggers such as smoking,
changes in weather or infection can also exacerbate skin responses > 71 72, and
stressful life events have been seen to induce psoriasis 7! 73. Alternatively, patients with
preexisting conditions such as obesity *> 2, may be more likely to develop skin
conditions due to adipocytes and inflammatory-type macrophages which play a causal
role in both disease processes 17 74. The exact mechanisms and direction of this
relationship is another topic of contemporary debate °7- 7>, but this remains an exciting

opportunity to improve patient outcomes using personalized medicine 7> 76,
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1.2.1 Psychological comorbidities

The impact of living with a dermatological condition can be extensive and may affect
many aspects of physical and psychological well-being, as well as daily functioning. To
quantifiably measure this effect, various frameworks and scales are utilised to gauge
the impact on ‘Quality of Life’ (QoL), or more specifically in this field, ‘Health-Related
Quality of Life’ (HRQoL). Although the two terms are similar in reported outcomes,
there are some key distinctions; measures of QoL typically refer to all known factors
impacting on an individual’s life whereas HRQoL relates only to health-based factors 7.
Measurements of QoL alone, are typically focused on a satisfaction judgement,
concerning a sense of general wellbeing, specifically physical, social and emotional
functioning, 78 7°. In contrast, measures of HRQoL reflect measures of functioning
relating to particular physical, mental, emotional and social aspects of health, as well as
general well-being 8 81, To better explain these concepts, a conceptual model was
proposed by Wilson & Cleary; this model combined biomedical and psychosocial
approaches to health to better measure HRQoL 8% 83, As depicted in Figure 1 (revised
version), this model focuses on the causal relationship and interactions between
contributory factors, both from the individual and environment 8% 84, A comprehensive
systematic review of the Wilson & Cleary model recommended that these factors could
be equivocally applied to “all individuals, irrespective of age, health and disease

conditions as well as culture” 83,
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Figure 1: Revised version of Wilson & Cleary’s conceptual model of HRQoL

QoL and HRQoL-based measures are both commonly used to understand patients’ lived
experiences of a condition, guide treatment decisions in a healthcare setting, and
measure impact as part of clinical research 778> 86_1n the field of dermatology,
researchers and clinicians have expanded these measures by developing specific scales
for patients with skin complaints; these include the Dermatology Quality of Life Index
(DLQI) &, EQ5D 8 and Skindex #. To understand how dermatological conditions can
affect patients, it is important to explore the outcomes of these QoL and HRQoL

measures.

1.2.2 Impact of dermatological conditions on QoL

Balieva, Kupfer (2017) measured HRQoL in a large-scale study of adults in dermatology
settings across Europe and reported a substantially worse self-reported health status
compared to controls (EQ5D) 8, Individuals with a diagnosis of hidradenitis suppurativa
(HS), blistering conditions, leg ulcers, psoriasis, and eczemas, produced the highest risk
for a reduction in self-rated health status. This risk was reportedly similar to individuals
with cardiovascular disease, cancer, and chronic obstructive pulmonary disease (COPD),
thus demonstrating the significant impact of skin disorders on health 8. Another large-
scale study reported lower DLQI scores and reduced physical functioning in
dermatology patients compared to controls *°. Studies exploring the experiences of
individuals with a skin condition have reported significantly reduced HRQoL in adults
with atopic dermatitis (AD) ®!, acne 2 and hidradenitis suppurativa (HS) ?3. Much of this
research highlights the relationship between higher impairments in HRQoL and worse
disease severity, including increased visibility of lesions 246, However, very few studies
provide additional information about any factors contributing towards reduced HRQoL,

with some citing ‘soreness of skin’ and ‘difficulty sleeping’ °7: %8,
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Although the many QoL and HRQoL measures are designed for widespread use across
patient populations, recent research suggests that these scales may not be fit for use,
unless key variable differences such as ethnic and social backgrounds are taken into
account 22, One example of these distinctions is sex-based measurements; in many
cases, worse HRQoL and QoL are associated with female sex, due to genetic, physical
and social factors 190 101 Furthermore, when segregating by ethnicity and skin colour,
research has also highlighted some prominent differences; Indian and Malaysian
patients with psoriasis reported significantly worse QoL scores compared to Chinese
individuals 192, Individuals with darker skin consistently report worse QoL and emotional
well-being scores compared to White participants, even when controlling for skin
severity 103 104 Research investigating the link between ethnicity/skin colour and QoL
remains limited, although contemporary work has begun to explore potential
associations. Disparities in socioeconomic status, education and employment levels
between different ethnic groups may contribute to this relationship 10> 105, as well as
cultural differences in perceived stigma and awareness surrounding visible skin
conditions 1%, Furthermore, delays in diagnosis due to skin colour, and clinical bias
may conceivably affect QoL. However, sex and skin colour-based segregated data are
rarely reported in current research and thus explanations behind these differences

remain challenging to establish.

1.2.3 Impact of dermatological conditions on daily functioning

Measures of QoL and HRQoL are not the only ways in which the impact of a
dermatological condition can be assessed; Disability Adjusted Life Years, more
commonly known as ‘DALYs’ measure the burden of a disease, specifically the number
of years lost due to the absence of full health 107 198, DALYs are most prominently used
to measure the ‘Global Disease Burden’ (GDB) across several skin conditions, and this
burden is steadily increasing. Between 1990 and 2017, the burden of skin and
subcutaneous diseases increased by >45%, and is now rated fourth for incidence of

disease 1%°, Much like QoL, there is some variation in recorded measurements of
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burden, based on geographical location, age and sex and preliminary work suggests
that burden scores may often be undervalued 17, particularly due to complex ICD

diagnosis criteria and underreporting of skin disorders due to stigma %7,

The burden of skin disease as measured by DALYs also negates to account for the
significant and often underappreciated burden on financial wellbeing and employment
for individuals living with a skin condition. Additional costs to an individual can range
from $880-$930 per annum, with 95% of patients reporting extra necessary spending
110,111 These added expenses are a result of visits to clinicians or specialist centres,
cost of treatments, washing products and clothing/bedding 3 11, This economic burden
is not limited to purchases and expenditure; across a sample of patients with atopic
dermatitis (AD), an average of 52 working days per annum were lost due to their
condition °8. A similar study of individuals with AD in the Netherlands showed that 64%
of individuals had lost one or more working days due to their condition in the last year,
compared to 50% of controls 112, Furthermore, nearly 60% of patients with atopic

eczema (AE) and psoriasis attributed time off work in the last year to their condition >
111

Thus, the physical and financial burden on the well-being of individuals living with a
skin condition, in addition to the impact on daily functioning and productivity is clear,

yet possibly still underestimated.

1.2.4 Impact of dermatological conditions on psychological wellbeing

The emotional, psychological and mental impact of living with a skin condition cannot
be overlooked; on average, more than 30% of dermatology patients in specialist clinics
present with a concern for their psychological well-being 13, with an overall prevalence
of psychiatric comorbidity estimated at more than 40% !'*. Compared to the general
population, as well as individuals with other long-term medical conditions such as
diabetes and hypertension, patients presenting with a dermatological condition are
typically at increased risk of developing depression and/or anxiety. Across a sample of

adults with visible skin conditions, 43% of patients presented with symptoms above the
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cut-off for clinical depression, compared to 18% of the general population controls 115,
In adults with psoriasis, the risks of depression, anxiety and in some cases, suicidal
ideation are significantly higher than individuals without a dermatological condition #
116 even after controlling for factors such as age, BMI, alcohol use and physical activity
levels 117, One study estimated that more than 10,000 cases of depression and 7000
cases of anxiety are attributable to psoriasis in the UK on an annual basis 18, These
increased rates of depression and anxiety are also similar for individuals suffering from
acne vulgaris 112, with nearly 25% of adolescents in New Zealand presenting with
depressive symptoms 12°, Other dermatological conditions in which the risk of
depression and anxiety are elevated compared to general population controls, including
atopic dermatitis (AD) 2% 122, and hidradenitis suppurativa (HS) 123 124,

Other measures of psychological well-being for individuals living with skin conditions
include self-esteem, social isolation, burden on relationships and embarrassment. In a
large assessment of individuals with a skin disorder in the UK, more than 50% reported
‘social challenges’, including issues surrounding social appearance, and stigma ¥’.
Individuals also commonly report feelings of worry about their skin and how it will be
received by peers 12>, with people under the age of 18 more likely to report increased
bullying and social isolation 126, Research has revealed significantly lower self-esteem
and body satisfaction in individuals suffering from acne, due to the visible nature of the
condition largely on the face % 1?7, Patients with psoriasis and/or psoriatic arthritis have
reported diminished self-esteem due to their condition 128 12°, as well as reduced social
functioning, and increased social isolation in individuals with AD or HS °% 130, The impact
of living with a skin condition is not only felt by the individual but also by family
members and friends; due to the time-consuming nature of skin treatments, parents of
young children may experience sleep disturbance and exhaustion 3!, with adult

partners reporting a negative impact on sex life 132,

To summarise, it is important to understand the impact of living with a dermatological
condition on emotional and mental wellbeing, as well as the physical impact on

individuals. Treatment plans should also take into account further environmental factors
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which may place individuals at increased risk of not only exacerbating the skin condition
but also developing comorbid physiological and psychological conditions. These factors
include smoking, quality of life, and airborne contaminants 133134 135 Inflammation
associated with skin conditions can also increase later disease risk and lead to early

mortality 136, and thus effective long-term management is essential 137/ 138,

1.3. Managing a dermatological condition

The physical, financial, and psychological burdens of living with a dermatological
condition are clear, with individuals across a range of disorders describing reduced QoL,
economic struggle, and reduced self-esteem compared to the general population. To
manage these impacts, individuals may employ a range of coping and management
strategies to support themselves, as well as other affected parties including family and
friends. The Common Sense Model of Self-Regulation suggests that individuals may
manage their diagnosis on both a cognitive and an emotional level, using five main
dimensions of illness: illness representations: cause, consequence, identity, duration,
and controllability 3% 149, A small-scale review by Rocholl, Ludewig (2021) using the
CSM framework identified key coping procedures used by individuals with eczematous
skin diseases; these included workplace changes (time off work, changing professions),
skin protection, and diagnostic procedures and treatment (e.g., regular health checks,
self-medication) 1. Thus, coping strategies sitting within the CSM dimensions may
offer an adaptable approach to managing a complex, long-term illness such as a skin

condition.

1.3.1 How do patients manage/support themselves?

The use of structured coping and self-management can play a key role in an individual’s
experience of living with a long-term skin condition, if effective. However, Kent (2000)
suggests that avoidance and concealment are two of the most common negative coping
strategies employed by individuals with visible differences such as skin disorders #?,

which in turn maintain distress 14> 144 and reduce QoL > 146, Furthermore, other
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adverse coping skills such as denial and catastrophising are also associated with
increased stress and anxiety, more intense itch severity and reduced physical
functioning 14> 147-150_ Thus, it is important that individuals are empowered and
supported in managing their skin condition effectively, to reduce distress and promote

resilience 148 151,

Effective coping and self-management is largely focused on reducing the physical
effects. An investigation by Fisher, Ellen (2020) revealed that individuals suffering from
HS or psoriasis tried to avoid recurrent outbreaks by avoiding certain foods, adhering to
strict treatment regimens and following self-care rituals *>2. To cope with any
outbreaks, individuals tended to focus heavily on self-care including taking multiple
showers and staying in bed due to fatigue and feelings of embarrassment. These active
coping methods are also employed by individuals with other common skin conditions,
with methods such as dietary restrictions >3 and adherence to treatment plans 1>*
frequently cited. Furthermore, mothers of children suffering from eczema describe a
need to control the pain as a shared problem between them and the child, with the

responsibility for treatment adherence thus typically resting on the mother 1%,

Another key element of self-management and coping for individuals suffering from a
skin condition could be described as the ability to be psychologically flexible, sufficiently
enough to support healthy emotional regulation *®. Psoriasis patients on a specialist
dermatological ward who exhibited a *fight spirit strategy’, focused on encouragement
and positive reframing, experienced less severe itch intensity, fewer itch episodes and
overall better social functioning 8. Some individuals with highly visible conditions such
as facial acne or HS, describe ways in which they compensate for their condition by the
use of humour and enhanced personality traits >* >7. The coping skills utilised by
parents, partners and friends seem to focus more closely on support and acceptance;
recent work by Amaro (2020) depicts how mothers of children with eczema focus on
communal coping in an attempt to normalize and accept the condition as part of

everyday life 1>,
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To manage the emotional and physical burden of living with a skin condition, individuals
often rely on various forms of social support, including family and friends, as well as
online groups. More specifically, this can include disclosing symptoms to friends and
family, obtaining information from specialist medical staff, as well as sharing
experiences and feeling empathy from online patient support groups or forums 152 154
158 These coping skills can play a key role in an individual’s long-term management
plan as high perceived social support levels can significantly reduce the risk of
depression and improve quality of life 1°%161, However, some individuals choose to avoid
socialising or limit their interactions with others due to perceived stigmatization,
potential for ‘othering’ amongst friends, thus prompting withdrawal from social activities
157,162 A lack of social interactions can be associated with feelings of loneliness 13,
reduced resilience %4, as well as the potential for bullying and discrimination from peers
and teachers for children of school age 16,

Structuring an appropriate and effective plan for managing a skin condition long-term is
an essential element of coping for many individuals. Strategies to successfully manage a
dermatological diagnosis may include changes to daily habits such as diet or physical
activity, emotion regulation such as positive reframing, and reliance on social support

including peers, family, and online channels.

1.3.2 How do the healthcare system/clinicians support individuals?

Although structured self-management techniques are a key component of coping for
individuals living with a skin condition, specialist clinics designed to deliver targeted
psychological interventions and guidance are also a crucial pillar of support.
Psychodermatological clinics, also known as ‘psychoneurocutaneous services’ in the US,
provide care for individuals suffering from psychiatric comorbidities commonly
associated with many skin conditions or mental health components such as low self-
esteem or reduced resilience. Interventions can include the identification of coping
strategies, positive restructuring, and a focus on taking control of life whilst managing a
skin condition 166167 The recent introduction of psychodermatology in the UK and US,
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has largely focused on the creation of MDTs, typically made up of dermatologists,
psychologists, and psychiatrists 16/, There has also been an expansion of skin specific
services and clinician expertise within general mental health service provision for people
living with a long-term condition. This includes self-referral to psychological care such
as cognitive behavioural therapy (CBT) through Improving Access to Psychological
Therapies (IAPT), and strengthened primary care management 168,

However, there continues to be a significant dearth of interventions (and trials of these)
offered/delivered within dermatology or psychological therapy services, designed for
individuals with skin conditions. Thus, it is difficult to evaluate the effectiveness of these
provisions due to being sparse in nature. Furthermore, amongst existing interventions,
there is significant variability across countries, clinics, and HCPs, as well as differences
between types of skin conditions, condition severity and biological mechanisms
associated with certain disorders. Thus, the following review largely focuses on

interventions delivered outside of psychodermatology clinics.

A large-scale meta-analysis of the effectiveness of psychological interventions for adults
with skin conditions reported a medium-large effect on outcomes related to
itch/scratch, skin severity and psychosocial well-being 19°, Effect sizes differed between
the types of intervention, with habit reversal offering the largest effect 1¢°. Furthermore,
condition-specific interventions have produced variable results; for individuals suffering
from AD, interventions targeting physical health outcomes including itch intensity, skin
severity and scratching have proven highly effective 170 171, Psychosocial-focused
interventions designed for AD patients also show significant improvements in QoL,
understanding of the disease, and positive coping behaviours 7% 172, Similar
psychological therapies designed for patients with psoriasis revealed that >70% of
individuals found mindfulness and compassion-based interventions helpful 173, but there
was no difference in skin severity for individuals completing an emotional disclosure
programme 74, Based on these outcomes, it is clear that psychosocial interventions

may be effective for skin condition patients, but there is no ‘one size fits all” approach.
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Based on these findings, it is clear that further evaluations and audits of existing
psychodermatology services are necessary to establish the efficacy of current
interventions. Although some provisions may be effective in reducing the physical and
psychological burden of living with a skin condition, these resources are not widely
available, as discussed previously. Reports from clinical staff suggest that <25% of
dermatology-based HCPs have access to a localised psychodermatology clinic, with 90%
of staff deeming existing services as ‘poor’ due to a lack of funding, referral challenges
and high demand 7. The importance of providing targeted and readily accessible
psychological therapies cannot be ignored; >75% of adults living with a skin condition
felt that they would benefit from more support 12>, with individuals emphasizing the
need for greater understanding from clinicians /6. In the recent APPG report, >50% of
patients were unaware that they could seek psychological help, and only 18% of
respondents had received some form of mental health support 26, This report outlined a
series of urgent recommendations to improve access to psychological support for
patients, and to develop timely referral pathways for clinicians; these include
suggestions for specialist paediatric services, training for HCPs and increased staffing 2°.
The ‘psychodermatological research priorities’ outlined by Thompson, Guterres and
Bewley (2020) reiterate the need for an improved understanding of the how effective
psychological interventions can be in supporting individuals with a wide range of skin
conditions, specifically related to QoL and psychosocial outcomes 78, As such, informed,
effective psychosocial care for individuals living with a skin condition is of paramount

importance for the future of dermatology.
1.4 The ichthyoses

The ichthyoses, also known as disorders of keratinization (DOK) 17° represent a

heterogeneous group of dermatological conditions, arising from abnormal cornification
and desquamation processes 8%, These conditions are characterised by dry, thickened
scales, and typically affect the face, extensor surfaces and trunk 18!, Other changes to
the skin include erythroderma (redness), palmoplantar keratoderma (thickening of the

palms and soles), hypohidrosis (diminished sweating), and recurrent infections 72,
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These cutaneous manifestations are caused by abnormal barrier function in the

epidermis, leading to abnormally rapid cell growth, known as hyperproliferation 179 181,

Although all types of ichthyosis are caused by impaired barrier function, different

classifications of ichthyosis involve variable affected layers and corresponding

keratinocytes of the epidermis, including cholesterol, ceramides, and filaggrin 17° 181,

Ichthyosis can also occur either in an exclusively cutaneous manner (in the skin, known

as non-syndromic), or with additional extracutaneous manifestations (syndromic) 18°,

and are known as either inherited (genetic basis) or acquired (secondary to other

causes such as cancer, infectious diseases and nutritional deficiencies) 8.

Characteristics and epidemiology of some of the main types of ichthyoses are presented

in Table 1 below:

GENETIC
TYPE SUBTYPE PREVALENCE CLINICAL FEAUTURES
PATHWAYS
_ Xerosis, keratosis pilaris, Loss of function
) ) 1in 100-250 ) ) o
Ichthyosis Vulgaris (IV) palmar hyperlinearity ' | mutations in the
adults 182

184

filaggrin gene &

X-linked ichthyosis (XLI)

1 in 3000-6000

males 18

Polygonal brown scaling

and erythema 1%

Genetic deletion
at Xp22.31 (S75)

185-187

Autosomal
recessive
congenital
ichthyosis
(ARCI)

Generalized severe

(Not yet clearly
established)

Congenital o ) _
2.18 per million | scaling and erythroderma Mutations at
ichthyosiform _ ) )
188 without blister formation ABCA12 %,
erythroderma
189 TGM1 1, ALOXE3
or ALOX12B'*?
(Not yet clearly

Lamellar ichthyosis

4.5 per million 3

Grey/brown thick scaling

across body 194 1%

established)
Mutations at
TGM.Z 196 197,
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ALOXE3 or
ALOX12B*?
Thick scale plates .
o ] o Mutations at
Harlequin ichthyosis | 0.12 per million*® separated by deep
ABCA12 199 200
fissures
Epidermolytic
) ) Erythroderma and _
ichthyosis (also ) o ) Mutations at
1in 100,000- blistering at birth, later
known as bullous KRT1/KRT10%**
300,000 201, 202 development of
ichthyosiform 205
hyperkeratosis
erythroderma)
Pruritic polycyclic
erythematous patches
Netherton’s 0.80 per million with a double-edged Mutations at
syndrome 193 circinate or serpiginous SPINK5 2% 205
scale and hair shaft
abnormalities 206 207

Table 1: Types of ichthyosis and characteristics

1.4.1 Ichthyosis Vulgaris

The most common type of inherited ichthyosis is ichthyosis vulgaris (IV), characterised
by xerosis, scaling, keratosis pilaris, as well as palmar and plantar hyperlinearity 82, IV
is the most common type of ichthyosis, affecting 1 in 100 to 1 in 250 individuals *!, and
appears to be more common in European populations compared to Asian populations
based on ancestral genetic components 2%, Recent genotyping identified that loss of
function mutations at the filaggrin gene (FLG) are likely responsible for IV 29, This
mutation results in a deficiency or total loss of filaggrin, thus causing disruption to the
epidermal barrier 28, These loss of function mutations are also a predisposing factor in
the development of atopic dermatitis (AD), with 2.5%-37% of patients with AD also

displaying evidence of IV 210,
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Individuals with IV are also at increased risk of developing several other conditions: due
to the disrupted skin barrier, vitamin D deficiency appears to be more common in
children with IV compared to healthy individuals ?!!. Other complications include ocular
abnormalities, namely ectropion 212, as well as hearing loss 2!!. In addition, similar to
other dermatological conditions discussed in 1.2.3, individuals with IV commonly

present with a lower QoL 211213, 214 ‘worsened by skin severity 21>,

1.4.2 X-linked (recessive) ichthyosis

In the early 20t century, a new subtype of ichthyosis was identified, known as X-linked
recessive ichthyosis (XLI) 216, which was later found to be caused, in most cases, by a
genetic deletion at the Xp22.31 area of the genome. The majority of affected males
inherit the genetic deletion from a heterozygous carrier mother (see Figure 2); this
deletion is typically 1.5-1.7Mb in size and either completely or partially encompasses the
S7S5 gene, as well as its immediate neighbours (the protein-coding

genes PUDR HDHDI), VCX, and PNPLA4 and the non-coding microRNA MIR4767) 185187,
217_In a small number of XLI cases, the causal variant is an S75 point mutation or,
rarely, a larger deletion covering many contiguous genes 18187, 217 Tndividuals with
these extensive deletions frequently present with issues affecting multiple organ
systems, known as syndromic XLI, on which this thesis will focus, compared to non-

syndromic versions of XLI where only the skin is affected 18°.
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Figure 2: Depiction of X-linked recessive inheritance. Here, the white band represents XLI
genetic risk variant.

Prenatal screening studies estimate typical Xp22.31 deletions to be present in 1 in 1500
general population males 218 219 yet XLI is diagnosed in as few as 1 in 6000 males 1%,
This difference in rates of diagnosis implies that many individuals with a resulting STS
deficiency are either not receiving an XLI diagnosis (perhaps because they exhibit
subclinical skin symptoms) or are being misdiagnosed. Consequently, individuals
diagnosed in dermatology clinics tend to have a more severe skin phenotype than those
diagnosed genetically in the initial instance 2?°. The enzyme STS cleaves sulfate groups
from multiple different steroid hormones, affecting their water-solubility, bioavailability,
and activity 221. This mechanism is responsible for the skin phenotype in XLI, due to an
accumulation of cholesterol sulfate (and a deficit of cholesterol) in the stratum corneum
(see Figure 3) 222223,
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Figure 3: Pathogenesis of XLI %?* 2?*> (Note: TEWL: transepidermal water l0ss)

The skin phenotype typically presents at birth as widely distributed polygonal,
translucent scales, which are gradually replaced with large, darker brown-grey scales

occurring primarily on the neck, trunk, and lower extremities, and on extensor surfaces
226

Due to the widespread expression of STS across the body, individuals with XLI can also

present with one or more extracutaneous manifestations, as discussed below.
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1.4.3 Physical conditions associated with XLI
Cryptorchidism

In the late 1970s and early 1980s, initial case reports highlighted a connection between
XLI and the occurrence of bilateral or unilateral cryptorchidism, where one or both
testicles fail to descend into the scrotum during development, observed in 10-40% of
affected individuals 2?’. These instances were notably more frequent in cases involving
obstetric complications, notably due to delayed or prolonged labour occurring in over
60% of carrier mothers, attributed to placental STS deficiency 2%8. More recent case
series 2% 230, and data from the DECIPHER XLI-relevant cohort 3! suggest a lower
prevalence rate of 10-15% in XLI populations, which still surpasses the prevalence rate
of 2-8% seen in the general paediatric population 232,

Despite the presence of these structural abnormalities in the gonads, most individuals
with XLI maintain their fertility and undergo normal sexual development 22, In boys,
serum testosterone levels appear comparable to those of unaffected boys, albeit lower

post-puberty 233,
Cardiac rhythm abnormalities

Work from our research group based on data within the UK Biobank, recently revealed
that middle-aged males with typical Xp22.31 deletions are around four times more likely
to be diagnosed with atrial fibrillation/flutter (AF), compared to their non-carrier
counterparts (10.3% vs. 2.7%) 187. Downstream consequences of cardiac arrhythmia
such as AF, include stroke, heart failure, and cognitive decline/dementia 234, and thus

this finding is of particular clinical relevance for XLI populations.

A new paper by McGeoghan, Camera (2023), used a knockdown model of STS to
investigate the phenotype of patients with XLI 23, A finding of particular interest to
cardiac function emerged when examining genes that were downregulated following
STS knockdown. It was observed that a significant number of these genes are

associated with ‘cardiac/ventricular septum morphogenesis’, the process of septum wall
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development. Despite the investigation being conducted in skin cells rather than cardiac
cells, this intriguing finding raises the possibility that STS deficiency could potentially
increase the susceptibility to cardiac septal defects 23 237 and subsequently to
arrhythmias 238240, Furthermore, case series of individuals with Xp22.31 deletions has
reported a few instances of septal defects 24 242 243, To further explore the link between
Xp22.31 deletions and cardiac structural defects, we produced a review paper 2*, but
this relationship requires further investigation, specifically using cardiac traces in

affected individuals.

It is important to acknowledge that most of this most has been conducted in the last 5
years, and this is a growing area of research, amongst the field of genetics, cardiology,
and medicine. Thus, to date, the prevalence of cardiac arrhythmias (including AF), their
nature/precipitants, their response to intervention and their association with other
medical conditions within XLI populations has not been investigated and will be a key
focus of this thesis.

Corneal Opacities

In the late 1960s, initial research identified the presence of ‘deep corneal opacities’ in a
small case series of males with XLI, while female carriers exhibited a less severe
phenotype 2%. These opacities, dispersed throughout the entire cornea, were initially
described as grey-white and resembled commas or dots 2*>. Subsequent investigations
from the 1980s onwards revealed that this 'frosted layer' typically resides deep within
the posterior corneal stroma, near or within the Descemet basement membrane 2% 247,

likely stemming from elevated levels of cholesterol sulfate in the area 2.

Recent prevalence estimates suggest that 10-15% of individuals with XLI may develop
corneal opacities 18, compared to less than 7.5% of the general population 2*. These
opacities typically emerge during adolescence or early adulthood and generally do not
affect vision directly 2%°, though they have occasionally been associated with corneal
erosion 185, Copy number analysis in individuals with corneal opacities has shown
deletions ranging from 1.7Mb 20 to 4.4Mb 25!, all of which involve the S75 gene. This
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suggests that individuals with larger deletions may have a higher likelihood of

experiencing extracutaneous symptoms like corneal opacities.
Dupuytren’s Contracture

A newly identified comorbid condition is Dupuytren’s contracture, in which one or more
fingers progressively become permanently flexed 2°2. This typically onsets in middle age
due to fibrosis of the palmar fascia 2°1. In a UK Biobank (UKBB) sample, 3.5% male
deletion carriers reported a diagnosis (compared to 0.6% non-carriers) ¥/, and the
DECIPHER database describes one patient with a pathogenic point mutation

within S75 and contracture of the 5th finger 21,

Bleeding conditions

In the UKBB dataset researchers identified a specific phenotype related to bleeding
issues (termed 'haemorrhage or hematoma complicating a procedure'), which appears
to be more prevalent (3.5%) in males carrying deletions compared to male non-carriers
(0.5%) 2>3, Additionally, recent findings from a knockdown model 23> indicate that the
knockdown of S75 gene expression in skin cells can influence the expression of genes
associated with blood clotting, thus consistent with these results. This finding may be
attributed to several factors: a) deletion carriers might undergo more frequent or
invasive medical procedures due to the likelihood of experiencing extracutaneous
symptoms, and/or b) deletion carriers may be more prone to receiving retinoid-derived
pharmacotherapy for their skin, which can negatively impact blood clotting >>*.
Alternatively, and perhaps more likely given that no deletion carriers reported being
prescribed such medications, it could have a biological explanation, as S75is most

highly expressed in adult arterial vasculature 2% 256,

1.4.4 Psychological and psychiatric conditions associated with XLI.
Cognition in XLI

An initial case report of an 11-year-old boy with XLI revealed a non-verbal intelligence
quotient (IQ) of 57 (TONI-2), consistent with a mild intellectual disability 2. More
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recent case studies also report intellectual disabilities such as global developmental
delay and ‘cognitive impairment’ in both male and female children with XLI 2°8, This
work was followed up using data from the UK Biobank, identifying impaired
performance on the Fluid Intelligence Test in a large sample of male and female
deletion carriers 187, However, IQ is typically within the normal range, and academic
attainment appears unaffected 187: 2, and thus the exact impact of S75 /oss on

cognition is not yet fully understood.
Neurodevelopmental disorders and traits

Childhood-onset epilepsy appears to be more prevalent in individuals with typical XLI
deletions (10-15%) 230: 257, 260 compared to the general male population (<1%) 261,
often presenting as focal epilepsy with centrotemporal spikes 239 257,260, This condition
is frequently accompanied by other neurodevelopmental conditions such as ADHD 262
263, STS deficiency is implicated as a key causal factor in epilepsy susceptibility due to
its role in neurotransmitter receptor modulation 24, However, epilepsy-related
symptoms have not been observed in STS-deficient rodents, suggesting that other
factors within the Xp22.31 region or co-segregating factors may contribute to the risk

260 or these findings may be specific to humans.

Xp22.31 deletion may increase the risk of schizophrenia, especially in the presence of
other neurodevelopmental conditions. Reported cases include a young boy with a
typical deletion exhibiting symptoms consistent with early-onset schizophrenia 2*7, and
two females with paranoid schizophrenia 26>, Furthermore, female carriers tend to
display more schizotypal personality traits compared to non-carriers 228, This may be
due to increased DHEAS levels in individuals deficient in STS, as this enzyme is
responsible for de-sulphating DHEAS to DHEA. Lifetime psychotic symptoms have been
associated with higher DHEAS levels 2%, and thus STS deficiency appears a plausible

mechanism 2¢7,

Although attention deficits and hyperactivity were occasionally noted in rare cases of

STS deficiency with chromosomal rearrangements in the early 2000s 268 269, it was not
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until 2008 that the first case series exploring attention deficit hyperactivity disorder
(ADHD) in X-linked ichthyosis (XLI) was documented 27°. This series found that 40% of
assessed boys with XLI met diagnostic criteria for ADHD, with 80% exhibiting the
inattentive subtype, contrasting with a general population prevalence of <5% 2’1,
Subsequent case series confirmed that approximately 30% of boys with XLI fulfil ADHD
diagnostic criteria, often alongside other neurodevelopmental conditions like Tourette
syndrome, dyspraxia, and epilepsy 2% 230, A worldwide online survey comparing ADHD
diagnoses/related traits in males with XLI to those in matched controls confirmed an
excess of most traits (excluding ‘motor impulsivity) in the former group 272, a pattern
also observed in female carriers 228, Independent mouse models further support these
ADHD-related traits, demonstrating that impaired STS leads to attention deficits 273

274 and reduced motor impulsivity 27>,

Autism spectrum disorder (ASD) also appears to be more prevalent in XLI deletion
carriers; research suggests that 20% of adult males met the DSM-1V criteria for ASD
diagnosis or ‘related language/communication difficulty’ 27°, significantly higher than the
<5% prevalence in the male general population 27, This affected group often had
larger genetic deletions, including the VCX3A and NLGN4X genes, potentially
contributing to ASD-related behavioural phenotypes. This trend was consistent across
studies involving smaller deletions/mutations affecting the STS gene, including case
studies 263 and surveys of self-reported ASD-related traits 272, and in female carriers 228,
suggesting that gene loss within the typical deletion interval predisposes individuals to

autism-related traits.
Mood disorders and traits

Research suggests that individuals with XLI are also significantly more likely to present
with a mood disorder, compared to the general population. A preliminary online survey
from our research group revealed that a higher proportion of the adult males with XLI
reported a previous mood disorder diagnosis (20%), as well as higher levels of

impulsiveness and recent psychological distress compared to general population



Page | 26

estimates 272, A follow-up survey for female carriers of XLI-associated genetic variants
corroborated these results, with 29% of individuals reporting a previous mood disorder
diagnosis, in addition to higher impulsiveness, psychological distress and schizotypal
personality scores 228, Using the UK Biobank resource (UKBB), further work within our
research group later identified higher levels of mental distress (p=0.003), irritability
(p<0.001) and depressive anxiety traits (p<0.05) in male deletion carriers relative to
male controls 187, This pattern of depressive/anxious and impulsive mood traits
suggests that loss of STS function may play a prominent role in the development of
these disorders and associated traits.

However, beyond the initial studies, there remains a gap in understanding the specific
nature and magnitude of depression, anxiety, ASD, and ADHD traits and subtypes in
deletion carriers, particularly in adults, in comparison to unaffected samples. Moreover,
it's unclear whether these mood/NDD symptoms vary between male and female carriers
as they have not been directly compared. Additionally, there is a lack of comparison
between the prevalence of mood and NDD disorders/symptoms with other
dermatological conditions, such as IV or psoriasis. Although reduced Quality of Life
(QoL) seems prevalent among individuals with skin conditions (see 1.2.3), this hasn't

been quantified in XLI individuals, nor in comparison with different skin conditions.

Furthermore, there is little understanding of factors which may contribute towards
neurodevelopmental and mood disorders, such as poor sleep quality 2’7278, side-effects
of retinoid-derived medications, and stigmatisation due to the skin condition. It is
important to note that there may be an interaction between NDD/mood disorder-
associated traits, due to common shared environmental (and some genetic) influences

279 280 put this has not yet been explored with reference to XLI.

To date, there has been no exploration of risk mechanisms or causal components in the
development of mood and neurodevelopmental disorders and related traits. Quantifying
and exploring NDD and mood disorders and associated traits, as well as effects on

cognition, in individuals with XLI, could enhance understanding of the condition, leading
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to more targeted treatment advice and a more holistic approach to multidisciplinary

care.

1.4.5 Current guidelines and support for XLI individuals

Within the UK NHS and in the US healthcare system, there are no existing treatment
frameworks or formal guidelines to assist clinicians and HCPs following an initial
diagnosis of XLI, or for long-term management of the condition. Instead, HCPs may rely
on a variety of ichthyosis-wide resources to support patient care; these include
information from the British Association of Dermatologists (BAD) 28!, BMJ Best Practice
282 and FIRST (Foundation for Ichthyosis & Related Skin Types) 283, Patients often rely
on similar information and guides from relevant charities such as the Ichthyosis Support
Group (ISG) 284, FIRST and relevant medical advisory boards. In addition, a new
‘practical clinical guide” was recently published by researchers, aiming to support the
longitudinal care of patients with ichthyosis which may support clinicians and patients in

shared decision-making processes 28>,

Since 2021, all four UK nations have published their first ‘Rare Disease Action Plan’
(RDAP) which outlines plans to ‘improve the lives of the 3.5 million people in the UK
living with a rare disease’ 286282, The main principles of the RDAPs focus on ensuring a
faster diagnosis, improving awareness amongst HCPs, improving coordination of care
for patients, and improving access to specialist care 286-28%, Progress made since the
earliest publication of the England Framework in 2021 offers encouraging outcomes,
including the updated design of newborn screening programs, expansion of digital
resources and creation of a toolkit for virtual healthcare consultations. As a rare
disease, it is hoped that patients with XLI will directly benefit from these advancements.
However, as a precursor to these interventional strategies, it is important to understand
the full range and severity of conditions associated with XLI. To date, research involving
individuals with XLI has been predominantly clinically focused on case series and
individual cases. These types of clinical studies are restricted in their application, as

they are often expensive and small scale by nature. In addition, patients taking part in
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this type of research may be more severely affected than typical individuals with the
condition, and likely restricted in terms of geographical distribution. Although clinical
work can offer detailed and important phenotyping in some areas (e.g. skin condition),
there is often little available information on comorbid conditions and how these may
manifest. Understanding more about the experiences of individuals with XLI through
open ended research questions, drawing upon the views of many affected individuals

from geographically disparate areas and backgrounds, is also essential.
1.5 Epistemological Position and Paradigm

Pragmatism is a relatively new but commonly used paradigm for conducting research
across mixed methods, qualitative and quantitative approaches 2°% 21 | Pragmatism
focuses on the consequences and meanings of an action or event 2°2, and the ways in
which we interpret these experiences 23, This paradigm avoids the constraints of other
approaches such as positivism which largely focuses on the objective nature of
experiences and the validity of knowledge. Instead, pragmatism focuses on a process-
based approach to knowledge and the way in which this knowledge can be applied and
utilised in a real-world setting 2°% 2%>, When applying this paradigm to the research
process, there is also an emphasis on the importance of the research question (with
less focus on research methodology) and how different forms of data collection can

address the topic under study 2%°.

This paradigm appears to be the most appropriate approach for this thesis as it uses a
hierarchy of evidence, in which different types of evidence can serve different purposes
295,296 This is particularly important for this thesis, considering the multi-component
approach to understanding XLI, and the mixed methods used. Furthermore,
pragmatism recognises that individual experiences are both limited by the nature of the
world and that our understanding of the different realms is limited to our own
interpretation of experience 2°> 2%, This is important for this thesis as participants were
recruited globally and thus experiences between healthcare systems may vary.

Crucially, pragmatism also allows for flexibility in the data collection and analysis
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process, and places experiences at the centre of the research 223 22> 2% an important
aspect of this work in a rare disease group.

It is also important to consider how pragmatism interacts with and impacts reflexivity:
at its very core, a pragmatic worldview encompasses a flexible, reflective approach to
research design %7, Reflexivity is complementary to this, as an act of discussion and
curiosity around one’s own assumptions and experiences, and the way in which these
may influence the research process 2?8. There is scope for reflexivity at all stages of the
research process: this may include discussions with the research team about potential
assumptions about participants, the use of visual methods to challenge the way in
which hypotheses are being interpreted, and a wider consideration of how the evidence
may reflect our own biases 2°8 2%9, In particular, a critical realist stance was adopted to
reflexivity throughout this thesis; this was to account for the breadth of studies
addressing one key aim, to understand more about the physiological and psychological
issues associated with XLI. This perspective includes an open approach to invisible
barriers to research participation, with a focus on interacting factors at different levels

to address the research question/s 300 301,

Using Dewey’s pragmatic theory of social inquiry, it was clear that overcoming problems
as this research progressed, was to be a careful process, focused on how the problem
is situated in society 39% 303, Some potential issues that were anticipated in this thesis
included the representation of complex medical history, recruitment of a rare disease
patient group, and the researcher’s standing as an individual without XLI. Based on
pragmatic underpinnings, these topics should be approached carefully and with a strong
understanding of the experiences of both the participants (and the wider sample) and
the researcher 393, To ensure the experiences of individuals with XLI were accurately
represented, a strong relationship was forged with a leading individual from the
Ichthyosis Support Group, as well as provisional discussion of materials with patients
from the group. This supported our paradigm, allowing for a closer focus on the
research question and ensuring that accurate interpretation of experiences was central

to the research process.
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Furthermore, pragmatism raises some concerns about the research methods employed,
especially as the research topic under study is multi-layer 2%/, As such, it was important
to establish some level of crossover between studies (e.g. assessment of depressive-
anxiety traits in both Chapters 3 and 4) to robustly answer the wider research questions
and begin to establish reliability in these findings 3%4. Pursuing a holistic view of the data
and outcomes from each study, with a focus on individuals’ experiences was a key
reflexive practice across this thesis. The use of a mixed methods approach speaks more

to this approach.
1.6 Mixed Methods

Defining ‘mixed methods’ presents particular challenges, namely the distinction of
method vs. methodology, but most agree that there should be at least one component
of quantitative and qualitative work 2°% 395, Mixed methods can relate to all aspects of
the research process 24, and offers a novel approach to addressing complex research
problems 3%, by utilising different components of each (quant/qual) to most effectively
and appropriately tackle the research question 306 307, Creswell and Clark (2017)

summarise the multidimensional role of the researcher in this process:

e Collection of both quantitative and qualitative data in response to the research
question and hypotheses

e Integration of both forms of data and respective results

e Organisation of research protocols and procedures to provide a logical design for
conducting the study.

e Frame these procedures within theory and philosophy.

One important benefit of using a mixed methods approach is the way in which the
limitations of one method can be offset or managed by the strengths of the other. This
approach can offer new insights into research questions that cannot be fully explored
by simply applying either quantitative or qualitative methods 24 3%, Mixed methods also
offer readers and fellow researchers more confidence and insight into the results and

conclusions drawn from these e.g. allowing participants to expand on their answers in a
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qualitative manner may minimise bias in researcher interpretation 3%, Other rationale
for using this approach include exploration (needed to develop an instrument or review
a protocol), completeness (provide a more holistic account of a phenomenon), or to
answer different research questions within the same study 3.

Within the overarching approach of mixed methods, three distinct designs have

emerged from theoretical discussions amongst the literature 2°4:
a) Convergent design:

In using convergent design, equal priority is assigned to both quantitative and
qualitative data collection, but the results of each remain separate 3%. By discussing
both sets of data in relation to the other, this approach aims to better understand a
phenomenon, efficiently addressing a single research question. Convergent design also
allows for comparison and contrast of quantitative and qualitative findings, thus

improving the depth of the data and encouraging interpretation 24 308,

This was the approach applied throughout this project; in most cases, qualitative
responses took the form of the ‘free text’ boxes which allowed participants to expand
on their quantitative survey responses. This data allowed for more accurate analysis of
results (e.g. more information about specific medication used) and offered participants
an important opportunity to share their experiences, which is particularly important in
rare disease patient groups due to limited opportunities for patients to get involved in

research.
b) Explanatory sequential

This design is similar to convergent, with the exception that the quantitative phase of
data collection must be completed before the qualitative phase can commence. Thus,
the qualitative phase aims to follow up on results from prior quantitative data, requiring
a longer timeframe but often a more focused qualitative approach 224 3%,
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c) Exploratory sequential

In contrast to explanatory sequential design, this approach utilises an initial
investigative qualitative phase which develops into a later quantitative phase 3%. Often
used in the absence of existing theory or instruments, this approach is led by the

results of the qualitative phase to test the application of results to a wider population
294

Content Analysis

For the relevance of Chapter 3,4 & 5, a mixed inductive and deductive content analysis
approach to qualitative free-text responses was used. Krippendorff (2004) defines
content analysis as “a research technique for making replicable and valid inferences
from texts”. Broadly, this approach allows for flexibility in the analysis process, based
on features in the data3!- 312, Frameworks for conducting content analysis can vary
between theoretical approaches, but the key stages involve a) condensing the data into
smaller parts (units), b) coding the data to succinctly represent what is being discussed,
and c) identifying patterns in the data, to categorise these codes 313 314, It is worth
noting that this is a non-linear, flexible process, and thus content analysis is conducted
in a reflective manner, involving multiple adjustments at all stages 313 314, For the
purpose of this thesis, the results of each section of content analysis are discussed with
reference to the quantitative data and thus defined categories are not deliberated

independently.
1.7 Rationale

The work reported in this thesis is focussed on online survey methods. For use in a rare
disease patient group, this method of data collection has many advantages over
traditional clinical assessments; due to the widespread location of individuals with XLI
based on the rare nature of the condition, online methods offer access to large groups
of socially and geographically diverse participants 31> 316 317 Individuals from rare

disease patient groups are also usually under-studied and thus keen to engage with
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research 317, Although this research was restricted by the English-language nature of
the work, this online approach allowed for international recruitment and thus aim for a
sample that represented the wider community in terms of demographic factors such as
ethnicity 318, Utilising online methods also allowed for a direct insight into how
participants feel and their own opinions, rather than relying second-hand information
via a clinician. This is essential when adopting a pragmatic worldview (see 1.5) and a
patient-centred outcomes approach, as it ensures that the data collected and questions

asked within the research, are of meaning and importance to participants 3% 320,

The structure of online surveys can include a combination of custom-designed
components and existing measures, which was particularly important for this work e.g.
the need for well-validated measures of mood to be used and compared across multiple
studies. For the research team, the process of collecting-analysing-distributing results
from online surveys can be quick, thus resulting in more timely usage of results in a
clinical setting to improve patient outcomes 32! 322 323, This form of data collection also
presents few ethical implications, as the data is completely anonymous and thus poses
no issues with confidentiality or data security, and minimal risk of harm to the

participant 321/ 323,

For individuals with XLI, completing an online survey also presented minimal time
commitment (all surveys designed to take less than 25 minutes to complete) 316 323, and
could be completed at a time/place convenient to them 322 317, By removing the need to
speak to a member of the research team or a clinician face-to-face, online methods also
minimise social stigma and subsequent desirability effects in these results 316 321 323 1n
combination with open-ended, qualitative response options offered in the surveys, this
method allows patients to share their experiences without fear of judgement 316 321 323,

whilst also allowing researchers to gain a richer insight into their lives 324,

Responses from these online surveys can also be triangulated with other sources of

data, for example from clinical/animal studies, to order to examine the reliability of the
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data. Converging evidence from multiple approaches is likely to provide convincing
evidence of a genuine effect.

However, it should be recognised there are some potential limitations and challenges
associated with using an online survey, which must be considered. This approach
heavily relies on self-reported data, and the honesty of participants, thus lacking any
element of objective clinical assessment. There is also the potential for participants to
(often unknowingly) misreport their circumstances, especially without the ability to
clarify the question with a member of the research team at the time 37, Thus, it is
particularly important to apply results from this type of work in conjunction with clinical
measures such as genetic information, biomarker data and controlled

neuropsychological tests, when designing future interventions or care improvements.

Another potential issue is response bias; individuals who identify more with the topic
under study e.g. those with concerns about their memory, may be more likely to take
part 316323 However, this issue is not specific to online research and thus the current
approach was focused on designing an inclusive advert that encouraged all eligible
individuals to take part. Furthermore, the use of online platforms may exclude those
with limited technological proficiency or access to an electronic device which is a
difficult problem to address, but which may be attenuated through the development of

accessible and intuitive surveys 317,

It is also important to consider the importance of building a rapport with potential
participants to encourage honesty in their responses, which would usually occur in the
pre-study assessment when conducting in-person research 322, Participants may be
sceptical of the research when conducted online and thus may be less inclined to take
part or be honest/open in their responses 322, To address this issue, extensive
information was provided in the study advert and information sheet about the research
aims, what the data will be used for and how it may benefit patients 323, As social media
patient support groups were used as a key opportunity for recruitment, this also

prompted some (infrequent) previous concerns from the patient group, from those who
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were sceptical about the work. However, due to established links between our research

group and several patient groups, the advert was well received.
1.8 Significance of Research

This chapter has reviewed key literature surrounding the experiences of patients within
a dermatology setting, suggesting that the current ‘crisis in dermatology’ has a
detrimental effect on patient care, and diagnostic/treatment accuracy. It has also
discussed the impact of living with a dermatological condition, and the negative effects
on emotional/mental health, including quality of life, and a variety of coping strategies
employed by patients on a day-to-day basis. Finally, this chapter has explored the
literature surrounding the cutaneous and extracutaneous manifestations of the genetic

skin disorder, X-linked ichthyosis, on which this thesis will focus.

From this literature review, it is clear that dermatology patients as a collective, are in
many cases receiving sub-standard care, yet HCPs are not receiving the appropriate
training, provisions, or information to support these individuals. The APPG report truly
reveals the scope of this issue from a psychosocial perspective, and more specifically,
the Rare Disease Action Plans highlight opportunities for improvement in care for rare
disease patient groups such as XLI individuals. Representing and engaging
underrepresented groups is of crucial importance, as highlighted by the RDAPs, in the
development of best clinical practices 32° improved health outcomes 326, and increased

awareness/destigmatisation 327: 328,

To develop these wider aims, it is first necessary to develop a better understanding of
the characteristics, risk factors, and comorbid conditions associated with rare disorders
such as XLI. This chapter has explored the lack of formal guidance for both patients
and clinicians when it comes to standardised, long-term care plans for individuals with
XLI. As the condition is predominantly diagnosed in the first year of life 283, it appears
essential to adopt a preventative approach to managing potential comorbid conditions
and traits related to the Xp22.31 deletion.
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1.9 Scope

The overarching objective of this thesis is to develop a better understanding of the

psychological and physiological issues associated with XLI, to understand how these

issues may interact and to enable earlier identification of, and intervention for, XLI-

associated symptoms. This thesis comprises four empirical chapters, focusing on three

common comorbid issues, the design of which are described below:

Chapter 3: Using established online survey methodology and measures, this
study investigated the nature and magnitude of mood and neurodevelopmental
disorders and associated traits, and self-reported factors which may contribute to
mood phenotypes in male and female participants carrying XLI-associated
genetic variants; males and females affected by IV, and males and females
affected by psoriasis were used as comparator groups. A key aim of this study
was to identify potential targets for effective interventions/therapies, to minimise
mood problems and psychological distress, associated with ichthyoses and
psoriasis.

Chapter 4: This study used online measures to compare self-reported memory
performance, word-picture recall, and mood in male and female carriers of XLI-
associated genetic variants, to a control group of males and females with IV.
Chapter 5: This study aimed to improve understanding of how heart rhythm
abnormalities (HRAs) may develop, how they may be best addressed clinically,
and to improve the prediction of AF in individuals with an Xp22.31 deletion. The
purpose of this study was two-fold:

a) To characterise heart rhythm abnormality (HRA)-related phenotypes
and comorbidities in men, male children with XLI (parental reports),
and female carriers, using an established online survey methodology.
These initial analyses aimed to i) investigate the onset, treatment, and
severity of any cardiac abnormalities ii) identify risk factors that
commonly precipitate arrhythmic episodes iii) identify common

comorbid disorders associated with HRAs.
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b) This study also explored attitudes towards preventative screening for
cardiac abnormalities in adults with XLI or female carriers.

e Chapter 6 Given an association between elevated abnormal heart rhythm risk in
males with XLI (previous published work and Chapter 5), a feasibility study was
conducted to monitor the heart rhythms of a small group of males with XLI over
8 weeks using wearable technology. The wider goal was to understand whether
the use of wearable technology such as smart watches may be an acceptable
form of screening for this population and, if so, to determine the optimal study

procedures for a larger-scale trial.

1.10 Chapter Summary

This chapter introduced the wider topic within the field of dermatology, identified
opportunities for further research in XLI specifically, outlined the significance and scope

of this thesis and provided an overview of the thesis structure.
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Chapter 2: METHODS

This chapter focuses on the specific methods used to sample, recruit and work with the
data obtained, whereas the methodology and paradigmatic approach to the work have
been described in Chapter 1.

2.1 Sampling and Recruitment
2.1.1 Recruitment Channels

Due to the nature of XLI and IV as rare diseases (and psoriasis as a comparative
condition but to a lesser extent), recruitment for these studies presented particular
challenges, namely the lack of a central database of patients and the widespread nature
of individuals worldwide. Thus, to reach as many potential participants as possible, a
solely online approach to recruitment was adopted, via several established channels
utilised in previous studies from our research group 2% 272, This approach also allowed
for the management of response bias, as participants from a range of cultures could
take part. Adverts for each study were initially posted on social media sites such as
Twitter, using relevant hashtags and ‘tagging’ relevant charities and organisations for
maximum reach. These charities and representative individuals directly were
subsequently contacted, across the UK (Psoriasis UK, Ichthyosis Support Group (ISG)),
Netherlands, and the US (Foundation for Ichthyosis & Related Skin Types (FIRST)) with
information about the studies, and this was often distributed amongst patients through
newsletters or direct correspondence. Through previous research studies, there was a
pre-established mailing list of individuals who had consented to be contacted about
upcoming research studies. Thus, information about each study was sent to this list
using the anonymous ‘Bcc’ email function. Study adverts were also published on
existing online social media support groups, specifically Facebook, for which specific

permission from the site moderators had been given.

When recruiting participants, a distinct difference in responses between males and

females (defined by sex at birth) was observed, with females more likely to respond.
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Thus, many of the ‘reminder’ posts and adverts following the initial recruitment launch
targeted males and emphasised the need for a representative sample.

2.1.2 Inclusion Criteria

For all four studies, only individuals >18 years of age (except for parents reporting on
behalf of their children <18 years in Chapter 5), with a diagnosis of XLI (or IV/psoriasis)
from a medical professional were recruited. Proof of diagnosis was not required (only
the basis of their diagnosis e.g. genetic testing) as it is often unlikely that patients could
provide written evidence and thus this may have deterred certain valid individuals from
participating.

All aspects of the studies were conducted in English, and thus participants were
required to have a good understanding of the English language, but there were no
restrictions on country of residence. When completing the demographic sections of each
survey, participants were required to state both their sex at birth (for the purpose of
sex-based analysis and genetic information) and/or their self-described gender where
relevant to the study (Chapter 3 only) 324,

Further specific inclusion criteria for each study are detailed in the relevant chapters

and summarised below in Table 2.

CHAPTER INCLUSION

>18 years old

One of the following: @) male with a clinical diagnosis of XLI,
CHAPTER 3 b) confirmed female carrier of a genetic change related to XLI,
c) person with a clinical diagnosis of 1V, d) person with a

clinical diagnosis of psoriasis

>18 years old

One of the following: a) male with a clinical diagnosis of XLI,
CHAPTER 4

b) confirmed female carrier of a genetic change related to XLI,

c) person with a clinical diagnosis of 1V.
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CHAPTER 5

>18 years old (and/or a parent of a child < 18 years)

One or more of the following: a) male with a clinical diagnosis
of XLI, b) confirmed female carrier of a genetic change related
to XLI, ¢) parent of a male child (<18 years) with a clinical

diagnosis of XLI

CHAPTER 6

Aged 18-80 years

Male at birth (sex)

Clinical diagnosis of XLI

Owns an iPhone and willing to download and use applications

Willing to wear an Apple Watch for up to 8 weeks

Willing to submit data from watch about heart rhythm

2.1.3 Power Analyses

Table 2: Inclusion criteria for each Chapter

To identify the optimal minimum number of participants for each study, power analyses

were conducted using G*Power. Parameters were set at 80% power with a=0.05 to

reliably detect at least a moderately sized effect. The sample sizes identified are

discussed within the relevant chapters.

2.2 Design

I used a mixed methods design throughout this thesis, as detailed in Table 3.

Demographic information and carrier status were both represented by descriptive

statistics.
QUANTITATIVE
CHAPTER QUALITATIVE ANALYSIS
ANALYSIS
Congenital Ichthyosis Skin
CHAPTER 3
Index (CISI)
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Kessler Psychological
Distress Scale (K10)

Adult ADHD Self-Report
Scale (ASRS)

Autism Quotient (AQ10)

Brief Irritability Test (BITe)

Dermatology Life Quality
Index (DLQI)

Feelings of Stigmatisation
Questionnaire (FSQ)

Underlying factors in mood

disorders

CHAPTER 4

Word/picture recall scores

Congenital Ichthyosis Skin
Index (CISI)

Kessler Psychological
Distress Scale (K10)

Multifactorial Memory
Questionnaire (MMQ)

None

CHAPTER 5

Congenital Ichthyosis Skin
Index (CISI)

Medical diagnoses

Heart rhythm factors

Vignette statement ratings

None

CHAPTER 6

Feedback on ECGs

from cardiologists

Perceived stress level at

each ECG reading

Circumstances surrounding

individual ECG readings

Post-trial acceptability

ratings

Post-trial feedback for the

research team

Table 3: Outline of quantitative and qualitative aspects of individual chapters
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2.2.1 Online survey measures

For Chapters 3,4 & 5 (survey-based), participants responded to study adverts via an
anonymous URL and were directed to a custom-designed survey hosted by Qualtrics 3%°.
Each survey included an information sheet, consent form, and debrief form with links to
further information, support post-study if necessary, and contact details for the

research team.

2.2.2 Feasibility trial

For this phase of the research, participants completed an online screening questionnaire
to assess suitability for the study, followed by an outline of the trial, completion of the
consent form, and data collection for eight weeks. Following the trial, participants
completed an online ‘post-trial feedback form” and received extensive debrief

information.

2.3 Data Analysis

In cases where participants had not answered specific questions within a measure or
section (<3% of all responses), their response for the relevant analyses was omitted.
Summary data are reported as percentages, mean+SD (normally distributed data) or
median with 95% CI (non-normally distributed data). Boxplots were produced using

BoxPlotR software. P < 0.05 was considered statistically significant.

Across this project, a range of methods for the quantitative sections of the analysis
were used. The decision-making grid is shown in Table 4 below, alongside the chapters
in which was utilised each test. More details about the application of each test can be

found in the respective chapters.
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Independent Dependent
Type of test . . Chapter
Variable Variable
e Comparison of _ e Grouped by
Independent t- e (Categorical
means _ different 385
test _ e One predictor _
e Parametric population
e Comparison of
_ e Grouped by
. means o Categorical _
Mann Whitney U different 5
e Non- e One predictor _
. population
parametric
e Comparison of e (Categorical
ANOVA means e One or more ¢ Single outcome 34
e Parametric predictor
e Categorical
e Comparison of e One or more
ANCOVA means predictor ¢ Single outcome 34
e Parametric e One or more
covariates
_ o Categorical
e Correlation
Kruskal-Wallis _ e Three or more e Continuous 3
¢ Nonparametric
groups
e Two continuous variables
Pearson e Correlation 34
¢ Normally distributed data
_ e Two continuous variables
Spearman o Correlation o 384
e Not normally distributed data
Chi-squared e Correlation e Categorical e Categorical 485
Fishers Exact e Categorical e Categorical
o Correlation _ _ 4&5
Test e Two categories e Two categories
Hierarchical
. _ o Categorical _
linear e Regression e Continuous 3
. e Two or more
regression
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Table 4: Outline of decision-making for statistical tests used

In regards to qualitative analysis, a mixed deductive and inductive content analysis
approach was used to assess the ‘free text’ responses in Chapters 3, 5 & 6. This allows
for analysis of both latent and semantic content and offers more opportunity for
researcher interpretation with relevant context to the data 33°,

2.4 Research Ethics & Governance

Ethical approval was obtained by the Cardiff University School of Psychology (individual

EC numbers and amendments listed in relevant chapter appendices).

Prior to engaging with the study, all participants were fully informed about the
background of the study, as well as the rationale and aims, right to withdrawal (without
reason or penalty), data anonymity, distribution of results, and data storage policies. All
participants signed an informed consent form before beginning the study.

Following the completion of the study, participants were provided with details for
support services such as telephone helplines and online guidance in the case of distress
or concern following their participation. Participants were also provided with a link to a
separate survey if they wanted to provide their contact details (name and email
address) to get involved in future studies. This information was stored separately from

the survey data and could not be linked to their survey responses in any way.

All data was anonymised (no IP address saved by Qualtrics and no personal data e.g.

name or email address requested) and stored in line with Cardiff University policy.

For the feasibility trial (Chapter 6), the ECGs were uploaded in PDF format by the
participant on a Qualtrics survey, accessed using their individual participant number.
Due to the process of storing and retrieving these readings via the Apple Health app on
the individuals’ iPhones, each PDF contained their name, date of birth (DOB) and age,
as well as details about when the reading was taken. Before distribution to the

cardiologists to assess the ECGs, these PDFs were cropped to remove all identifiable



Page | 45

data and then resaved using their participant number for reference. All other aspects of
the weekly and post-trial submissions from this trial were anonymous, and no IP
address was saved.

2.5 Summary

This chapter provides an overview of the sampling and recruitment methods used
across this thesis, the design and data analysis approach, and details about research
ethics and governance.
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Chapter 3: MOOD AND NEURODEVELOPMENTAL
DISORDERS AND ASSOCIATED TRAITS IN X-LINKED
ICHTHYOSIS (XLI), ICHTHYOSIS VULGARIS (IV) AND
PSORIASIS

*Note: some of the material included in this Chapter and relevant appendices relates to
the following published work, for which I am listed as the first author:

Wren GH, Humby T, Thompson AR, Davies W. Mood symptoms, neurodevelopmental
traits, and their contributory factors in X-linked ichthyosis, ichthyosis vulgaris and

psoriasis. Clinical and Experimental Dermatology. 2022 Jun 1;47(6):1097-108.
3.1 INTRODUCTION

Dermatological conditions are strongly associated with increased rates of mental health
conditions, including mood disorders and associated traits # 26, However, current work
offers a limited explanation towards potential causal factors and limited comparisons of
clinical samples to general population controls. The study reported in this Chapter
investigated mood and neurodevelopmental disorders and associated traits in three skin
conditions (XLI, IV and psoriasis), with the aim of identifying how these compare to
prevalence and magnitude in general population control subjects, how their prevalence
and magnitude compare with one another and to identify key targets for future

interventions/therapies to minimise associated psychological issues.

3.1.1 Mood/neurodevelopmental disorders, and psychological
wellbeing in individuals with common and rare dermatological
conditions

The link between skin disease and mental health is well established, with over 98% of
individuals diagnosed with a skin condition experiencing a negative impact of their
condition on psychological/emotional wellbeing 2°. This negative impact includes
feelings of stigmatisation, issues with self-esteem, and the impact of the skin condition

upon work/social activities 2% 331, Such factors may play a significant contributory role in
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negative mental health outcomes including major depressive disorder (MDD) and
anxiety, as discussed in Chapter 1 (1.2.4). Negative psychological outcomes, and
associated mood disorders such as these, can also subsequently affect quality of life
(QolL) ? 88, Identification of key causal/contributory factors in these negative
mood/behaviour-related outcomes is a crucial step to developing effective targeted
therapies within psychodermatology.

However, thus far, psychodermatological research has largely focused on comparing
mental health outcomes in specific conditions to unaffected members of the general
population, in particular using small samples from limited demographic regions. Current
work has also only employed a small range of measures to assess psychological
functioning and emotional wellbeing, with little continuity across different studies, thus
making comparison between samples difficult. One key study which significantly
contributes to understanding in this field was conducted by Dalgard, Gieler (2015),
examining the psychological burden of living with a skin condition, across various
dermatological diagnoses #. Depression, anxiety and suicidal ideation were significantly
more common across the sample as a whole, compared to controls. This work was later
developed within the research group, with new findings in a similar sample suggesting
that body dysmorphic disorder (BDD) is also significantly more common in patient with

dermatological conditions 332,

However, these are two of the only large-scale studies in this area, yet to be replicated
outside of the EU, or using different measures. Furthermore, this work did not include
rarer skin disorders such as ichthyosis and thus are limited in their application to this
work. As such, there is a need to compare wider psychological symptoms between a
geographically diverse sample of dermatological patients to general population controls,
as well as across a range of different skin conditions (including rare disorders). Due to
sex differences in the prevalence of many skin conditions 333, and psychological
phenomena 334, a range of reliable measurement tools might arguably also be employed

to stratify psychodermatological outcomes by sex.
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One previously well-studied dermatological condition with reference to psychological
outcomes is psoriasis; a chronic inflammatory multi-organ disease, characterised by
demarcated salmon-coloured plaques and extracutaneous manifestations including
arthritis and diabetes #* 33>, Psoriasis has previously been strongly associated with

increased risk of depression and anxiety disorders, and psychological distress 336-338,

Increased rates of mood disorders also occur across the inherited ichthyoses, linked to
negative emotional functioning and diminished QoL 2% 33°, Qualitative data suggests
that this may be due to a combination of factors, including concerns around physical
health, daily life issues, and relationships with oneself and others 3%, However, as the
aetiology, severity, and epidemiology can vary between types of ichthyoses, it is
important to examine each condition separately.

In individuals with ichthyosis vulgaris (IV), the most common type of inherited
ichthyosis, new research indicates elevated rates of mood disorders/symptoms, in
addition to moderately decreased QoL and increased social rejection 214, However, very
little further research has been carried out to investigate this link with a larger sample
of individuals with IV, and thus the results of this work are difficult to interpret. Recent
studies have also identified similar elevated rates of mood disorders (and associated
symptoms), in males with XLI-associated genetic variants, compared to sex-matched

controls 187, 228, 272

More recent work by Cavenagh (2019) developed these findings, using similar survey-
based measures to collect self-report information for adult female carriers of genetic
variants associated with XLI. Compared to normative data from female general
population controls, carrier females exhibited increased rates of mood disorders and
psychological distress 228, This research was extended using the UK Biobank resource,
to examine mood-related phenotypes in adult males and females carrying genetic
deletions spanning the S75 gene. Similar patterns of behaviour and mood associated
traits were identified; adult males carrying XLI-associated genetic deletions presented

with increased rates of depressive-anxiety traits and mental distress compared to male
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non-carriers. Both male and female deletion carriers also showed significantly elevated
rates of irritability 187, It is important to recognise that such data from the UK Biobank is
less likely to be prone to response bias, compared to survey-based approaches which
rely more heavily on self-reported data, thus suggesting these findings are reliable.

Current work also presents increased risk of neurodevelopmental disorders such as
autism spectrum disorder (ASD) and attention deficit (hyperactivity) disorder (ADHD),
amongst these groups. Compared to unaffected controls, adult males with XLI exhibit
significantly more traits consistent with neurodevelopmental disorders 272, as well as
female XLI carriers 228, Initial work suggests that individuals with psoriasis are also
more likely to present with neurodevelopmental conditions 3342, often suggested to

link to the autoimmune nature of the condition.

These initial findings suggest significantly elevated rates of mood and
neurodevelopmental disorders and associated traits, in individuals with inherited
ichthyoses, specifically XLI and IV, as well as some findings in individuals with psoriasis.
However, this research area is notably sparse, with limited comparative literature
available and no understanding the prevalence of neurodevelopmental disorders in
individuals with IV. Thus, current research offers a) no comparison between affected
individuals, and different skin conditions, b) limited samples, concerning demographic
and geographical factors, c) restricted analysis of these phenotypes as stratified by sex,
and finally d) little insight into potential contributory factors in these
mood/developmental disorders and associated traits. Furthermore, previous research
has yet to separate mood-related traits into distinct aspects of mood (depression,
anxiety, and irritability) which may vary greatly in frequency, severity and underlying

neurobiology both within and across conditions.

3.1.2 Use of online survey measures

Online survey methods were used in this study as a simple, time-efficient way in which
to collect data from a rare disease patient group. Using online surveys, distributed

mainly via social media channels, enables a wide geographical and demographic spread
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of participants, as well as simple dissemination to reach a large number of individuals
321,343 The online, anonymous nature of these surveys is designed is limit social
desirability and encourage honesty from participants about their experiences 323 343,
which may be particularly important when discussing mental health. The inclusion of
open-ended qualitative responses, in conjunction with other question types such as
multiple choice and rating scales, allows participants to elaborate on their answers and
produces a rich dataset 323, Furthermore, online surveys are of particular benefit when
studying unique populations such as rare disease populations like XLI, as these
individuals are typically more motivated to engage in research in comparison to over-
studied groups 323, and this method allows participants to respond at their own

convenience 343,

3.1.3 Psoriasis as a comparative group

To provide a suitable comparative condition in this study, a sample of individuals with a
clinical diagnosis of psoriasis was recruited. Psoriasis is notably more common than
rarer skin conditions such as IV and XLI % 182185 and it is typically well-studied in
terms of mood and NDD disorders and associated traits, unlike IV and XLI 337: 338, 341, 342,
Furthermore, psoriasis has a very different aetiology compared to the ichthyoses; it is
thought to manifest as a result of an immune response of various origins 3%, although
some linkage studies suggest that various loci may play a role in the case of inherited
versions of the condition 3*> 346, However, these loci are distinct from the genetic
aetiology of IV and XLI, thus offering a strong comparative condition irrelevant of
genetic underpinnings. In addition, all three conditions manifest across the body and
look similar in appearance of the skin, reducing any differences in effects related to
stigma or body image. As a common disorder, recruiting individuals with psoriasis also
posed significantly less of a challenge compared to a rarer condition, and this would

allow for a sample more closely matched in terms of gender and age for contrast.
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3.1.4 Aims and Hypotheses

The present study aimed to investigate and compare mood and neurodevelopmental
disorders and associated traits, as well as self-reported factors which may contribute to
depressive, anxious and irritable phenotypes in male and female participants carrying
XLI-associated genetic variants, males and females affected by IV, and males and
females affected by psoriasis. Specifically, this study aimed to investigate (i)
mood/neurodevelopmental disorders and associated traits in the six groups compared
with the best-available matched general population samples, (ii)
mood/neurodevelopmental disorders and associated traits, as well as quality of life and
stigmatisation measures, compared across the six experimental groups and (iii) factors
self-reported to contribute most substantially towards mood (depressive, anxiety, and
irritability) symptoms across the six groups. A key aim of this study was to identify
potential targets for effective interventions/therapies, to minimise mood problems and

psychological distress, associated with ichthyoses and psoriasis.

Based on the recent work in adult males and females with XLI, IV and psoriasis as
outlined in this Chapter and Chapter 1, the following was hypothesised:

a) Increased rates of mood and neurodevelopmental disorder diagnoses, disorder-
associated traits, and irritability in all conditions, compared to general population

controls.

b) An inverse relationship between adverse mood traits and quality of life in all skin

conditions.

c) An inverse relationship between stigmatisation and quality of life in all skin

conditions

d) Moderate-severe levels of stigmatisation across all skin conditions, with

significant correlations between skin severity and degree of stigmatisation.
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3.1.5 Summary

e Previous work suggests that individuals with a dermatological condition are more
likely to present with a mood disorder such as depression or anxiety, as well as a
reduced quality of life (QoL) and neurodevelopmental disorders such as autism.

e Recent findings from our research group corroborate these findings in individuals
with X-linked ichthyosis, but research is sparse and lacks comparison between

conditions.

e Current literature also offers little insight into potential factors contributing to
these mood and neurodevelopmental conditions and the relationship between

these.

e To address these limitations, this study aims to use online survey methods to
investigate these disorders and associated traits in more detail in individuals with

XLI, IV and psoriasis, allowing for an in depth cross-comparison between groups.

3.2 METHODS

3.2.1 Ethics

This study was given ethical approval by Cardiff University School of Psychology Ethics
Committee (EC.20.12.08.6184)

3.2.2 Design

This study used an online survey via Qualtrics, using a combination of custom-designed
questions with a series of well-validated self-report questionnaires. This method focused
primarily on quantitative data collection, using Likert scales and self-rating methods, in
addition to qualitative data through the use of ‘free text’ boxes for participants to

elaborate on their prior responses.



Page | 53

3.2.3 Sampling and Recruitment

Convenience sampling was used to recruit adults (>18 years) with a past clinical
diagnosis of XLI, IV or psoriasis, or with confirmed carrier status for an XLI-associated
genetic variant. Participants were recruited globally, via past contact/participation in
previous research, social media patient support groups, charities, and other social
media sites (e.g., Twitter), and directed to the online survey using an anonymous URL.
Responses were returned to the research team between 8 January and 27t April
2021.

3.2.4 Survey Structure

In the initial stages of the survey, participants provided the following general
demographic information: age, country of residence, ethnicity and higher level of
education obtained. Participants then provided information based on their
dermatological diagnosis, or how their carrier status was determined. They then
provided information regarding any previous neurodevelopmental/mood disorder
diagnosis. Participants were then asked to rate their skin condition, on average
throughout their life and across the whole body (excluding female XLI carriers) using
sample clinical images from the Congenital Ichthyosis Severity Index (CISI) (scores

range 2-8) 3*’ or the Psoriasis Area and Severity Index (PASI) (score range 3—15) 3%,

Following this, participants completed the following well-characterised psychological
measures: K10, ASRS, AQ10, BITe, DLQI and FSQ.

a) Kessler Psychological Distress Scale (K10): a well-validated self-report measure,
to assess depression/anxiety-related traits in the last 30 days 3*°. A five-point 10-
item Likert-scale measure; each item scored from 1-5 (total score range 10-50).

Higher score = higher psychological distress.

b) Adult Attention Deficit Hyperactivity Disorder (ADHD) Self-Report Scale (ASRS)

V1.1: a short self-report measure of both attention and impulsivity ADHD-related
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traits 3°0, A five-point 18-item Likert-scale measure; each item scored from 0-4
(total score range 0-72). Higher score = more ADHD related traits.

c) Short Autism Spectrum Quotient (AQ10): a short self-report measure to assess
traits commonly associated with autism spectrum disorder 3>1. A four-point 10-
item Likert-scale measure; items endorsed as being consistent with autism-
related traits were scored with 1 point (total score range 0-10). Higher score =
more ASD related traits.

d) Brief Irritability Test (BITe): a short self-report measure of irritability-related
traits in the last two weeks 3>2. A six-point 5-item Likert-scale measure; each
item scored from 1-6 (total score range 5-30). Higher score = more irritable.

e) Dermatology Life Quality Index (DLQI): a brief self-assessment of the extent to
which the skin problem has impacted daily functioning in the last 7 days &. A
four-point 10-item Likert-scale measure; each item scored from 0-3 (total score

range 0-30). Higher score = higher impact on QoL.

f) Feelings of Stigmatization Questionnaire (FSQ): a self-report measure to assess
levels of lifetime skin-disease-related stigmatisation 3>3. A six-point 33-item
Likert-scale measure; each item scored from 1-6 (total score range 33-198).

Lower score = higher perceived stigma.

Part A of the ASRS offers a brief investigation of symptoms highly consistent with
ADHD. A composite ‘neurodevelopmental trait score’ (NTS) was also created: ASRS and
AQ10 scores contributed equally to the NTS, with a score range of 0-144.

To explore potential contributory factors in individuals’ psychological/emotional distress
and well-being, a custom-designed short measure was created in which participants
rated a series of factors known, or suspected, to be associated with elevated adverse
mood symptoms, on a sliding scale, based on the perceived impact on depressive,
anxious and irritability traits. This comprised of 19 differently themed factors, including

neurodevelopmental disorder-specific components, skin-specific frustrations, and other
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physical/mental health concerns. Participants were also able to input their own

suggestions, via a free text comment box to ensure all possible factors were

considered. This sliding response scale was the final item in this questionnaire:

participants rated each factor on a scale from ‘not at all’ (0) to ‘very much’ (10). The

factors presented in this section are listed below:

1.

2.

3.

Embarrassment of social interaction because of your skin condition
Pain, discomfort or itching associated with your skin condition.
Stigma or bullying associated with your skin condition.

Difficulties or frustration associated with treating your skin condition (e.g.,

regularly having to source and apply moisturizer)

Educational, work, or social challenges due to finding it hard to pay attention
e.g., getting distracted, not finishing work on time, not listening to instructions.

Educational, work, or social challenges due to being impulsive e.g., making rash
decisions, interrupting when people are talking, doing things without thinking of

the consequences etc.

Educational, work, or social challenges due to difficulties with social interaction
e.g., not understanding another person's point of view or social norms, finding it

difficult to follow conversations. not understanding humor or sarcasm etc.

Stigma or bullying due to finding it hard to pay attention e.g., getting distracted,

not finishing work on time, not listening to instructions.

Stigma or bullying due to being impulsive e.g., making rash decisions,
interrupting when people are talking, doing things without thinking of the

consequences etc.

10. Stigma or bullying due to difficulties with social interaction e.g., not

understanding another person's point of view or social norms, finding it difficult

to follow conversations. not understanding humor or sarcasm etc.
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11.Severe adverse life events (bereavement, life-threatening illness etc.)

12.Moderate chronic life events (relationship difficulties/divorce, chronic iliness,
work-related stress etc.)

13. Medical issues (non-skin related)

14.Sleep problems related to your skin condition e.g., due to excessive itchiness,
night-time sweating etc.

15.Sleep problems unrelated to your skin condition

16.Allergies

17. Low quality/quantity of friendships and relationships

18. Difficulty regulating body temperature/sweating.

19. Stress due to having a child with a long-term medical (skin) condition.

The following items in this survey were omitted for female XLI carriers due to the
absence of dermatological manifestations: CISI, DLQI, FSQ and skin-specific mood
factors. This group were the only group to be presented with the mood factor ‘Stress
due to having a child with a long-term medical (skin) condition’ in the final section of
the questionnaire due to the genetic basis of XLI. Participants completed the
questionnaire in an average time of 30 minutes. Scoring information for each of these

measures can be found in Appendix 3.1.

3.2.5 Data Analysis

All data was exported from Qualtrics into Excel. Quantitative data was uploaded to SPSS
V.28 for analysis, and qualitative data was exported to a separate Excel file. Summary
data are reported as percentages, mean+SD (normally distributed data) or median with
95% CI (non-normally distributed data).

Decision making details for the type of statistical tests used are described in Chapter

2.3. For two-tailed analyses with a = 0.05 and a general population sample > 10 times
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that of the experimental group, = 35 participants per group provided > 80% power to
reliably detect a medium-sized effect (Cohen d = 0.5). Subsequently, experimental
groups were directly compared using unpaired t-test or ANOVA with main factors of sex
(men/women) and condition (XLI, IV, psoriasis). An overall sample of > 235
participants enabled reliable detection of main and interaction effects of small-medium
effect size (partial n2 = 0.04) with > 80% power (a = 0.05).

When rating the factors relating to mood at the end of the survey, participants could
assign a value from 0 (not at all) to 10 (very much), depending on the perceived impact
on feelings of depression, anxiety and irritability across the lifespan. Once data
collection was complete, the mean score for each factor was calculated for each
experimental group. The three factors with the highest mean scores for each aspect of
mood for each experimental group were highlighted as being particularly important self-

rated contributors.

To analyse the qualitative data from the free text responses at the end of the survey, a
mixed inductive and deductive approach to content analysis was chosen (see Chapter
1.6). The subjective nature of this analysis allowed for an individual interpretation of
the qualitative data, to understand the meaning of participants’ responses based on a
broad research question 3%, The research question for this content analysis was: 'What
additional underlying factors do males with XL1, female carriers of XLI, and
males/females with 1V or psoriasis, believe have influenced aspects of their mood
(depression, anxiety, irritability) across the lifespan?’. Following a process of
interpretation, coding and categorizing, a series of themes and subthemes were created

to represent responses 3>*,
3.3 RESULTS
3.3.1 Participants

A total of 371 participants were recruited for this study; 54 males with XLI, 83 female

carriers of XLI-associated genetic variants, 23 males with 1V, 59 females with IV, 30
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males with psoriasis, and 122 females with psoriasis. One individual self-described as
non-binary but selected the descriptor ‘female carriers of XLI associated mutations’ and
thus has been included in the analyses for this group. Participants were diagnosed by a
medical professional, based on skin condition, family history, and confirmatory
genetic/biochemical testing where necessary. All groups were closely matched for age
(medians 40-50 years, H 5y =5.11, P=0.40), country of residence (74%—-87%
UK/North America), ethnicity (74-91% White European) and highest level of education
obtained (63-85% college/university, or postgraduate education). Self-reported skin
severity using the CISI or PASI scoring system was considered ‘moderate’ across all
groups (40-53% maximum score). Detailed participant demographic information can be

found below Table 5.
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Demographic Feature Males Female Males Females Males Females
diagnosed with carriers for diagnosed with diagnosed diagnosed diagnosed
XLI (n=54) XLI associated IV (n=23) with IV (n= with psoriasis | with psoriasis
mutations 59) (n= 30) (n=122)
(n=83)
Age (yrs.) 45.13 (95%CI: 43.8 (95%CI: 45.96 (95%CI: 43.29 (95%CI: 46.2 (95%CI: 41.41 (95%CI:
40.6-49.7) 41.4-46.2) 39.2-52.8) 39.5-47) 41.1-51.3) 39.2-43.6)
Country of United Kingdom 31% 34% 43% 36% 73% 83%
residence | njted States of America 43% 37% 26% 29% 3% 2%
Europe (excluding UK) 9% 5% 4% 10% 0% 1%
Canada 7% 8% 9% 5% 23% 0%
Rest of world 4% 12% 17% 20% 0% 14%
No response 6% 4% 0% 0% 0% 0%
Gender Male 89% 0% 100% 100% 100% 0%
Female 7% 94% 0% 0% 0% 100%
Non-binary 0% 1% 0% 0% 0% 0%
Other 0% 0% 0% 0% 0% 0%
Prefer not to say/no 4% 5% 0% 0% 0% 0%
answer
Ethnicity White 78% 87% 74% 75% 80% 91%
Black, African, 0% 1% 0% 2% 0% 1%
Caribbean or Black
British
Asian or Asian British 6% 0% 9% 2% 13% 4%
Mixed or Multiple ethic 4% 1% 4% 7% 0% 2%
groups
Other or no response 13% 11% 13% 15% 7% 2%
Highest level No formal education 0% 0% 0% 0% 3% 1%
of education High school education 28% 23% 22% 15% 33% 24%
College or university 54% 43% 43% 61% 37% 46%
education
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Postgraduate education 15% 30% 35% 24% 27% 28%
No response 4% 4% 0% 0% 0% 0%
Basis of Assessment by medical 19% 4% 43% 59% 80% 80%
diagnosis professional alone
Assessment by medical 52% 7% 30% 24% 10% 16%
professional and self-
diagnosis/family history
alone, or with
genetic/biochemical test
Self diagnosis/family 2% 13% - - - -
history and
genetic/biochemical test
Self diagnosis and/or 25% 46% 26% 14% 2%
family history alone
Genetic/biochemical test 2% 28% - 3% - 2%
alone
Don't know 0% - - - 10% -
No response - 2% - - - -

Table 5: Demographic Features
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3.3.2 Data Preparation

The complete data set was prepared for analysis, by removing the responses in the
following categories: a) did not agree to consent form and thus no completion of the
survey or b) completion of consent form but no further response. Where participants
had not completed sections of the survey, or individual questions with a specific

measure, their response was omitted from relevant analyses.

3.3.3 Psychological Diagnhoses

Nearly 50% of the overall sample reported a previous diagnosis of a mood or
neurodevelopmental condition. The prevalence of these previous diagnoses across

the six groups, compared with data available on lifetime diagnostic prevalence in the

general population is shown below in Table 6.

General
Population
Males 19 3% 14 3%6 1357 5 358 - -
Females ) 255 23 356 0.1 357 4 358 - -
Both sexes - - - - 2-11 3% 2 360
XLI
Males 31 31 10 19 6 2
Females 45 30 1 10 3 1
v
Males 35 22 0 4 0 4
Females 37 19 0 7 3 7
Psoriasis
Males 40 10 0 0 0 0
Females 33 25 0 2 0 1

Table 6. Prevalence of psychological diagnoses
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The prevalence of depression in all groups was higher than in the general
population, with a substantial difference most notable in XLI females, although this
is the only group to present with consistently mild if any, skin symptoms. The
prevalence of anxiety disorder (including OCD) was substantially higher in males and
females in the XLI and IV conditions, but not for individuals with psoriasis, compared
to the general population estimates 3°¢. The prevalence of dyslexia across all groups
was relatively low and thus matched estimates within the general population 3*°.
Females with IV were the only group with a marked increased prevalence of bipolar
disorder, compared to the general population 3¢, The prevalence of
neurodevelopmental diagnoses, specifically ADHD and ASD, were similarly low
among individuals with IV and psoriasis, whereas male and female carriers of XLI
exhibited a substantially higher prevalence than the general population 3>7: 358,

3.3.4 Comparison of mood/neurodevelopmental traits
Kessler Psychological Distress Scale (K10)

Average scores for the K10, indicated moderate levels of depressive-anxiety-related
traits in all groups, thus consistent with having a mild to moderate level of
psychological distress (Figure 4/Appendix 3.3). K10 scores did not significantly differ
between condition (£ 2,345y = 0.56, P=0.57) or by sex (F 1,345y = 0.49, P=0.49).
Although the interaction between condition x sex was significant (F 2,345y = 3.28, P =
0.033, post hoc pairwise comparisons were not. Males with XLI presented with the
highest K10 scores of any group, and these were notably higher than males with IV
and psoriasis. Females with IV and psoriasis also scored notably higher than their

male counterparts.

Most notably, K10 scores were significantly higher in all groups compared to general
population figures (Cohen d=0.95-1.28, P< 0.001) (unscreened community-
recruited Australian adult women, n=882, 35-44yrs; and men, n=566, 45-54yrs) 361
(Appendix 3.3). K10 scores were also compared to previously collected data in males
with XLI and female XLI carriers, to distinguish any potential impact of the current
data set being collected during the COVID-19 pandemic. Scores in these

experimental groups did not significantly differ and were slightly lower on average,
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compared to the data from previous work (25.2+9.8 vs. 28.4+9.3 respectively,
U=2886.5, P=0.11; women: 23.3+7.2 vs. 23.6£8.6

respectively, U= 3531.5, P=0.96). This comparison suggests a lack of effect of
COVID-19 on psychological wellbeing for individuals with dermatological conditions
such as XLI, and thus these elevated K10 scores are unlikely to be directly related to

pandemic-specific issues.
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Figure 4: Boxplot of K10 scores in experimental groups compared to normative data

Autism Quotient 10 (AQ10)

AQ10 scores in all six groups were significantly higher than scores from an
unscreened population of healthy, general population adults (45-64 years) from
Sweden (10,796 women and 7904 men) (Cohen d=0.31-0.70, P< 0.05) (Figure
5/Appendix 3.3). The most substantial difference in scores was identified in XLI
males (Cohen’s d = 0.70), with nearly 25% of participants in this experimental group
reaching the threshold for a referral for a comprehensive autism assessment 31, As
expected, AQ10 scores were significantly higher in males compared to females when
comparing all skin conditions (effect of sex: F (1,319 =7.44, P<0.01). No overall
effect of condition however was observed (F 2,319 = 2.86, P=0.059), and no

significant interaction between condition x sex was found (F (2,319) = 0.37, P=0.69).
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Adult ADHD Self-Report Scale (ASRS) (Part A and inattentive/hyperactive
traits)

Part A scores in the ASRS measure were also significantly higher in all groups
(Cohen d=0.31-0.70, P< 0.05), compared to an adult general population sample
(unscreened community-recruited Australian adults; 1098 women and 993 men,
aged 47-54 years) (Figure 6/Appendix 3.3). Across all groups, inattentive symptom
scores were higher than hyperactive-impulsive symptom scores (significant in all
groups apart from psoriasis males - Appendix 3.4). Males with XLI presented with
the highest ASRS score overall, although ASRS scores did not differ by condition
(F(2,334)=0.79, P=0.46) or sex (F (1,334 = 1.84, P=10.18) or as a function of
condition x sex (F 2,334y = 0.51, P=0.60) (Figure 6).
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Figure 6. Boxplot of ASRS scores in experimental groups compared to normative data
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The Brief Irritability Test (BITe)

Compared to a previously reported combined sample of undergraduate students and
outpatient clinic-recruited chronic pain patients (711 women, 405 men, mean age 28
years) 32, all experimental groups scored higher on the BITe measure on average.
Formal statistical analysis with this comparative sample was not possible due to the
absence of a complete dataset from this work. Males with XLI scored notably higher
compared to all other experimental groups (Figure 7/Appendix 3.3) and compared to
females in each experimental group (XLI, IV and psoriasis), all males scored higher
on this measure. However, there was no significant effect of

condition (F 2,319) = 0.62, P=0.54) or sex (F (1,319 = 2.78, P=0.10), and no

interaction between condition x sex (F (2,319) = 1.36, P=0.26).
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Figure 7: Boxplot of BITe scores in experimental groups compared to normative data

3.3.5 Quality of life and feeling of stigmatisation in individuals with
skin conditions

Females with IV or psoriasis presented with similar scores on the DLQI (median
~10) (¢ ,161) = 0.13, P=0.72), indicating moderate to large effects of the skin
condition on QoL (Figures 8&9). Compared to the female experimental groups,
males with XLI, IV or psoriasis exhibited lower, equivalent scores on the DLQI

(median ~5-10), thus consistent with lower but still moderate effects on QoL.
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Between the three groups of males, there was no significant difference in DLQI
scores (F 2,85y = 0.876, P=0.42).
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Figure 8 & 9: Boxplots of DLQI scores in experimental groups compared to normative data

Males with XLI, IV or psoriasis exhibited similar median scores (~125) for the FSQ
(F 2,799 = 0.45, P=0.64), whereas females with IV or psoriasis exhibited notably
lower median scores (100-120) on this measure (£ (1,157 = 0.035, P=0.85), thus
indicating higher levels of perceived stigmatisation in females (Figures 10&11).
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Figure 10 & 11: Boxplots of FSQ scores in experimental groups compared to normative data

3.3.6 Relationships between skin severity and psychological
measures

Although it was predicted that worse skin severity would be positively correlated

with a history of depression and mood-related traits, no association between
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CISI/PASI scores and a previous diagnosis of depression was found for any
experimental group (Appendix 3.2). However, females with

IV (rs=0.30, P=0.026) and psoriasis (rs=0.34, P<0.001) both showed weak
positive correlations between skin severity (CISI/PASI) and recent adverse mood
symptoms (K10). This correlation was not evident in males with XLI

(rs=0.04, P=0.80), IV (rs=0.21, P=0.40) nor in males with psoriasis
(rs=0.26, P=0.19).

To further analyse this relationship between K10 and CISI/PASI scores, a linear
regression was conducted whilst controlling for certain factors as covariates. After
adjusting for skin severity as the covariate, the NTS explained 34-40% of the
variance within K10 scores, in males with XLI, IV or psoriasis. In females with IV or
psoriasis, this rate was substantially lower (7-12%). After adjusting for NTS score as
the covariate across all five experimental groups, skin severity scores explained only

1-9% of the variance within K10 scores.

ASRS scores (rs=0.45-0.73, P < 0.04) were moderately-strongly correlated with
K10 scores in all experimental groups. AQ10 scores were also moderately correlated
with K10 scores in males with XLI (rs=0.34, P = 0.02) and female XLI carriers
(rs=0.45, P < 0.001), males with IV (rs=0.62, P = 0.004), females with psoriasis
(rs=0.45, P < 0.001), but not in females with IV (rs=0.26, = 0.11) or males
with psoriasis (rs=0.36, P = 0.09). After adjusting for skin severity, AQ10 scores
explained 16-19% of the variance in K10 scores in males with XLI, females with IV
and females with psoriasis. This rate was notably higher in males with IV (29%) and
males with psoriasis (43%), suggesting that autistic traits may precede mood issues
in these groups. ASRS scores also explained a marked rate of variance in K10 scored
in all groups after adjusting for skin severity (20-55%). These analyses demonstrate
a strong positive relationship between neurodevelopmental disorder-associated

traits, and depressive-anxiety traits, after controlling for skin severity.

Skin severity, however, did not correlate with FSQ scores in any group apart from a
weak correlation observed in females with psoriasis (r=—0.21, P=0.030; all other
groups, r=-0.17 to 0.35, P> 0.12). As predicted, DLQI scores were significantly

negatively correlated with FSQ scores in all five experimental groups (rs = 0.456-
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0.758, P < 0.03) (female XLI carriers omitted from this analysis), demonstrating a

relationship between QoL and feelings of stigmatisation.

After adjusting for both NTS and skin severity scores, FSQ scores explained 14-18%
of the variance in K10 scores in male and female individuals with psoriasis, as well
as 10% in males with XLI and 3% in males and females with IV. After adjusting for
NTS and skin severity scores, FSQ scores explained 32—40% of the variance in DLQI
scores in men with XLI, IV or psoriasis, and slightly less (17-25%) in women with IV
or psoriasis. These correlations demonstrate a moderate-strong positive relationship
between dermatology-related QoL, and feelings of stigmatisation, after controlling
for neurodevelopmental traits and skin severity in all experimental groups

(correlations between psychological measures reported in Appendix 5 & Appendix 6).

3.3.7 Contributory factors towards aspects of mood

Participants in this study rated each of the 19 factors contributing to aspects of
mood (depression, anxiety, and irritability), and the top three factors for each aspect
and group are illustrated in Figures 12 & 13 (complete dataset separated by group
reported in Appendix 3.7-3.12). Free-text responses were analysed using content
analysis and these results can be found in Figure 14 (complete analysis can be found
in Appendix 3.13).
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Figure 12: Venn diagrams illustrating the three factors self-reported to be most strongly associated with aspects of mood (depression, anxiety,

irritability) across the male experimental groups
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Figure 13: Venn diagrams illustrating the three factors self-reported to be most strongly associated with aspects of mood (depression, anxiety,
irritability) across the female experimental groups
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Across all-male groups, ‘moderate life event’ was the most common contributory
factor across depression, anxiety, and irritability-related mood factors. *Difficulties
treating skin condition” was also a key contributory factor towards feelings of
irritability in all male experimental groups. ‘Stigma and bullying associated with skin
condition” was the highest ranked factor contributing to overall mood for males with
XLI only. Males with IV perceived ‘low quality/quantity of friendships or
relationships’, and males with psoriasis ‘sleep problems due to the skin condition’ to
be some of the strongest factors contributing to feelings of irritability. Discomfort
associated with the skin condition was also rated highly as a contributory factor
towards mood symptoms in males with psoriasis, and specifically towards irritability
in males with 1V.

Across all female groups, the most commonly reported factor contributing to all
three aspects of mood, was ‘moderate chronic life event’, referring to instances such
as relationship difficulties/divorce, chronic iliness or work-related stress etc. Due to
the mild or absent nature of any skin issues for female XLI carriers, the most
common factors in this group focused on sleep problems unrelated to skin problems,
and life events. Skin-related factors, specifically ‘difficulties with treating skin
condition” and ‘skin-related discomfort” were the most common concerns reported by
females with IV or psoriasis. Factors surrounding the impact of skin conditions on
social functioning, including ‘skin-related stigma or bullying” and ‘embarrassment of
social interaction’” were only highlighted by females with IV, as well as ‘difficulty

regulating body temperature’.

After rating each of the 19 factors, participants were also provided with an optional
‘free text’ box to provide any additional comments, specifically about any other
aspects not discussed that they believe to have influenced their mood (depression,
anxiety, irritability) across the lifespan. 101 participants responded to this free text
box, and responses were analysed using inductive content analysis as discussed in
3.2.4. The themes identified during this analysis are presented in Figure 14 below
(see Appendix 3.13 for full outline):
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Figure 14.: Summary of themes identified in content analysis

Although some themes were not identified in certain experimental groups (e.g., no
discussion of skin-specific frustrations by female XLI carriers), participants’
experiences were mostly similar in nature and mirrored the previous top-rated
factors. The subtheme ‘wellbeing concerns’ largely focused on comorbid conditions
or other health-based anxieties, in addition to mental health concerns such as
repetitive thoughts, frustration and worry about the future. The subtheme ‘daily
functioning’ depicted skin-specific concerns, such as a lack of public understanding
about the skin condition, the burden of managing the condition, and the inability to
engage in social activities due to skin-related embarrassment and worry. This
subtheme also represented responsibilities relating to caring for a child or

dependent, as well as concerns around raising a child with the same skin condition.
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The final subtheme, ‘changing circumstances’ represented significant life events
including abuse and bereavement, in addition to differing levels of judgement and
stigmatisation from others; notably, this was dependent on life stages e.g., bullying
specifically during childhood.

3.4 DISCUSSION
3.4.1 Summary

This study investigated mood and neurodevelopmental disorders and associated
traits, as well as potential causes and consequences, in two rare skin conditions (XLI
and 1V), compared to a better-studied comparative condition (psoriasis). Using a
well-established online survey method, measures of depressive, anxiety, and
irritability-related traits were compared across conditions and to general population
controls, in addition to investigating self-rated contributory factors relating to
aspects of mood over the lifespan. Participants across all experimental groups were
closely matched for demographic factors, and skin severity and thus these findings
are unlikely to be attributable to such variables.

3.4.2 Mood and Neurodevelopmental Disorders and Associated Traits

Our first key finding in this study was an increase in diagnoses of both depression
and anxiety in all experimental groups, compared to matched general population
controls. This finding was mirrored in the significantly elevated depressive-anxiety
trait across all experimental groups compared to controls, thus indicating a mild-
moderate psychological disorder. Previous work using similar online survey
methodology, in addition to data from the UK Biobank, reported similarly elevated
rates of depression and anxiety in both males with XLI and female XLI carriers 2%
272 Similar findings around psychological distress have also been reproduced in work
in adults with IV 2* and psoriasis 337: 338, but these three conditions have yet to be
directly compared. Participants in all experimental groups also presented with
notably higher irritability scores, compared to a comparative population; this finding
replicates previous work in carriers of XLI-associated genetic deletions 187 but

irritability has not yet been investigated in individuals with IV or psoriasis. Elevated
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rates of mood disorders in the XLI experimental group specifically illustrate the role
of STS or adjacent genes in neurobehavioral function; as female XLI carriers do not
present with skin pathology, mood-related outcomes are more likely to arise from a
deficiency of STS and thus are independent of the skin condition. Crucially, this
study compares similar rates of mood disorder diagnoses and associated traits in the
under-studied conditions of XLI and IV, compared to the well-studied condition of

psoriasis.

Another key finding in this study, was the moderately elevated ASD and ADHD
(particularly inattentive) related traits in all experimental groups, compared to
age/gender matched general population adults. Most notably, males with XLI and
female carriers of XLI-associated genetic variants also exhibited significantly higher
rates of ASD and ADHD diagnoses, in addition to the NDD-related traits compared to
general population controls. These results mirror previous work in XLI males and
female XLI carriers, thus corroborating higher rates of neurodevelopmental disorders
in this condition 187: 228,272 Rates of ASD diagnoses were notably higher in males
with XLI compared to female XLI carriers (10% vs. 1%), however, this disparity
mirrors current and historical trends in underdiagnoses of this disorder in females
362 as well as general population patterns 37, These elevated rates of NDD-related
traits also mirror previous work in individuals with psoriasis, which reported elevated
rates of ASD in particular 3*! 342, This result is, however, a new finding in adults with
1V, perhaps suggesting a lack of appropriate and timely diagnoses of conditions such
as ASD and ADHD for this group. Nevertheless, this work contributes to a growing
body of literature proposing a link between NDD conditions and multiple skin

conditions 363,

To better understand the relationship between these skin conditions, and mood
disorders/related traits, it is important to explore potential causal factors. Contrary to
the original hypotheses, no difference in skin severity scores was found between
individuals with a diagnosis of depression and those without. Weak associations
between skin severity and recent adverse mood symptoms/feelings of stigmatisation
were discovered in females only. These findings suggest that worse skin severity

confers only a small risk in the risk of exhibiting adverse mood symptoms or feelings
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of stigmatisation. However, a strong positive relationship between NTS and adverse
mood symptoms was identified, particularly in men, and this pattern mirrors findings
in general population samples %4, Importantly, NTS scores explained a high
proportion of the variance between K10 scores, after adjusting for skin severity. To
explain this relationship, we have identified three possible explanations: (i) high
levels of neurodevelopmental traits confer a later risk of mood problems, (ii) high
levels of mood problems confer high levels of nheurodevelopmental disorder-
associated traits e.g. sleep impairments, and subsequent executive functioning, and
(iii) biological mechanisms related to the skin conditions (e.g. genetic factors, skin
permeability, inflammation) affects neurodevelopment and mood-related processes
via dissociable mechanisms. However, neurodevelopmental disorder-associated traits
e.g., difficulties with social interaction, and potential life challenges associated with
these, were not reported as a major contributory factor towards mood symptoms in
any group. Thus, options (ii) and/or (iii) seem more likely explanations for this

observed relationship.

One potential explanation relating to suggestion (iii), is the role of inflammation in
mood and neurodevelopment which has been a focus of psychiatry in recent years
365,366 In his most recent book, Edward Bullmore explores new scientific
breakthroughs which indicate a clear link between inflammation and depression 3¢,
Bullmore poses an important question: “How can inflammatory changes in the
body’s immune system cause changes in the way the brain works so as to make
people feel depressed?” 367, A growing base of evidence in the last 10 years has
strongly implicated the role of inflammation as a mediator in the development of
mood disorders such as major depressive disorder and bipolar disorder 36> 368, 369,
The exact causal link between inflammation and mood has not yet been determined
in its entirety, yet anti-inflammatory-based clinical treatments remain key targets for

treatments 365 368,

With specific reference to inflammation via the skin, the most widely accepted and
researched explanation involves the (gut)-brain-skin axis. Here, a bidirectional
relationship is proposed between psychological distress, and inflammatory

physiological responses 379, Inflammatory cytokines (a signalling molecule able to
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cross the blood-brain barrier), are released via one or more of the following
mechanisms: a) a skin condition-related inflammation e.g., psoriasis, triggers the
HPA axis, and/or b) a response to psychological stress 31, Thus, either psychological
stress is a trigger for inflammatory physiological responses, thus playing a causal
role in the development of certain skin conditions, or alternatively, these
inflammatory conditions may elicit a stress response in the brain, thus playing a
causal role in mood disorders such as depression 371: 372, New work in this area has
suggested an immunomodulatory role of the gut, acting in parallel to, and
combination with, the brain-skin axis. Alterations in the gut microbiota can induce
inflammation across the body, including the skin and brain, although the certain
mechanism behind this relationship remains unclear 373 374, Alternatively,
inflammation as a result of the skin condition, or mood disorder may affect

dysregulation of the gut microbiota 373 374,

The inflammatory component of the brain-gut-skin axis may also partially explain the
apparent relationship between neurodevelopmental disorders such as autism (and
associated traits) and dermatological conditions. Recent work suggests that certain
brain areas implicated in autism, including the fusiform gyrus and amygdala, are also
more likely to be affected by inflammatory cytokines such as IL-37 and IL-8,
compared to other subcortical areas 37> 376, More generally, proinflammatory
cytokines are significantly elevated in individuals with autism 377, with further
suggestions of increased permeability in the gut microbiome in individuals with ASD
378,379, Regarding ADHD, the link to inflammation is less clear; higher levels of
inflammatory cytokines have been found in children with ADHD, most frequently IL-
6, compared to children without the condition 389-382, However, a large cohort study
of adults with ADHD found no association between the condition and several
inflammatory markers, including IL-6 38, Furthermore, some measures of
inflammation, including cortisol, may differ depending on the subtype of ADHD, and
in some cases, potential sex-based differences 384 385, However, this work requires
further development to investigate the precise nature of any relationship between
neurodevelopmental disorders such as ASD and ADHD and inflammation. Little work

has directly compared levels of inflammatory markers in individuals with/without
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specific skin conditions, in addition to those with/without mood or
neurodevelopmental disorders. A key area for future work will be to better
understand the role of the (gut)-brain-skin axis in mediating the relationship
between skin/mood/NDD disorders.

However, unlike the established link between psoriasis and inflammation 7> 38,
current work has not evidenced inflammatory processes in most types of ichthyoses,
specifically XLI and IV. Psoriasis, as an immune-mediated disorder, is associated
with key inflammatory processes contributing to comorbid outcomes including
cardiovascular disease and myocardial infarction (MI), psoriatic arthritis and obesity
75, 387-389  Inflammatory markers including IL-6, and C-reactive protein (CRP) are
typically elevated in individuals with psoriasis compared to healthy controls 38 3%,
Evidence of increased levels of inflammatory cytokines and proinflammatory
molecules including IL-17 and IL-2 have also been reported in some types of
ichthyoses such as Netherton’s and Harlequin'’s ichthyosis 3% 392 393, However,
although the brain-gut-skin axis may play a key role in explaining the relationship
between mood and neurodevelopmental disorders, and other inflammation-related
skin conditions such as psoriasis, there is no current evidence to suggest that this

explanation is relevant for ichthyoses, specifically XLI and IV.

Thus, it is more likely that a combination of biological factors (inflammation in case
of psoriasis, effects of genetic variants on neurodevelopment in the case of IV and

XLI), social factors (stigma/bullying, social isolation) and psychological factors (self-
esteem, coping) that play a cumulative role in the development of mood disorders.

It is important not to understate the impact of any of these physiological or social

contributory factors, as adverse mood in these groups is clearly a complex topic.

3.4.3 Quality of Life and Feelings of Stigmatisation

Feelings of stigmatisation and quality of life were significantly correlated across all
groups, thus suggesting that those individuals with increased perceived
stigmatisation, also experienced a worse QoL. However, compared to males in this
study, females in all experimental groups presented with considerably larger effects

of their skin condition on QoL, as well as notably higher feelings of stigmatisation.
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Greater negative effects on QoL in females specifically are commonly reported
across other skin conditions, including chronic pruritus, psoriasis and acne 394-3%,
One potential explanation may be that skin-related issues such as painful skin on
hands, regular application of ointment and exposure to heat/cold, may be more
impactful due to the type of roles most commonly undertaken by women e.g.,
care/health-based professions, retail, and teaching 3°7- 3%8, However, the greater
effect of skin condition on feelings of stigmatisation in females across all skin
conditions appears to be relatively specific to this study. Relevant work across other
skin conditions, including eczema, acne and vitiligo, report equivalent or similar
levels of perceived stigma between males and females 331 3%%: 400, However, more
generally, research suggests that females are more dissatisfied with their
appearance, and thus more self-critical compared to males 0 402, Compared to age-
matched males, women tend to place a greater value on their appearance and body
and attribute more negative values when compared to others 401403, Thus, this
novel work in males and females with ichthyosis specifically demonstrates the
negative impact of the skin condition on QoL and feelings of stigmatisation, similar

to negative body esteem in general population females 42,

However, although stigmatisation and QoL were significantly correlated, there was
no relationship between stigmatisation and mood. This may be due to the short time
point assessed by the K10 (mood) measure, compared to the lifetime nature of the

FSQ (stigmatisation) measure.

3.4.4 Factors self-reported to affect participants’ mood

For the first time, this study highlights condition-specific and general factors which
individuals with XLI, IV or psoriasis perceive as contributing significantly towards
their mood symptoms (depression, anxiety, irritability). These factors may be
targeted by clinicians and Healthcare Professionals (HCPs) to minimise the adverse
psychological effects of living with a skin condition long-term. Some of the main
factors contributing to mood across all groups focused on patients’ discomfort and
frustrations in managing their skin on a regular basis. Thus, patients should be

supported and advised by clinicians on sourcing and applying treatments, with a
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primary focus on minimising both pain and inconvenience. Skin management in the
evening/night was of particular concern to individuals with psoriasis, suggesting that

this group requires additional support to improve their experiences at this time.

Stigmatisation, experiences of bullying and embarrassment also appeared to be
particular issues of concern, for males with XLI and females with IV, as well as low
quality or quantity of friendships in males with IV. Due to the rare nature of these
conditions, education and improving awareness amongst the general population
about medical conditions which may affect appearance should be a key priority.
Psychological therapies may focus on coping strategies and self-management
techniques to improve psychological wellbeing, and support groups should be
available for individuals to share experiences. Support groups specifically for people
who identify as male, may be particularly useful to provide emotional support and to
provide an opportunity to help alleviate loneliness.

One potential explanation for the issues reported by particularly patients with XLI
and psoriasis regarding their sleep may be due to the increased rates of mood
disorders in these groups compared to the general population. Research suggests
that 80-90% of individuals diagnosed with major depressive disorder (MDD) also
experience sleep disturbances 4°* 405, The relationship between mood disorders and
sleep is likely to be complex and multifaceted, and sleep-related issues may also
stem from lifestyle factors such as medication or stress 4%, or via mechanisms
related to inflammation as previously discussed 497, Supporting individuals with sleep
issues should be another key focus for clinicians in the management of

dermatological conditions such as XLI and psoriasis.

3.4.5 Strengths and Limitations

This study collected detailed self-report data on mood and neurodevelopmental
traits from a relatively large (in terms of rare disease), geographically diverse cohort
of individuals, much of which is consistent with previous findings from our group and
others. One key strength of this study is the direct comparison between three skin
conditions; this type of analysis is rarely performed in this research field, and thus

novel relationships both between and within groups have been identified in this



Page | 80

work. Recruitment of participants within these experimental groups stemmed from
multiple sources, largely focused on social media, and thus participants’ self-
reported dermatological and psychiatric/behavioural diagnoses could not be
objectively confirmed. Due to the rare nature of ichthyosis, however, this was a
necessary tactic to recruit a sufficient number of participants. Internal consistency
across questionnaires as indexed by Cronbach a was generally high (> 0.8) and

comparable across groups.

The online survey method used in this study ensured all participants’ responses were
anonymized; it is anticipated that this allowed participants to respond more honestly
408 Furthermore, the use of free-text responses throughout the survey, also
provided participants with a chance to elaborate on their answers, thus delivering a
richer dataset for qualitative analysis and a greater understanding of factors
contributing to mood, some specific to each condition.

To aid understanding of sex-based factors, the question about participants’ gender
could be changed to ‘sex at birth’. This question did not lead to many difficulties in
analysing the data as only one participant self-identified as non-binary, however, it is

not known whether participants’ genders were the same as their sex at birth.

Due to the nature of this online survey approach, some limitations to this study must
be considered. Firstly, the self-report nature of this survey may introduce some
inaccuracies to the data: participants may misrepresent or exaggerate their
diagnoses or symptoms, either consciously or subconsciously. However, this study
has demonstrated high consistency between diagnostic questions e.g., depression,
and established questionnaires e.g., K10 measuring depressive-anxiety traits.
Furthermore, these self-report measures are beneficial, especially for rare disease
communities, as they allow the researchers direct access to participants’ perceptions
of their conditions. Using objective measures would likely remove the subjective,
personal nature of data collection. The use of self-report data is highly contested
and commonly perceived as a limitation in health-based research in particular 40% 410;
however, there are very limited solutions and alternatives. Asking participants to
describe or report on their experiences is a core component of clinical work, yet the

issues that arise such as recall bias and social desirability are equally likely when
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using clinician-reported data if the onus is on participants to recall their experiences
409,410 Managing these issues should remain a prominent focus, as opposed to

eliminating self-report data.

For example, to manage and minimise recall error, the length of the recall period
should be as short as possible, and the characteristics of both the disease
(acute/chronic) and the individual (age) should be accounted for 4°. To assess the
likelihood of social desirability, it is important to consider how likely it is that a
participant may fake or exaggerate their responses; is the context of the study a
‘high-stake’ environment or are they motivated to do so? Is there a clear, desirable
norm or expectation of the participant when completing a measure? Accounting for
these types of factors may reduce potential self-report bias in the data, and improve

confidence in participants’ response 41,

Secondly, this study also introduces the possibility of response bias; participants with
worse/more prominent symptoms, or those who related more to the title or
description of the study, may have been more likely to take part. To minimise this
bias, open, welcoming language was used in the study advert to encourage
participants from all backgrounds to apply. This type of response bias is difficult to
avoid; however, this study did find very similar patterns of results to previous work
in the UK Biobank which used a different analysis strategy and participant response
characteristics 8. This suggests that participants from varying backgrounds,
experiences and comorbid diagnoses are taking part in our work. However,
consistency with previous work in XLI populations 187: 228 272 may potentially be due
to the non-independence of samples, due to the rare nature of ichthyoses.
Significant effort has been made to address this by recruiting through a diverse
range of channels and consistently expanding recruitment avenues compared to

previous work.

Another potential limitation of this work is the matching of samples to general
population controls; samples were matched as closely as possible, based on age and
gender and available literature. However, this was not perfect and thus there is

potential for inflation of actual effect sizes. The effect of this matching was
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minimized by using the best available published samples regarding size and
participant characteristics.

3.4.6 Summary

This study found similar elevated rates of mood disorders, and associated traits
across three dermatological conditions, compared to the general population. Results
also showed elevated rates of neurodevelopmental traits, and irritability, as well as a
greater impact on QoL and increased feelings of stigmatisation across all three skin
conditions, compared to the general population. To support future psychological
therapies and educational strategies, some key factors contributing to negative
mood in individuals with XLI, IV and psoriasis were also identified. Future work
should focus on developing appropriate interventions to support the development of
individual adjustment, as well as support for HCPs to improve long term
management of the condition. In addition, further research is required to understand

the mechanisms linking skin and mood disorders.
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Chapter 4: MEMORY AND MOOD FUNCTIONING IN X-
LINKED ICHTHYOSIS (XLI) AND ICHTHYOSIS
VULGARIS (IV)

*Note: some of the material included in this Chapter and relevant appendices relates

to the following published work, for which I am listed as the first author:

Wren G, Flanagan J, Underwood J, Thompson A, Humby T, Davies W. Memory,
mood and associated neuroanatomy in individuals with steroid sulfatase deficiency
(X-linked ichthyosis). Genes, Brain and Behavior. 2024.

4.1 INTRODUCTION
4.1.1 The role of STS in cognitive functioning

The enzyme steroid sulfatase (STS) cleaves sulfate groups from a number of steroid
hormones, thus altering their solubility and/or activity. One such steroid hormone is
dehydroepiandrosterone (DHEA), and its more stable, soluble sulfate conjugate
dehydroepiandrosterone sulfate (DHEAS). These hormones are thought to play a
role in neural activity via the regulation of neuroactive steroids, and modulation of

both neurodevelopmental and neurodegenerative processes 411-413,

There is some evidence from animal studies that STS deficiency might impact
specific aspects of cognition, including memory. Early work in adult rats initially
identified a beneficial effect of STS inhibition on memory and hippocampal function,
possibly through initial elevated peripheral DHEAS levels 44 and/or downstream
effects on local acetylcholine levels 41>, Furthermore, more recent rodent work
identified that intra-hippocampal and peripheral infusion of STS inhibitor reversed
deficits in spatial and working memory in a rat model of dementia-related pathology
416 | ong-term administration of STX64, a similar STS inhibitor, also alleviated
memory impairments in hippocampal and cortical neuropathology in a genetic
mouse model of relevance to Alzheimer’s Disease (AD) 7. Interestingly, deletion of
the closest worm orthologue of S75 appeared to increase longevity and offer some

degree of protection against AD-associated pathology #!’.
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X-linked ichthyosis allows for clarification on the relationship between loss of STS
function and memory, and to examine the impact on memory in humans as
suggested in the animal work 8>, In contrast to findings in rodents, preliminary data
from deletion carriers in the large UK Biobank sample generally performed worse
than non-carrier individuals across tasks indexing general executive function,
processing speed, reaction time, short-term memory, and attention ¥/, Furthermore,
this work also identified a mild impairment in a measure of Fluid Intelligence 18’. The
impact of the loss of STS function can also be seen in negative effects on mood:
recent work from our group has identified a higher rate of mood and
neurodevelopmental disorders and associated traits in adults with XLI 228 418,419 3g
well as the findings from Chapter 3. As systemic DHEA(S) levels may influence both
mood %2 and memory 187 and as the two are often comorbid #*!, potentially there
may be an interaction between mood and any memory findings in individuals with
XLI. 422,

These data clearly suggest that varying levels of DHEA(S) in the brain, dependent on
the presence or absence of STS, may affect aspects of memory and
neurodegenerative processes in man. However, notwithstanding the early data in
UKBB, to date, there has been no further exploration of specific aspects of
cognition/memory in individuals with XLI, or their relationship with mood symptoms.
This study examined a variety of memory-related measures in males with a clinical

diagnosis of XLI, and in female carriers.

4.1.2 Use of objective online recall measures

To test the relationship between STS deficiency and memory in man, a custom
designed online memory measure was used to objectively assess recall. Online
survey methods were employed in this study as a time-efficient way in which to
assess short-term recall from a comparatively large, widely dispersed rare patient
group 321, Although in-person assessments may offer more control of external
variables 423 such as environmental distractions 44426 or emotional interference 4/,
previous work suggests that online memory test measures demonstrate similar

performance outcomes in adults 48430 and young people %31 432, even when auditory
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distraction is introduced #23. Furthermore, online testing offers a more naturalistic
approach as participants are completing the tests in their usual environment and
thus can proceed at their own pace without the stress of being observed, compared
to an artificial lab-based setting. A short list of phonologically short neutral words
were used (n=15), and a short set of neutral pictures (n=20) in the recall task,
adapted from the Rey Auditory Verbal Learning Test (RAVLT) 433 434,

4.1.3 Use of subjective self-reported memory and mood measures

To understand more about how participants perceived their own memory abilities, it
was important to include a subjective measure of memory in this study. In adults,
research suggests that higher self-efficacy is typically moderately associated with
better performance on objective memory tests 43> 436, although subjective self-
assessment of memory may only be weakly correlated with objective memory in
individuals with poor memory test performance #¥’. Co-presentation of objective and
subjective (self-report) measures of memory in the survey would allow for testing of

the relationship between them.

The Multifactorial Memory Questionnaire is designed to assess metamemory in
middle-aged and older adults using three different scales; satisfaction with memory
functioning, self-appraisal of memory ability, and self-reported use of memory
aids/strategies 4*8. A recent meta-analysis revealed high-quality evidence for
‘internal consistency, stability, measurement error, convergent validity, and known-
groups validity’ for all three MMQ scales 4*°. Scale measurement properties were also
consistent across different participant sample characteristics and study designs %3,
and further factor analyses support the validity of the MMQ as a subjective memory

measure 449,

To objectively assess recent mood symptoms the Kessler Psychological Distress
Scale (K10) was used as a well-validated self-report measure of depression/anxiety-
related traits in the last 30 days 3*°. This measure has been used in our previous

studies, and thus it is reliable in this population and easy to administer.



Page | 86

4.1.4 Use of TestMyBrain (TMB)

In Phase 2 of this study, participants were given the opportunity to complete a
series of six neuropsychological tests assessing individual components of memory
and cognitive functioning from the ‘TestMyBrain’ online battery

(https://testmybrain.org/) as additional objective measures. This free platform

allows researchers to test different aspects of cognition, including processing speed,
attention, and episodic memory across a series of short online tests. These are

designed for use in English-speaking samples but are otherwise culturally neutral.

4.1.5 Ichthyosis Vulgaris as a comparative condition

In this study, a sample of adults with a clinical diagnosis of ichthyosis vulgaris (IV)
were recruited as a control group . IV is a dermatological condition similar in
presentation to XLI and with consistent evidence of similarly-sized effects on mood

214,419 but has not previously been associated with effects on memory.

4.1.6 Aims and Hypotheses

The present study aimed to compare self-reported memory performance, word-
picture recall, and mood in male and female carriers of XLI-associated genetic
variants, to a control group of males and females with IV using an online survey.
This study was exploratory in nature, as it was difficult to predict whether STS
deficiency would be associated with enhanced memory (as suggested by the animal
model data) or with impaired memory (as suggested by limited pre-existing human
data). It was anticipated that both XLI and IV groups would display high levels of
adverse mood symptoms as in previous work in these populations. Finally, it was
hypothesised that there would be a relationship between mood symptoms and

memory-related measures overall and that this relationship may differ by group.

4.1.7 Summary

e Based on existing animal work, it appears that steroid sulfatase (STS) plays a

crucial role in cognition and neurodegeneration.
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e There is a current lack of work in man investigating the effects of STS loss.
Individuals with XLI who suffer complete loss of STS are ideal candidates for
comparison.

e To assess memory performance and executive functions, this study employed
a series of objective and subjective online measures in individuals with XLI or
IV as a control group.

4.2 METHODS
4.2.1 Ethics

This study was given ethical approval by the Cardiff University School of Psychology
Ethics Committee (Phase 1: EC.22.04.26.6565, Phase 2: EC.22.08.09.6610).

4.2.2 Sampling and Recruitment

To recruit for Phase 1 (and subsequently Phase 2) of this study, convenience
sampling was used to recruit adults (>18 years) with a self-reported clinical
diagnosis of XLI (n=41 males) or IV (n=30 males, n=68 females), or those with a
self-reported confirmed carrier status for an XLI-associated genetic variant. (n=79
females). Participants were recruited globally, via past contact/participation in
previous research, social media patient support groups, charities, and other social
media sites (e.g., Twitter), and directed to the Phase 1 survey URL via which they
could respond anonymously. Once participants had completed Phase 1, they were
given the opportunity to provide their contact details if they were interested in
taking part in the next phase of this study. Using this information, interested

participants were recruited for Phase 2 of this study via email.

4.2.3 Design

This study consisted of two main phases. In the first phase, a custom-designed basic
word/picture recall test was created in Qualtrics, accompanied by three brief
questionnaires about participants' self-rated memory abilities. The second phase of
this study, using the same participant group, consisted of a series of more specific
and well-validated memory tests, administered online via the platform ‘TestMyBrain’.
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4.2.4 Qualtrics Test Structure (Phase 1)

The initial survey was created using Qualtrics software and accessed by participants
via an anonymous URL or QR code. After completing the consent form, participants
were immediately instructed that they were about to be shown a list of 15 neutral
words (e.g. moon, colour, coffee) (Appendix 4.3) for a period of 30 seconds,
followed by a selection of 20 randomly selected neutral pictures (e.g., aeroplane,
candle, guitar) (Appendix 4.4) for 45 seconds and these must be retained without

the use of any memory aids.

To avoid potential negative effects of boredom on performance 4 and avoid a floor
effect 42, a short list of phonologically short neutral words was used and a small set
of neutral pictures in the recall tasks. All items were selected from a list of culturally
neutral words from the Rey Auditory Verbal Learning Test (RAVLT), typically used as
a neuropsychological assessment to evaluate verbal memory in adults 433 434, To
appropriately adapt this test for online application, a selection of words was
randomly assigned to either the word condition (15 items) or picture condition (20
items). Using these words, simple stock images were selected. Both word and
picture lists comprised of ‘neutral’ items, to avoid biased differences in recall ability
based on the emotional status of the word %3, e.g., negative words such as ‘coffin’
444 or images with potentially positive or negative connotations such as ‘baby’ 4+
446 The potential cultural significance of some items was also accounted for in both

the word and picture lists to avoid social bias 44+ 448,

Following this, several demographic measures pertinent to memory and mood were
collected, including participant age, country of residence (UK/USA, elsewhere),
assigned sex at birth (male/female), and highest level of education (up to high
school, greater than high school). Participants were then asked whether they had a
parent, grandparent, or sibling who had been diagnosed with a condition affecting
memory (and, if so, to specify which relative), followed by self-rated lifetime severity
of skin redness and skin scaling (if relevant) (based upon Congenital Ichthyoses
Severity Index 3%, scale range 2-8). In the next section of the survey, participants
completed the Kessler Psychological Distress Scale (K10), a 10-item five-point

response questionnaire to assess recent depression/anxiety-related traits (possible
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score range 10-50, with a score of 220 being consistent with significant
psychological distress) 4. Following this, participants completed the Multifactorial
Memory Questionnaire (MMQ), comprised of three sections to assess a) recent
satisfaction with memory functioning (18 items each scored 0-4, higher scores
indicating greater satisfaction), b) perceived memory abilities (20 items each scored
0-4, higher scores indicating better subjective memory ability), and c) the use of
strategies to aid memory (19 items, each scored 0-4 with higher scores indicating
greater memory aid usage) #%. In the final stage of this survey, participants were
presented with a list of 30 words and asked to select which of these they had been
presented with at the start of the survey (maximum 15 choices permitted), followed
by the same task based on a montage of 40 pictures (maximum 20 choices
permitted). To generate a ‘word-picture-recall index’, the number of correctly
identified words was multiplied by four, and the nhumber of correctly identified
pictures was multiplied by three, with possible overall index scores ranging from 0-
120. The duration of survey completion was recorded (excluding participants where
this was >5400s indicating failure to end the survey) to control for the length of

time between the stimulus presentation and recall phases.

4.2.5 TMB Test Structure (Phase 2)

Participants from Phase 1 who indicated that they were interested in Phase 2 of this
study were asked via email to complete a short screening questionnaire, and once

completed, participants were sent a personalised link to the test battery.

To assess individual components of memory and cognitive functioning, a series of six
neuropsychological tests from the ‘TestMyBrain’ online battery were chosen
(https://testmybrain.org/). These consisted of the following: Forward Digit Span,
Backward Digit Span, Digit Symbol Matching, Verbal Paired Associates, and Visual
Paired Associates, and tested skills including Auditory Span, Processing Speed, Short
Term Memory, Episodic Memory, and Attention. Scoring for each of these tests was

as follows:

1. TMB Forward Digit Span: higher score = greater digit span recalled
2. TMB Backward Digit Span: higher score = greater digit span recalled
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3. TMB Digit Symbol Matching: higher score = more symbols matched
4. TMB Verbal Paired Associates: higher score = more pairs recalled

5. TMB Visual Paired Associates: higher score = more pairs recalled

To create a single measure of memory, scores from each of these tests were
combined for use in subsequent analyses. There was no upper or lower limit for

these scores as it was dependent on participant performance.

If participants were interested in the results of these tests, they were encouraged to
contact a member of the research team for a summary of their outcomes with
comparisons to normative scores provided by TMB. All participants who completed
the TMB battery had the opportunity to enter a random prize draw to win a £50/$60
online shopping voucher.

4.2.6 Data Analysis

All data from Qualtrics was exported to Excel after data collection had finished, and
then uploaded to SPSS V.28 for subsequent analysis. Individual results from the TMB
Test Battery were downloaded from the online platform as an Excel file, and

subsequently merged into a centralised dataset.

Decision making details for the type of statistical tests used are described in Chapter
2.3. Following a chi-squared or Fishers Exact Test for categorical data across groups,
post hoc analyses were performed using adjusted residuals with Bonferroni
correction. Continuous data were analysed by ANOVA/ANCOVA with factors of
GROUP (XLI, IV) and SEX (male or female) and covariates of age, K10 score and/or
highest level of education. Significant effects for an ANOVA were followed up with
Tukey’s Least Significant Difference (LSD) and for ANCOVA, followed up with simple
contrasts. Correlations were performed using one or two-tailed Pearson’s test or
Spearman’s test depending upon normality of the data, as determined by Shapiro-
Wilk test, and by directionality of the predicted effect.

Summary data are reported as percentages, mean+SD (normally distributed data) or

median with 95% CI (non-normally distributed data). The sample size was sufficient
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to reliably detect a weak-moderately-sized effect (f>0.20) of GROUP (XLI, IV) at
80% power with a=0.05.

4.3 RESULTS
4.3.1 Demographic and Clinical Variables

Specific details about the demographic and relevant clinical variables for each group
are available in Appendix 4.1. The mean ages when comparing across the four
groups were very similar (42-49 years), although individuals in the IV group were
significantly older than the XLI group (p=0.007). The majority of participants self-
identified as ‘White British’ (76-90%) and resided in the UK or US (>70%). Across
both XLI and 1V, a greater number of females reported an education level greater
than high school, although post hoc analysis revealed no significant differences from
the null distribution for either condition. There was a significant difference effect of
group (4) on the frequency of self-reported family history of memory disorders, with
males with XLI reporting the highest proportion of affected relatives (55%)
(p=0.028) (Figure 15) Male participants in the XLI and IV groups and female
participants with IV did not differ in terms of self-reported skin severity (moderate),
whilst female carriers of XLI-associated genetic variants exhibited no-mild skin

phenotypes as expected.
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Figure 15: Family history across each XLI and 1V group
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4.3.2 Recent mood symptoms (K10)

After covarying for age, K10 scores did not differ significantly by GROUP
(F[1,210]=1.70, p=0.194), nor by SEX (F[1,210]=0.449, p=0.504), and there was
no GROUP x SEX interaction (F[1,210]=3.61, p=0.059) (Appendix 4.2). Across all
four groups, mean K10 scores indicated mild-moderate psychological distress (>20)
(Figure 16).

40 —

35

25 - = |

K10 Score

20 e vt g ‘

15 -

10 - o . —

[ T T 1

XLI MALES XLI FEMALES IV MALES IV FEMALES
Group

Figure 16. K10 scores across each XLI and 1V group

There was a weak positive correlation across the four groups between CISI score
and K10 scores (rs[208]=0.12, one-tailed p=0.045), which was primarily determined
by an association in female XLI carriers (rs[72]=0.25, p=0.016) (all other within-

group correlations rs<0.1, p>0.2).

There was a weak negative significant partial correlation between K10 scores and
MMQ2 scores, whilst controlling for age, in both the XLI group (r(113)=-0.223,
p=0.016), and a moderate negative correlation in the IV group (7 (91)=-0.440,
p<0.001).

4.3.3 Self-reported memory function (MMQ)

After covarying for age, there was no significant effect of group (F[1,212]=2.35,
p=0.127) or sex (F[1,212]=0.062, p=0.803) on ‘satisfaction with memory’ (MMQ1),
nor any group x sex interaction (F[1,212]=0.316, p=0.574) (Appendix 4.2).
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Covarying for age and K10 score (recent mood), or for age, K10 score, and the

highest level of education combined, offered a very similar pattern of findings.

With regards to ‘perceived memory ability’ (MMQ?2), after covarying for age, there
was a significant effect of group (F[1,209]=4.442, p=0.036), but no effect of sex
(F[1,209]=0.510, p=0.476), nor any group x sex interaction (F[1,209]=0.512,
p=0.475) (Appendix 4.2). Post hoc analyses revealed that scores in the IV group
were significantly higher than the XLI group, indicating a better subjective
impression of memory capabilities. However, after covarying for age and K10 scores,
there was no significant difference in MMQ2 scores between the two groups
(p=0.086); additional adjustment for highest education level did not change the
pattern in results (p=0.141).

Covariation for age alone on the ‘use of strategies to aid memory’ measure (MMQ3),
revealed no significant effect of group (F[1,200]=2.762, p=0.098), nor any effect of
sex (F[1,200]=1.892, p=0.171), nor any group x sex interaction (F[1,200]=0.071,
p=0.790) (Appendix 4.2). Covarying for age and K10 score, or for three measures
(age, K10 score, and highest level of education), produced an identical null pattern
of findings.

4.3.4 Word-picture recall index

Across the whole sample, there was a moderate positive correlation between word
recall and picture recall scores (rs[198]=0.37, one-tailed p<0.001). When comparing
composite ‘word-picture recall’ scores, after covarying for age, there was a
significant effect of group (F[1,195]=16.558, p<0.001), and a significant interaction
between group x sex (F[1,195]=10.384, p=0.001), but no significant effect of sex
alone (F[1,195]=3.109, p=0.079) (Appendix 4.2). Post hoc analyses revealed that
scores in the IV group were significantly higher than in the XLI group. LSD post hoc
test results revealed that males in the XLI group had significantly lower ‘word-picture
recall’ scores compared to males in the IV group, females in the IV group, and
females in the XLI group. Covarying for age and K10 combined, produced identical

results, but when covarying for three measures (age, K10 score, and highest level of



Page | 94

education), there was a significant effect of SEX not found previously
(F[1,195]=3.909, p=0.049), with females performing better than males.
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Figure 17: Total recall scores across each XLI and 1V group

Across the whole sample, there was a weak positive correlation between composite
‘word-picture recall score’ and ‘perceived memory ability’ score (MMQ2)
(rs[197]=0.234, one-tailed p<0.001).

Word-picture recall scores for males and females in the XLI group with a family
history of a memory problem did not differ from those without a family history
(males t(27)=-1.105, p=0.279); females t(62)=-0.631, p=0.530), nor in the IV
group (males t(21)=-0.293, p=0.772; females t(51)=-0.844, p=0.402).

Complete sets of word-picture recall scores and TestMyBrain (TMB) cognitive scores
were available for 10 individuals (two males with XLI, three female carriers of XLI-
associated variants, two males with IV, and three females with IV). Despite low
power, a moderately significant positive correlation between word-picture recall
score and score on the TMB Visual Paired Associates task was found (rs[8]=0.56,
one-tailed p=0.046); there were no other significant correlations (rs<0.33, p>0.18).
These data indicate that the objective memory ability measures of ‘word-picture
recall’ and TMB tests, and the self-reported MMQ measure, are consistent with each

other, and thus these cognitive skills may be functionally related; these relationships



Page | 95

appeared particularly consistent within the larger XLI group, potentially due to
higher power.

4.4 DISCUSSION
4.4.1 Summary

Using an online survey approach, this study compared objective memory (recall)
measures and subjective self-reported memory abilities between males with XLI
(and female carriers) and individuals with IV (males and females); in addition, it
investigated whether any effects on memory were likely to be related to established
effects on mood within these groups.

4.4.2 Word-picture recall

The results of the ‘word-picture recall’ test in this study, indicate that genetic
variants associated with XLI are associated with lower memory performance, with a
particularly notable effect in males, compared to female carriers of XLI-associated
variants and males and females with IV. This effect appeared to be somewhat
independent of effects on mood symptoms. A more severe effect in hemizygous
males (with complete Xp22.31 gene loss) than in heterozygous females (with loss of
only one copy of Xp22.31 genes) is perhaps unsurprising. These findings contrast
with previous animal model work suggesting a memory-enhancing/neuroprotective
effect of STS deficiency 4>, Such differences in findings between humans and
rodents may be due to a) species differences in cognitive processes, b) genetic
variants in man result in complete STS loss whereas STS inhibition only results in
partial deficiency, ¢) compounds used as STS inhibitors can have off-target and
estrogenic effects %0, d) XLI-associated genetic variants may delete adjacent brain-
expressed genes, in addition to STS. Crucially, these findings are consistent with
previous work in the UK Biobank sample, in which carriers of deletions around the
STS gene performed worse compared to non-affected individuals on a number of
memory and executive functioning tests 187, More specifically, carrier individuals
(n=398) exhibited significantly poorer performance on the ‘Pairs Matching” memory
test than non-carriers (n=97,141) 8, The consistency of these results suggests a
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robust and generalizable effect beyond this sample, based on two differentially
recruited genotyped, and cognitively tested samples. It should also be noted that
memory deficits in this group could be secondary to attentional impairments during
the original encoding of the stimuli. Our previous work shows significantly higher
rates of ADHD diagnoses and related traits compared to general population controls
41 and thus inattention may have played a role (although this link requires closer

exploration).

Outcomes from the ‘word-picture recall’ test demonstrated an overall effect of sex
on memory performance, with males performing significantly worse in both groups,
after covarying for age, mood symptoms, and highest level of education (combined).
Here, sex-based differences in memory performance in this study are unlikely due to
adverse mood symptoms, as these did not differ by group or sex, and recall scores
were largely unchanged after controlling for K10 scores. This effect of sex is
consistent with recent findings which suggest a simple negative relationship between
memory performance and male sex, as well as older age, and lower levels of
education 4% %3, Positive effects of female sex on recall may be due to sex-biased
factors in memory and executive functioning; research suggests a potential
beneficial effect of oestrogen on cortical areas associated with memory function %4,
including the hippocampus #*°> and temporal lobe 4%, Thus females may produce
better recall abilities for words and pictures compared to males %*7: 438, including for
neutral stimuli °. However, females have not shown better memory abilities in all
human studies 6% %61 and thus alternative explanations such as neuroanatomical
differences should be considered. Initial work suggested that relative to brain size,
females typically may have increased hippocampal 46 and prefrontal cortex volume
463: however more recent work reveals some inconsistencies in these findings 44,
thus suggesting cortical volumes in these areas may not necessarily be sexually
dimorphic 46° 466, Thus, other explanations for this sex difference in recall include a
potential lower frequency of distraction in females compared to males %7,

particularly during acquisition phase 468,

There was no difference in recall between individuals with/without a family history of

a memory problem in either group, thus suggesting that the nature of the Xp22.31
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deletion as a hereditary genetic variant cannot explain memory deficits in individuals
with XLI compared to IV. Furthermore, of the 16 participants who reported a first or
second-degree relative as being affected by a memory disorder, there is no clear
evidence for an X-linked genetic effect; a greater number of fathers > mothers were
reported to be affected (n=2 vs. n=1), equal humbers of grandfathers and
grandmothers were affected (n=6 per group) and similar numbers of brothers and

sisters were affected (n=1 and n=0).

It is important to consider the possible causal mechanism for negative effect of
Xp22.31 deletion on memory, which appears to act largely independently of mood
symptoms. An XLI deletion of typical size covers not only the S75gene, but also
PUDP, VCX, and PNPLA4 genes, and MIR4767 microRNA 87, Some of these may be
likely ruled out from impacting on cognition; VCX expression is testis specific and
MIR4767 expression in the brain is very low (https://www.gtexportal.org/home/).
Conversely, the other three proteins (PUDP, STS, and PNPLA4) are all expressed in

the brain at low-moderate levels and thus it seems likely that deficiency of one or

more of these is the most plausible biological mechanism in impaired mood
functioning. However, if this was the case then it would be expected that individuals
with a large deletion to experience both impaired mood functioning and impaired
memory and by our estimates, this does not seem to be the case. Thus, future
studies investigating the effects of similar deletions in this area of the genome, or
null alleles of these individual genes, on cognition in both human and animal

subjects may help to further define causal processes.

Other potential causal mechanisms in explaining poorer recall may include memory
components of early onset dementia/Alzheimer’s Disease which is often largely
genetically determined “6°471, However, in this study participants were not asked to
detail any current or previous memory problems and thus it could be suggested that
poor memory performance is predominantly attributed to the genetic variants
resulting in the constitutive absence of functional STS protein. Another potential
contributory causal factor is disrupted sleep, which often occurs as a result of night-
time itching or pain associated with the skin for individuals with ichthyosis 278 472,

Sleep disturbances resulting from skin discomfort were rated one of the most
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impactful contributory factors in adverse mood symptoms in our previous work 41%;
however, an effect in both XLI and IV individuals would be expected due to the
nature of the skin conditions, and thus the explanatory power of sleep disturbance

on memory in XLI is unlikely.

4.4.3 Multifactorial Memory Questionnaire (MMQ)

Individuals in the XLI group both objectively and subjectively scored worse for the
recall and MMQ2 measures respectively. Individuals in the XLI group reported a
poorer impression of their memory abilities compared to 1V individuals when
assessed using the MMQ2. This suggests that XLI participants aware of deficits in
their memory may also perform worse when tested using objective recall measures.
However, after introducing adverse mood symptoms (K10) as a covariate, this effect
was attenuated, thus suggesting that mood may mediate perceived memory abilities

to some extent, but not objective recall scores as above.

However, individuals in the XLI group did not differ in self-reported satisfaction with
memory abilities (MMQ1), or use of memory aids (MMQ3). These ratings also did not
differ by sex, suggesting that contentment and use of memory aids are similar
across males vs. females, as well as in XLI individuals vs. individuals in the IV group.
Internal consistency of the MMQ is consistently rated highly 43 and thus this data
suggested that although individuals in the XLI group perceive their memory abilities
to be poorer than those in the IV groups, they are not significantly less satisfied with

their memory, and not do not tend to use more memory aids.

4.4.4 Strengths and Limitations

This work provides a novel exploration of the effects of genetic variants resulting in
complete STS loss in humans on memory functioning; it is believed that this study is
one of the first to investigate these effects and has different attributes to a
conceptually similar study in UKBB reported previously.

Due to the nature of this study as an investigation into memory, it is possible that
XLI and 1V individuals with memory concerns or existing deficits may have been

more likely to respond to the study advert. This may partially explain the larger
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effect sizes found compared to the UK Biobank study 8’. However, participants were
not asked about any existing or previous memory problems and thus, although this
is hard to establish, a general moderate effect appears likely. To understand more
about the magnitude of the negative effects on recall, this data was later compared
in XLI and IV samples to an unaffected general population sample. Inclusion of a
general population sample removed any skin-related general effects on results e.g.,
sleep disturbances due to skin irritation 472, and wider effects of skin-related
inflammation on mood/cognitive functioning 473 474, Key findings from this work
indicated a significant effect of group on ‘word-picture recall’ scores, by which both
XLI groups performed significantly worse than both general population groups
(p<0.001) #*1. These results also revealed significantly worse self-rated memory
abilities, memory satisfaction mood symptoms in the XLI and IV groups compared to
the general population samples, as well as greater use of memory aids. This
comparison corroborates that Xp22.31 genetic variants are associated with lower
memory performance, likely independent of mood factors. This data also suggests
that IV may be associated with self-perceived memory issues, but not necessarily

with true memory deficits.

The novel creation of the word and picture recall tests used neutral stimuli
originating from the Rey Auditory Verbal Learning Test (RAVLT), which is more
typically used to assess verbal memory in adults 433 43%, Due to the nature of the
online survey methods used to conduct this study, a relatively quick way was
required to objectively measure recall across participants from varying education
levels, demographics, and familiarity with cognitive testing. Thus, although the novel
memory test is not well validated, this appeared to be the most effective and
efficient option. The significant correlations between objective and subjective
memory outcomes (word recall, picture recall, perceived memory abilities, and a
memory-based task from TMB) indicate that this new measure genuinely indexed
relevant aspects of memory. The concordance across memory-related measures
provides evidence that participants were self-reporting any memory issues

accurately.
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Due to the unmonitored nature of the word and picture recall tests at the end of the
survey, there was potential for participants to use memory aids or record the items
to improve their performance on these tests. To minimise the likelihood of these
aids, it was stipulated that participants were not to use any assistance or tools to aid
their performance, before starting the recall measures. Most participants scored well
below the maximum possible scores, suggesting that they were unlikely to be

making use of such aids.

To provide a more in-depth assessment of memory and cognitive functioning,
TestMyBrain (TMB) was used as a second-stage assessment. Participants were
asked to complete a short online screening questionnaire, after which they would
receive an individualised link to the test battery. However, only 53 people completed
their screening stage, and only 10 individuals finished the complete test battery. To
encourage eligible individuals to take part, a financial incentive was offered in the
form of a shopping voucher, however, there was still a low uptake for this stage of
the study. To improve this stage, the engagement process could have been

simplified, as well as utilising a more user-friendly interface.

4.4.5 Conclusion

This study used online survey methods to examine objective and subjective memory
abilities in individuals with XLI compared to a control group of individuals with a
clinical diagnosis of IV. Genetic deletions at Xp22.31 are associated with impaired
objective memory performance, and worse perceived memory abilities, which appear
to be largely unrelated to mood factors, however this requires replication to
establish the reliability of results. Future studies in deletion carriers may investigate
biological and cognitive causal processes contributing to these negative effects on

memory.
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Chapter 5: CARDIAC PHENOTYPES AND ATTITUDES
TOWARDS CARDIAC SCREENING IN X-LINKED
ICHTHYOSIS (XLI)

*Note: some of the material included in this Chapter and relevant appendices relates

to the following published work, for which I am listed as the first author:

Wren G, Baker E, Underwood J, Humby T, Thompson A, Kirov G, Escott-Price V,
Davies W. Characterising heart rhythm abnormalities associated with Xp22. 31
deletion. Journal of Medical Genetics. 2023 Jul 1;60(7):636-43.

Wren G, Davies W. Sex-linked genetic mechanisms and atrial fibrillation risk.
European Journal of Medical Genetics. 2022 Apr 1;65(4):104459.

5.1 INTRODUCTION

Previous work in adult males from the UK Biobank carrying the Xp22.31 deletion
revealed a substantially increased risk of being diagnosed with the cardiac
arrhythmia atrial fibrillation/flutter (AF) compared to controls without the deletion.
This new finding could explain up to 1 in 300 cases of AF in middle-aged men 187,
Effective management and early diagnosis of AF are crucial in minimizing
downstream effects such as thrombosis, embolism, and stroke, as well as dementia
475 Tt is possible that Xp22.31 deletion increases the risk for heart rhythm
abnormalities (HRA) more generally. Further exploration of how HRA present in both
adult XLI males and female carriers to help identify high-risk individuals is essential,
in addition to more in-depth characterization and understanding of patients’
perceptions of the condition. This study aimed to address these gaps in current
research, through the use of online survey methodology to examine the
characteristics and risk factors/comorbidities associated with Xp22.31 deletion

associated HRA and to explore attitudes towards heart screening in deletion carriers.
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5.1.1 Atrial Fibrillation
What is AF?

Atrial fibrillation (AF) is the most common supraventricular tachycardia and is
characterised by chaotic twitching, or quivering, of the atrial myocardium 476,
Occurring in an estimated 2.5% of adults worldwide 4’7, AF is typically diagnosed
through a combination of electro- and echocardiograms, chest x-rays, and blood
tests 476, The condition is commonly associated with the sensation of an irregular or
very fast heartbeat, even when resting, often accompanied by chest pain,
breathlessness, fatigue, and feelings of dizziness or faintness 4/8. In some cases, AF
can remain asymptomatic and only discovered during routine medical examinations
478, The severity of AF can vary from a single, rapidly resolving incident, to recurrent
episodes resolving quickly (within seven days, ‘paroxysmal AF’), resolving more
slowly (‘persistent AF’), or not resolving at all (‘permanent AF’) 234, To effectively
manage AF, treatment methods aim to regulate heart rate and rhythm, to limit
possible future consequences. These treatments include medication such as beta-
blockers, anti-arrhythmic drugs, anti-coagulants, breathing exercises to manage
acute episodes, cardioversion, and surgical techniques such as ablation or
pacemaker implantation 472, Lifestyle management is also advised, such as reduced

smoking and limiting alcohol consumption 478
General risk factors in AF

Lifetime risk for developing AF typically increases with age, with an estimated 5% of
individuals >65 years and 10% of individuals >80 years, suffering from AF 478 480,
Key risk factors include heart tissue pathology (e.g., arising due to hypertension,
valvular or congenital heart disease, pericarditis, cardiomyopathy, and diabetes),
and the condition may be secondary to pulmonary conditions such as asthma 8.,
Other modifiable risk factors in developing AF and subsequent cardiac complications
include high BMI, smoking, and psychological stress 478 482 483 More specifically,
recent case reports in adult males with XLI have identified other comorbid

complications including paroxysmal supraventricular tachycardia with anaemia %4, in
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addition to AF with kidney disease, type 2 diabetes mellitus, hypertension, and
dyslipidaemia 8>,

Effects of AF on physical health and QoL

Downstream consequences of AF include stroke, heart failure, and cognitive
decline/dementia 234. Most notably, women typically present with a larger risk of AF-
associated adverse outcomes, including mortality and stroke due to mechanisms
related to female-specific factors such as pregnancy and menopause “. In recent
years, awareness of these key diagnostic and risk markers has greatly improved,
and thus diagnosis and optimal treatment strategies are more advanced 8% 487,
However, precision medicine approaches are crucial to identify those individuals at a
higher risk of AF and associated complications, and thus target these groups for

preventative therapeutic management 482,

The impact of persistent or permanent AF on daily functioning is clear; QoL is
significantly worse in adults with an AF diagnosis compared to general population
controls 8, and compared to individuals with hypertension 8, Worse QoL was also
correlated with symptoms of depression and anxiety in adults with AF, compared to
adults with hypertension #8. Key factors, most notably female sex, more severe
symptoms, and increasing age, also frequently resulted in poorer QoL 489 420 491 UJse
of rate and/or rhythm control medication strategies often resulted in notable
improvements in symptoms, and QoL %8 40, Hence, there is a need to identify and

treat individuals with AF as early as possible to mitigate the effects on QoL.

5.1.2 Candidate genes for increased AF risk

The genetic profile of AF originated from linkage studies, examining familial risk.
Initial work suggests that mutations at KCNQ1 (11p15.5) are likely to initiate and
maintain AF, through the reduction of action potential duration and effective
refractory period in atrial myocytes 42, Later linkage studies also reported gain-of-
function mutations at the genes 7BX5 %7 and NPPA %4, MYL4 (early-onset AF) 43,
and loss of function variant at KCNV54 ¢, Genome-wide association studies (GWAS),
allowing for a wider analysis of AF in the general population, initially identified two

sequence variants near the PITX2 gene in strong association with AF 47, Further
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work corroborated this link, based on structural and biochemical cardiac
abnormalities in both rodents %% 4%9 and humans °0% >0 with reduced PITX2
expression (although the exact mechanisms explaining the involvement of PI7X2in
AF are not fully understood >°2). Other large GWASs have identified other loci,
including NEURL >93: 304, ZFHX3 303,505 and KCVN3°93 595, but PITX2 remains most
strongly associated with AF 02 505,

Recent epidemiological work has identified that male sex is also a major risk factor
in the development of AF (rates 1.2-2.7 times higher in males vs. females) >%6->09,
although females typically present with more severe symptoms and worse QoL %
>10, To investigate possible mechanisms contributing to this bias, we conducted a
review of sex-linked genetic mechanisms and atrial fibrillation risk >1. In this review,
we consider four potential sex-linked genetic mechanisms that may influence sex-
biased phenotypes related to AF; X-linked gene dosage, X-linked genomic
imprinting, sex-biased autosomal gene expression, and male-limited Y-linked gene

expression.

For the attention of this Chapter, it is important to focus specifically on the dosage
of genes that escape X-inactivation, which largely differ by sex when expressed in
the heart. In comparison to typical sex chromosomes, both under- and over-dosage
of one or more X-escapees may predispose individuals to risk factors contributing to,
or the occurrence of, AF >12, Crucially, recent work has identified that genes
associated with AF are completely or partially subject to X-inactivation and can
explain a large proportion of X-linked heritability in adult heart tissue >12°4, The
Xp22.31 region deleted in XLI typically escapes X-inactivation, and thus gene(s)
within it may contribute towards sex differences in AF risk. Our work examining
common genetic variants across the deleted region in idiopathic cases of AF from UK
Biobank only showed enrichment for risk variants within STS, implicating this gene
specifically in AF risk >1°. STS deficiency may confer risk via several potential
mechanisms including established links between AF and circulating DHEAS levels 233
>16, reduced triadin expression 317318 and/or fibrosis °1°, but this relationship requires

further exploration.
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However, beyond this initial UKBB work, there is little to no further research
exploring the implications of total loss of STS on AF risk in man. Furthermore, there
is no existing work to explore other contributory components in AF risk relating to
STS loss such as age and sex, nor precipitating factors or common comorbid
conditions in this group. As such, it is difficult to accurately characterise and predict
AF in individuals with complete STS loss.

5.1.3 Purpose and Aims

Initial work suggests that males carrying Xp22.31 deletions incur a significantly
increased risk of AF, compared to non-carrier and duplication control males 187,
However, the characteristics and risk factors associated with heart rhythm
arrhythmias (HRAs) such as AF, remain unclear. Thus, the purpose of the present
study was two-fold. Firstly, to characterise HRA-related phenotypes and
comorbidities in men, male children with XLI (parental reports), and female carriers,
using an established online survey methodology. These initial analyses aimed to i)
investigate the onset, treatment, and severity of any cardiac abnormalities ii) identify
risk factors that commonly precipitate arrhythmic episodes iii) identify common
comorbid disorders associated with HRAs. The second aspect of this study aimed to
explore attitudes towards screening for cardiac abnormalities in individuals with a

confirmed Xp22.31 deletion.

More broadly, this study aimed to improve understanding of how HRAs may develop,
how they may be best addressed clinically, and to improve the prediction of AF in
individuals with an Xp22.31 deletion. To do this, an online survey design was
adopted as a timely and effective way to recruit an international sample for this rare

disease group, no input or time from clinicians required.

5.1.4 Summary

e Atrial fibrillation is a common type of cardiac arrhythmia, associated with
several downstream consequences including stroke, dementia/cognitive

decline, and heart failure.
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e Various candidate genes contributing to AF risk have been identified, most
notably S75in the Xp22.31 region under study, which escapes X-inactivation,

thus contributing to sex differences in AF risk.

e This study aims to better understand and characterise heart rhythm
abnormalities such as AF in individuals with a deletion at Xp22.31, as well as
attitudes towards preventative screening measures, using an established

online survey methodology.

5.2 METHODS
5.2.1 Design

An online survey was conducted via Qualtrics, using a series of questions to explore
participants’ history of HRAs and associated factors. This work was largely
quantitative, although there were ‘free text’ comment boxes for participants to

elaborate on certain answers e.g. type of medication used.

5.2.2 Sampling and Recruitment

To recruit participants convenience sampling was used to establish recruitment
channels including past contact/participation in previous research, social media
patient support groups, charities, and other social media sites (e.g., Twitter). The
sample was comprised of adult (>18 years) males with a confirmed clinical diagnosis
of XLI, adult female carriers of an XLI-associated genetic variant, and parents
reporting on behalf of their male children with a confirmed clinical diagnosis of XLI
(0-18 years). The survey was accessed via a URL or QR code, and anonymous
responses were returned to the research team during the period 2" September to
22" December 2021.

5.2.3 Survey Structure

Participants initially provided the following basic demographic information about
themselves and/or their child: age, country of residence, ethnic group, and assigned
sex at birth, followed by information based on their skin diagnosis, or how their

carrier status was confirmed. Participants then rated their skin condition on average
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throughout their life, using sample clinical images from the Congenital Ichthyosis
Severity Index (CISI) (range 2-8) 3%, Participants then provided information on any
current/previous medical or psychiatric conditions common in individuals with STS
loss (including neurodevelopmental/mood disorders, testicular maldescent, and
prolonged labour in females), as well as any family history of heart or cardiovascular
issues (see Appendix 5.2).

If participants did not self-report a history of HRAs, they continued to the final
section of the survey (vignette). If participants self-reported an HRA (see Appendix
5.1), they continued to a series of questions to investigate the specific
characteristics of their condition/s. These included age of identification, any known
cause/s, previous/ongoing treatments, perceived treatment success, any known risk
factors, specific onset periods, diagnostic tests, and management strategies if
applicable. Participants who stated that they had a diagnosis of a heart murmur,
completed a different section using questions more specific and applicable to this
condition (cause/treatment/type).

Following these questions, all participants (both with and without HRAs) were
presented with the following short vignette (see below) which outlined the risk of AF
for individuals with an Xp22.31 deletion, potential downstream consequences, and a
brief description of potential screening procedures for early identification of AF.
Based on this vignette, participants were asked to rate a series of statements from
strongly agree to strongly disagree on a 10- or 5-point scale (see Appendix 5.3 for

list of statements).
Vignette:

Atrial fibrillation/flutter (AF) is a medical condition characterised by an irregularly
irregular heart rhythm resulting from disorganised signals to the atria (upper
chambers of the heart). The latest evidence suggests that in middle-aged males with
XLI, the risk of AF is approximately 4 times greater than in males without XLI
(affecting around 10% of males with XLI compared to 2.5% of unaffected males).
The scientific literature also describes rare cases of abnormal heart rhythm in young

boys with XLI. Individuals with AF are at increased risk of blood clots, and associated
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disorders including stroke (5x more likely), dementia/cognitive decline (1.5x more
likely) and heart failure (3.5x more likely). Stroke, dementia and heart failure can be
associated with long-term impairments in mobility and cognitive function, and
increased care needs. If identified early, AF can be effectively treated via rate
control medication (to lower the heart rate), rhythm control medication (to restore a
regular heart rhythm), andyor anti-coagulation (blood clot/stroke prevention)

medication, both on a short- and long-term basis.

Individuals may be monitored for AF via an electrocardiogram (ECG) (wires attached
to the chest, routinely undertaken at local doctors), blood pressure monitoring
(using a cuff placed around the arm) and cardiovascular examinations (examining
any external physical indicators e.g. skin discolouration, eyes) via hospital

appointments from early life, and appropriate interventions administered.

5.2.4 Data Analysis

All data from Qualtrics was exported to Excel after data collection had finished, and

then uploaded to SPSS V.28 for subsequent analysis.

Decision making details for the type of statistical tests used are described in Chapter
2.3. For each group, participants were split by *HRA" and ‘non-HRA’ groups
depending on the medical conditions reported. These two groups were subsequently
compared across demographic measures and medical phenotypes to identify factors
co- segregating with heart arrhythmias within these populations. Continuous
variables were compared between groups with unpaired t- test or Mann- Whitney U
test depending on normality of the data, and categorical data were analysed by X?
or Fisher’s exact test; ORs are presented as a measure of effect size. Where multiple
medical phenotypes were assessed, Benjamini- Hochberg False Discovery Rate

correction was applied.

Where participants had provided written responses in the free-text boxes provided
e.g., description of medication or risk factor, these were collated, and similar

responses were grouped per question for descriptive results.
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Participants’ responses to the vignette-related statement were scored from ‘strongly
disagree’ (0) to ‘strongly agree’ (5 or 10 depending on the rating scale). Means = SD
for each statement from each group were calculated: the higher the score, the more

participants agreed with the statement.
5.3 RESULTS

5.3.1 Data Preparation

The complete data set was prepared for analysis, by removing the responses in the
following categories: a) did not agree to consent form and thus no completion of
survey or b) completion of consent form but no further response. Where participants
had not completed complete sections of the survey, or individual questions with a

specific measure, their response was omitted from relevant analyses.

5.3.2 Participants

A total of 191 participants were recruited in this study; 43 males with XLI, 79 female
carriers of XLI-associated genetic variants, and 69 male children with XLI (males
reporting on behalf of their children). These groups were split based on whether
participants did or did not report a clinical diagnosis of one of the following HRAs:
Atrial Fibrillation, Atrial Flutter, Supraventricular Tachycardia, Ventricular
Tachycardia, Bradycardia, Tachycardia. A total of 15 males (35%), 20 females
(28%), and 15 male children (28%) carrying Xp22.31 deletions self-reported, or
were reported by parents, to have a clinical diagnosis of a heart rhythm abnormality
(HRA) (Figure 18).

Males Females Boys

= With HRA Without HRA = With HRA Without HRA = With HRA Without HRA
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Figure 18: Percentage of individuals with XLI (or female carriers) reporting HRA

Adult female carriers with HRA and without HRA were closely matched for age and
were significantly younger than both groups of adult males (with/without HRA) who
were also closely matched for age. Both groups of male children were also closely
matched in age. Across the three groups, individuals affected by HRAs and those
unaffected were also matched closely for country of residence and ethnicity
(Appendix 5.4).

Self-reported skin severity using the CISI scoring system was considered ‘moderate’
across all groups (44-59% maximum score). There was no consistent pattern of
association between severity of the skin condition in XLI and HRA (Figure 19). In
adult males, individuals without HRA reported significantly worse skin severity,
compared to those with HRA (4.58+1.40 vs. 3.53+1.89, U=93.00, p=0.011).
Conversely, boys with HRA present with significantly higher scores and thus worse
severity, compared to boys without HRA (4./73+1.39 vs. 3.27+1.30, U=209.00,
p=0.008). This finding was replicated in adult females with vs. without HRA
(3.60+£2.14 vs. 2.56+0.95, U=304.00, p=0.009). There was no significant difference
between skin severity scores in adult males and boys (combined) with vs. without
HRA (4.13+1.74 vs. 3.696+1.43, U=1092.00, p=0.895).
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Figure 19: Skin severity (CISI) between individuals with vs. without HRA
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5.3.3 Medical History

Boys with HRA exhibited higher, but not significantly more developmental conditions
compared to those without HRA (testicular maldescent: 20% vs 10%, respectively,
p=0.09; neurodevelopmental disorder: 27% vs 27%, respectively, p=1.0). Female
XLI carriers with HRA exhibited notably, but not significantly higher rates of
prolonged labour compared to females without HRA (67% vs 46%, respectively, x2
(1) = 1.28, p=0.259). Consistent with a possible genetic influence on arrhythmia
risk, males with HRA were more likely to endorse a family history of cardiovascular
issues than males not reporting HRA (77% vs 46%, respectively, p=0.005); this
pattern of results was maintained when female carriers were also included in the
analysis (74% vs 49%, respectively, x2 (1) =8.88, p=0.003).

After assessing several medical conditions that can co-occur with HRA, only ‘gut
problem’ was significantly more common in males with HRA compared to males
without (OR: 7.0; 95% CI: 1.3 to 38.4, p=0.022) (Figure 17). In females, ‘heart
murmur’ (OR >10, p=0.005), anaemia (OR: 5.0; 95% CI: 1.5 to 17.2, p=0.011) and
asthma (OR: 5.0; 95% CI: 1.3 to 18.2, p=0.017) were all significantly more common
in those with HRA compared to those without (Figure 20). After combining
adult/child males, and female deletion carrier group, four medical conditions were
identified as significantly more common in HRA compared to non-HRA groups: ‘heart
valve disease or malformation’ (OR: 10.6 (95% CI: 1.2 to 97.4), p=0.025), ‘anaemia’
(OR: 3.2 (95% CI: 1.1 to 8.7), p=0.027), ‘asthma’ (OR: 2.9 (95% CI: 1.3 to 6.4),
p=0.010) and ‘gut problem’ (OR: 4.9 (95% CI: 1.7 to 14.3), p=0.004); of these,
only ‘gut problem’ survived Benjamini- Hochberg False Discovery Rate correction
(adjusted p=0.1). Rates of hypertension, obesity (BMI>30), and high cholesterol
were all equivalent across groups when categorizing individuals based on HRA
(Appendix 5.5A/B).
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Figure 20: Prevalence of asthma, gastrointestinal issues (GI) and anaemia between
individuals with vs. without HRA

5.3.4 HRA Characteristics

Across individuals with a self-reported HRA diagnosis from a medical professional,
atrial fibrillation/flutter (AF) was the most common arrhythmia in adult males (33%),
closely followed by tachycardia (27%) It is important to note that when specifying
the type of HRA, participants could endorse multiple conditions and thus there is
potential for crossover as AF is a type of tachycardia. In adult females, tachycardia
was the most commonly reported HRA (55%), followed by AF (35%). In male
children, tachycardia and bradycardia were the most commonly reported (both
33%), with 20% reporting AF. Methods used by clinicians to diagnose these
conditions most commonly included a combination approach of ECGs,

echocardiograms, chest x-rays, and blood tests.

Stress was cited in the top three most commonly reported precipitating factors

contributing to the onset of HRA episodes across all three groups (cited as a
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precipitant in 42% of XLI males, 45% of female carriers, and 14% of parents of
male children with XLI). Other common precipitating factors across individual groups
included ‘exercise’ (female XLI carriers) and ‘increased body temperature due to
inability to sweat’ (boys with XLI) (Figure 21/Appendix 5.6).
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Figure 21: Percentage of individuals with XLI (or female carriers) reporting involvement of
precipitating factor in onset of AHR episodes

Across all three groups, there was no clear pattern across time periods for the onset
of HRA episodes (Appendix 5.7). Spontaneous resolution of HRA episodes was most
common within 12 hours of the incident commencing across all three groups (82%
of males with XLI, 85% of female carriers, and 82% of male children), if not within 1
hour (36%, 61%, and 55%, respectively). A small number of individuals experienced
no spontaneous resolution and thus medical intervention was required (18% of
males with XLI, 15% female carriers, and 18% male children). Where intervention
strategies were required to control the heart rhythm, breathing exercises were most
commonly cited across all three groups (33% of affected males with XLI, 67% of
female carriers, and 75% of male children). Perceived intervention success was
generally reported as being good (>5 out of 10) in 61% of males with XLI, 100% of

female carriers, and 86% of male children with XLI.

5.3.5 Response to vignette

Across adult males with XLI (Figure 22) and female carriers (Figure 23), >80%
agreed or strongly agreed that i) risk of AF in XLI was a significant health concern,
ii) cardiac screening should be routinely performed following confirmation of XLI, iii)
screening for heart problems in XLI is a good use of healthcare funding, iv) they
would be happy attending, or bringing their child to attend, heart screening
appointments, v) they would prefer to be made aware of potentially adverse medical
conditions than not know, and vi) the potential benefits of heart screening
outweighed the risks. Fewer than 50% of individuals stated that they would require
further information about the link between heart arrhythmias and XLI to decide on
potential screening.
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Figure 22: Adult males’ responses to vignette statements by percentage
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Figure 23: Adult females’ responses to vignette statements by percentage
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5.4 DISCUSSION
5.4.1 Summary

This study investigated the characteristics and prevalence of heart rhythm
abnormalities and comorbid medical conditions, in addition to attitudes towards
heart screening procedures in adult males with XLI (n=43), female XLI carriers
(n=79), and parents reporting on behalf of their male children (n=69). Responses
from each group were compared, based on the self-reported presence (or absence)
of a HRA diagnosed by a medical professional. These HRA/non-HRA groups were

closely matched for demographic factors including age and ethnicity.

5.4.2 Summary of HRA characteristics

This study showed that around 1/3 of individuals carrying Xp22.31 deletions had
been clinically diagnosed (based upon self-report) with a heart rhythm abnormality
(HRA). Across the three experimental groups, atrial fibrillation (AF) was the most
common HRA in adult males, whereas tachycardia was the most common in adult
females and male children. These figures are higher than previous work in the UK
Biobank which only indicated a mildly elevated rate of AF in deletion carriers (10%).
Elevated prevalence in this study may be due to the inclusion of multiple HRAs,
including AF, as well as response bias by which participants with an HRA were more
likely to respond to the study advert. The prevalence of HRAs in deletion carriers is
higher than in the general population; arrhythmia was self-reported in 13.3% of
men and 21.9% of women aged 40-49 years from the general population 2 and
cardiac arrhythmias of any type were objectively detected in 17.2% of >10,000
general dentistry patients >2!. Furthermore, rates of atrial fibrillation specifically were
substantially higher in male deletion carriers compared to a general adult population
(15.4% vs. ~2.5%) 522, Rates of tachycardia are difficult to establish in a normative
population due to the term commonly used as an ‘umbrella diagnosis’ for more
specific cardiac conditions; however, a study of Norwegian infants reported that
0.02% of live births were diagnosed with a cardiac arrhythmia, compared to the
28% boys with XLI in the current study >23.
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To explain the increased risk of HRAs in Xp22.31 deletion carriers, it appears that
STS deficiency is the strongest functional candidate. STS is highly expressed in adult
arterial vasculature >?%, and the enzyme is known to affect valve function %> and
fibrotic pathways °11 526, Furthermore, STS plays a crucial role in balancing sulfated
and non-sulfated steroids such as DHEA/S. Higher levels of DHEA(S) can correlate
with AF risk in older men 87, and the levels of these hormones (and the
DHEA:DHEAS ratio) increase upon acute psychosocial stress, with the increase in
levels correlating with the stress-induced increase in heart rate 2.

The likelihood of presenting with a cardiac arrhythmia was significantly higher in
individuals with a family history of heart or cardiovascular problems, highlighting a
key genetic risk component in the development of HRA. This is a common finding in
the general population, as cardiac arrhythmia such as atrial fibrillation can be partly
attributed to genetic and epigenetic risk factors 28 >2°, In addition, environmental
risk factors such as obesity, alcohol consumption, and poor diet have also been
linked to a family history of HRA >30, Thus, although inherited genetic deletions
across the XLI region are the most likely explanation, hereditary links to cardiac
arrhythmia may be strongly influenced by other genetic, epigenetic, and

environmental risk factors.

These are novel findings, and apart from recent UKBB findings in our research
group, high rates of HRAs within the XLI population have not been recognised
previously. This may be due to the seemingly non-impairing, sporadic nature of
HRAs in individuals with XLI/female carriers, and/or the lack of cardiology-specific
support/expertise for primary care clinicians typically responsible for managing
individuals with XLI.

The onset of HRA was most commonly reported as being precipitated by stress in
both male and female deletion carriers. Research suggests that stress can have an
adverse effect on cardiovascular health, in both a short- and long-term manner;
periods of psychological stress can trigger electrical instability in the heart, with
chronic stress increasing the risk of future arrhythmic events >3% 332, Furthermore,
negative emotions and symptoms of depression (common in individuals with XLI, as

shown in Chapter 3) %9, are strongly associated with triggering cardiac events and
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increasing future arrhythmic risk 33 >34, This suggests that a stress management-
based intervention may be useful for individuals with XLI, to reduce the frequency

and likelihood of arrhythmic events, and to promote self-management.

Our data further suggests that the prevalence of HRAs within the Xp22.31
population increases with age and that these typically resolve quickly and respond
well to intervention where this is required. Across all groups, there were no clear
patterns or common factors used to manage, treat, or resolve the HRAs, suggesting
that these characteristics may differ greatly depending on the type and severity. The
perceived success of treatment methods was consistently rated above ‘average’ by
>80% of participants. The perceived success of common treatment methods for
HRAs can vary significantly between individuals; the single procedure success rate in
individuals treated for AF using radiofrequency catheter ablation (RFA) ranged from
50-64% >%.

There was no clear relationship between HRAs, and the severity or presence of
features commonly associated with XLI (skin condition in adults, testicular

maldescent, neurodevelopmental disorders) implying some dissociable causes.

5.4.3 Medical and Comorbid Conditions

Our results suggest that gastrointestinal problems, asthma, and anaemia are the
comorbidities most closely associated with HRA in deletion carriers, with GI issues
more prominent in male carriers with HRA, asthma, and anaemia more strongly
comorbid in female deletion carriers, as well as a heart murmur. Based on a recent
association study, it has been speculated that the PNPLA4 gene (adjacent to S75),
which may also be absent in deletion carriers, may be responsible for these
comorbid issues, and that these medical vulnerabilities may exacerbate any HRA risk
incurred as a consequence of STS deficiency >1°. Briefly, in gene-based analyses,
significant associations were found between PNPLA4 and asthma (p=0.040) and
anaemia (p=0.013) in females, and between PNVPLA4 and gastrointestinal issues in
males (p=0.022) 1>, Furthermore, PNPLA4 deficiency could feasibly contribute to
the lipid metabolism and mitochondrial abnormalities associated with asthma 336537,

anaemia 3% 339, and gastrointestinal disorders >* >*1, Thus, we suggest that loss of
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PNPLA4 function may likely predispose to anaemia and asthma in females and GI

issues in males.

Another potential explanation for increased GI issues in this population is the ‘gut-
skin” axis as described in Chapter 1.1; disturbances in the gut microbiome have been
associated with cutaneous manifestations such as redness ©° ¢7, and common skin
disorders such as rosacea °!. The mechanisms by which this association occurs are
not yet clear, and these findings in an XLI population are novel. Thus, this presents
are interesting area for future research and development, with improving gut

bacteria as a therapeutic target.

Other potential contributing factors in the development of GI issues in adult males
include older age %, long-term use of therapeutic agents such as anticoagulants
used to manage conditions such as AF >**>% in addition to obesity, hypertension,
and diabetes through various dissociable mechanisms including inflammation 326 >4,
This study, however, did not find a difference in rates of obesity, hypertension, and
diabetes between individuals with HRA and those without, and thus the most likely
principal mechanism between GI issues and HRA remains PNVPLA4 deficiency,
potentially covariate by age (although no significant differences in age between

males with HRA compared to those without were identified).

Increased risk of asthma is also generally more common in general population
individuals with atrial fibrillation >%; a recent Norway-based longitudinal study
reported that adults with asthma had a 38% higher risk of developing atrial
fibrillation >*’. General population individuals with tachycardia are also at increased
risk of developing asthma >%. Current findings suggested that female deletion
carriers were more at risk of developing anaemia, which mirrors trends in the
general population >*% 530, Anaemia is commonly associated with abnormal cardiac
function, specifically increased atrial stress and a higher risk of heart failure >332,

thus perhaps explaining this link.

Potentially, if GI issues and atopic conditions/anaemia exacerbate HRA in deletion
carriers, effective treatment of them could have clinical benefits. Identification and

awareness of the potential consequences of these conditions are crucial when
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developing prevention strategies. Crucially, no significant differences in the
frequency of downstream consequences of AF were identified when comparing
individuals with/without HRA, including stroke, acute myocardial infarction, and
dementia. this may be because common variants within Xp22.31 contribute
marginally towards AF risk, and AF in turn only contributes to the pathogenesis of a
relatively small fraction of stroke, acute MI, and dementia cases.

5.4.4 Attitudes towards heart screening

Participants' responses to the vignette and statements about preventative heart
screening procedures in a primary care setting were largely positive. More than 80%
of participants stated that, based on their statistically likely increased risk of AF, they
would be willing to attend screening. Current data indicates that individuals with XLI
(or female carriers) presenting with GI issues, asthma or anaemia might be
prioritized. Current treatment frameworks for individuals with XLI, both in the UK
and the US, do not refer to increased risk of HRAs 282 283,285 and thus it may be
difficult to establish or introduce early prevention strategies. The use of a specialist
multidisciplinary team, as well as comprehensive guidance for patients, is a crucial
step in improving care for individuals with XLI in a clinical setting. Diagnosis and
treatment pathways are pre-existing in the NHS for the short- and long-term
management of cardiac arrhythmia such as AF and thus these could be incorporated
into the care package for deletion carriers >3. However, almost half of the
participants in this study stated that they would require further information about
heart screening procedures, thus illustrating the need for greater awareness and
support from within primary care to support individuals with XLI in their treatment-

based decision-making.

5.4.5 Strengths and Limitations

The approach used in this study allowed for gathering essential information about
HRA frequency, precipitating factors, and willingness to attend future preventative
screening. The use of self-reported data provides information on HRAs occurring at
time points across the lifespan as opposed to temporally restricted clinical

monitoring via, for example, ECG. However, limitations of this method of data
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collection include possible misreporting by participants in the absence of objective
clinical measures as well as additional challenges associated with parental reporting
on their sons’ experiences. Furthermore, individuals with an HRA may be more likely

to have responded to the advert, presenting a potential response bias.

Using an extensive list of common medical conditions, a basic medical background
was established, and any related family history. However, the results of this survey
offer limited information about participants' complete medical history and thus it
may be difficult to establish direct causation between cardiac arrhythmia, STS
deficiency, and other comorbid conditions.

Although the majority of participants agreed that AF provides cause for concern for
individuals with XLI, the reasoning why ~20% of participants would not feel
comfortable attending screening procedures was not investigated. Thus, it is
important to a) understand and explore these concerns with patients and b) provide
comprehensive guidance and information to individuals or parents of children with

XLI when diagnosed, to promote increased awareness and self-management.

Future work in our research group aims to utilise a newly developed STS-deficient
mouse model to investigate biological mechanisms in HRA. Other avenues for further
research based on the results of this work include investigation of heart
structure/function (e.g. ECG), molecular biomarkers and steroid hormone levels in
Xp22.31 deletion carriers, relating to HRA. Future work may also explore the
relationship between HRA and key precipitating factors (e.g. stress), comorbid

conditions (e.g. GI issues) and responses to medication.

5.4.6 Conclusion

This study provides preliminary results to suggest that genetic deletion at Xp22.31
increased the risk of HRA and three comorbid medical conditions; anaemia, asthma,
and GI issues. This work reveals stress to be a key precipitating factor in the onset
of HRAs and suggests treatment success is moderate for most individuals. Future
work using /in vitro and /n vivo models, as well as more detailed clinical analyses,
may improve understanding of the physiological, cellular, and molecular

mechanism(s) through which genetic variants at Xp22.31 affect the risk of HRA. This
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may improve both clinical guidelines and support for deletion carriers, as well as
contribute to better-informed genetic counselling.

This study also showed that deletion carriers (including parents reporting on behalf
of their children) are strongly in favour of preventative cardiac screening measures
to avoid potential downstream consequences associated with HRAs. As such,
investigating the utility and viability of screening within these populations,
particularly in individuals with comorbid gastrointestinal disorders, asthma, or

anaemia, is of particular interest.
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Chapter 6: ASSESSING THE FEASIBILITY OF USING
SMART WEARABLE TECHNOLOGY TO RECORD HEART
RHYTHMS IN MALES WITH XLI

6.1 INTRODUCTION

In the previous chapter, high rates of self-reported cardiac abnormalities were
identified in males with XLI and female deletion carriers. Stress was identified as the
most common precipitating factor in the onset of arrhythmic episodes, and
participants were strongly in favour of preventative screening procedures. Early
identification of HRA may prevent downstream consequences such as stroke,
cognitive decline and dementia, thus reducing the long-term health burden for
patients and the healthcare system. Where possible, nhon-invasive methods should
be used to effectively and efficiently identify HRA, to allow for early monitoring and
necessary interventions. This study assessed the feasibility of using wearable

technology as a novel form of heart rhythm monitoring for males with XLI.

6.1.1 Cardiac arrhythmias and atrial fibrillation

Abnormal cardiac rhythm occurs when the heart's normal sinus rhythm is disrupted
in some way >>*. In normal sinus rhythm, the sinoatrial node (SAN) in the right
atrium produces an electrical wave through the four chambers of the heart, to the
atrioventricular node (AVN), subsequently triggering the contraction of the heart
muscles to pump blood to organs in the body >>*>%, In regular sinus rhythm, the
heart typically beats around 70-75 beats per minute >4, distributing blood containing
necessary nutrients, immune receptors, and regulatory molecules around the body
54556, Disruption of this process, also known as cardiac arrhythmia, can result in
adverse or no heart rhythm, thus affecting the essential flow of blood to the body

>>7_ The development of cardiac arrhythmias has three basic mechanisms:

A) Enhanced or suppressed automaticity: impaired SAN functioning can result in
the misfiring of pacemaker cells in the absence of external stimuli >°8, often

due to disease, drugs, or changes in the automatic nervous system >39-561,

a. Enhanced automaticity: causes tachycardia (fast heart rate)
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b. Suppressed automaticity: causes bradycardia (slow heart rate) %2

B) Triggered activity: this describes an abnormal impulse initiation in the cardiac
fibres, either midway through or shortly after the passage of electrical current
through the myocardium °%0 %63, A triggered response usually precipitates

tachycardic arrhythmias °60 564, such as atrial fibrillation (AF) 60 365, 566,

C) Re-entry: at its simplest form, this mechanism occurs when a cell impulse
fails to cease at its origin site within the myocardium, thus re-exciting the
heart and forming a secondary ‘re-entry’ circuit 6% >62 567 Re-entry can be
caused by an anatomical abnormality (usually relating to the AVN),
dysfunctional circuits, or diseased cells 6 562 567 and is responsible for the
majority of clinically relevant cardiac arrhythmias.

Symptoms of cardiac arrhythmia, caused by one of these three mechanisms,
typically include dizziness, chest pain, shortness of breath, palpitations, and feelings
of weakness or fatigue °¢1. Diagnostic procedures for symptomatic arrhythmias
typically include a combination of blood pressure and ECG and observation of any
abnormal symptoms °61, Arrhythmias are typically split into two categories: a)
tachycardia, characterised by an abnormally fast heart rate (>100 bpm), or b)
bradycardia, characterised by an abnormally slow heart rate (<60 bpm). Common
forms of tachycardia include supraventricular tachycardias (originating from the
AVN) such as atrial fibrillation or flutter (AF) and ventricular tachycardia (originating
below the AVN) such as premature ventricular beats (PVC) %% >, Bradycardic
disorders include atrioventricular blocks (usually asymptomatic) and sinus node
dysfunctions such as sinus arrest or sinus pause (failure or delayed impulse
generation/transmission) 1 >%8, Treatment of arrhythmias is largely dependent on
the severity of the perceived risk to the individual and may include ‘shock’ therapy
(defibrillation or cardioversion), implantation of a pacemaker, antiarrhythmic drugs,

or cardiac ablation 3561 568,

As described in the previous chapter, atrial fibrillation (AF) is the most common
supraventricular tachycardia 476 (re-entry mechanism) and occurs in an estimated

2.5% of adults worldwide %’7. AF can be classified into three distinct categories:
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paroxysmal (terminating within seven days), persistent (longer than seven days, and
requires cardioversion for termination), or permanent (cannot be terminated by
cardioversion) *%°. The condition is commonly precipitated by older age 4’8 %8, and
modifiable risk factors such as high BMI, smoking, and psychological stress 478 482,
483 and is estimated to affect 5% of individuals >65 years and 10% of individuals
>80 years 4’8 480, Downstream consequences of living with AF, if untreated or not
effectively managed, include increased risk of stroke, heart failure, and cognitive
decline 234, as well as worse quality of life (QoL) %8 483 and increased symptoms of
depression and anxiety . Following a diagnosis of AF, individuals are usually
referred to a specialist cardiac team for further tests including imaging, blood tests,

and additional cardiac screening >7°.

In addition to long-term effects on health for patients, HRAs such as AF also pose a
significant economic burden to society and global healthcare systems: the national
incremental cost of AF was $6 billion in the US °7t, and the cost burden of
undiagnosed AF is estimated at $3.1 billion 72, This is especially relevant when
referring to individuals with multimorbidity; the cost of AF-related stroke alone was
estimated to be 8-45% higher than the cost of stroke in patients without AF >73-575,
at an average cost of €362 million a year >’¢, These costs are predominantly
attributed to healthcare costs such as longer hospital stays (69% of acute care costs
were attributed to comorbidity >’7), in addition to productivity losses and recurrence
of stroke >/ 578, To reduce stroke risk and improve long-term health outcomes for
individuals with AF, the condition must be identified and monitored as early as

possible, and if necessary, appropriately managed using medication >7°.

6.1.2 Asymptomatic arrhythmias

However, not all incidences of arrhythmia are symptomatic or preceded by known
risk factors; the prevalence of asymptomatic ventricular pre-excitation is estimated
to be around 0.1-0.3% of all cases but this is often particularly hard to determine 8%
81 The prevalence of asymptomatic ventricular tachycardia ranges from 1-3%
(healthy adult population) 82 383 to 10% (elderly population) 84, and >30% in

patients with ischaemic heart disease 8. Diagnosis of asymptomatic bradycardias is
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difficult due to slow disease progression and commonly lower heart rates in young
athletes and adults older than 65 86 587,

Most notably, research suggests that during routine screening or monitoring,
between 10-40% of adult cases of AF were asymptomatic by nature >88-52, Risk
factors associated with asymptomatic AF include older age, male sex, and limited
physical activity >° >?3, thus mirroring known general risk factors in the development
of cardiac arrhythmia in adult populations 478 480 21,22 The prognosis of
asymptomatic AF compared to symptomatic AF is difficult to determine; some work
suggests an increased risk of mortality for patients with asymptomatic AF 393 3%, yet
others suggest that stroke frequency is similar across the two groups > 5%,
Crucially, AF is initially diagnosed in 11-24% of patients following a stroke >¢:>%7,
and thus early preventative screening for asymptomatic AF in at-risk populations is

essential >%,

6.1.3 Preventative Cardiac Screening

However, there is currently no systematic screening for AF in place in the UK.
Outcomes from the 2019 UK National Screening Committee (NSC) suggested that
although targeted and opportunistic screening is cost-effective, a widespread
screening programme is not recommended >°°. This decision is based on the
following criteria: variable types of AF and thus stroke risk profiles, limited evidence
for the effectiveness of treatment of asymptomatic AF, and a lack of understanding
as to whether screening is more beneficial than the current approach to detection
and management >%°. However, an ongoing feasibility trial at Cambridge University
(‘SAFER’ Trial), was recently welcomed by the NSC ©%; in collaboration with GP
practices across England, this trial is using a “non-invasive hand-held ECG recording
device” across a 3-week period to establish whether AF screening is “effective and
cost-effective in reducing stroke and other key outcomes compared to current
practice” 91, However, this trial is only recruiting individuals over 70 years of age,
due to justified age-related risk factors and is currently in Phase 4 out of 6.
Following the conclusion of this trial, the NSC recommendations surrounding the

effectiveness of AF screening will be reviewed in 2023/4 >°?; but meanwhile, there is
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limited provision for widespread AF screening for the general population through
primary care in the UK . Recommendations from the US Preventive Services Task
Force (USPSTF) led to similar conclusions; following a review of the evidence
surrounding the benefits of AF screening for adults >50 years old, the task force
concluded that “current evidence is insufficient to assess the balance of benefits and
harms of screening for AF” 602,

A population-based systematic screening program may take various forms in the UK
603-605-

a) General population screening for a defined group e.g. age-based (>65 years)

b) Targeted screening for those at a higher known risk of AF (hypertension,

diabetes, sleep apnoea, etc.)

c) Opportunistic screening during consultations with health-care professionals

e.g. GP, flu clinics, community pharmacy

As a population more at risk of AF 187,511 adults with an Xp22.31 deletion would
likely be eligible for a systematic targeted form of screening. Current treatment
guidelines for XLI individuals largely focus on topical therapies, specifically emollient
use 28, with more recent considerations for psychosocial implications % and ocular
abnormalities 7. However, to date, there are no clear guidelines for the
management or prevention of cardiac arrhythmia following the diagnosis of XLI, for
both patients and healthcare professionals, neither in the UK nor the US. This
presents an issue for clear referral pathways from primary care to specialist cardiac

care providers, thus relying on patient advocacy and knowledge.

6.1.4 The use of wearable technology

A possible new opportunity and advancement in health monitoring, particularly
relevant to the field of cardiovascular care, is the use of wearable technology.
According to Godfrey, Hetherington (2018), wearable technology can be defined as
“a plethora of devices worn directly on or loosely attached to a person” and can be
divided into two distinct categories: a) primary: devices operating independently

(e.g. smart watch, smartphone), and b) secondary: devices which offload specific
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data to a primary device for analysis (e.g. chest heart rate monitor) %, These
devices can measure or track a number of physiological/biochemical parameters, as
well as certain behaviours, including heart rate, blood pressure, and posture %, The
market for wearable devices is rapidly growing, with the global market expected to
reach over $70 billion by 2025 6%, and over 20% of US residents owning a smart

wearable device 611,

Wearable technologies can offer novel solutions for current issues in healthcare,
particularly around the prevention of disease and maintenance of health, as well as
encouraging patient disease management %°. Examples include fall identification and
prevention (particularly in elderly populations), sports medicine, increasing physical

activity in sedentary populations, hypertension detection, and diabetes management
609

User acceptance is crucial when designing and implementing wearable devices both
in a clinical and home setting. Adults with persistent medical conditions consistently
report finding smartwatches useful and convenient 61 613, and a large-scale review
found that over 60% of elderly individuals were interested in the future use of a
wearable device 14, Furthermore, these devices are often more cost-effective
compared in the long term, compared to clinical assessments 61° 616 and offer a
non-invasive, regular monitoring tool which emphasises patient adherence and
inclusion in the decision-making process %1% 617, 618 However, patient confidentiality
and security of data is a prominent concern for many users 613 619,620 and thus the
element of data encryption, privacy, and ‘opt-out’ options within the user interface

are of critical importance.

6.1.5 The use of wearable technology in cardiovascular care

The use of wearable technology is particularly pertinent to cardiovascular
monitoring; primary and secondary devices such as smart watches can contain ECG
and heart rate variability (HRV) monitoring systems 621622 in addition to the use of
photoplethysmography (PPG) sensors in devices such as smart rings 622 623,
Although this is a new technology, a chest-worn HR monitor offers a very high

agreeability with the ‘gold standard’ 12-lead ECG, closely followed by a smartwatch
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(mean agreement of 91-5% depending on the brand) 62 625, Due to the
asymptomatic/‘clinically silent” nature of >1/3 incidences of AF, continuous
monitoring through the use of wearable technology has the capability to transform
cardiovascular care 23, Following detection of these instances of AF, individuals can
share the ECG and/or PPG readings with their healthcare providers, to determine a

clinical diagnosis and to develop a long-term treatment plan if appropriate.

Previous work suggests that screening for cardiac arrhythmia such as AF using
wearable technologies may be highly effective, and feasible for varying populations.
Screening for undiagnosed AF in high-risk individuals via an ECG patch was effective
in more timely identification of AF onset and thus initiation of drug treatment, as
well as health care resource utilisation following the trial 6%6. A large-scale trial using
an ECG patch in adults with no known history of AF, identified 0.52% of individuals
with an irregular pulse, with a positive predictive value of 0.84 for AF detection via
the patch, paired with an irregular pulse notification via a smartphone 7.
Furthermore, another study utilising the *Huawei Band 2 PRO’ showed a positive
predictive value of 99.6% in identifying AF 6%,

An ongoing large-scale randomized controlled ‘HEARTLINE' study, in collaboration
with Apple, is exploring how the Apple Watch (Series 4 and later) may be used as an
early detection device for AF in adults over the age of 65 in the US population 623
623 Data collection for this study is still ongoing, but this trial is the first of its kind
to evaluate the effectiveness of a commercially available wearable device to detect

irregular heart rhythms in the general population.

6.1.6 Purpose and Aims

Previous work suggests that wearable technology such as smartwatches, may offer
an effective, reliable way in which to identify and monitor cardiovascular health in
the general population, specifically cardiac arrhythmia such as AF. The previous
study identified an elevated rate of atrial fibrillation/flutter (AF) in adult males with
X-linked ichthyosis (XLI), and increased rates of tachycardia in adult female carriers
of XLI-associated genetic deletions 11 1>, However, this work relies on a) a formal

clinical diagnosis of AF via a healthcare professional, and b) reliable self-reporting
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from participants. It also depends on an individual’'s awareness of the increased risk
of cardiac arrhythmia, as well as an understanding of the severity of potential
downstream consequences of poorly managed or untreated AF. Improving
understanding of how wearable technology may be used in this population as a
targeted screening tool, may inform future long-term monitoring both in a clinical

and a home-based setting.

Moreover, >80% of males with XLI in our recent survey were amenable to and
appreciated the potential benefits of, cardiac screening. Thus, it is important to test
whether heart rhythm screening in XLI males using wearable technology may be an
appropriate method for the timely identification of HRAs, and the prevention of
downstream consequences. If this approach is effective on a large scale, this may be

rolled out to newly diagnosed cases of XLI as a focused screening programme.

As a precursor to the pathway above, in collaboration with local consultant
cardiologists, a feasibility study was conducted to monitor the heart rhythms of a
small group of UK-based adult males with XLI over 8 weeks using the Apple Watch
Series 8 as an FDA-approved ECG device 93, Crucially, this study aimed to
understand whether the use of an Apple Watch is an acceptable form of screening
for this population and determine the optimal study procedures for any subsequent
larger-scale trial. The main outcome measures from this study were participant ECGs
and feedback from participants and clinicians. The goals of the feasibility study were

as follows:
e To assess participant engagement with the study.

e To test whether the device/app technology can be used effectively by patient
group members and to identify any issues with using the device on ichthyotic

skin.

e To streamline procedures: for delivery/return of monitoring device, for return
of relevant data from participant to researchers/clinicians, and for clinician

advice to participants.

e To gather initial data and to identify the prevalence/occurrence, nature, and

precipitants of any arrhythmic episodes.
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e To determine the optimal time/frequency for participants to take ECG
readings.

6.1.7 Summary

e Cardiac arrhythmia and the associated downstream consequences are a
significant economic and societal burden but can be prevented and managed
if detected early.

e The use of wearable technology is growing in healthcare systems across the
world, and new research indicates that this may be a beneficial approach in

cardiovascular care.

e This study aimed to assess the appropriateness of the Apple Watch as a form
of wearable technology, for individuals with XLI who have previously been

identified as being at increased risk of HRAs.
6.2 METHODS
6.2.1 Design

This study used a feasibility trial to monitor the heart rhythms of a small group of
UK-based adult males with XLI over 8 weeks using the Apple Watch Series 8. Recent
feasibility trials using smartwatch technology to assess cardiovascular function, have
employed larger samples (40-50 participants) 63! 632 633; however, these studies used
general population groups with minimal inclusion criteria. Recruiting individuals from
a rare disorder group, with strict inclusion criteria, as well as high demands on
participants and funding limitations, reduced the intended sample size to <10.
Participants provided a weekly set of three ECG readings via an online form, and
these were independently reviewed by two experienced NHS consultant
cardiologists. Following the trial, participants completed a feedback form about their

experiences.

6.2.2 Sampling and Recruitment

A short advert was sent to an established mailing list of participants who had

previously taken part in our research, with inclusion criteria and contact details for
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the team if they were interested in taking part. The Ichthyosis Support Group (ISG)
newsletter was also utilised, using the same advert, and advertised via social media

patient support groups. The following inclusion criteria were applied:
e Adult (18-80yrs) male with clinical diagnosis of XLI

e Own an iPhone (Series XS or later) and willing to download and use

applications.
e Willing to complete a series of very short online questionnaires.
e Willing to wear an Apple Watch Series 8 for up to 8 weeks.

e Willing to submit data from the watch about heart rhythm to the research

team at regular intervals.

There were no exclusion criteria.

6.2.3 Procedure

Before starting the study, participants completed a short screening questionnaire to
ensure that they understood all the parameters of the trial and that they met the
inclusion criteria. Once they had read the information sheet and completed the
consent form, each participant provided their contact details (email address and
postal address). Participants were then informed if they had been approved for the
trial, and subsequently sent an Apple Watch Series 8, charging equipment and
printed instructions for setting up the watch, ECG readings and troubleshooting
information. The instructions also included contact details for the research team, and

any queries were managed within 48 hours to avoid delay.

Participants were asked to wear the Apple Watch continuously for 8 weeks starting
on the closest upcoming Monday to when they received the watch to ensure
continuity of readings. Using the instructions provided, participants used the watch
to take routine ECG readings once a day, every Tuesday, Friday, and Sunday. This
was a simple process; using the ECG function on the Apple Watch, participants
placed their finger over the sensor on the watch for one minute and the ECG was

automatically saved into the Apple Health app on their iPhone. There was no set
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time period for these readings, as participants were encouraged to take readings at
variable time points throughout the day at their discretion depending on their daily
schedule (e.g. night shifts, caring responsibilities). If the watch independently
detected any irregular heart rhythm and notified the participant, this reading would
automatically be saved in the app, and participants were also asked to report this to
the research team via the weekly form.

At the end of each week (Monday morning), participants were sent an automatic
reminder email to complete a weekly Qualtrics form, accessed using their participant
number. Here, participants would upload each of their ECG readings from the week,
in addition to the time and date that the reading was taken, circumstances of this
ECG reading (i.e. what they were doing at the time of the reading, how they were
feeling, etc.) and, given the potential association between stress and heart rhythm
abnormalities identified in Chapter 5, a stress/anxiety rating at the time of the
reading was also requested (scale 1-9, 1 = not stressed at all, 9 = very stressed). If
the participant had received any irregular HR notifications, the same information was
also inputted for their occasions. On this form, participants were also asked to report
any new heart-related symptoms e.g. heart palpitations, pain in the chest,

breathlessness, etc.

Following the submission of these ECGs, each reading was manually anonymized
and grouped, then sent to two experienced NHS cardiology consultants at University
Hospital Wales, Cardiff, with whose expertise, this study was collaboratively planned.
Each consultant independently provided feedback on each ECG reading to one
member of the research team (identification of any abnormal rhythms), to avoid bias
and this was recorded. This process was repeated for each week of the trial for each

participant.

Once the participants had completed all eight weeks of the trial, they were asked to
wipe the data stored on the Apple Watch, return it to factory settings, and then
return it to the research team. If any irregular heart rhythms were identified by the
cardiology team, the participant would receive feedback and advice about the next
steps, and information to take to their primary care provider (typically a GP).
However, no tailored medical advice was offered as part of this study.
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Participants were also asked to complete a short post-trial feedback form to gauge
their satisfaction with a) the practicalities of screening for cardiac arrhythmias using
the Apple Watch, b) a combination usage of the Apple Watch and the iPhone
‘Health’” app to download ECG outputs, as well as any suggested improvements or
concerns with the trial. Participants were also asked to rate several statements
relating to how using the Apple Watch affected/was affected by their skin (Appendix
6.1).

Participants were each awarded a £50 Love2Shop voucher for their time and
dedication to this study.

6.2.4 Data Analysis

Following each set of ECG uploads, the PDF file and associated data (stress,
precipitating factors, etc.) were downloaded from Qualtrics as an Excel file, and the
ECGs were anonymised and sent to the cardiologists for review. Feedback from the
cardiology team was submitted into the central database and appropriately coded
e.g. ‘Normal sinus rhythm’, 'Single VPB'. Following completion of the trial, these
readings were marked as ‘normal’ or ‘abnormal’ based on guidance from the
cardiologists. The proportion of abnormal readings per participant was recorded.
Stress ratings were measured on fixed scale of 1-9, and the overall difference
between stress ratings related to normal vs. abnormal measures was assessed using

an independent t-test. All other data is reported as percentages or mean%SD.
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6.3 RESULTS
6.3.1 Participant Recruitment

Overview of the recruitment process

6.3.2 Participant Demographics

Five adult males between the ages of 27-69yrs were recruited, with a confirmed
clinical diagnosis of XLI. The specific demographic factors of each participant are
listed in Table 7 below. All the participants reported a preexisting cardiac condition
(including atrial fibrillation/flutter, AF) although this was not part of the inclusion
criteria. 3/5 of the participants reported a preexisting medical/psychological

condition.
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Participant Number Age Pre existing cardiac conditions Pre-existing medical or psychological conditions
2 45 Hypertension (managed by medication) -
Three previous episodes of AF (managed by
3 63 daily medication). Previous experiences of Diabetes (managed by medication)
'missed beats'.
5 49 Three previous episodes of AF. -
6 27 Paroxysymal AF Underactive thyroid, hayfe\{er, .depression (all
managed by medication).
Hypertension (managed by medication).
Supraventricular ectopic beats - associated Reflux, hiatus hernia (both managed by single
7 69 with dizziness and pain (managed by medication), glaucoma (managed by medication).
medication). Cardiac cauterisation aged 21 Dyslexia.
for heart murmur.

Table 7: individual participant demographics (age, preexisting conditions)

6.3.3 Response Details

From a total of 123 possible ECG readings (one participant produced an extra week

of readings, hence three extra 3 readings), 5% were not uploaded where the

participant forgot to take a reading. As shown in Figure 24, participants were most

likely to take their ECG readings in the morning, between 9am and 12pm, but the

time distribution was similar at all other grouped periods.
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Figure 24. frequency of time periods for ECG recordings

Across the trial, 3/5 participants reported experiencing ‘heart-related symptoms’

(survey description: ‘heart palpitations, pain in chest, breathlessness, etc.”) as
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summarised in Table 8. Out of a total of 7 incidences across 3 participants, only one
of these triggered an ‘alert’ on the Apple Watch, followed by an automatic ECG at

this time. This alert was later rated as ‘normal sinus rhythm’ by both cardiologists.

Participant ID Week (per participant) Summary ECG Feedback
2 2 Positive COVID test and cold NO ALERT
3 1 Breathlessness NO ALERT
3 2 Infrequent palpitations NO ALERT
3 3 Irregular abnormal beats NO ALERT
3 4 F"alpitations and NO ALERT
lightheadedness
7 3 Palpitations NO ALERT
7 4 Increased HR unable to settle ALERT - SR

Table 8: summary of participant descriptions of ‘heart-related symptoms’

6.3.4 Nature of Readings

100% of the ECGs submitted by participants were interpretable by the cardiologists.
There was a 98% agreement rate between the two cardiologists. All ECG readings
submitted by Participants 5,6 & 7 were interpreted as ‘normal sinus rhythm’ (56% of
the total readings from this trial). For Participant 2, 5/23 readings were considered
abnormal by Cardiologist 1 and 3/23 readings by Cardiologist 2 respectively; two
readings were labelled as VPBs by Cardiologist 1 but labelled as ‘sinus rhythm’ by
Cardiologist 2. Finally, for Participant 3, a total of 21/26 (80%) readings were
considered abnormal (i.e. not normal sinus rhythm). From those readings rated
abnormal, the classification of each is shown in Table 9 below, separated by
participant, with Unifocal Ventricular Premature Beats (VPB — as described by
Cardiologist 1) or Ventricular Ectopic Beats (VE as described by Cardiologist 2) being
the most common. VPB/VEs are a type of premature ventricular contraction; this
occurs when the electrical signal originates in the ventricles, not in the atrium as

usual 634,
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Classification

Participant | Reading Number Cardiologist 1 Cardiologist 2
2 5 Frequent unifocal VPBs | Normal sinus rhythm
2 6 Frequent unifocal VPBs | Normal sinus rhythm
2 7 Frequent unifocal VPBs Frequent VEs
2 8 Frequent unifocal VPBs Frequent VEs
3 9 Single VPB One VE
3 7 Frequent unifocal VPBs Frequent VEs
3 8 Frequent unifocal VPBs Frequent VEs
3 9 Single VPB One VE
3 7 Frequent unifocal VPBs Frequent VEs
3 8 Frequent unifocal VPBs Frequent VEs
3 9 Frequent unifocal VPBs Frequent VEs
3 10 Frequent unifocal VPBs Frequent VEs
3 11 Frequent unifocal VPBs Frequent VEs
3 12 Frequent unifocal VPBs Frequent VEs
3 13 Frequent unifocal VPBs Frequent VEs
3 14 Frequent unifocal VPBs Frequent VEs
3 15 Frequent unifocal VPBs Frequent VEs
3 16 Frequent unifocal VPBs Frequent VEs
3 17 Frequent unifocal VPBs Frequent VEs
3 18 Frequent unifocal VPBs Frequent VEs
3 19 VPB Frequent VEs
3 20 Unifocal VPBs Frequent VEs
3 21 Unifocal VPBs Frequent VEs
3 22 Frequent unifocal VPBs Frequent VEs
3 23 Frequent unifocal VPBs Frequent VEs
3 24 Frequent unifocal VPBs Frequent VEs

Table 9: Classification of abnormal ECGS by cardiologists

From a total of 26 abnormally rated readings (24 from Cardiologist 2), none of these

triggered an alert on the Apple Watch. Across all participants in the trial, there was

only one alert reported which both cardiologists rated as ‘normal sinus rhythm’.

Stress

Following each reading, participants provided a stress rating from 1 (not stressed at

all) to 9 (very stressed). There were 11 missing stress values, excluding the ECG

readings that were not taken. Previous work showed that stress was the most

commonly reported precipitant for heart rhythm disturbances in Xp22.31 deletion

carriers 1> (Chapter 5). The mean stress rating for readings classified as ‘abnormal’
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was slightly (but not significantly) higher than those rated as ‘normal’ (2.96+1.78 vs.
2.49%+1.79, £(106)=1.18, p=0.12).

6.3.5 Referral

Following completion of the feasibility trial, the cardiologists involved in this study
recommended that Participant 3 should discuss the results of his ECGs (frequent
VPBs) with his GP, with the potential for a formal referral to cardiology. Following
the referral, this individual was fitted with a 24-hour Holter heart monitor. The
results of this monitoring period identified a mean HR of 86bpm, with 87% of beats
classified as ‘normal’, 13% as ‘VE (ventricular ectopic) beats’ and <1% as ‘SVE
(supraventricular ectopic) beats’. The individual reported one event of “fluttering in
the heart” (similar to the experiences described by the participant in the screening
survey), which was identified as sinus rhythm with frequent isolated VEs. These
results will be fed back to the individuals’ GP to establish an appropriate treatment
plan.

6.3.6 Participant Feedback

Across all the domains included in the post-trial feedback form, participants were
highly satisfied and offered several suggestions for how their experience could be

improved.
Trial Engagement

Participants were all ‘very satisfied' with the conduct of the overall trial, with a mean
satisfaction rate of 9.0+1.4 out of 10; participants were satisfied with the frequency
of monitoring, the mechanism of data return, and with study engagement (Figure
25). Suggested improvements to the trial included a larger watch strap, clearer
guidance about the type of iPhone required to take part and clearer visual scales for

stress ratings.
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Figure 25: Participant satisfaction with survey engagement

Use of ECG tool in the Apple Health app

Participants were also highly satisfied with their use of the ECG tool with the Apple
Health app, with an average satisfaction rating of 9.5+1.1 (Figure 26). One

participant stated that using the app took some time to comprehend but they quickly
understood the process.
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Figure 26. Participant satisfaction with ECG tool
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Using watch functions

Participants reported that the Apple Watch was ‘very easy to use’ (mean 9.5+1.1)

(Figure 27). One participant commented that the battery life of the watch could be
better.
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Figure 27: Ease of use of Apple Watch functions
Wearability of watch

Participants found the watch comfortable to wear on a daily basis (mean agreement
9.4+0.9) and reported little to no discomfort on their skin. Figure 28 below shows
the number of participants who agree/disagree with each of the statements
presented. One participant reported that the sensation of wearing the watch every

day was overwhelming.

| found the sensation of wearing the watch every day overwhelming

| found that wearing the watch made my skin condition worse

| found that wearing the watch irritated my skin

| found the watch comfortable to wear on a daily basis —

0 1 2 3 4 5 6

Strongly Disagree M Disagree M Strongly Agree
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Figure 28.: Wearability of Apple Watch
Qualitative feedback

Participants also answered a series of questions about their thoughts on the use of
wearable technology as a preventative screening measure. The overall response was
extremely positive, with participants describing their enthusiasm towards the new
technology:

"I think it’s a fantastic idea... if the tech is reliable, I think it should be
encouraged and could help alleviate pressure on services” (P6)

“...from my experiences hospital staff and some GPs are not yet open to this
technology, maybe within the next decade” (P3)

However, participant 7 described their preference for other forms of ECG monitoring
systems as they expressed concern with the lack of alerts from their Apple Watch:

"I think wearing ECG mentor might work better. I wore a Holter Monitor that

picked up discrepancies in my heartbeat” (P7)

"I was never notified by the watch or iPhone even though I could feel them
[irregular beats]” (P7)

Some participants also provided suggestions for changes and greater transparency

in the process, including the regular feedback of ECGs even if rated ‘normal’:

"I would like some feedback from yourselves, as we are not experts in
reading ECGs” (P3)

"Although taking ECGs three times a week was manageable, I dont know
whether monitoring for a set time period would provide more accurate data”
(P5)

Overall, the trial was generally received well by participants.
"Very easy, seamless and professional” (P6)

"I found the monitoring easy and I was pleased to join your study” (P7)
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6.4 DISCUSSION

This feasibility trial monitored the heart rhythms of five adult males with S75
deficiency (X-linked ichthyosis) over an 8-week period using the Apple Watch Series
8. The trial assessed the suitability of the Apple Watch as a form of wearable
technology to monitor heart rhythms in this group, as well as determining the most
effective procedures. Overall, this study was highly successful in recruiting the
intended number of participants, with a high engagement and response rate over
the trial and minimal procedural issues. Abnormal heart rhythms, specifically
VPB/VEs, were identified in two participants, one of whom was subsequently
referred for formal cardiac monitoring. There was no significant association between
stress and abnormal readings, although consistent with our previous work, on
average, abnormal heart rhythms were associated with slightly higher self-reported
stress levels. This form of monitoring was positively received by all participants, and
there were no reported issues with the use of the watch on ichthyotic skin (i.e. all
readings were reliable and interpretable by the cardiologists, and reports of skin

irritation were limited).

6.4.1 Positive Outcomes

As intended, five individuals were recruited across a range of ages to take part in
this trial. One individual was not able to take part in the trial, as a change in the
iPhone hardware requirements midway through the trial in order to use an Apple
Watch in conjunction with the Apple Health app, was not anticipated. This was an
unavoidable issue, but larger studies in the long term may need to take the potential

for these changes into consideration.

Across participants who did take part in the trial, there was a high engagement and
response rate, specifically in submitting the ECGs on a weekly basis, and in providing
post-trial feedback. Compared to other web-based cardiovascular trials 63> 3¢, and
longer-term wearable technology trials 937, consistent engagement levels were

considerably higher in this study.
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The ECG readings taken on the Apple Watch were all interpretable by the
cardiologists, and participants were highly satisfied with the ease of use of the
watch, the associated Apple Health app, and the process of submitting readings.
This high satisfaction rate mirrors the research discussed in 6.1, concerning the
importance of user acceptance when implementing wearable devices to improve

health outcomes 612 613,

Another positive outcome of this trial, is the detection/identification of multiple
VPB/VEs in two participants, allowing onward referral in one case to formal cardiac
monitoring. The watch data from this trial was consistent with data from the

subsequent 24hour Holter monitoring, demonstrating high reliability of results.

Research also emphasises the importance of data protection and security within the
data infrastructure for patients 613 619 620 with concerns around data interception,
spyware and software vulnerabilities 3. However, these issues were
comprehensively addressed in the information provided pre-trial, as well as in the
printed information pack that participants received alongside the watch. Post-trial
feedback from participants did not reveal any concerns or issues with data security,
and participants were encouraged about the potential for future implementation of

wearable technologies in healthcare.

6.4.2 Potential issues to address in larger trials

One potential cause for concern in this trial is the lack of alerts from the Apple
Watch, even where participants perceived heart rhythm disturbances. Over a total of
119 readings, 26 readings were rated abnormal by Cardiologist 1 (24 by Cardiologist
2). This was made up of 5 readings from Participant 2 and 21 readings from
Participant 3. However, none of these triggered an alert on the Apple Watch. It is
important to note that VPB/VEs are not necessarily harmful and occur in 40-75% of
healthy individuals undergoing a 24-hour ambulatory ECG monitoring 63%-641,
However, VPB/VEs were rated as abnormal by cardiologists in this trial based on the
prediction that individuals with >200 premature ventricular complexes (PVCs, also
known as VPB/VE are a type of ventricular tachycardia) per 24 hours are statistically

more likely to develop a supraventricular tachycardia 4% 643, thus presenting
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potential future cause for concern. As this study only required participants to take
three ECG readings per week, it is not possible to ascertain whether Participants 2/3
were experiencing >200 PVCs per 24 hours. However, following formal referral to
cardiologists outside of the trial, the results of the 24-hour heart rhythm monitoring
from Participant 3 marked 16,709 beats as ‘VE' over this period, thus far surpassing
the 200-beat threshold for concern. The lack of alert from the Apple Watch for any
of these VPBs during the trial raises concerns about the effectiveness of the device
in detecting HRAs beyond clear supraventricular tachycardias such as AF 623,629,

In this trial, participants were asked to record ECGs 3x per week, and therefore
arrhythmic episodes may have been missed. Other ECG device trials have requested
4x readings per day, over a shorter trial period (e.g. SAFER trial:

https://www.safer.phpc.cam.ac.uk). Thus, this is a practical component that may be

considered in follow-up trials.

Another potential limitation of this trial is the stress rating provided with every ECG
upload. These were uploaded to the Qualtrics platform at the end of each week, and
thus unless the participant had made an accurate record at the time of taking the
ECG reading, this score may not be accurate. To overcome this issue, a tracking
sheet or template could be offered for participants to record their stress scores and

concurrent behaviours, at the same point as the ECG.

In the post-trial feedback, one participant also requested more feedback about their
ECG ratings. In the information sheet and debrief form, participants were reminded
that none of the information for the trial was sufficient to make a clinical diagnosis
and that the cardiologists would be responsible for providing information (via the
research team to maintain anonymity) to any participants who may require further
testing/examination from their GP. However, to improve transparency and
communication with participants in future trials, it may be necessary to provide a

comprehensive written outline of the outcomes from each ECG reading.

6.4.3 Long Term Implications

The referral of Participant 3 to formal cardiac investigation via their GP is a

significant success of this trial and highlights the potential benefits of using
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affordable wearable technologies to identify (symptomatic or asymptomatic) rhythm
abnormalities of potential clinical significance in individuals at genetically elevated
risk. These findings build on the published results from the previous Chapter °1>, to
provide an effective monitoring measure for these at-risk individuals. Furthermore,
the ongoing HEARTLINE study, as discussed in 6.1, will hopefully aid in
understanding how the Apple Watch can be used to identify AF in older populations,
which may also apply to individuals with an S75 deficiency.

Crucially, the results of this study suggest that individuals with an S75 deficiency
may not only be at risk of AF as previously suggested 187 511,515 hut also at risk of
other cardiac rhythm abnormalities including VPB/VE. VPB/VEs are predisposing
factors in the development of AF, and thus early identification may prevent
downstream consequences such as stroke, cognitive decline and heart failure 234, as
well as negative psychosocial outcomes %88 489, This offers a potential therapeutic
target and an avenue for future research to establish successful intervention
strategies to develop this monitoring. Furthermore, recent work in our group has
recently suggested that increased arrhythmia risk in XLI may be a consequence of
structural heart issues, notably septal defects 2**; VPB/VEs are associated with such
defects ¢*4. Thus, monitoring should include screening for anatomical differences, as

well as heart rhythm abnormalities.

Monitoring methods which involve one or more components of collaboration with the
individual may be more likely to improve patient adherence and satisfaction with
care, especially for long-term conditions 4 646, Monitoring processes such as the
Apple Watch require heavy reliance on patients and their consistent feedback in the
trial. The high levels of participant engagement and the positive feedback received
in this trial, highlight the importance of an efficient and open discourse with patients

when utilising monitoring technology.

For larger scale, future monitoring, the results of this study suggest that clear, visual
instructions about how to use wearable technologies and associated devices e.g.
Apple Watch and iPhone, are crucial in obtaining reliable, time-efficient results.
Future trials should also allow time for participants to ‘test-run’ the equipment

before formally starting the trial, to become familiar with the procedures. Weekly
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reminders also proved effective in this trial to encourage participants to submit their
readings, and as a way to maintain an open dialogue for any concerns or questions

throughout the 8-week period.

6.4.4 Conclusion

This study assessed the feasibility of using Apple Watches as a form of wearable
technology to monitor heart rhythms in five adult males with XLI. The results of this
study indicate that this approach is effective at recording ECGs for formal review,
and these results are reliable when compared to commonly used Holter monitoring.
The lack of watch alerts for VPB/VEs experienced by some participants (precursory
factors in the development of HRAs), suggests that involvement and close review by
cardiologists is a necessary component of this trial. Participants were highly
committed to this trial, and minimal issues with the procedure adopted were
encountered. Larger trials of such wearable technologies may employ more frequent
monitoring over a shorter period of time, and more specialist, accessible software for

uploading ECG readings and relevant contextual details.
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Chapter 7: GENERAL DISCUSSION

*Note: some of the material included in this Chapter and relevant appendices relates
to the following published work, for which I am listed as the first author:

Wren GH, Davies W. Cardiac arrhythmia in individuals with steroid sulfatase
deficiency (X-linked ichthyosis): candidate anatomical and biochemical pathways.
Essays in Biochemistry. 2024 Apr 4:EBC20230098.

Wren G, Baker E, Underwood J, Humby T, Thompson A, Kirov G, Escott-Price V,
Davies W. Characterising heart rhythm abnormalities associated with Xp22. 31
deletion. Journal of Medical Genetics. 2023 Jul 1;60(7):636-43.

7.1 Strengths of the research approach and a summary of key
findings

Using an established online survey methodology in conjunction with a feasibility trial,
this thesis aimed to develop a greater understanding of the psychological and
physiological issues associated with the rare congenital skin condition, X-linked
ichthyosis (XLI), caused by deletions at S75. The designh and implementation of this
research allowed for an in-depth exploration of physiological and psychological
factors associated with loss of S75 function. This directly relates to the
biopsychosocial model as discussed in Chapter 3: by examining the interconnections
between all three components (biology, psychology and socio-environmental), this

research has improved our holistic understanding of XLI as a condition.

A key strength of this thesis is the high levels of participant engagement achieved;
through a range of recruitment channels, the intended sample sizes (determined by
G*Power) were met for every study. This produced reliable results across a wide
range of participants. The online nature of the study allowed for a geographically,
and socially diverse sample that may not have been studied otherwise. Furthermore,
patients with XLI may be limited in time due to the intense nature of their condition,
and thus online surveys involve minimal time commitment at a time/location that

suits the individual 323. Although participants experienced high levels of stigma, they
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may have been more comfortable answering questions online without the pressure

or presence of a researcher which may have yielded more valid results 3%3.

Another key strength of this work was the strong working relationship developed
with the ISG, which greatly aided recruitment and participation levels across all four
studies. The research adverts were posted online on the ISG website, social media
and via the regular newsletter, in addition to other international organisations such
as FIRST, which increased the reach to a wide sample of potential participants.
Through our collaboration with the ISG, we were able to develop trust with
individuals and thus hopefully promoting an honesty in their responses and a better
representation of their experiences. In addition, as members of Facebook-based
patient support groups, we were able to build community in our research group,
involve participants in decision making, and stay up to date with new concerns
discussed amongst patient which greatly aided the research process as a whole.

The results of this work (Chapter 3) provide substantial evidence of a higher risk of
mood and neurodevelopmental disorders and associated traits in both males and
females with XLI compared to matched dermatological (IV) and general population
samples, thus corroborating and extending previous results from our research group
187, 228, 272, 418 Contributory factors towards mood symptoms in XLI were investigated
for the first time, as indexed by self-reporting; this analysis indicated that chronic life
events, stigma and bullying, and skin-related frustrations were perceived as the
most important contributors which may be targeted through behavioural and/or

societal interventions.

Chapter 4 investigated memory and associated executive functioning in individuals
with XLI and female deletion carriers compared to matched IV/general population
controls and tested whether any effects on memory might be related to altered
mood. The main finding, that XLI (or carrier) status was associated with poorer self-
reported and objectively-ascertained memory performance independently of current
mood, contrasted with previous rodent work indicating a beneficial neurocognitive
effect of STS deficiency 416 417,
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This thesis also presents initial evidence for a considerably increased risk of
abnormal cardiac function, specifically ventricular tachycardias, in individuals with
XLI and female carriers (Chapter 5). The onset of arrhythmias was most often self-
reported to be precipitated by stress, and individuals with heart rhythm
abnormalities were also found to be more likely to present with several comorbid
conditions (anaemia, asthma, and gastrointestinal issues). Given the potentially
serious and long-term consequences, identifying heart rhythm abnormalities early in
high-risk populations (such as XLI) is important. Therefore, Chapter 6 discussed a
feasibility trial which assessed the effectiveness and acceptability of the Apple Watch
as a form of non-invasive wearable technology to monitor heart rhythms in adult
males with XLI. Results from this trial indicate that this is an acceptable and
streamlined form of monitoring for patients with XLI. However, the sensitivity and
specificity of this method for detecting an irregular heartbeat remain to be fully
explored.

Overall, these findings provide new evidence for the effects of S75loss on
emotional, cognitive and physiological functions in man, across a large and diverse
mixed-sex sample. The mixed methods approach adopted for this thesis allowed for
an in-depth, focused investigation of relevant factors that may be relevant in the
long-term care of individuals with XLI. Providing opportunities for participants to
share their experiences and offer additional detail to support their quantitative
response, created a rich dataset and aided our understanding of the patient

experience.

I hope that the long-term management of XLI improves as a consequence of the
new findings described within this thesis. The increased risk of emotional, cognitive,
and cardiac phenotypes in the XLI population may be attenuated through a
combination of early identification and ongoing monitoring with pharmacological,
psychological and societal intervention where required. To facilitate this, I have
published/aim to publish all of my findings open access in respected journals for
patients, family members, clinicians and other relevant stakeholders to access.
Additionally, by sharing this work at relevant dissemination events, and through

collaborating with relevant charities, I am optimistic that awareness of XLI and its
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comorbidities will improve. To aid this cause, I am currently working with Ichthyosis
Support Group UK to develop information leaflets providing the most up to date

information for sharing with its members and other interested parties worldwide.
7.2 Interpretation of Findings

In the following section, the nature of these findings, and the possible biological

mechanisms, are discussed in greater detail.

7.2.1 Effects on Mood and Cognition

The study outlined in Chapter 3 identified increased rates of both formal diagnoses
of depression and higher levels of psychological distress across adult XLI, IV and
psoriasis patients, compared to age/sex-matched general population samples. These
findings corroborate extensive work in previous dermatological samples 11> 119, 121-
124 suggesting that individuals living with a skin condition are significantly more
likely to develop adverse mood symptoms. However, this is one of the first studies
to directly compare these symptoms across skin conditions, each of which has a

distinct aetiology.

Unexpectedly, the results presented in Chapter 3 show no link between
stigmatisation and mood, although all participants exhibited moderate levels of
perceived stigma. This contrasts to existing work which suggests that negative mood
in individuals with a skin condition is often linked to lower self-esteem 92 127,
increased social isolation and diminished social functioning °! 13°, The general impact
of stigmatisation cannot be underestimated: effects on health include increased
likelihood of other psychological problems, neurological issues, and adverse
physiological responses ¥, all of which have negative downstream consequences.
648, This presents a unique biopsychosocial challenge which can seemingly only be

remedied with improvements in the appearance of the skin %,

However, in this study it may be possible that age may play a substantial role in
mitigating this relationship, with younger people more likely to be concerned about
their appearance ° 139 and thus more likely to experience psychological distress.

This was not directly analysed in Chapter 3, especially as only participants over 18
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years old were recruited, and thus understanding the psychological impact of XLI in
adolescents may be of particular interest in future research. This is of particular
importance as adolescent depression and anxiety are strong predictors of mental
health problems and poor health and social outcomes in adulthood ©°0 651,
Furthermore, low self-esteem in adolescence is a strong predictor of adult
depression ©°% 633, Thus, although this has not yet been directly explored in this field,
mediating psychological distress at the earliest stage may have beneficial effects on

future health outcomes in this group.

Chapter 3 also explored general and condition-specific factors that patients have
associated with contributing towards their adverse mood symptoms. General factors
included skin-related discomfort and difficulties with treating the skin condition, and
thus patients with XLI/IV/psoriasis should receive adequate guidance and support
for the sourcing and application of topical treatments with the view to minimize
pain/inconvenience. Stigma and bullying appeared to be a major contributory factor
for males with XLI, whereas female carriers (little to no cutaneous manifestations)
were more affected by chronic life events. Education at a societal level about
medical conditions that affect appearance should be a priority, such as charities like
Changing Faces which provide support and promote respect for individuals with a
visible difference 6>*. Such organisations also prioritise building community and
challenging loneliness, which can be a key factor in acceptance and improving self-
esteem. Another approach to avoid or effectively manage adverse mood symptoms
may include promoting resilience and developing coping strategies as discussed in
1.3.1. Emotion regulation and cognitive restructuring have proved effective in
improving both physical and psychological factors in other dermatological conditions
148, 154, 157 However, this has yet to be explored concerning more rare skin conditions
such as IV or XLI and thus this offers an exciting opportunity for developing effective

psychological support structures for these groups.

The results from Chapter 3 also indicate that individuals with XLI, IV and psoriasis all
experience reduced QolL, as measured by the dermatology-specific tool, the DLQI.
This mirrors existing literature from several other dermatological groups; individuals

living with a skin condition are more likely to report a significantly lower health
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status 8 %0, compared to healthy controls (see 1.2.3). Interestingly, this study found
that females in particular exhibited worse DQLI scores compared to males in both
the IV and psoriasis groups. This supports recent literature, suggesting that female
sex is often associated with worse HRQoL and QoL 6>, due to several genetic,
physical and social factors 109 101, More specifically, this may be due to historical
neglect of women'’s health ©°¢, lower personal income 6> 657, marital status ©>°, or
complex living arrangements e.g. caring for an older relative which are more
common for females 7. Although none of these factors were explored in this study,
it is clear that these sex-based (or gender depending on the definition used) effects
on QoL can be generalised beyond XLI as a dermatological condition.

It is important to acknowledge that as discussed in Chapter 3, QoL outcomes were
strongly influenced by feelings of stigmatisation in males, and moderately influenced
in females. Thus, targeting factors such as self-esteem and stigmatisation as a
possible avenue for intervention is likely to subsequently improve QoL. As discussed
with reference to contributory mood factors, methods to reduce stigmatisation may
include increased public awareness and information about rare diseases and visible
differences, as well as increased knowledge within clinical care. Public dissemination
events and campaigns may also be effective in raising awareness of conditions such
as XLI. Strategies and interventions to develop resilience for both young people and
adults with XLI may also be particularly effective 638-660, but there is little research
surrounding the effectiveness of resilience in mediating long-term emotional health

outcomes.

The findings presented in Chapter 4 offers novel findings regarding the effects of
S75 loss on memory and executive functioning, which has not yet been explored in
humans. These results provide further evidence for prominent effects on cognition in
individuals with XLI. Before conducting the study reported in Chapter 4, it was
expected that individuals with memory deficits would exhibit more adverse mood
symptoms. However, findings suggest that impaired memory is independent of
mood in both males and females with XLI. Thus, it may be the case that the mood
effects of STS deficiency do not adversely affect memory (or that the memory

effects do not adversely affect mood). It may also be the case that individuals with a
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larger deletion may be more at risk of developing certain deficits compared to
individuals with a smaller deletion, but this is a developing area of genomic research.
To help define this causal process, future work may investigate the relationship
between deletion size and effects on mood and cognition (memory).

One biological explanation to explain the link between XLI (as well as IV and
psoriasis) and adverse mood symptoms, is the effects of inflammation. Recent
research has suggested that inflammation may play crucial role in the development
of impaired psychological function, including negative mood 36> 368, 363 (as discussed
in 3.4.2). In regards to executive functioning, markers of systemic inflammation
have previously been associated with reduced memory %1 62 and cognitive deficits
663 independent of depression, and cardiovascular or metabolic risk factors 3. This
initially suggests that inflammation, as a result of the cutaneous manifestations of
XLI, may play a causal role in the deficits in memory and mood. However, although
female carriers of XLI-associated genetic deletions rarely exhibit cutaneous
manifestations (thus unlikely to exhibit increased inflammatory markers although
this has not been tested as of yet), they do experience deficits in mood, memory,
and increased neurodevelopmental associated traits. Thus, it is unlikely that
inflammation offers the best explanation for the development/absence of deficits in
mood/memory unless inflammation markers independent of the skin were
significantly higher in the female group (but this is not something that has been

assessed).

Alternate biological mechanisms which may have important implications for mood
regulation and cognitive functioning include modified lipid metabolism which is
perturbed in XLI as a result of STS deficiency 22> 664 235 665 gltering lipid composition
of the brain may cause small changes to cell membrane structure 666 667 and
potentially subsequent effects on memory. Further explanations include findings
from neuroimaging in deletion carriers which identified smaller right globus pallidus
41 previously been associated with neurodevelopmental disorders 68 669, and
disruption of which has previously been implicated in ADHD-related traits and motor
response inhibition 670, Thus, altered global pallidus structure or function may

contribute towards impaired mood and memory function in individuals with XLI.
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Another potential explanation is altered serotonin levels in the hippocampus; recent
findings in mouse models revealed elevated levels of 5-HT (5-hydroxytryptamine,
more commonly known as serotonin) in mice lacking STS in both the hippocampus
and the striatum 7L, In the striatum, this directly correlated with increased
hyperactive and aggressive behaviours, as corroborated by further research into the
effects of differing 5-HT levels of ADHD 672 673 and depression /4. This work offers
another potential biological explanation for this behavioural phenotype following STS
loss; however, this mechanism may be limited to mood symptoms, as findings are
not robust for whether levels of 5-HT have sustained effects on memory or other

executive functioning skills 67>-677,

Altered levels of other circulating steroid hormones, specifically DHEA/S, may also
have effects on mood 42%; the administration of DHEA in man led to improved mood
678 and reduced depressive symptoms 67° (which is the opposite of XLI as loss of STS
function results in higher levels of un-sulfated DHEAS > DHEA). Thus, although the
biological mechanism is not yet clear, higher levels of DHEAS>DHEA in individuals
with STS loss may be key in explaining higher adverse mood symptoms. However,
the effects of elevated DHEAS on memory are not so clear: initial rodent models
suggest that elevated DHEAS levels have a positive effect on memory (see 4.1.1),
but other work suggests negative impact on cognitive function 8, Work from our
research group using a UKBB sample corroborated this mouse work, in which
Xp22.31 carriers (with higher levels of DHEAS) performed worse on general
executive function and intelligence tests '8, Thus, the exact relationship between
DHEA/DHEAS levels and cognitive function remains unclear, although results from

Chapter 3 and 4 lend weight to the negative effects of elevated DHEAS in man.

7.2.2 Effects on physiology

In addition to the adverse effects on mood and memory, this thesis also showed
that individuals with a loss of S75 are significantly more likely to develop heart

rhythm abnormalities (HRA) (Chapter 5). This work was based on recent findings
from our research group where we showed Xp22.31 deletion (including S75 loss)

acted as a strong risk variant for the development of AF >1>. The Xp22.31 region
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deleted in XLI typically escapes X-inactivation, and thus gene(s) within it, including
S75, may contribute towards sex differences in AF risk (male sex is a significant risk
factor in the development of the most common form of tachycardia, atrial fibrillation
(AF)) °96-509 Using online self-report methods, a significantly higher prevalence of
HRAs, specifically tachycardic HRAs, was identified in adult males with XLI, female
carriers of XLI-associated genetic deletions, and boys under 18 years, compared to
general population figures (see 5.3). These findings corroborate original findings
from previous work 1> and, in combination with gene association analyses carried
out in parallel, suggest that STS deficiency specifically is a strong functional
candidate in the development of HRAs such as AF >1>, This is a novel discovery and
provides important evidence pertaining to the long-term management of XLI for
patients. Early identification and management of HRAs and precipitating factors, is
crucial in the prevention of adverse downstream effects such as morbidity, stroke,
cognitive decline, and heart failure 234, This is of particular importance for females,
as they typically present with a larger risk of AF-associated adverse outcomes,
including mortality and stroke due to female-specific factors such as pregnancy and

menopause 48,

Biochemical and anatomical explanations for the increased HRA risk in individuals
with STS loss are not yet certain, but we recently published a paper proposing a
potential mechanism 2%, STS is highly expressed in arterial vasculature and cardiac
tissue >2% 681 and although these findings suggest that STS may influence cardiac
function, this may be as a result of direct effects on cardiac tissue, or indirect effects
on cardiac tissue via mediating effects on the endocrine system 244, The first
suggested anatomical risk mechanism is a predisposition to abnormal septal
development. This idea was stimulated by findings presented in a new paper by
McGeoghan, Camera (2023) in which the authors explored the effects of knocking
down S75 expression in human skin cells, and found significant enrichment for
genes involved in ventricular septum morphogenesis. Septal defects, although only
present in around 0.5% live or stillbirths %82, can lead to impaired cardiac function,
including tachycardia, and are associated with later risk of arrhythmia in adults, even

where the defect has been repaired in early-life 236 237, The prevalence of septal
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defects in individuals with the typical XLI-related deletion at Xp22.31 was 4.4% in a
comprehensive analysis of the DECIPHER database 83; in addition a small number of
case studies of children 241684 243 gnd fetuses carrying such deletions have
implicated structural heart abnormalities 2*2. Thus, despite the limited data and
possible reporting bias, rates of septal defects in Xp22.31 deletion carriers appear
notably higher compared to estimates from the general population and thus this may

be one possible biological explanation for increased rates of HRA in this population.

Our recent review proposed a cellular and molecular pathway by which steroid
sulfatase deficiency leads to increased vulnerability to septal defects and thereafter
to HRAs 2** (Figure 29). Research suggests that the proliferation of cardiac
fibroblasts and levels of laminin proteins are dependent on DHEAS, levels of which
are impacted by loss of STS 685687 Moreover, loss of STS may also cause impaired
basement membrane function 2>, thus partially explaining the cutaneous and
extracutaneous phenotypes associated with XLI. Matricellular Cellular
Communication Network (CCN) factor proteins are also particularly sensitive to loss
of STS 2°% 688 gand are key components of healthy cardiac and septal development
683- when their expression is dysregulated, CCNs are associated with an increased
risk of fibrosis. Thus, although the exact mechanisms and role of each of these
cellular components is not yet clear, our model suggests that loss of STS, via effects
on systemic steroid sulfatase levels, may affect a) cardiac fibroblast proliferation 23°,
b) laminin secretion % 61 and, c) interactions between CCNs and basement
membrane %°2. These endocrinological and cellular processes may cumulatively affect

vulnerability to septal defects, ventricular hypertrophy, and increased arrhythmia risk

(Figure 29).
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Figure 29: Theoretical model linking STS deficiency to increased vulnerability to cardiac
arrhythmias (from Wren and Davies (2024))

To further investigate the relationship between Xp22.31 deletions, steroid hormone
levels and cardiac morphology/function, more work is required in human
participants. Analyses may utilise resources such as the UKBB, with maximum
experimental power in large samples, to explore and compare septum morphology
and ECG readings. Performing a comprehensive series of clinical investigations such
as auscultation, echocardiography, and electrocardiography in individuals presenting
with XLI may be of particular importance for determining the consequences of
Xp22.31 deletions with respect to cardiac function. Furthermore, supporting
research may utilise mammalian models such as mice to further explore the effects

of Sts-deletion or inhibition on cardiac pathways and signaling 6.

In this study, three different conditions which were frequently comorbid in
individuals with an HRA were also identified: asthma and anaemia in females, and
gastrointestinal issues (GI) in males; patients with these comorbidities may be
prioritised for cardiac screening. It is suggested that loss of function of PNPLA4 is
the most likely candidate for these comorbidities, as research suggests this gene
plays a prominent role in their development and this is supported by gene
association analysis (see 5.4.3) °1° 51>, Typically sized XLI deletions are likely to
encompass PNPLA4, and thus individuals experiencing loss of S75and HRA, are
likely to have a deletion spanning this area. Other explanations for these comorbid
conditions are discussed in 5.4.3, as it is important to recognise the potentially
beneficial effects of effectively treating asthma and anaemia in reducing HRA burden
>47551, 552 There is little current evidence for the relationship between GI issues and
HRA 6% but dissociable mechanisms include obesity, hypertension, and diabetes >2¢
45 although no relationship with these variables was found in this work. The
putative bidirectional relationship between HRA and the comorbid conditions
reported in Chapter 5, might be investigated further; effective management of both

components may mitigate future adverse health outcomes >%7; 695 6%,
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7.3 Managing disorder risk in XLI

It is important to recognise that at the time of writing, there is no known cure or
treatment for loss of STS in man. Thus, although cutaneous manifestations can be
managed to an extent using topical treatments and self-management strategies 7,
the risk of developing XLI and these comorbid conditions cannot yet be directly
managed through biological manipulation of the causal mechanism i.e. through gene
therapy. Thus, early identification of, and monitoring of/intervention for
comorbidities and managing other known risk or precipitating factors should be the

focus of interventions for individuals with XLI.

7.3.1 Clinical Care

The findings presented in this thesis offer compelling insights into the physiological
and psychological issues associated with loss of S75 function, which warrant careful
consideration. These results have the potential to significantly inform the
advancement of care structures and future interventions tailored to individuals with
XLI.

As discussed in 1.4.6, there is currently no central treatment framework or
formalised assigned guidelines following a diagnosis of XLI. The new ‘practical
clinical guide’ published in 2023 28>, and the 2019 ‘European Guidelines of Care’ 6%,
are both designed to cover all types of congenital ichthyoses, and thus offer a brief,
limited overview of treatment recommendations. In particular, current guidelines
lack information about extracutaneous manifestations associated with the ichthyoses
which, as this thesis has shown, are both common and significantly impact daily
functioning. One important example of this is the impact of stimulant medications
used to treat ADHD which can initiate/exacerbate cardiac arrhythmias %. This is an
important consideration in a group at risk of both ADHD and arrhythmia and might
suggest the need for close monitoring of medication, or alternative non-stimulant
medications considered to treat ADHD. Thus, current guidelines should be
appropriately updated to include all the possible comorbid conditions, to primarily
educate and inform clinicians when making a diagnosis, and for long-term

management of XLI. To improve care standards for this population, clearer referral
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pathways should also be established to promote more timely identification of
comorbid conditions, and for patients to receive the necessary specialist support.

An outline of relevant guidelines and clinical pathways should also be freely available
to patients if requested or required, to improve understanding of their condition, and
to promote a collaborative approach to care with the clinician %% 7%, Collaborative
practice may include connecting with MDTs, active engagement in care practices,
regular review and follow-up, and ‘looking beyond the condition’ 701 792, Research
suggests that this type of approach is effective in producing positive perceptions of
clinicians, reducing reliance on healthcare services, and helping patients to feel more

involved in their care 702 703,

A potential avenue for future research and development in patient care based on
this thesis, is the creation of a comprehensive information guide such as booklets or
leaflets, to be offered to patients (or parents if relevant) when diagnosed with XLI.
As this thesis has shown, individuals with the condition are at significantly increased
risk of developing several comorbid conditions, but this may not be conveyed to
patients when diagnosed due to the lack of formalised guidelines. Thus, a thorough
physical and/or online resource explaining the condition, aetiology, treatment
options and success rates, risk factors in the development of comorbid conditions
and how to manage these, and signposting to other resources such as charities, may

be effective in improving patient care, particularly long term.

7.3.2 Psychosocial Support

The results from Chapter 3 clearly showed the impact of living with XLI on mood,
self-esteem, irritability, QoL and perceived stigmatisation, and thus more must be
done to support the psychosocial wellbeing of this population. Supporting individuals
to effectively cope with their condition long-term should be a priority in
psychodermatology care and also dermatology patients need parity of esteem in
terms of access to existing psychological services developed to provide intervention
and support to people living with long-term conditions. Based on these findings,

interventions should focus on the following key factors:
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A) Coping strategies for stigmatisation and bullying.
a. *Note: this is not solely the responsibility of the individual, as more
should be done to improve awareness of ichthyoses on a societal level.
B) Self-management techniques and long-term planning for the management of
the skin condition e.g. applying ointment.
C) Access to specialist mental health and wellbeing services to support ongoing
and new mood diagnoses.
D) Improved access to timely neurodevelopmental disorder diagnoses and
specialist NDD support services and provisions
E) Improved access and signposting to government-level benefits e.g. caring

responsibilities, disability, and workplace accommodations.

As discussed in Chapter 1, access to these types of services may vary greatly
depending on location and healthcare provisions, but reviews of current care
structures may take these suggestions into account. Comprehensive psychosocial
interventions (as discussed in 1.3.2) may lead to significant improvements in QoL
and mood symptoms, through creating individualised support packages for
individuals with XLI. It is important to note that individuals with a
neurodevelopmental disorder such as ASD or ADHD (applying to >10% of males and
females with XLI in particular), may require additional accommodations. For
example, successful practices in other fields such as dentistry and healthcare include
the use of visual aids (pre-, peri and post-treatment) 7%% 795, ‘tell-show-do’
approaches 794, avoiding over-sensitisation 704 7%, soft lighting when being examined
706, and longer duration appointments 7%7. More clinician-focused suggestions include
management guides for optimising care for autistic patients, online training modules
to improve understanding, and access to autism-specific care plan structures 7%,
These suggestions could be implemented into BAD resources and existing
treatment/management guidelines. Thus, to enhance accessibility and maximise the
effectiveness of newly developed psychodermatological interventions for a broad
range of individuals, it is advisable to consider implanting accommodations such as

these.
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7.3.3 Screening and Monitoring

Another important implication as a result of these findings, is the potential for future
development of preventative screening and monitoring procedures for HRAs and
cognitive decline. As shown in the feasibility study (Chapter 6), wearable technology
may offer an accessible and effective way to monitor for cardiac arrhythmia. This
approach may work best in partnership with regular monitoring and assessment in a
clinical setting, particularly for those individuals most at risk (as discussed in 6.1.1 —
older age, high BMI, etc.). Encouragingly, responses discussed in Chapter 5
demonstrated that individuals with XLI understood the elevated risk of AF and were

optimistic about preventative screening in primary care for HRAs.

Based on the results from Chapter 4, it might also be important to monitor and
screen individuals with XLI who are particularly at risk of cognitive decline or
memory issues. Early screening measures are designed to identify key hallmarks of a
neurodegenerative condition, and can include cognitive assessments, imaging and a
clinical evaluation 79% 719, Research suggests if identified early, treatment may be
more effective in slowing down disease progression 7% and may allow patients to
come to terms with the diagnosis 711. However, some scholars suggest early
identification is associated with risks such as stigmatisation, loss of status and
employment, and low mood 7!, Furthermore, current healthcare systems are
unlikely to have the resources to undertake large sets of assessments due to the
cost and time burden 712, Cost and time-effective monitoring measures may take into
account general risk factors such as older age 713. Thus, screening may not be
applicable or appropriate for all adults with XLI, but the opportunity to take part

should be available, especially for more at-risk individuals.

7.3.4 Managing risk via modifiable environmental risk factors
Stress

The results from Chapters 3,4 and 5 crucially highlight the importance of effectively
managing key factors which may contribute to increased HRA (and GI), mood and
memory risk. One key example of risk mitigation is stress reduction: findings from

Chapter 5 suggest that stress is a common precipitating factor in the onset of HRA
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periods. This is of particular interest, given that levels of DHEA/S (and the ratio of
these hormones) which are regulated by STS, also typically increase with
psychological stress, with this increase also correlating with heart rate >2°. Research
widely suggests that psychological and physiological stressors have a significant
direct and indirect impact on cardiovascular functioning, and increase the immediate
and long-term likelihood of arrhythmia such as AF 7*% 715, Through direct neuronal,
endocrine, autonomic, and immune processes and indirect behaviours, research
indicates that stress plays a key modulatory role in AF initiation and potentiation 71°>-
717. As discussed in 3.4.2, stress can also play a role in the (gut)-brain-skin axis;
psychological stress can trigger inflammatory physiological responses 371372 and
subsequently dysregulate gut microbiota 373 374, Furthermore, research suggests that
exposure to stress can result in the development of inflammatory gut responses, as
well as gastrointestinal disorders including inflammatory bowel disease (IBD), and
irritable bowel syndrome (IBS) 718 719,

Moreover, stress is also highly correlated with adverse mood symptoms (particularly
depression and anxiety) 72722, and chronic stress following adverse life events often
precede depressive symptoms in adults and children 723725, More valuably for future
interventions, prolonged periods of ‘regular’ stress (i.e. not related to life events),
are known to increase the likelihood of presenting with adverse mood symptoms,
including depressive and anxiety-related traits 726 727, It is important to note that
adverse (childhood) life events are often not avoidable, and thus effective guidelines

should focus on adult, everyday stressors to reduce mood disorder risk.

Evidence suggests that stress management is effective in reducing psychological
distress, depression, and anxiety, and improving coping in healthy individuals 728 72°,
However, it is important to recognise that given the persistent nature of XLI as a
skin condition, minimising stress, anxiety and irritability may present a challenge for
both patients and clinicians. Thus, techniques which have proven effective in
improving coping, improved well-being and quality of life, and better health
outcomes for other long-term health conditions should be prioritised. These include
mindfulness-based stress reduction (MBSR) 730732, and stress management training

733,734 (also effective in reducing mortality for cardiovascular-related deaths 73%).
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Although there is currently no evidence for the effectiveness of such approaches for
individuals with XLI, there is no reason why these methods may lead to positive
changes in this population. To further reduce the burden of the condition and
associated distress, clinicians should also aim to establish a clear, long-term
treatment and management plan in collaboration with patients, including

opportunities for regular reviews.
Sleep

Another modifiable risk factor which may be a crucial component in long-term
patient care plans is sleep quality and time. Current research offers a clear evidence
base for the detrimental impact of sleep deprivation (including interrupted sleep) on
mood, specifically increased depressive and anxiety-related traits 73¢ 737, worse
adaptive emotion regulation 738, and decreased positive mood 73°. Furthermore,
research suggests that impaired sleep may also have negative effects on memory
and cognition; individuals experiencing sleep deprivation in a lab setting produced
worse working memory scores 740 73% impaired attention 73°, worse reaction times 73’
and degraded quality of items stored in memory 74°, These effects are not limited to
cognition; unhealthy sleep duration (>8 hours or <6 hours) 74 and insomnia 742 are
associated with increased risk of AF in general population adults. Healthy sleep
patterns in contrast, characterised by factors such as no snoring, no daytime
sleepiness, and adequate sleep duration, are also associated with lower AF risk 743,
One explanation for this association suggests that reduced REM sleep leads to
increased vagal tone 7#, which can trigger AF episodes #°. Other suggestions
include metabolic changes as a result of deprived sleep which contribute to adverse
cardiovascular functioning 743, as well as a disrupted balance between the
sympathetic nervous system and vagal outflows which is associated with
arrhythmias 743. However, it is important to note that the relationship between

healthy sleep and cardiac arrhythmias is complex and thus multifaceted 742.

Individuals with XLI commonly experience impaired or disrupted sleep 2>’ 278, often
as a result of skin discomfort, as shown in Chapter 3. It is possible adverse mood
and neurobehavioral features including high irritability, as well as executive

functioning deficits may be exacerbated by these sleep issues 277 278, Furthermore,
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as the evidence suggests, an increased risk of HRA in individuals with XLI may also
be linked to poor sleep quality. Thus, targeted intervention for this population should
include sleep-based interventions such as CBT-based approaches 746 747,
relaxation/mindfulness and hypnotherapy 748 74?, and skin discomfort should be

minimised to aid this objective.
Obesity

Another key way in which the risk of HRA, GI, and impaired mood/cognitive
functioning may be managed for individuals with XLI, is through reducing body
mass. Obesity is a key factor in the development of the associated physiological and
psychological issues associated with XLI and thus appears to be a key target for risk

management.

Evidence suggests a strong relationship between high BMI and cardiac arrhythmias
such as AF 70752 through suggested mechanisms such as cardiac remodelling 733 7>4
755 reduced left atrial volume 7°° 756 757 and increased epicardial adipose tissue 7>%
760, Thus, weight management may reduce HRA risk in individuals with XLI, although
the influence of other conditions related to obesity and HRA risk such as
hypertension, sleep apnoea and generally increased inflammation %> 761 should not

be overlooked in clinical care recommendations.

As may be predicted, obesity is also highly correlated with several gastrointestinal
issues, likely due to its effects on GI motility 76% 763, These symptoms include upper
abdominal pain 793, gastroesophageal reflux 763 764, diarrhoea 763 764 765 and
heartburn 763, Thus, management of body mass may potentially alleviate some of

the GI issues reported by participants in Chapter 5.

Obesity has also been correlated with adverse mood in both general population
adults 76® and adolescents 767, however, this is often a bidirectional relationship 768
769, Depressive symptoms and higher body mass are linked via several direct and
indirect physiological and psychosocial pathways, including elevated inflammation
770,771 “immunological dysfunction 772, and negative cognitions 773. Other mediating
components include increased stigma, poor body image and level of physical activity

774 When considering appropriate targets for interventions to reduce adverse mood
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risk, individuals with XLI should play a central role in their clinical care, as these
components may be more challenging and complex compared to the general

population e.g. difficulty exercising due to skin discomfort.

Long-term care plans for individuals with XLI may also take into account the effects
of obesity on memory; overweight individuals are significantly more likely to develop
Alzheimer’s Disease (AD) 77> 77%, as well as deficits in verbal learning 777: 778, visual
episodic memory 77?, working memory 7% and attention issues 78!. Suggested causal
mechanisms include the systemic effects of inflammation 782, decreased brain
volume 783, and consequences of related conditions such as hypertension 784,
However, it is important to note that this correlation is not firmly established with
significant contrasting research 78> 786 784 and individual differences may play a
prominent role. It is important to recognise that although body mass index (BMI)
has historically been the central measurement tool for obesity, this is a problematic
assessment as it does not differentiate between muscle and fat tissue 7%’.
Furthermore, this tool negates to account for the sexually dimorphic nature of

obesity statistics, with generally higher body fat in females compared to males 78%
788

Thus, with specific reference to individuals with XLI or deletion carriers, weight
management may play an important role in managing HRA, GI, adverse mood and
impaired cognitive functioning risk. Other common general health and wellbeing
advice should also apply to individuals with XLI, specifically in relation to
psychological wellbeing; a reduction in fat intake, improved nutritional value in foods
consumed, and reduced red meat intake can significantly improve depressive
symptoms in at least 50% of individuals 78 720 71, Thus, dietary and lifestyle

guidance from clinicians should remain similar to the general population.
7.4 Limitations

Even though these studies had high participant engagement, the sample remained
ethnically homogenous, with a maximum of 20% of individuals defining their

ethnicity as a category other than ‘White’. Thus, the sample may not be
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representative of all individuals with XLI and there may feasibly be
ethnicity/geographic specificity in the nature/magnitude of some of the findings
presented here. Furthermore, the CISI measure used to self-specify skin redness
and scaling is not applicable for individuals with black and brown skin as the
exemplar images are of white skin. Thus, this may have deterred some individuals
from completing this measure (or taking part at all), or the options selected may not
have been accurate for their skin. Currently, there are no alternative measurement
scales for ichthyotic skin and thus the CISI was the only option, although campaigns

such as ‘Mind the Gap’ are aiming to improve diversity in medical education 7°2.

Another demographic limitation of this thesis was the English-only nature of each
study. Due to time and funding limitations, it was not possible to offer alternative
language translations and thus only individuals with English-language proficiency
would have been able to take part. This may have played a role in recruiting a
homogenous sample and may thus limit the reliability of the findings across a wider

demographic.

The online survey methodology utilised in all studies also offered some benefits and
several challenges. An obvious challenge when using online research methods is the
lack of objective clinical assessment or tests; this may lead to the (un)intentional
misreporting of clinical symptoms or results by participants which may have skewed
the data 323. To manage this, repeated measures were incorporated for the same
factor where possible to check the validity of reporting e.g. ASD diagnosis reporting,
and ASD-related traits assessment. Another issue with the lack of objective
assessment, specifically in a traditional clinical setting, is the lack of complete
phenotyping. If participants reported a certain medical condition which required
more detail or clarification, there was no follow-up available (unlike face-to-face
alternatives), thus providing only a snapshot of information. To tackle this, we
offered follow-up text boxes after relevant questions with clear prompts, but these

were not always completed.

By conducting a large proportion of the work reported within this thesis online
(partly due to COVID-19 restrictions in the first 18 months), the participant sample

was necessarily restricted to computer-literate individuals. This may have limited
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access to the surveys by older individuals, those without access to the Internet or an
appropriate device, or those concerned about data privacy online. This online
approach also allowed for potential errors in the technology such as system crashes
or irregular formatting which may not have been clear or obvious. Future work may
utilise a combination of online and in person testing to develop a broader and more
complete dataset, including individuals who may not be comfortable with certain

technology.

One way in which the research methods and approach could have been improved
would be to expand the involvement and role of patients in the design, data
collection and dissemination process. Although strong links were formed with the
ISG and other patient organisations, a deeper level of coproduction could have been
considered to deepen patient involvement and create a more equitable power
dynamic between researcher and participant 793 724 . This may have improved the
materials used, increased the reach of the recruitment strategies, and developed
links with patients directly. Future work should prioritise patient involvement,
potentially through the creation of a ‘patient advisory group’ to provide feedback on

the research plans, and to provide an expert opinion on new strategies.
7.5 Reflexivity

As a psychologist, I am likely to lean on psychological underpinnings and theoretical
components when undertaking my research. My supervisory team who have
contributed to this project, although all based in the School of Psychology, may offer
different perspectives due to a range of experiences and thus this may have
influenced my approach. Furthermore, discussions and interactions with the
Ichthyosis Support Group (ISG), both patients and organisers, may also have

contributed to a more patient-centred, inclusive approach to this research.

As an individual without XLI, it is difficult for me to truly grasp the experiences of
this population. However, as someone with a chronic skin condition, I can empathise
and understand the experience to some degree. Throughout each study, I have
undertaken a professional approach to communicating with participants, which in

some cases has required a lot of patience which has been a learning opportunity for
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me. Pursuing a flexible approach to research design, as described in Chapter 1, was
particularly challenged at some points, due to challenges with participant
recruitment and unexpected findings. Furthermore, my own biases and experiences
of illness were also challenged throughout this thesis, but focusing on accurately
representing patient experiences was a key development point in my reflexivity
practice. This thesis has taught me that although I cannot understand some specific
experiences of XLI relevant to these patients, my own understanding of chronic
iliness can play a profound and important role in my practice as a researcher 79> 796,

Throughout the course of this work, I have learnt a huge amount about XLI and the
lived experience of those with the condition. Attending the ISG Family Day in
September 2023 to deliver a workshop with patients was a highlight of my PhD, as it
provided an opportunity to discuss our work and future research with those affected.
These conversations and the results of my thesis have shown me the importance of
awareness and information about rare diseases such as XLI, and I have been keen
to advocate for this via my volunteer role within Skin Care Cymru.

One particular highlight of this project, was the referral of one participant in the
feasibility trial to formal cardiac monitoring, following the identification of VPB/VEs.
Without taking part in the trial, the individual may have remained unaware of these
issues, thus putting him at increased risk of an HRA. Thus, it is rewarding to know

the difference that our research has made.

7.6 Future Research and Conclusions

This thesis has built on previous research into the extracutaneous manifestations
associated with loss of S75 function, using an established online survey
methodology, and a feasibility trial. The results of this thesis provide clear, new
evidence for increased risk of mood and neurodevelopmental disorders and
associated traits, cardiac arrhythmia, and impaired memory and cognitive
functioning in individuals with XLI. Implications for clinical care should focus on the
development of preventative HRA screening measures and holistic psychosocial care,
as well as emphasising the importance of stress and lifestyle management. Future

research may explore causal mechanisms in the relationship between loss of S75
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and mood/HRA/memory, with a particular focus on the (gut)-brain-skin axis.
Increased prevalence of HRAs is a novel finding in humans, and thus this requires

further investigation, specifically around risk factors and precipitation of HRA onset.

References:

1. Hay RJ, Johns NE, Williams HC, Bolliger IW, Dellavalle RP, Margolis DJ, et al. The global
burden of skin disease in 2010: an analysis of the prevalence and impact of skin conditions.
Journal of Investigative Dermatology. 2014;134(6):1527-34.

2. DeStefano GM, Christiano AM. The genetics of human skin disease. Cold Spring Harbor
perspectives in medicine. 2014;4(10):a015172.

3. Basra MK, Shahrukh M. Burden of skin diseases. Expert Review of Pharmacoeconomics
& Outcomes Research. 2009;9(3):271-83.

4. Dalgard FJ, Gieler U, Tomas-Aragones L, Lien L, Poot F, Jemec GB, et al. The
psychological burden of skin diseases: a cross-sectional multicenter study among
dermatological out-patients in 13 European countries. Journal of Investigative Dermatology.
2015;135(4):984-91.

5. Karimkhani C, Dellavalle RP, Coffeng LE, Flohr C, Hay RJ, Langan SM, et al. Global skin
disease morbidity and mortality: an update from the global burden of disease study 2013. JAMA
dermatology. 2017;153(5):406-12.

6. Pasricha J, Verma K. Treatment of skin diseases: JP Medical Ltd; 2013.

7. Bickers DR, Lim HW, Margolis D, Weinstock MA, Goodman C, Faulkner E, et al. The
burden of skin diseases: 2004: A joint project of the American Academy of Dermatology
Association and the Society for Investigative Dermatology. Journal of the American Academy of
Dermatology. 2006;55(3):490-500.

8. Dehkharghani S, Bible J, Chen JG, Feldman SR, Fleischer Jr AB. The economic burden of
skin disease in the United States. Journal of the American Academy of Dermatology.
2003;48(4):592-9.

9. Finlay AY. The burden of skin disease: quality of life, economic aspects and social
issues. Clinical Medicine. 2009;9(6):592.
10. Comellas M, de Paz H, Marti |, Casanas M, Lizan L, Cortes X. Social and Economic

Burden of Skin Disease in Europe. A Narrative review of the Literature. Value in Health.
2016;19(7):A567.

11. Schofield J, Grindlay D, William H. Skin conditions in the UK: a health needs
assessment. 2009. 2013.

12. Dolfini L, Patel Y. Dermatology in primary care: an audit of the proportion of patients
who present to general practice with a dermatological problem that could be self-managed.
British Journal of General Practice. 2020;70(suppl 1).

13. British Association of Dermatologists. Clinical Guidelines.

14. NHS Guy's and St Thomas'. Dermatology Day Care 2022 [Available from:
https://www.guysandstthomas.nhs.uk/our-services/dermatology.

15. Integrated Skin Service. Dermatology Guidelines [Available from:
https://elht.nhs.uk/application/files/4415/4454/4746/DERMATOLOGY_GUIDELINES_BOOKLET.
pdf.

16. NHS Scotland Dermatology Collaborative. Dermatology Patient Pathways 2016
[Available from: http://www.dermatology.nhs.scot/dermatology-pathways/introduction/.
17. Royal College of General Practitioners. Dermatology eLearning and Resources 2022
[Available from: https://elearning.rcgp.org.uk/mod/page/view.php?id=8582.



https://www.guysandstthomas.nhs.uk/our-services/dermatology
https://elht.nhs.uk/application/files/4415/4454/4746/DERMATOLOGY_GUIDELINES_BOOKLET.pdf
https://elht.nhs.uk/application/files/4415/4454/4746/DERMATOLOGY_GUIDELINES_BOOKLET.pdf
http://www.dermatology.nhs.scot/dermatology-pathways/introduction/
https://elearning.rcgp.org.uk/mod/page/view.php?id=8582

Page | 171

18. Primary Care Dermatology Society. Essential Dermatology Events [Available from:
https://www.pcds.org.uk/events/essential-dermatology.

19. elth. e-dermatology 2020 [Available from: https://www.e-
fh.org.uk/programmes/dermatology/.

20. British Association of Dermatologists. Become a GPWER in Dermatology [Available
from: https://www.bad.org.uk/education-training/gps/become-a-gpwer-in-dermatology/.

21. World Health Organisation. Global report on psoriasis. 2016.

22. Le Roux E, Edwards PJ, Sanderson E, Barnes RK, Ridd MJ. The content and conduct of
GP consultations for dermatology problems: a cross-sectional study. British Journal of General
Practice. 2020;70(699):e723-e30.

23. Eedy D. The crisis in dermatology. BMJ. 2015;350.

24. Wade AG, Crawford GM, Young D, Leman J, Pumford N. Severity and management of
psoriasis within primary care. BMC family practice. 2016;17(1):1-7.

25. Nelson PA, Barker Z, Griffiths CE, Cordingley L, Chew-Graham CA. ‘On the surface’: a
qualitative study of GPs’ and patients’ perspectives on psoriasis. BMC family practice.
2013;14(1):1-10.

26. Mental Health and Skin Disease Report [press release]. 2020.

27. Burge S, Dermatology BAoUTo. Teaching dermatology to medical students: a survey of
current practice in the UK. British Journal of Dermatology. 2002;146(2):295-303.

28. 2017 Audit of Undergraduate Education [press release]. 2017.

29. Hu A, Vender R. Undergraduate dermatology education in Canada: a national survey.
Journal of cutaneous medicine and surgery. 2018;22(1):31-7.
30. Ulman CA, Binder SB, Borges NJ. Assessment of medical students’ proficiency in

dermatology: Are medical students adequately prepared to diagnose and treat common
dermatologic conditions in the United States? J Educ Eval Health Prof. 2015;12(1):18.

31. Le Roux E, Powell K, Banks JP, Ridd MJ. GPs’ experiences of diagnosing and managing
childhood eczema: a qualitative study in primary care. British Journal of General Practice.
2018;68(667):e73-e80.

32. Buster K, Yang L, Elmets C, editors. Confidence and skill in managing skin disorders in
African-Americans. JOURNAL OF INVESTIGATIVE DERMATOLOGY; 2011: NATURE PUBLISHING
GROUP 75 VARICK ST, 9TH FLR, NEW YORK, NY 10013-1917 USA.

33. Taylor SC. Meeting the unique dermatologic needs of black patients. JAMA dermatology.
2019;155(10):1109-10.

34. Getting It Right First Time. Dermatology - GIRFT Programme National Specialty Report
2021.

35. Patel A, Jafferany M. Multidisciplinary and holistic models of care for patients with
dermatologic disease and psychosocial comorbidity: a systematic review. JAMA dermatology.
2020;156(6):686-94.

36. Santer M, Burgess H, Yardley L, Ersser S, Lewis-Jones S, Muller |, et al. Experiences of
carers managing childhood eczema and their views on its treatment: a qualitative study. British
Journal of General Practice. 2012;62(597):e261-e7.

37. Nelson PA, Chew-Graham C, Griffiths C, Cordingley L, team |. Recognition of need in
health care consultations: a qualitative study of people with psoriasis. British Journal of
Dermatology. 2013;168(2):354-61.

38. Gorbatenko-Roth K, Prose N, Kundu RV, Patterson S. Assessment of black patients’
perception of their dermatology care. JAMA dermatology. 2019;155(10):1129-34.

39. Cline A, Winter RP, Kourosh S, Taylor SC, Stout M, Callender V, McMichael AJ.
Multiethnic training in residency: a survey of dermatology residents. Cutis. 2020;105(6):310-3.
40. Onsoi W, Chaiyarit J, Techasatian L. Common misdiagnoses and prevalence of
dermatological disorders at a pediatric tertiary care center. Journal of International Medical
Research. 2020;48(2):0300060519873490.


https://www.pcds.org.uk/events/essential-dermatology
https://www.e-lfh.org.uk/programmes/dermatology/
https://www.e-lfh.org.uk/programmes/dermatology/
https://www.bad.org.uk/education-training/gps/become-a-gpwer-in-dermatology/

Page | 172

41. SuBmuth K, Traupe H, Metze D, Oji V. Ichthyoses in everyday practice: management of a
rare group of diseases. JDDG: Journal der Deutschen Dermatologischen Gesellschaft.
2020;18(3):225-43.

42. Feldman SR, Hur P, Zhao Y, Tian H, Wei Z, Wang X, Herrera V. Incidence rates of
comorbidities among patients with psoriasis in the United States. Dermatology Online Journal.
2018;24(10).

43. Egeberg A, Andersen YM, Gislason GH, Skov L, Thyssen JP. Prevalence of comorbidity
and associated risk factors in adults with atopic dermatitis. Allergy. 2017;72(5):783-91.

44, Yeung H, Takeshita J, Mehta NN, Kimmel SE, Ogdie A, Margolis DJ, et al. Psoriasis
severity and the prevalence of major medical comorbidity: a population-based study. JAMA
dermatology. 2013;149(10):1173-9.

45. Silverberg J. Association between adult atopic dermatitis, cardiovascular disease, and
increased heart attacks in three population-based studies. Allergy. 2015;70(10):1300-8.

46. Hjuler KF, Bottcher M, Vestergaard C, Deleuran M, Raaby L, Bgtker HE, et al. Increased
prevalence of coronary artery disease in severe psoriasis and severe atopic dermatitis. The
American journal of medicine. 2015;128(12):1325-34. e2.

47. Augustin M, Radtke MA, Glaeske G, Reich K, Christophers E, Schaefer |, Jacobi A.
Epidemiology and comorbidity in children with psoriasis and atopic eczema. Dermatology.
2015;231(1):35-40.

48. Wu JJ, Nguyen TU, Poon K-YT, Herrinton LJ. The association of psoriasis with
autoimmune diseases. Journal of the American Academy of Dermatology. 2012;67(5):924-30.
49. Zachariae H, Zachariae R, Blomqvist K, Davidsson S, Molin L, Mgrk C, Sigurgeirsson B.
Quality of life and prevalence of arthritis reported by 5,795 members of the Nordic Psoriasis
Associations. Data from the Nordic Quality of Life Study. Acta dermato-venereologica.
2002;82(2):108-13.

50. Coto-Segura P, Eiris-Salvado N, Gonzélez-Lara L, Queiro-Silva R, Martinez-Camblor P,
Maldonado-Seral C, et al. Psoriasis, psoriatic arthritis and type 2 diabetes mellitus: a
systematic review and meta-analysis. British Journal of Dermatology. 2013;169(4):783-93.

51. Gelfand JM, Gladman DD, Mease PJ, Smith N, Margolis DJ, Nijsten T, et al. Epidemiology
of psoriatic arthritis in the population of the United States. Journal of the American Academy of
Dermatology. 2005;53(4):573. e1-.e13.

52. 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-e.

53. Kunz M, Simon JC, Saalbach A. Psoriasis: obesity and fatty acids. Frontiers in
immunology. 2019;10:1807.

54. Silverberg J, Silverberg N. Epidemiology and extracutaneous comorbidities of severe
acne in adolescence: a US population-based study. British Journal of Dermatology.
2014;170(5):1136-42.

55. DengY, WangH, Zhou J, Mou Y, Wang G, Xiong X. Patients with acne vulgaris have a
distinct gut microbiota in comparison with healthy controls. Acta dermato-venereologica.
2018;98(8):783-90.

56. Ogawa K, Okada Y. The current landscape of psoriasis genetics in 2020. Journal of
Dermatological Science. 2020;99(1):2-8.

57. Gupta R, Debbaneh MG, Liao W. Genetic epidemiology of psoriasis. Current
dermatology reports. 2014;3:61-78.

58. Heng AHS, Say Y-H, Sio YY, Ng YT, Chew FT. Gene variants associated with acne vulgaris
presentation and severity: a systematic review and meta-analysis. BMC Medical Genomics.
2021;14(1):1-42.

59. Bin L, Leung DY. Genetic and epigenetic studies of atopic dermatitis. Allergy, Asthma &
Clinical Immunology. 2016;12:1-14.



Page | 173

60. Lichtenberger R, Simpson MA, Smith C, Barker J, Navarini AA. Genetic architecture of
acne vulgaris. Journal of the European Academy of Dermatology and Venereology.
2017;31(12):1978-90.

61. Parodi A, Paolino S, Greco A, Drago F, Mansi C, Rebora A, et al. Small intestinal
bacterial overgrowth in rosacea: clinical effectiveness of its eradication. Clinical
Gastroenterology and Hepatology. 2008;6(7):759-64.

62. Abrahamsson TR, Jakobsson HE, Andersson AF, Bjorkstén B, Engstrand L, Jenmalm MC.
Low diversity of the gut microbiota in infants with atopic eczema. Journal of allergy and clinical
immunology. 2012;129(2):434-40. e2.

63. Song H, YooY, Hwang J, Na Y-C, Kim HS. Faecalibacterium prausnitzii subspecies-level
dysbiosis in the human gut microbiome underlying atopic dermatitis. Journal of Allergy and
Clinical Immunology. 2016;137(3):852-60.

64. Gueniche A, Philippe D, Bastien P, Reuteler G, Blum S, Castiel-Higounenc |, et al.
Randomised double-blind placebo-controlled study of the effect of Lactobacillus paracasei
NCC 2461 on skin reactivity. Beneficial microbes. 2014;5(2):137-45.

65. Guéniche A, Bastien P, Ovigne JM, Kermici M, Courchay G, Chevalier V, et al.
Bifidobacterium longum lysate, a new ingredient for reactive skin. Experimental dermatology.
2010;19(8):e1-e8.

66. Thrash B, Patel M, Shah KR, Boland CR, Menter A. Cutaneous manifestations of
gastrointestinal disease: part Il. Journal of the American Academy of Dermatology.
2013;68(2):211. e1-.e33.

67. Bonciani D, Verdelli A, Bonciolini V, D'Errico A, Antiga E, Fabbri P, Caproni M. Dermatitis
herpetiformis: from the genetics to the development of skin lesions. Journal of Immunology
Research. 2012;2012.

68. O'Neill CA, Monteleone G, McLaughlin JT, Paus R. The gut-skin axis in health and
disease: a paradigm with therapeutic implications. Bioessays. 2016;38(11):1167-76.

69. Salem |, Ramser A, Isham N, Ghannoum MA. The gut microbiome as a major regulator of
the gut-skin axis. Frontiers in microbiology. 2018;9:382698.
70. Tanghetti EA. The role of inflammation in the pathology of acne. The Journal of clinical

and aesthetic dermatology. 2013;6(9):27.

71. Naldi L, Chatenoud L, Linder D, Fortina AB, Peserico A, Virgili AR, et al. Cigarette
smoking, body mass index, and stressful life events as risk factors for psoriasis: results from an
Italian case—control study. Journal of Investigative Dermatology. 2005;125(1):61-7.

72. YangJ, Yang H, Xu A, He L. Areview of advancement on influencing factors of acne: an
emphasis on environment characteristics. Frontiers in public health. 2020;8:450.

73. Verhoeven E, Kraaimaat F, De Jong E, Schalkwijk J, Van De Kerkhof P, Evers A. Individual
differences in the effect of daily stressors on psoriasis: a prospective study. British journal of
dermatology. 2009;161(2):295-9.

74. Nastatek M, Wojas-Pelc A, Undas A. Plasma fibrin clot properties in atopic dermatitis:
links between thrombosis and atopy. Journal of thrombosis and thrombolysis. 2010;30:121-6.
75. Reich K. The concept of psoriasis as a systemic inflammation: implications for disease
management. Journal of the European Academy of Dermatology and Venereology. 2012;26:3-
11.

76. Tan JK, Stein Gold LF, Alexis AF, Harper JC. Current concepts in acne pathogenesis:
pathways to inflammation. Semin Cutan Med Surg. 2018;37(3S):S60-S2.

77. Finlay AY. Quality of life measurement in dermatology: a practical guide. British Journal
of Dermatology. 1997;136(3):305-14.
78. Felce D, Perry J. Quality of life: Its definition and measurement. Research in

developmental disabilities. 1995;16(1):51-74.
79. Rejeski WJ, Mihalko SL. Physical activity and quality of life in older adults. The Journals
of Gerontology Series A: Biological sciences and medical sciences. 2001;56(suppl_2):23-35.



Page | 174

80. Bowling A. Measuring health: a review of quality of life measurement scales: Open
University Press Milton Keynes; 1991.
81. Bullinger M. Assessing health related quality of life in medicine. An overview over

concepts, methods and applications in international research. Restorative neurology and
neuroscience. 2002;20(3-4):93-101.

82. Wilson IB, Cleary PD. Linking clinical variables with health-related quality of life: a
conceptual model of patient outcomes. Jama. 1995;273(1):59-65.

83. Ojelabi AO, Graham Y, Haighton C, Ling J. A systematic review of the application of
Wilson and Cleary health-related quality of life modelin chronic diseases. Health and quality of
life outcomes. 2017;15(1):1-15.

84. Ferrans CE, Zerwic JJ, Wilbur JE, Larson JL. Conceptual model of health-related quality
of life. Journal of nursing scholarship. 2005;37(4):336-42.

85. Aawar N, Moore R, Riley S, Salek S. Interpretation of Renal Quality of Life Profile scores
in routine clinical practice: an aid to treatment decision-making. Quality of Life Research.
2016;25(7):1697-702.

86. Finlay AY, Salek M, Abeni D, Tomas-Aragonés L, Van Cranenburgh O, Evers AW, et al.
Why quality of life measurement is important in dermatology clinical practice: An expert-based
opinion statement by the EADV Task Force on Quality of Life. Journal of the European Academy
of Dermatology and Venereology. 2017;31(3):424-31.

87. Finlay AY, Khan G. Dermatology Life Quality Index (DLQI)—a simple practical measure
for routine clinical use. Clinical and experimental dermatology. 1994;19(3):210-6.

88. Balieva F, Kupfer J, Lien L, Gieler U, Finlay AY, Tomas-Aragonés L, et al. The burden of
common skin diseases assessed with the EQ5D™: a European multicentre study in 13
countries. British Journal of Dermatology. 2017;176(5):1170-8.

89. Chren M-M. The Skindex instruments to measure the effects of skin disease on quality
of life. Dermatologic clinics. 2012;30(2):231-6.
90. Paerna E, Aluoja A, Kingo K. Quality of life and emotional state in chronic skin disease.

Acta Dermato-Venereologica. 2015;95(3).

91. Kiebert G, Sorensen SV, Revicki D, Fagan SC, Doyle JJ, Cohen J, Fivenson D. Atopic
dermatitis is associated with a decrement in health-related quality of life. International journal
of dermatology. 2002;41(3):151-8.

92. Hosthota A, Bondade S, Basavaraja V. Impact of acne vulgaris on quality of life and self-
esteem. Cutis. 2016;98(2):121-4.

93. Alavi A, Anooshirvani N, Kim WB, Coutts P, Sibbald RG. Quality-of-life impairment in
patients with hidradenitis suppurativa: a Canadian study. American journal of clinical
dermatology. 2015;16(1):61-5.

94. Obradors M, Blanch C, Comellas M, Figueras M, Lizan L. Health-related quality of life in
patients with psoriasis: a systematic review of the European literature. Quality of Life Research.
2016;25(11):2739-54.

95. Silverberg J, Gelfand J, Margolis D, Boguniewicz M, Fonacier L, Grayson M, et al.
Symptoms and diagnosis of anxiety and depression in atopic dermatitis in US adults. British
Journal of Dermatology. 2019;181(3):554-65.

96. Maksimovié N, Jankovié S, Marinkovié J, Sekulovié LK, ZIVKOVIC Z, Spiri¢ VT. Health-
related quality of life in patients with atopic dermatitis. The Journal of dermatology.
2012;39(1):42-7.

97. Hughes O, Hutchings PB, Phelps C. Stigma, social appearance anxiety and coping in
men and women living with skin conditions: A mixed methods analysis. Skin Health and
Disease. 2021:e73.

98. Coelho P, Alpalhdo M, Victorino G, Camilo J, Cardoso C, Silva JM. POSB368
Understanding the Impact of Atopic Dermatitis in Portuguese Patients: Results from an
Analytical Observational Study. Value in Health. 2022;25(1):S232.



Page | 175

99. Kassir M, Abdelmaksoud A, Grabbe S, Goldust M. Dermatology Life Quality Index among
Different Cultures: A Neglected Bias Needs to Be Addressed. Dermatology. 2022;238(4):811-2.
100. Martinez-Ortega JM, Nogueras P, Mufioz-Negro JE, Gutiérrez-Rojas L, Gonzalez-
Domenech P, Gurpegui M. Quality of life, anxiety and depressive symptoms in patients with
psoriasis: A case-control study. Journal of psychosomatic research. 2019;124:109780.

101. Petraskiené R, ValiukeviCiené S, Macijauskiené J. Associations of the quality of life and
psychoemotional state with sociodemographic factors in patients with psoriasis. Medicina.
2016;52(4):238-43.

102. KwanZ, BongYB, Tan LL, Lim SX, Yong ASW, Ch’ng CC, et al. Socioeconomic and
sociocultural determinants of psychological distress and quality of life among patients with
psoriasis in a selected multi-ethnic Malaysian population. Psychology, health & medicine.
2017;22(2):184-95.

103. Verma SB. Dermatology for the elderly: An Indian perspective. Clinics in dermatology.
2011;29(1):91-6.

104. Shah SK, Arthur A, Yang Y-C, Stevens S, Alexis AF. A retrospective study to investigate
racial and ethnic variations in the treatment of psoriasis with etanercept. Journal of Drugs in
Dermatology: JDD. 2011;10(8):866-72.

105. Kerr GS, Qaiyumi S, Richards J, Vahabzadeh-Monshie H, Kindred C, Whelton S,
Constantinescu F. Psoriasis and psoriatic arthritis in African-American patients—the need to
measure disease burden. Clinical rheumatology. 2015;34(10):1753-9.

106. Alexis AF, Blackcloud P. Psoriasis in skin of color: epidemiology, genetics, clinical
presentation, and treatment nuances. The Journal of clinical and aesthetic dermatology.
2014;7(11):16.

107. Seth D, Cheldize K, Brown D, Freeman EE. Global burden of skin disease: inequities and
innovations. Current dermatology reports. 2017;6(3):204-10.

108. World Health Organisation. Disability-adjusted life years (DALYs) [Available from:
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/158.

109. GieseyRL, Mehrmal S, Uppal P, Delost G. The global burden of skin and subcutaneous
disease: a longitudinal analysis from the Global Burden of Disease Study from 1990-2017. SKIN
The Journal of Cutaneous Medicine. 2021;5(2):125-36.

110. Lim HW, Collins SA, ResneckJrJS, Bolognia JL, Hodge JA, Rohrer TA, et al. The burden of
skin disease in the United States. Journal of the American Academy of Dermatology.
2017;76(5):958-72. e2.

111.  Zink AG, Arents B, Fink-Wagner A, Seitz IA, Mensing U, Wettemann N, et al. Out-of-
pocket costs for individuals with atopic eczema: a cross-sectional study in nine European
countries. Acta Dermato-Venereologica. 2019;99(3):263-7.

112. van Os-Medendorp H, Appelman-Noordermeer S, Bruijnzeel-Koomen C, de Bruin-
Weller M. Sick leave and factors influencing sick leave in adult patients with atopic dermatitis: a
cross-sectional study. Journal of Clinical medicine. 2015;4(4):535-47.

113.  Filakovi¢ P, Biljan D, Petek A. Depression in dermatology: an integrative perspective.
Psychiatria Danubina. 2008;20(3):419-25.

114. HenkelV, Mcehrenschlager M, Hegerl U, Mceller HJ, Ring J, Worret WI. Screening for
depression in adult acne vulgaris patients: tools for the dermatologist. Journal of Cosmetic
Dermatology. 2002;1(4):202-7.

115. Clarke EN, Thompson AR, Norman P. Depression in people with skin conditions: The
effects of disgust and self-compassion. British Journal of Health Psychology. 2020;25(3):540-
57.

116. Lakshmy S, Balasundaram S, Sarkar S, Audhya M, Subramaniam E. A cross-sectional
study of prevalence and implications of depression and anxiety in psoriasis. Indian journal of
psychological medicine. 2015;37(4):434-40.


https://www.who.int/data/gho/indicator-metadata-registry/imr-details/158

Page | 176

117. Cohen BE, Martires KJ, Ho RS. Psoriasis and the risk of depression in the US population:
National Health and Nutrition Examination Survey 2009-2012. JAMA dermatology.
2016;152(1):73-9.

118.  Olivier C, ROBERT PD, Daihung D, URBA G, CATALIN MP, HYWEL W, et al. The risk of
depression, anxiety, and suicidality in patients with psoriasis: a population-based cohort study.
Archives of dermatology. 2010;146(8):891-5.

119. Kangl, LiuJ, An R, HuangJ, Huang H, Yi Q. Depression in patients with facial acne
vulgaris and the influential factors. Zhong nan da xue xue bao Yi xue ban= Journal of Central
South University Medical Sciences. 2015;40(10):1115-20.

120. Purvis D, Robinson E, Merry S, Watson P. Acne, anxiety, depression and suicide in
teenagers: A cross-sectional survey of New Zealand secondary school students. Journal of
paediatrics and child health. 2006;42(12):793-6.

121. Rennstad ATM, Halling-Overgaard A-S, Hamann CR, Skov L, Egeberg A, Thyssen JP.
Association of atopic dermatitis with depression, anxiety, and suicidal ideation in children and
adults: a systematic review and meta-analysis. Journal of the American Academy of
Dermatology. 2018;79(3):448-56. e30.

122. Patel KR, Immaneni S, Singam V, Rastogi S, Silverberg JI. Association between atopic
dermatitis, depression, and suicidal ideation: a systematic review and meta-analysis. Journal of
the American Academy of Dermatology. 2019;80(2):402-10.

123. PatelKR, Lee HH, Rastogi S, Vakharia PP, Hua T, Chhiba K, et al. Association between
hidradenitis suppurativa, depression, anxiety, and suicidality: a systematic review and meta-
analysis. Journal of the American Academy of Dermatology. 2020;83(3):737-44.

124. Machado MO, Stergiopoulos V, Maes M, Kurdyak PA, Lin P-Y, Wang L-J, et al.
Depression and anxiety in adults with hidradenitis suppurativa: a systematic review and meta-
analysis. JAMA dermatology. 2019;155(8):939-45.

125. Kanji A. Perspective on living with a skin condition and its psychological impact: a
survey. Journal of patient experience. 2019;6(1):68-71.

126. VivarK, Kruse L. The impact of pediatric skin disease on self-esteem. International
journal of women's dermatology. 2018;4(1):27-31.

127. Dalgard F, Gieler U, Holm J@, Bjertness E, Hauser S. Self-esteem and body satisfaction
among late adolescents with acne: results from a population survey. Journal of the American
Academy of Dermatology. 2008;59(5):746-51.

128. Brihanl, lanosi SL, Boda D, Halmajan A, Zdrinca M, Fekete LG. Implications of
self-esteem in the quality of life in patients with psoriasis. Experimental and Therapeutic
Medicine. 2020;20(6):1-.

129. Nazik H, Nazik S, Gul FC. Body image, self-esteem, and quality of life in patients with
psoriasis. Indian Dermatology Online Journal. 2017;8(5):343.

130. Kouris A, Platsidaki E, Christodoulou C, Efstathiou V, Dessinioti C, Tzanetakou V, et al.
Quality of life and psychosocial implications in patients with hidradenitis suppurativa.
Dermatology. 2016;232(6):687-91.

131. Ablett K, Thompson AR. Parental, child, and adolescent experience of chronic skin
conditions: a meta-ethnography and review of the qualitative literature. Body Image.
2016;19:175-85.

132. Misery L, Finlay AY, Martin N, Boussetta S, Nguyen C, Myon E, Taieb C. Atopic
dermatitis: impact on the quality of life of patients and their partners. Dermatology.
2007;215(2):123-9.

133. LiuJ-T, Yeh H-M, Liu S-Y, Chen K-T. Psoriatic arthritis: epidemiology, diagnosis, and
treatment. World journal of orthopedics. 2014;5(4):537.

134. LiQ, Patrick MT, Sreeskandarajan S, Kang J, Kahlenberg JM, Gudjonsson JE, et al. Large-
scale epidemiological analysis of common skin diseases to identify shared and unique
comorbidities and demographic factors. Frontiers in Immunology. 2023;14.



Page | 177

135.  Silverberg JI. Comorbidities and the impact of atopic dermatitis. Annals of Allergy,
Asthma & Immunology. 2019;123(2):144-51.

136. Furman D, CampisiJ, Verdin E, Carrera-Bastos P, Targ S, Franceschi C, et al. Chronic
inflammation in the etiology of disease across the life span. Nature medicine.
2019;25(12):1822-32.

137. Brunner PM, Silverberg JI, Guttman-Yassky E, Paller AS, Kabashima K, Amagai M, et al.
Increasing comorbidities suggest that atopic dermatitis is a systemic disorder. Journal of
Investigative Dermatology. 2017;137(1):18-25.

138. Kovitwanichkanont T, Chong AH, Foley P. Beyond skin deep: addressing comorbidities
in psoriasis. The Medical Journal of Australia. 2020;212(11):528-34.

139. Leventhal H, Phillips LA, Burns E. The Common-Sense Model of Self-Regulation (CSM):
a dynamic framework for understanding illness self-management. Journal of behavioral
medicine. 2016;39(6):935-46.

140. Hagger MS, Orbell S. The common sense model of illness self-regulation: a conceptual
review and proposed extended model. Health psychology review. 2022;16(3):347-77.

141. Rocholl M, Ludewig M, Brakemeier C, John SM, Wilke A. Illness perceptions of adults
with eczematous skin diseases: a systematic mixed studies review. Systematic reviews.
2021;10(1):1-15.

142. Kent G. Understanding the experiences of people with disfigurements: an integration of
four models of social and psychological functioning. Psychology, health & medicine.
2000;5(2):117-29.

143. RootS, Kent G, Al-Abadie M. The relationship between disease severity, disability and
psychological distress in patients undergoing PUVA treatment for psoriasis. Dermatology.
1994;189(3):234-7.

144. Schneider G, Heuft G, Hockmann J. Determinants of social anxiety and social
avoidance in psoriasis outpatients. Journal of the European Academy of Dermatology and
Venereology. 2013;27(3):383-6.

145. Benyamini Y, Goner-Shilo D, Lazarov A. Illness perception and quality of life in patients
with contact dermatitis. Contact Dermatitis. 2012;67(4):193-9.

146. Tasoula E, Gregoriou S, Chalikias J, Lazarou D, Danopoulou I, Katsambas A, Rigopoulos
D. The impact of acne vulgaris on quality of life and psychic health in young adolescents in
Greece: results of a population survey. Anais brasileiros de dermatologia. 2012;87:862-9.

147. Mizara A, Papadopoulos L, McBride S. Core beliefs and psychological distress in
patients with psoriasis and atopic eczema attending secondary care: the role of schemasin
chronic skin disease. British Journal of Dermatology. 2012;166(5):986-93.

148. Ograczyk A, Miniszewska J, Kepska A, Zalewska-Janowska A. ltch, disease coping
strategies and quality of life in psoriasis patients. Advances in Dermatology and
Allergology/Postepy Dermatologii i Alergologii. 2014;31(5):299-304.

149. Cvitanovi¢ H, Janci¢ E. Influence of stressful life events on coping in psoriasis.
Collegium antropologicum. 2014;38(4):1237-40.

150. SchutC, Weik U, Tews N, Gieler U, Deinzer R, Kupfer J. Coping as mediator of the
relationship between stress and itch in patients with atopic dermatitis: a regression and
mediation analysis. Experimental dermatology. 2015;24(2):148-50.

151. Gloria CT, Steinhardt MA. Relationships among positive emotions, coping, resilience
and mental health. Stress and Health. 2016;32(2):145-56.

152. FisherS, Ellen M, Cohen AD, Kagan |. Coping with Psoriasis or Hidradenitis Suppurativa:
A Qualitative Study. Advances in Skin & Wound Care. 2020;33(12):662-8.

153. Tanghetti EA, Kawata AK, Daniels SR, Yeomans K, Burk CT, Callender VD.
Understanding the burden of adult female acne. The Journal of clinical and aesthetic
dermatology. 2014;7(2):22.



Page | 178

154. KirbyJS, Sisic M, Tan J. Exploring coping strategies for patients with hidradenitis
suppurativa. JAMA dermatology. 2016;152(10):1166-7.

155. Amaro LM. Emotional experiences and communal coping among mothers of children
with eczema. Journal of Family Communication. 2020;20(3):221-35.

156. Vasiliou VS, Russell H, Cockayne S, Coelho GLdH, Thompson AR. A network analysis of
psychological flexibility, coping, and stigma in dermatology patients. Frontiers in Medicine.
2023;10:1075672.

157.  PriorJ, Khadaroo A. ‘I sort of balance it out’. Living with facial acne in emerging
adulthood. Journal of health psychology. 2015;20(9):1154-65.

158. Fox FE, Rumsey N, Morris M. “Ur skin is the thing that everyone sees and you cant
change it!”: Exploring the appearance-related concerns of young people with psoriasis.
Developmental Neurorehabilitation. 2007;10(2):133-41.

159. Wojtyna E, takuta P, Marcinkiewicz K, Bergler-Czop B, Brzezinska-Wecisto L. Gender,
body image and social support: biopsychosocial deter-minants of depression among patients
with psoriasis. 2017.

160. JanowskiK, Steuden S, Pietrzak A, Krasowska D, Kaczmarek t, Gradus |, Chodorowska
G. Social support and adaptation to the disease in men and women with psoriasis. Archives of
Dermatological Research. 2012;304(6):421-32.

161. Butt M, Cotton C, Kirby JS. Support group utilization and impact for patients with
hidradenitis suppurativa. Journal of the American Academy of Dermatology. 2020;83(1):216-9.
162. Keary E, Hevey D, Tobin A. A qualitative analysis of psychological distress in hidradenitis
suppurativa. British Journal of Dermatology. 2020;182(2):342-7.

163. Ghio D, Greenwell K, Muller I, Roberts A, McNiven A, Santer M. Psychosocial needs of
adolescents and young adults with eczema: a secondary analysis of qualitative data to inform a
behaviour change intervention. British Journal of Health Psychology. 2021;26(1):214-31.

164. ImYJ, Kim DH. Factors associated with the resilience of school-aged children with
atopic dermatitis. Journal of clinical nursing. 2012;21(1-2):80-8.

165. Xie QW, Chan CLw, Chan CHy. The wounded self—lonely in a crowd: A qualitative study
of the voices of children living with atopic dermatitis in Hong Kong. Health & Social Care in the
Community. 2020;28(3):862-73.

166. Klinnert MD, Booster G, Copeland M, Darr JM, Meltzer LJ, Miller M, et al. Role of
behavioral health in management of pediatric atopic dermatitis. Annals of Allergy, Asthma &
Immunology. 2018;120(1):42-8. e8.

167. Royal Free London. Psychodermatology FAQs: NHS; [Available from:
https://www.royalfree.nhs.uk/services/services-a-
z/dermatology/psychodermatology/psychodermatology-fags/.

168. Referral optimisation for people with skin conditions [press release]. 2022.

169. Lavda A, Webb T, Thompson A. A meta-analysis of the effectiveness of psychological
interventions for adults with skin conditions. British Journal of Dermatology. 2012;167(5):970-9.
170. Heratizadeh A, Werfel T, Wollenberg A, Abraham S, Plank-Habibi S, Schnopp C, et al.
Effects of structured patient education in adults with atopic dermatitis: multicenter
randomized controlled trial. Journal of Allergy and Clinical Immunology. 2017;140(3):845-53.
e3.

171. ChidaY, Steptoe A, Hirakawa N, Sudo N, Kubo C. The effects of psychological
intervention on atopic dermatitis. International archives of allergy and immunology.
2007;144(1):1-9.

172. LeongK, Ong TW, Foong Y-W, Wong Y-P, Lim W, Liew H-M, Koh MJ. Multidisciplinary
management of chronic atopic dermatitis in children and adolescents: a prospective pilot
study. Journal of Dermatological Treatment. 2022;33(2):822-8.


https://www.royalfree.nhs.uk/services/services-a-z/dermatology/psychodermatology/psychodermatology-faqs/
https://www.royalfree.nhs.uk/services/services-a-z/dermatology/psychodermatology/psychodermatology-faqs/

Page | 179

173. MuftinZ, Gilbert P, Thompson AR. A randomized controlled feasibility trial of online
compassion-focused self-help for psoriasis. British Journal of Dermatology. 2022;186(6):955-
62.

174. VedharaK, Morris RM, Booth R, Horgan M, Lawrence M, Birchall N. Changes in mood
predict disease activity and quality of life in patients with psoriasis following emotional
disclosure. Journal of psychosomatic research. 2007;62(6):611-9.

175. Massoud S, Alassaf J, Ahmed A, Taylor R, Bewley A. UK psychodermatology services in
2019: service provision has improved but is still very poor nationally. Clinical and Experimental
Dermatology. 2021;46(6):1046-51.

176. Wheeler M, Guterres S, Bewley A, Thompson A. An analysis of qualitative responses
from a UK survey of the psychosocial wellbeing of people with skin conditions and their
experiences of accessing psychological support. Clinical and Experimental Dermatology.
2022;47(1):37-42.

177. Thompson A, Guterres S, Bewley A. Psychodermatological research priorities identified
by Priority Setting Partnerships. Clinical and Experimental Dermatology. 2020.

178. Thompson AR, Guterres S, Bewley AP. Psychodermatological research priorities
identified by Priority Setting Partnerships. Clinical and Experimental Dermatology.
2020;45(8):1106-8.

179. Marukian NV, Choate KA. Recent advances in understanding ichthyosis pathogenesis.
F1000Research. 2016;5.

180. ParkJS, Saeidian AH, Youssefian L, Kondratuk KE, Pride HB, Vahidnezhad H, Uitto J.
Inherited ichthyosis as a paradigm of rare skin disorders: genomic medicine, pathogenesis, and
management. Journal of the American Academy of Dermatology. 2022.

181. Gutiérrez-Cerrajero C, Sprecher E, Paller AS, Akiyama M, Mazereeuw-Hautier J,
Herndndez-Martin A, Gonzalez-Sarmiento R. Ichthyosis. Nature Reviews Disease Primers.
2023;9(1):2.

182. Thyssen J, Godoy-Gijon E, Elias P. Ichthyosis vulgaris: the filaggrin mutation disease.
British journal of dermatology. 2013;168(6):1155-66.

183. Elias PM. Ichthyoses: clinical, biochemical, pathogenic and diagnostic assessment:
Karger Medical and Scientific Publishers; 2010.

184. QjiV, Tadini G, Akiyama M, Bardon CB, Bodemer C, Bourrat E, et al. Revised
nomenclature and classification of inherited ichthyoses: results of the First Ichthyosis
Consensus Conference in Soreze 2009. Journal of the American Academy of Dermatology.
2010;63(4):607-41.

185. Fernandes NF, Janniger CK, Schwartz RA. X-linked ichthyosis: an oculocutaneous
genodermatosis. J Am Acad Dermatol. 2010;62(3):480-5.

186. Fischer J, Bourrat E. Genetics of inherited ichthyoses and related diseases. Acta
dermato-venereologica. 2020;100(7).

187. Brcicl, Underwood, J. F., Kendall, K. M., Caseras, X., Kirov, G., Davies, W. Medical and
neurobehavioural phenotypes in carriers of X-linked ichthyosis-associated genetic deletions in
the UK Biobank. J Med Genet. 2020;57(10):692-8.

188. Hernandez-Martin A, Garcia-Dovall, Aranegui B, de Unamuno P, Rodriguez-Pazos L,
Gonzalez-Ensenat M-A, et al. Prevalence of autosomal recessive congenital ichthyosis: a
population-based study using the capture-recapture method in Spain. Journal of the American
Academy of Dermatology. 2012;67(2):240-4.

189. Williams ML, Elias PM. Heterogeneity in autosomal recessive ichthyosis: clinical and
biochemical differentiation of lamellar ichthyosis and nonbullous congenital ichthyosiform
erythroderma. Archives of dermatology. 1985;121(4):477-88.

190. NawazsS, Tarig M, Ahmad I, Malik NA, Baig SM, Dahl N, Klar J. Non-bullous congentital
ichthyosiform erythroderma associated with homozygosity for a novel missense mutationin an
ATP binding domain of ABCA12. European Journal of Dermatology. 2012;22(2):178-81.



Page | 180

191. Akiyama M, Takizawa Y, Kokaji T, Shimizu H. Novel mutations of TGM1 in a child with
congenital ichthyosiform erythroderma. British Journal of Dermatology. 2001;144(2):401-7.
192. Jobard F, Leféevre C, Karaduman A, Blanchet-Bardon C, Emre S, Weissenbach J, et al.
Lipoxygenase-3 (ALOXE3) and 12 (R)-lipoxygenase (ALOX12B) are mutated in non-bullous
congenital ichthyosiform erythroderma (NCIE) linked to chromosome 17p13. 1. Human
molecular genetics. 2002;11(1):107-13.

193. Dreyfus|, Chouquet C, Ezzedine K, Henner S, Chiavérini C, Maza A, et al. Prevalence of
inherited ichthyosis in France: a study using capture-recapture method. Orphanet journal of
rare diseases. 2014;9:1-7.

194. BurnsT, Breathnach SM, Cox N, Griffiths C. Rook's textbook of dermatology: John Wiley
& Sons; 2008.

195. Akiyama M, Takizawa Y, Suzuki Y, Shimizu H. A novel homozygous mutation 371delAin
TGM1 leads to a classic lamellar ichthyosis phenotype. British Journal of Dermatology.
2003;148(1):149-53.

196. Huber M, Rettler |, Bernasconi K, Frenk E, Lavrijsen SP, Ponec M, et al. Mutations of
keratinocyte transglutaminase in lamellar ichthyosis. Science. 1995;267(5197):525-8.

197. Russell LJ, DiGiovanna JJ, Rogers GR, Steinert PM, Hashem N, Compton JG, Bale SJ.
Mutations in the gene for transglutaminase 1 in autosomal recessive lamellar ichthyosis.
Nature genetics. 1995;9(3):279-83.

198. Kurosawa M, Uehara R, Takagi A, AoyamaY, Iwatsuki K, Amagai M, et al. Results of a
nationwide epidemiologic survey of autosomal recessive congenital ichthyosis and ichthyosis
syndromes in Japan. Journal of the American Academy of Dermatology. 2019;81(5):1086-92. e1.
199. Kelsell PD, Norgett EE, Unsworth H, Teh M-T, Cullup T, Mein CA, et al. Mutations in
ABCA12 underlie the severe congenital skin disease harlequin ichthyosis. The American Journal
of Human Genetics. 2005;76(5):794-803.

200. Akiyama M, Sugiyama-Nakagiri Y, Sakai K, McMillan JR, Goto M, Arita K, et al. Mutations
in lipid transporter ABCA12 in harlequin ichthyosis and functional recovery by corrective gene
transfer. The Journal of clinical investigation. 2005;115(7):1777-84.

201. Rice AS, Crane JS. Epidermolytic hyperkeratosis. 2019.

202. Lacz NL, Schwartz RA, Kihiczak G. Epidermolytic hyperkeratosis: a keratin 1 or 10
mutational event. International journal of dermatology. 2005;44(1):1-6.

203. Muller FB, Huber M, Kinaciyan T, Hausser |, Schaffrath C, Krieg T, et al. A human keratin
10 knockout causes recessive epidermolytic hyperkeratosis. Human molecular genetics.
2006;15(7):1133-41.

204. BitounE, ChavanasS, Irvine AD, Lonie L, Bodemer C, Paradisi M, et al. Netherton
syndrome: disease expression and spectrum of SPINK5 mutations in 21 families. Journal of
investigative dermatology. 2002;118(2):352-61.

205. D'alessio M, Fortugno P, Zambruno G, Hovnanian A. Netherton syndrome and its
multifaceted defective protein LEKTI. Giornale Italiano di Dermatologia e Venereologia: Organo
Ufficiale, Societa Italiana di Dermatologia e Sifilografia. 2013;148(1):37-51.

206. Herz-Ruelas ME, Chavez-Alvarez S, Garza-Chapa JI, Ocampo-Candiani J, Cab-Morales
VA, Kubelis-Lépez DE. Netherton syndrome: case report and review of the literature. Skin
Appendage Disorders. 2021;7(5):346-50.

207. Saleem HMK, Shahid MF, Shahbaz A, Sohail A, Shahid MA, Sachmechi |, Shahid MA.
Netherton syndrome: a case report and review of literature. Cureus. 2018;10(7).

208. Jaffar H, Shakir Z, Kumar G, Ali IF. Ichthyosis vulgaris: an updated review. Skin Health
and Disease. 2023;3(1):e187.

209. Smith FJ, Irvine AD, Terron-Kwiatkowski A, Sandilands A, Campbell LE, Zhao'Y, et al.
Loss-of-function mutations in the gene encoding filaggrin cause ichthyosis vulgaris. Nature
genetics. 2006;38(3):337-42.



Page | 181

210. Singh M, Pawar M. Eyelash length for the diagnosis of atopic dermatitis and ichthyosis
vulgaris in children—A case control study. European Journal of Pediatrics. 2018;177:955-60.
211. DiazLZ, Browning JC, Smidt AC, Rizzo WB, Levy ML. Complications of ichthyosis beyond
the skin. Dermatologic Therapy. 2013;26(1):39-45.

212.  Al-Amry MA. Ocular manifestation of Ichthyosis. Saudi Journal of Ophthalmology.
2016;30(1):39-43.

213. Troiano G, Lazzeri G. A review of quality of life of patients suffering from ichthyosis.
Journal of Preventive Medicine and Hygiene. 2020;61(3):E374.

214. SunQ, Renl|, Zaki T, Maciejewski K, Choate K. Ichthyosis affects mental health in adults
and children: A cross-sectional study. Journal of the American Academy of Dermatology. 2020.
215. Kamalpour L, Gammon B, Chen KH, Veledar E, Pavlis M, Rice ZP, Chen SC. Resource
utilization and quality of life associated with congenital ichthyoses. Pediatric dermatology.
2011;28(5):512-8.

216. Cockayne EA. Inherited abnormalities of the skin and its appendages. Inherited
abnormalities of the skin and its appendages1933. p. 394-.

217. Cuevas-Covarrubias S, Juarez-Oropeza M, Miranda-Zamora R, Diaz-Zagoya J.
Comparative analysis of human steroid sulfatase activity in prepubertal and postpubertal
males and females. Biochemistry and molecular biology international. 1993;30(4):691-5.

218. Craig WY, Roberson M, Palomaki GE, Shackleton CH, Marcos J, Haddow JE. Prevalence
of steroid sulfatase deficiency in California according to race and ethnicity. Prenat Diagn.
2010;30(9):893-8.

219. Langlois S, Armstrong L, Gall K, Hulait G, Livingston J, Nelson T, et al. Steroid sulfatase
deficiency and contiguous gene deletion syndrome amongst pregnant patients with low serum
unconjugated estriols. Prenat Diagn. 2009;29(10):966-74.

220. HandJL, Runke CK, Hodge JC. The phenotype spectrum of X-linked ichthyosis identified
by chromosomal microarray. J Am Acad Dermatol. 2015;72(4):617-27.

221. MuellerJW, Gilligan LC, Idkowiak J, Arlt W, Foster PA. The Regulation of Steroid Action
by Sulfation and Desulfation. Endocr Rev. 2015;36(5):526-63.

222. FandreiF, Engberg O, Opalka L, Jancalkova P, Pullmannova P, Steinhart M, et al.
Cholesterol sulfate fluidizes the sterol fraction of the stratum corneum lipid phase and
increases its permeability. Journal of Lipid Research. 2022;63(3).

223. Elias PM, Williams ML, Choi EH, Feingold KR. Role of cholesterol sulfate in epidermal
structure and function: lessons from X-linked ichthyosis. Biochim Biophys Acta.
2014;1841(3):353-61.

224. Hoppe T, Winge MC, Bradley M, Nordenskjold M, Vahlquist A, Berne B, Torma H. X-
linked recessive ichthyosis: an impaired barrier function evokes limited gene responses before
and after moisturizing treatments. British Journal of Dermatology. 2012;167(3):514-22.

225. Elias PM, Williams ML, Choi E-H, Feingold KR. Role of cholesterol sulfate in epidermal
structure and function: lessons from X-linked ichthyosis. Biochimica et Biophysica Acta (BBA)-
Molecular and Cell Biology of Lipids. 2014;1841(3):353-61.

226. Fernandes NF, Janniger CK, Schwartz RA. X-linked ichthyosis: an oculocutaneous
genodermatosis. Journal of the American Academy of Dermatology. 2010;62(3):480-5.

227. Traupe H, Happle R. Mechanisms in the association of cryptorchidism and X-linked
recessive ichthyosis. Dermatology. 1986;172(6):327-8.

228. Cavenagh A, Chatterjee, S., Davies, W. Behavioural and psychiatric phenotypes in
female carriers of genetic mutations associated with X-linked ichthyosis. PLoS One.
2019;14(2):e0212330.

229. Diociaiuti A, Angioni A, Pisaneschi E, Alesi V, Zambruno G, Novelli A, ELHachem M. X-
linked ichthyosis: Clinical and molecular findings in 35 Italian patients. Exp Dermatol.
2019;28(10):1156-63.



Page | 182

230. Rodrigo-Nicolas B, Bueno-Martinez E, Martin-Santiago A, Canueto J, Vicente A, Torrelo
A, et al. Evidence of the high prevalence of neurological disorders in honsyndromic X-linked
recessive ichthyosis: a retrospective case series. BrJ Dermatol. 2018;179(4):933-9.

231. DECIPHERvV11.14. Mapping the clinical genome [Available from:
https://www.deciphergenomics.org/.

232. Virtanen HE, Bjerknes R, Cortes D, Jgrgensen N, Rajpert-De Meyts E, Thorsson AV, et al.
Cryptorchidism: classification, prevalence and long-term consequences. Acta Paediatrica.
2007;96(5):611-6.

233. Idkowiak J, Taylor AE, Subtil S, O'neil DM, Vijzelaar R, Dias RP, et al. Steroid sulfatase
deficiency and androgen activation before and after puberty. The Journal of Clinical
Endocrinology & Metabolism. 2016;101(6):2545-53.

234. StaerkL, Sherer JA, Ko D, Benjamin EJ, Helm RH. Atrial fibrillation: epidemiology,
pathophysiology, and clinical outcomes. Circulation research. 2017;120(9):1501-17.

235. McGeoghan F, Camera E, Maiellaro M, Menon M, Huang M, Dewan P, et al. RNA
sequencing and lipidomics uncovers novel pathomechanisms in recessive X-linked ichthyosis.
Frontiers in Molecular Biosciences. 2023;10:1176802.

236. Minette MS, Sahn DJ. Ventricular septal defects. Circulation. 2006;114(20):2190-7.
237. LeGloanl, Legendre A, Iserin L, Ladouceur M. Pathophysiology and natural history of
atrial septal defect. Journal of thoracic disease. 2018;10(Suppl 24):52854.

238. Blake GE, Lakkireddy D. Atrial septal defect and atrial fibrillation: the known and
unknown. Journal of atrial fibrillation. 2008;1(3).

239. EvertzR, Reinders M, Houck C, Ten Cate T, Duijnhouwer AL, Beukema R, et al. Atrial
fibrillation in patients with an atrial septal defect in a single centre cohort during a long clinical
follow-up: its association with closure and outcome of therapy. Open Heart.
2020;7(2):e001298.

240. Wu S-J, FanY-F, Chien C-Y. Surgical or interventional treatment for adult patients with
atrial septal defect and atrial fibrillation: A systemic review and meta-analysis. Asian Journal of
Surgery. 2022;45(1):62-7.

241. XuY,LiT,PuT,CaoR,LongF, ChenS, etal. Copy number variants and exome
sequencing analysis in six pairs of Chinese monozygotic twins discordant for congenital heart
disease. Twin Research and Human Genetics. 2017;20(6):521-32.

242. HuH,Huangy,HouR, XuH, LiuY, Liao X, et al. Xp22. 31 copy number variations in 87
fetuses: refined genotype—phenotype correlations by prenatal and postnatal follow-up. BMC
Medical Genomics. 2023;16(1):69.

243. Meerschaut |, Vergult S, Dheedene A, Menten B, De Groote K, De Wilde H, et al. A
reassessment of copy number variations in congenital heart defects: picturing the whole
genome. Genes. 2021;12(7):1048.

244. Wren GH, Davies W. Cardiac arrhythmia in individuals with steroid sulfatase deficiency
(X-linked ichthyosis): candidate anatomical and biochemical pathways. Essays in
Biochemistry. 2024:EBC20230098.

245. Sever RJ, Frost P, Weinstein G. Eye changes in ichthyosis. JAMA. 1968;206(10):2283-6.
246. Grala P. Corneal changes in X-linked ichthyosis. Journal of the American Optometric
Association. 1985;56(4):315-7.

247. Macsai MS, Doshi H. Clinical pathologic correlation of superficial corneal opacities in X-
linked ichthyosis. American journal of ophthalmology. 1994;118(4):477-84.

248. Kempster RC, Hirst LW, De La Cruz Z, Green WR. Clinicopathologic study of the cornea
in X-linked ichthyosis. Archives of Ophthalmology. 1997;115(3):409-15.

249. Yuksel E, Hall NE, Singh RB, Yin J, Elze T, Sobrin L, et al. Corneal opacity in the United
States: an epidemiological study from the IRIS Registry. Investigative Ophthalmology & Visual
Science. 2020;61(7):3995-.


https://www.deciphergenomics.org/

Page | 183

250. HungC, Ayabe RI, Wang C, Frausto RF, Aldave AJ. Pre-Descemet corneal dystrophy and
X-linked ichthyosis associated with deletion of Xp22. 31 containing the STS gene. Cornea.
2013;32(9):1283-7.

251. Boere PM, Bonnet C, Frausto RF, Fung SS, Aldave AJ. Multimodal imaging of pre-
Descemet corneal dystrophy associated with X-linked ichthyosis and deletion of the STS gene.
Cornea. 2020;39(11):1442-5.

252. Soreide E, Murad M, Denbeigh J, Lewallen E, Dudakovic A, Nordsletten L, et al.
Treatment of Dupuytren’s contracture: a systematic review. The Bone & Joint Journal.
2018;100(9):1138-45.

253. Brcic L, Wren GH, Underwood JF, Kirov G, Davies W. Comorbid medical issues in X-
linked ichthyosis. JID Innovations. 2022;2(3).

254. Mayo Clinic. Acitretin (Oral Route) 2024 [Available from:
https://www.mayoclinic.org/drugs-supplements/acitretin-oral-route/side-effects/drg-
20061491.

255. MikiY, Nakata T, Suzuki T, Darnel AD, Moriya T, Kaneko C, et al. Systemic distribution of
steroid sulfatase and estrogen sulfotransferase in human adult and fetal tissues. The Journal of
Clinical Endocrinology & Metabolism. 2002;87(12):5760-8.

256. Reed M, Purohit A, Woo LL, Newman SP, Potter BV. Steroid sulfatase: molecular
biology, regulation, and inhibition. Endocrine reviews. 2005;26(2):171-202.

257. Malik A, Amer AB, Salama M, Haddad B, Alrifai MT, Balwi MA, et al. X-linked ichthyosis
associated with psychosis and behavioral abnormalities: a case report. ) Med Case Rep.
2017;11(1):267.

258. Park SJ, Park KH, Bae MH, Kim YM. Developmental Delay in Children with X-Linked
Ichthyosis: A Case Series. Annals of Child Neurology. 2021;29(4):186-9.

259. Wren GH, Davies W. X-linked ichthyosis: New insights into a multi-system disorder. Skin
Health and Disease. 2022;2(4):e179.

260. Myers KA, Simard-Tremblay E, Saint-Martin C. X-linked familial focal epilepsy
associated with Xp22. 31 deletion. Pediatric Neurology. 2020;108:113-6.

261. Aaberg KM, Gunnes N, Bakken lJ, Lund Sgraas C, Berntsen A, Magnus P, et al. Incidence
and prevalence of childhood epilepsy: a nationwide cohort study. Pediatrics. 2017;139(5).

262. Carrascosa-Romero MC, Suela J, Alfaro-Ponce B, Cepillo-Boluda AJ. X-chromosome-
linked ichthyosis associated to epilepsy, hyperactivity, autism and mental retardation, due to
the Xp22. 31 microdeletion. Revista de neurologia. 2012;54(4):241-8.

263. Baek WS, Aypar U. Neurological manifestations of X-linked ichthyosis: case report and
review of the literature. Case Reports in Genetics. 2017;2017.

264. Tuem KB, Atey TM. Neuroactive steroids: receptor interactions and responses. Frontiers
in Neurology. 2017;8:442.

265. Milunsky J, Huang XL, Wyandt HE, Milunsky A. Schizophrenia susceptibility gene locus
at Xp22. 3. Clinical genetics. 1999;55(6):455-60.

266. Buoli M, Caldiroli A, Serati M, Grassi S, Altamura AC. Sex Steroids and Major Psychoses:
Which Role for DHEA-S and Progesterone? Neuropsychobiology. 2016;73(3):178-83.

267. Davies W. Does steroid sulfatase deficiency influence postpartum psychosis risk?
Trends in Molecular Medicine. 2012;18(5):256-62.

268. Doherty MJ, Glass IA, Bennett CL, Cotter PD, Watson NF, Mitchell AL, et al. An Xp; Yq
translocation causing a novel contiguous gene syndrome in brothers with generalized epilepsy,
ichthyosis, and attention deficits. Epilepsia. 2003;44(12):1529-35.

269. TobiasE, Bryce G, Farmer G, Barton J, Colgan J, Morrison N, et al. Absence of learning
difficulties in a hyperactive boy with a terminal Xp deletion encompassing the MRX49locus.
Journal of medical genetics. 2001;38(7):466-70.

270. KentlL, Emerton J, BhadravathiV, Weisblatt E, Pasco G, Willatt LR, et al. X-linked
ichthyosis (steroid sulfatase deficiency) is associated with increased risk of attention deficit


https://www.mayoclinic.org/drugs-supplements/acitretin-oral-route/side-effects/drg-20061491
https://www.mayoclinic.org/drugs-supplements/acitretin-oral-route/side-effects/drg-20061491

Page | 184

hyperactivity disorder, autism and social communication deficits. ] Med Genet. 2008;45(8):519-
24,

271. Mohammadi M-R, Zarafshan H, Khaleghi A, Ahmadi N, Hooshyari Z, Mostafavi S-A, et al.
Prevalence of ADHD and its comorbidities in a population-based sample. Journal of Attention
Disorders. 2021;25(8):1058-67.

272. Chatterjee S, Humby, T., Davies, W. Behavioural and Psychiatric Phenotypes in Men and
Boys with X-Linked Ichthyosis: Evidence from a Worldwide Online Survey. PLoS One.
2016;11(10):e0164417.

273. Davies W, Humby T, Kong W, Otter T, Burgoyne PS, Wilkinson LS. Converging
pharmacological and genetic evidence indicates a role for steroid sulfatase in attention.
Biological psychiatry. 2009;66(4):360-7.

274. Davies W, HumbyT, Isles AR, Burgoyne PS, Wilkinson LS. X-monosomy effects on
visuospatial attention in mice: a candidate gene and implications for Turner syndrome and
attention deficit hyperactivity disorder. Biological psychiatry. 2007;61(12):1351-60.

275. DaviesW, Humby T, Trent S, Eddy JB, Ojarikre OA, Wilkinson LS. Genetic and
pharmacological modulation of the steroid sulfatase axis improves response control;
comparison with drugs used in ADHD. Neuropsychopharmacology. 2014;39(11):2622-32.

276. ZeidanlJ, Fombonne E, Scorah J, Ibrahim A, Durkin MS, Saxena S, et al. Global
prevalence of autism: A systematic review update. Autism research. 2022;15(5):778-90.

277. Frau R, Traccis F, Bortolato M. Neurobehavioral complications of sleep deprivation:
shedding light on the emerging role of neuroactive steroids. Journal of neuroendocrinology.
2020;32(1):e12792.

278. Xerfan EM, Facina AS, Tomimori J, Tufik S, Andersen ML. The importance of evaluating
sleep complaints in children with ichthyoses: a commentary on physical and psychological
growth impairment. American Academy of Sleep Medicine; 2021. p. 1147-8.

279. Gidziela A, Ahmadzadeh YI, Michelini G, Allegrini AG, Agnew-Blais J, Lau LY, etal. A
meta-analysis of genetic effects associated with neurodevelopmental disorders and co-
occurring conditions. Nature human behaviour. 2023;7(4):642-56.

280. Merikangas KR, Calkins ME, Burstein M, He J-P, Chiavacci R, Lateef T, et al. Comorbidity
of physical and mental disorders in the neurodevelopmental genomics cohort study.
Pediatrics. 2015;135(4):€927-e38.

281. British Association of Dermatologists. Ichthyosis. 2023.

282. BMJ Best Practice. Ichthyosis 2022 [Available from:
https://bestpractice.bmj.com/topics/en-ghb/584.

283. Foundation for Ichthyosis & Related Skin Types (FIRST). X-Linked Ichthyosis: A Clinical
Perspective [Available from: https://www.firstskinfoundation.org/types-of-ichthyosis/x-linked-
ichthyosis#:~:text=What%20is%20the%20Treatment%3F,may%20also%20improve%20the%2
Oscaling.

284. Ichthyosis Support Group. Talking to Your Doctor [Available from:
https://www.ichthyosis.org.uk/Pages/FAQs/Category/talking-to-your-doctor.

285. Lilly E, Bunick CG. Congenital Ichthyosis: A Practical Clinical Guide on Current
Treatments and Future Perspectives. Clinical, Cosmetic and Investigational Dermatology.
2023:2473-9.

286. Department of Health & Social Care. England Rare Diseases Action Plan. 2021.

287. NHS Wales. Wales Rare Diseases Action Plan 2022 - 2026. 2022.

288. Northern Ireland Department of Health. Northern Ireland Rare Diseases - Action Plan
2022/23. 2022.

289. Scottish Government. Rare disease action plan. 2022.

290. HaacksS, Shook JR, Margolis J. ACompanion to Pragmatism. Blackwell Publishing Ltd;
2006.


https://bestpractice.bmj.com/topics/en-gb/584
https://www.firstskinfoundation.org/types-of-ichthyosis/x-linked-ichthyosis#:~:text=What%20is%20the%20Treatment%3F,may%20also%20improve%20the%20scaling
https://www.firstskinfoundation.org/types-of-ichthyosis/x-linked-ichthyosis#:~:text=What%20is%20the%20Treatment%3F,may%20also%20improve%20the%20scaling
https://www.firstskinfoundation.org/types-of-ichthyosis/x-linked-ichthyosis#:~:text=What%20is%20the%20Treatment%3F,may%20also%20improve%20the%20scaling
https://www.ichthyosis.org.uk/Pages/FAQs/Category/talking-to-your-doctor

Page | 185

291. Tashakkori A, Teddlie C. Sage handbook of mixed methods in social & behavioral
research: SAGE publications; 2021.

292. Denzin NK. Triangulation 2.0. Journal of mixed methods research. 2012;6(2):80-8.

293. DeweyJ. Human nature and conduct: Courier Corporation; 2002.

294. CreswellJW, Clark VLP. Designing and conducting mixed methods research: Sage
publications; 2017.

295. Allemang B, Sitter K, Dimitropoulos G. Pragmatism as a paradigm for patient-oriented
research. Health Expectations. 2022;25(1):38-47.

296. Maarouf H. Pragmatism as a supportive paradigm for the mixed research approach:
Conceptualizing the ontological, epistemological, and axiological stances of pragmatism.
International Business Research. 2019;12(9):1-12.

297. Yvonne Feilzer M. Doing mixed methods research pragmatically: Implications for the
rediscovery of pragmatism as a research paradigm. Journal of mixed methods research.
2010;4(1):6-16.

298. Jamieson MK, Govaart GH, Pownall M. Reflexivity in quantitative research: A rationale
and beginner's guide. Social and Personality Psychology Compass. 2023;17(4):e12735.

299. Medico D, Santiago-Delefosse M. From reflexivity to resonances: Accounting for
interpretation phenomena in qualitative research. Qualitative Research in Psychology.
2014;11(4):350-64.

300. Archer M, Bhaskar R, Collier A, Lawson T, Norrie A. Critical realism: Essential readings:
Routledge; 2013.

301.  Willis ME. Critical realism and qualitative research in psychology. Qualitative research
in psychology. 2023;20(2):265-88.

302. Dillon DR, O'Brien DG, Heilman EE. Literacy research in the next millennium: From
paradigms to pragmatism and practicality. Reading Research Quarterly. 2000;35(1):10-26.
303. Sorrell K. Pragmatism and moral progress: John Dewey’s theory of social inquiry.
Philosophy & social criticism. 2013;39(8):809-24.

304. KaushikV, Walsh CA. Pragmatism as a research paradigm and its implications for social
work research. Social sciences. 2019;8(9):255.

305. Plano Clark VL. Mixed methods research. The Journal of Positive Psychology.
2017;12(3):305-6.

306. Hesse-Biber SN, Johnson RB. The Oxford handbook of multimethod and mixed methods
research inquiry: Oxford University Press; 2015.

307. Clark VLP, Ivankova NV. Mixed methods research: A guide to the field: Sage
publications; 2015.

308. Doyle L, Brady A-M, Byrne G. An overview of mixed methods research-revisited. Journal
of research in nursing. 2016;21(8):623-35.

309. Murphy E, NichollJ. Three techniques for integrating data in mixed methods. BMJ.
2010;341:c4587.

310. Krippendorff K. Content analysis: An introduction to its methodology (2 nd Thousand
Oaks. CA: Sage Publications; 2004.

311. Hsieh H-F, Shannon SE. Three approaches to qualitative content analysis. Qualitative
health research. 2005;15(9):1277-88.

312. White MD, Marsh EE. Content analysis: A flexible methodology. Library trends.
2006;55(1):22-45.

313. Erlingsson C, Brysiewicz P. A hands-on guide to doing content analysis. African journal
of emergency medicine. 2017;7(3):93-9.

314. Neuendorf KA. The content analysis guidebook: sage; 2017.

315. BraunV, Clarke V, Gray D. Innovations in qualitative methods. The Palgrave handbook
of critical social psychology. 2017:243-66.



Page | 186

316. Wright KB. Researching Internet-Based Populations: Advantages and Disadvantages of
Online Survey Research, Online Questionnaire Authoring Software Packages, and Web Survey
Services. Journal of Computer-Mediated Communication. 2017;10(3).

317. Davies W. Insights into rare diseases from social media surveys. Orphanet journal of
rare diseases. 2016;11(1):1-5.

318. Miller EG, Woodward AL, Flinchum G, Young JL, Tabor HK, Halley MC. Opportunities and
pitfalls of social media research in rare genetic diseases: a systematic review. Genetics in
Medicine. 2021;23(12):2250-9.

319. FrankL, Basch E, Selby JV, Institute P-COR. The PCORI perspective on patient-centered
outcomes research. Jama. 2014;312(15):1513-4.

320. Sacristan JA. Patient-centered medicine and patient-oriented research: improving
health outcomes for individual patients. BMC medical informatics and decision making.
2013;13:1-8.

321. Arafa A, Anzengruber F, Mostafa A, Navarini A. Perspectives of online surveys in
dermatology. Journal of the European academy of dermatology and venereology.
2019;33(3):511-20.

322. EvansJR, Mathur A. The value of online surveys: A look back and a look ahead. Internet
research. 2018;28(4):854-87.

323. Davies W. Insights into rare diseases from social media surveys. Orphanet J Rare Dis.
2016;11(1):151.

324. BraunV, Clarke V, Boulton E, Davey L, McEvoy C. The online survey as a qualitative
research tool. International journal of social research methodology. 2021;24(6):641-54.

325. ErvesJC, Mayo-Gamble TL, Malin-Fair A, Boyer A, Joosten Y, Vaughn YC, et al. Needs,
priorities, and recommendations for engaging underrepresented populations in clinical
research: a community perspective. Journal of community health. 2017;42:472-80.

326. Wallerstein NB, Duran B. Using community-based participatory research to address
health disparities. Health promotion practice. 2006;7(3):312-23.

327. Baird KL. Motivation, Mobilization, and Monitoring: The Role of Groups in Health Policy-
The New NIH and FDA Medical Research Policies: Targeting Gender, Promoting Justice. Journal
of Health Politics Policy and Law. 1999;24(3):531-66.

328. Griggs RC, Batshaw M, Dunkle M, Gopal-Srivastava R, Kaye E, Krischer J, et al. Clinical
research for rare disease: opportunities, challenges, and solutions. Molecular genetics and
metabolism. 2009;96(1):20-6.

329. Qualtrics. Online Survey Software [Available from:
https://www.qualtrics.com/uk/lp/surveys/?utm_source=google&utm_medium=ppc&utm_cam
paign=UKI-EN

SRC
BRD
QualtricsPure

EXACT&campaignid=18929419113&utm_content=&adgroupid=141970574285&utm_keyword=
qualtrics&utm_term=qualtrics&matchtype=e&device=c&placement=&network=g&creative=63
5228579269&gad_source=1&gclid=Cj0KCQjw2a6wBhCVARIsABPeH1ugnn5jgXAeUZgDg9RSC
NSyp2BgTuM-zHMK9H8xME-g_N2Dbl1g-J0aApO_EALw_wcB.

330. Drisko JW, Maschi T. Content analysis: Pocket Guide to Social Work Re; 2016.

331. Hughes O, Hutchings PB, Phelps C. Stigma, social appearance anxiety and coping in
men and women living with skin conditions: a mixed methods analysis. Skin Health and
Disease. 2022;2(4):e73.

332. Schut C, Dalgard FJ, Bewley A, Evers AW, Gieler U, Lien L, et al. Body dysmorphia in
common skin diseases: results of an observational, cross-sectional multicentre study among


https://www.qualtrics.com/uk/lp/surveys/?utm_source=google&utm_medium=ppc&utm_campaign=UKI-EN
https://www.qualtrics.com/uk/lp/surveys/?utm_source=google&utm_medium=ppc&utm_campaign=UKI-EN

Page | 187

dermatological outpatients in 17 European countries. British Journal of Dermatology.
2022;187(1):115-25.

333. Andersen LK, Davis MD. Sex differences in the incidence of skin and skin-related
diseases in Olmsted County, Minnesota, United States, and a comparison with other rates
published worldwide. International journal of dermatology. 2016;55(9):939-55.

334. Altemus M, Sarvaiya N, Epperson CN. Sex differences in anxiety and depression clinical
perspectives. Frontiers in neuroendocrinology. 2014;35(3):320-30.

335. Raychaudhuri SK, Maverakis E, Raychaudhuri SP. Diagnosis and classification of
psoriasis. Autoimmunity reviews. 2014;13(4-5):490-5.

336. HedemannTL, Liu X, Kang CN, Husain MI. Associations between psoriasis and mental
illness: An update for clinicians. General Hospital Psychiatry. 2022.

337. Lukmaniji A, Basmadjian RB, Vallerand IA, Patten SB, Tang KL. Risk of depression in
patients with psoriatic disease: a systematic review and meta-analysis. Journal of Cutaneous
Medicine and Surgery. 2021;25(3):257-70.

338. Kolli SS, Amin SD, Pona A, Cline A, Feldman SR. Psychosocial impact of psoriasis: a
review for dermatology residents. Cutis. 2018;102(5S):21-5.

339. Cortés H, Rojas-Marquez M, Reyes-Hernandez OD, Morales-Morfin JC, Guapillo-Vargas
MR, Varela-Cardoso M, et al. Increased risk of depression and impairment in quality of life in
patients with lamellar ichthyosis. Dermatologic Therapy. 2020.

340. Mazereeuw-Hautier J, Dreyfus |, Barbarot S, Serrentino L, Bourdon-Lanoy E, Ezzedine K|
et al. Factors influencing quality of life in patients with inherited ichthyosis: a qualitative study
in adults using focus groups. British Journal of Dermatology. 2012;166(3):646-8.

341. WuS,Ding¥Y,WuF,LiR, Xie G, Hou J, Mao P. Family history of autoimmune diseases is
associated with an increased risk of autism in children: A systematic review and meta-analysis.
Neuroscience & Biobehavioral Reviews. 2015;55:322-32.

342. Zerbo O, LeongA, Barcellos L, Bernal P, Fireman B, Croen LA. Immune mediated
conditions in autism spectrum disorders. Brain, behavior, and immunity. 2015;46:232-6.

343. BallHL. Conducting online surveys. Journal of human lactation. 2019;35(3):413-7.

344. Nickoloff BJ, Nestle FO. Recent insights into the immunopathogenesis of psoriasis
provide new therapeutic opportunities. The Journal of clinical investigation. 2004;113(12):1664-
75.

345. ZhangX-J, He P-P, Wang Z-X, Zhang J, Li Y-B, Wang H-Y, et al. Evidence for a major
psoriasis susceptibility locus at 6p21 (PSORS1) and a novel candidate region at 4931 by
genome-wide scan in Chinese Hans. Journal of investigative dermatology. 2002;119(6):1361-6.
346. Nair RP, Henseler T, Jenisch S, Stuart P, Bichakjian CK, Lenk W, et al. Evidence for two
psoriasis susceptibility loci (HLA and 17q) and two novel candidate regions (16q and 20p) by
genome-wide scan. Human molecular genetics. 1997;6(8):1349-56.

347. KamalpourL, Rice ZP, Pavlis M, Veledar E, Chen SC. Reliable methods to evaluate the
clinical severity of ichthyosis. Pediatric dermatology. 2010;27(2):148-53.

348. Fredriksson T, Pettersson U. Severe psoriasis—oral therapy with a new retinoid.
Dermatology. 1978;157(4):238-44.

349. Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand S-L, et al. Short
screening scales to monitor population prevalences and trends in non-specific psychological
distress. Psychological medicine. 2002;32(6):959-76.

350. KesslerRC, Adler L, Ames M, Demler O, Faraone S, Hiripi E, et al. The World Health
Organization Adult ADHD Self-Report Scale (ASRS): a short screening scale for use in the
general population. Psychological medicine. 2005;35(2):245-56.

351. Allison C, Auyeung B, Baron-Cohen S. Toward brief “red flags” for autism screening: the
short autism spectrum quotient and the short quantitative checklist in 1,000 cases and 3,000
controls. Journal of the American Academy of Child & Adolescent Psychiatry. 2012;51(2):202-
12.€7.



Page | 188

352. Holtzman S, O’Connor BP, Barata PC, Stewart DE. The Brief Irritability Test (BITe) a
measure of irritability for use among men and women. Assessment. 2015;22(1):101-15.

353. Wittkowski A, Richards HL, Williams J, Fortune DG, Griffiths CE, Main CJ. An
examination of the psychometric properties and factor structure of the feelings of
stigmatization questionnaire. Journal of clinical psychology in medical settings.
2007;14(3):248-57.

354. Kleinheksel A, Rockich-Winston N, Tawfik H, Wyatt TR. Demystifying content analysis.
American journal of pharmaceutical education. 2020;84(1).

355. Kessler RC, Birnbaum H, Bromet E, Hwang I, Sampson N, Shahly V. Age differences in
major depression: results from the National Comorbidity Survey Replication (NCS-R).
Psychological medicine. 2010;40(2):225-37.

356. School. HM. National Comorbidity Survey (NCS).

357. BrughaTS, McManus S, Bankart J, Scott F, Purdon S, Smith J, et al. Epidemiology of
autism spectrum disorders in adults in the community in England. Archives of general
psychiatry. 2011;68(5):459-65.

358. London AS, Landes SD. Cohort change in the prevalence of ADHD among US adults:
evidence of a gender-specific historical period effect. Journal of Attention Disorders.
2021;25(6):771-82.

359. Smythel, Everatt J, Salter R. The international book of dyslexia: A guide to practice and
resources: John Wiley & Sons; 2005.

360. Humpston CS, Bebbington P, Marwaha S. Bipolar disorder: Prevalence, help-seeking
and use of mental health care in England. Findings from the 2014 Adult Psychiatric Morbidity
Survey. Journal of affective disorders. 2021;282:426-33.

361. SladeT, Grove R, Burgess P. Kessler psychological distress scale: normative data from
the 2007 Australian National Survey of Mental Health and Wellbeing. Australian & New Zealand
Journal of Psychiatry. 2011;45(4):308-16.

362. Ferri SL, Abel T, Brodkin ES. Sex differences in autism spectrum disorder: a review.
Current psychiatry reports. 2018;20(2):1-17.

363. vanderSchansJ, Cicek R, de Vries TW, Hak E, Hoekstra PJ. Association of atopic
diseases and attention-deficit/hyperactivity disorder: A systematic review and meta-analyses.
Neuroscience & Biobehavioral Reviews. 2017;74:139-48.

364. DasD, Cherbuin N, Butterworth P, Anstey KJ, Easteal S. A population-based study of
attention deficit/hyperactivity disorder symptoms and associated impairment in middle-aged
adults. PloS one. 2012;7(2):e31500.

365. Miller AH, Raison CL. The role of inflammation in depression: from evolutionary
imperative to modern treatment target. Nature reviews immunology. 2016;16(1):22-34.

366. Beurel E, Toups M, Nemeroff CB. The bidirectional relationship of depression and
inflammation: double trouble. Neuron. 2020;107(2):234-56.

367. Bullmore E. The Inflamed Mind: A radical new approach to depression: Short Books;
2018.

368. RosenblatJD, Cha DS, Mansur RB, Mcintyre RS. Inflamed moods: a review of the
interactions between inflammation and mood disorders. Progress in Neuro-
Psychopharmacology and Biological Psychiatry. 2014;53:23-34.

369. Jones BD, Daskalakis ZJ, Carvalho AF, Strawbridge R, Young AH, Mulsant BH, Husain MI.
Inflammation as a treatment target in mood disorders. BJPsych open. 2020;6(4):e60.

370. Farzanfar D, Dowlati Y, French LE, Lowes MA, Alavi A. Inflammation: a contributor to
depressive comorbidity in inflammatory skin disease. Skin pharmacology and physiology.
2018;31:246-51.

371. WangX, LiY,Wul,XiaoS,JiY, TanY, et al. Dysregulation of the gut-brain-skin axis and
key overlapping inflammatory and immune mechanisms of psoriasis and depression.
Biomedicine & Pharmacotherapy. 2021;137:111065.



Page | 189

372. Magbool S, Intesham A, Langove MN, Jamal S, Jamal T, Safian HA. Neuro-
dermatological association between psoriasis and depression: an immune-mediated
inflammatory process validating skin-brain axis theory. AIMS neuroscience. 2021;8(3):340.
373. Hidalgo-Cantabrana C, GémezJ, Delgado S, Requena-Ldpez S, Queiro-Silva R,
Margolles A, et al. Gut microbiota dysbiosis in a cohort of patients with psoriasis. British Journal
of Dermatology. 2019;181(6):1287-95.

374. Winter G, Hart RA, Charlesworth RP, Sharpley CF. Gut microbiome and depression:
what we know and what we need to know. Reviews in the Neurosciences. 2018;29(6):629-43.
375. Tsilionil, Patel AB, Pantazopoulos H, Berretta S, Conti P, Leeman SE, Theoharides TC.
IL-37 is increased in brains of children with autism spectrum disorder and inhibits human
microglia stimulated by neurotensin. Proceedings of the National Academy of Sciences.
2019;116(43):21659-65.

376. Williams J, Burgess S., Suckling J., Lalousis P.A., Batool F., Griffiths L., PalmerE.,
Karwath A., Barksy A., Gkoutos G.V., et al. Inflammation and brain structure in schizophrenia
and other neuropsychiatric disorders: an interrogation of causal pathways and transcriptomic
profiles. JAMA psychiatry. 2022.

377. Ashwood P, Krakowiak P, Hertz-Picciotto I, Hansen R, Pessah |, Van de Water J.
Elevated plasma cytokines in autism spectrum disorders provide evidence of immune
dysfunction and are associated with impaired behavioral outcome. Brain, behavior, and
immunity. 2011;25(1):40-5.

378. Navarro F, Pearson DA, Fatheree N, Mansour R, Hashmi SS, Rhoads JM. Are ‘leaky
gut’and behavior associated with gluten and dairy containing diet in children with autism
spectrum disorders? Nutritional neuroscience. 2015;18(4):177-85.

379. De Magistris L, Familiari V, Pascotto A, Sapone A, Frolli A, lardino P, et al. Alterations of
the intestinal barrier in patients with autism spectrum disorders and in their first-degree
relatives. Journal of pediatric gastroenterology and nutrition. 2010;51(4):418-24.

380. Martins-Silva T, Vaz JdS, Hutz MH, Salatino-Oliveira A, Genro JP, Hartwig FP, et al.
Assessing causality in the association between attention-deficit/hyperactivity disorder and
obesity: a Mendelian randomization study. International journal of obesity. 2019;43(12):2500-8.
381. Instanes JT, Halmay A, Engeland A, Haavik J, Furu K, Klungsayr K. Attention-
deficit/hyperactivity disorder in offspring of mothers with inflammatory and immune system
diseases. Biological psychiatry. 2017;81(5):452-9.

382. Darwish AH, Elgohary TM, Nosair NA. Serum interleukin-6 level in children with
attention-deficit hyperactivity disorder (ADHD). Journal of child neurology. 2019;34(2):61-7.
383. Fetene DM, Betts KS, Alati R. Mechanisms in Endocrinology: Maternal thyroid
dysfunction during pregnancy and behavioural and psychiatric disorders of children: A
systematic review. European journal of endocrinology. 2017;177(5):R261-R73.

384. Hatzinger M, Brand S, Perren S, von Wyl A, von Klitzing K, Holsboer-Trachsler E.
Hypothalamic—pituitary—adrenocortical (HPA) activity in kindergarten children: Importance of
gender and associations with behavioral/emotional difficulties. Journal of Psychiatric
Research. 2007;41(10):861-70.

385. Randazzo WT, Dockray S, Susman EJ. The stress response in adolescents with
inattentive type ADHD symptoms. Child psychiatry and human development. 2008;39:27-38.
386. Dengy, Chang C, Lu Q. The inflammatory response in psoriasis: a comprehensive
review. Clinical reviews in allergy & immunology. 2016;50:377-89.

387. NaldiL, Mercuri SR. Epidemiology of comorbidities in psoriasis. Dermatologic therapy.
2010;23(2):114-8.

388. CarrascosalJ, RocamoraV, Fernandez-Torres R, Jimenez-Puya R, Moreno J, Coll-
Puigserver N, Fonseca E. Obesity and psoriasis: inflammatory nature of obesity, relationship
between psoriasis and obesity, and therapeutic implications. Actas Dermo-Sifiliograficas
(English Edition). 2014;105(1):31-44.



Page | 190

389. NiC, Chiu MW. Psoriasis and comorbidities: links and risks. Clinical, cosmetic and
investigational dermatology. 2014:119-32.

390. Dowlatshahi E, Van DerVoort E, Arends L, Nijsten T. Markers of systemic inflammation
in psoriasis: a systematic review and meta-analysis. British Journal of Dermatology.
2013;169(2):266-82.

391. Paller AS, Renert-Yuval Y, Suprun M, Esaki H, Oliva M, Huynh TN, et al. An IL-17-
dominant immune profile is shared across the major orphan forms of ichthyosis. Journal of
Allergy and Clinical Immunology. 2017;139(1):152-65.

392. Cottle DL, Ursino GM, Ip SCI, Jones LK, Ditommaso T, Hacking DF, et al. Fetal inhibition
of inflammation improves disease phenotypes in harlequin ichthyosis. Human Molecular
Genetics. 2015;24(2):436-49.

393. QjiV, Traupe H. Ichthyosis: clinical manifestations and practical treatment options.
American journal of clinical dermatology. 2009;10:351-64.

394. Warlich B, Fritz F, Osada N, Bruland P, Stumpf A, Schneider G, et al. Health-related
quality of life in chronic pruritus: an analysis related to disease etiology, clinical skin conditions
and itch intensity. Dermatology. 2015;231(3):253-9.

395. Nguyen SH, Nguyen LH, Vu GT, Nguyen CT, Le THT, Tran BX, et al. Health-related quality
of life impairment among patients with different skin diseases in Vietham: a cross-sectional
study. International journal of environmental research and public health. 2019;16(3):305.

396. Abolfotouh MA, Al-Khowailed MS, Suliman WE, Al-Turaif DA, Al-Bluwi E, Al-Kahtani HS.
Quality of life in patients with skin diseases in central Saudi Arabia. International journal of
general medicine. 2012:633-42.

397. Irvine S, Clark, H., Ward, M., Francis-Devine, B. Women and the UK economy House of
Commons, UK Government 2022.

398. US Census Bureau. American Community Survey. 2019.

399. Roosta N, Black DS, Peng D, Riley LW. Skin disease and stigma in emerging adulthood:
impact on healthy development. Journal of cutaneous medicine and surgery. 2010;14(6):285-
90.

400. Sawant NS, Vanjari NA, Khopkar U. Gender differences in depression, coping, stigma,
and quality of life in patients of vitiligo. Dermatology research and practice. 2019;2019.

401. Mellor D, Fuller-Tyszkiewicz M, McCabe MP, Ricciardelli LA. Body image and self-
esteem across age and gender: A short-term longitudinal study. Sex roles. 2010;63:672-81.
402. Franzoi SL, Vasquez K, Sparapani E, Frost K, Martin J, Aebly M. Exploring body
comparison tendencies: Women are self-critical whereas men are self-hopeful. Psychology of
Women Quarterly. 2012;36(1):99-109.

403. Strahan EJ, Wilson AE, Cressman KE, Buote VM. Comparing to perfection: How cultural
norms for appearance affect social comparisons and self-image. Body image. 2006;3(3):211-
27.

404. Bower B, Bylsma LM, Morris BH, Rottenberg J. Poor reported sleep quality predicts low
positive affect in daily life among healthy and mood-disordered persons. Journal of sleep
research. 2010;19(2):323-32.

405. Franzen PL, Buysse DJ. Sleep disturbances and depression: risk relationships for
subsequent depression and therapeutic implications. Dialogues in clinical neuroscience. 2022.
406. Zisapel N. Sleep and sleep disturbances: biological basis and clinical implications.
Cellular and Molecular Life Sciences. 2007;64:1174-86.

407. Simpson N, Dinges DF. Sleep and inflammation. Nutrition reviews.
2007;65(suppl_3):S244-S52.

408. GnambsT, Kaspar K. Disclosure of sensitive behaviors across self-administered survey
modes: a meta-analysis. Behavior research methods. 2015;47:1237-59.

409. Althubaiti A. Information bias in health research: definition, pitfalls, and adjustment
methods. Journal of multidisciplinary healthcare. 2016:211-7.



Page | 191

410. ChanD. Sowhy ask me? Are self-report data really that bad? Statistical and
methodological myths and urban legends: Routledge; 2010. p. 329-56.

411. TrentS, Davies W. Cognitive, behavioural and psychiatric phenotypes associated with
steroid sulfatase deficiency. World Journal of Translational Medicine. 2013;2(1):1-12.

412. Vitku J, Hill M, Kolatorova L, Kubala Havrdova E, Kancheva R. Steroid sulfation in
neurodegenerative diseases. Frontiers in Molecular Biosciences. 2022;9:839887.

413. Sorwell KG, Urbanski HF. Dehydroepiandrosterone and age-related cognitive decline.
Age. 2010;32:61-7.

414. Flood JF, Farr SA, Johnson DA, Li P-K, Morley JE. Peripheral steroid sulfatase inhibition
potentiates improvement of memory retention for hippocampally administered
dehydroepiandrosterone sulfate but not pregnenolone sulfate. Psychoneuroendocrinology.
1999;24(8):799-811.

415. Rhodes ME, Li P-K, Burke AM, Johnson DA. Enhanced plasma DHEAS, brain
acetylcholine and memory mediated by steroid sulfatase inhibition. Brain research.
1997;773(1-2):28-32.

416. Yue X-H, TongJ-Q, Wang Z-J, Zhang J, Liu X, Liu X-J, et al. Steroid sulfatase inhibitor DU-
14 protects spatial memory and synaptic plasticity from disruption by amyloid 8 protein in male
rats. Hormones and Behavior. 2016;83:83-92.

417. Pérez-Jiménez MM, Monje-Moreno JM, Brokate-Llanos AM, Venegas-Calerén M,
Sanchez-Garcia A, Sansigre P, et al. Steroid hormones sulfatase inactivation extends lifespan
and ameliorates age-related diseases. Nature Communications. 2021;12(1):49.

418. Gubb SJ, Brecic L, Underwood JF, Kendall KM, Caseras X, Kirov G, Davies W. Medical and
neurobehavioural phenotypes in male and female carriers of Xp22. 31 duplications in the UK
Biobank. Human molecular genetics. 2020;29(17):2872-81.

419. Wren GH, Humby T, Thompson AR, Davies W. Mood symptoms, neurodevelopmental
traits, and their contributory factors in X-linked ichthyosis, ichthyosis vulgaris and psoriasis.
Clinical and Experimental Dermatology. 2022.

420. Starkal, DuSkova M, Hill M. Dehydroepiandrosterone: a neuroactive steroid. The
Journal of steroid biochemistry and molecular biology. 2015;145:254-60.

421. Kalin NH. The critical relationship between anxiety and depression. Am Psychiatric
Assoc; 2020. p. 365-7.

422. Dillon DG, Pizzagalli DA. Mechanisms of memory disruption in depression. Trends in
neurosciences. 2018;41(3):137-49.

423. Elliott EM, Bell R, Gorin S, Robinson N, Marsh JE. Auditory distraction can be studied
online! A direct comparison between in-person and online experimentation. Journal of
Cognitive Psychology. 2022;34(3):307-24.

424. Elliott EM, Hughes RW, Briganti A, Joseph TN, Marsh JE, Macken B. Distraction in verbal
short-term memory: Insights from developmental differences. Journal of Memory and
Language. 2016;88:39-50.

425. Ellermeier W, Zimmer K. Individual differences in susceptibility to the “irrelevant speech
effect”. The Journal of the Acoustical Society of America. 1997;102(4):2191-9.

426. Klatte M, Lachmann T, Schlittmeier S, Hellbrtick J. The irrelevant sound effect in short-
term memory: Is there developmental change? European Journal of Cognitive Psychology.
2010;22(8):1168-91.

427. YangH, LiJ, Zheng X. Different influences of negative and neutral emotional
interference on working memory in trait anxiety. Frontiers in psychology. 2021;12:570552.

428. Pardo-VazquezJL, Fernandez-Rey J. External validation of the computerized, group
administrable adaptation of the “operation span task”. Behavior Research Methods.
2008;40:46-54.



Page | 192

429. RedickTS, Broadway JM, Meier ME, Kuriakose PS, Unsworth N, Kane MJ, Engle RW.
Measuring working memory capacity with automated complex span tasks. European Journal of
Psychological Assessment. 2012.

430. Runge SK, Craig BM, Jim HS. Word recall: cognitive performance within internet surveys.
JMIR mental health. 2015;2(2):e3969.

431. Van de Weijer-Bergsma E, Kroesbergen EH, Prast EJ, Van Luit JE. Validity and reliability
of an online visual-spatial working memory task for self-reliant administration in school-aged
children. Behavior research methods. 2015;47:708-19.

432. McPherson J, Burns NR. Assessing the validity of computer-game-like tests of
processing speed and working memory. Behavior research methods. 2008;40:969-81.

433. Malloy-Diniz LF, Lasmar VAP, Gazinelli LdSR, Fuentes D, Salgado JV. The Rey auditory-
verbal learning test: applicability for the Brazilian elderly population. Brazilian Journal of
Psychiatry. 2007;29:324-9.

434. RosenbergSJ, Ryan JJ, Prifitera A. Rey auditory-verbal learning test performance of
patients with and without memory impairment. Journal of clinical psychology. 1984;40(3):785-
7.

435. 0O'Shea DM, Dotson VM, Fieo RA, Tsapanou A, Zahodne L, Stern Y. Older adults with
poor self-rated memory have less depressive symptoms and better memory performance when
perceived self-efficacy is high. International Journal of Geriatric Psychiatry. 2016;31(7):783-90.
436. Crumley JJ, Stetler CA, Horhota M. Examining the relationship between subjective and
objective memory performance in older adults: a meta-analysis. Psychology and Aging.
2014;29(2):250.

437. HuangZ, Maurer J. Validity of self-rated memory among middle-aged and older chinese
adults: Results from the China Health and Retirement Longitudinal Study (CHARLS).
Assessment. 2019;26(8):1582-93.

438. Troyer AK, Rich JB. Psychometric properties of a new metamemory questionnaire for
older adults. The Journals of Gerontology Series B: Psychological Sciences and Social
Sciences. 2002;57(1):P19-P27.

439. Troyer AK, Leach L, Vandermorris S, Rich JB. The measurement of participant-reported
memory across diverse populations and settings: a systematic review and meta-analysis of the
Multifactorial Memory Questionnaire. Memory. 2019;27(7):931-42.

440. Shaikh KT, Tatham EL, Rich JB, Troyer AK. Examining the factor structure of the
Multifactorial Memory Questionnaire. Memory. 2021;29(2):255-60.

441. Blondé P, Sperduti M, Makowski D, Piolino P. Bored, distracted, and forgetful: The
impact of mind wandering and boredom on memory encoding. Quarterly Journal of
Experimental Psychology. 2022;75(1):53-69.

442. ColtheartV, Langdon R. Recall of short word lists presented visually at fast rates:
Effects of phonological similarity and word length. Memory & Cognition. 1998;26:330-42.

443. Zimmerman CA, Kelley CM. “I’ll remember this!” Effects of emotionality on memory
predictions versus memory performance. Journal of Memory and Language. 2010;62(3):240-53.
444. Hertel PT, Parks C. Emotional episodes facilitate word recall. Cognition & Emotion.
2002;16(5):685-94.

445. DolcosF, Cabeza R. Event-related potentials of emotional memory: encoding pleasant,
unpleasant, and neutral pictures. Cognitive, Affective, & Behavioral Neuroscience.
2002;2(3):252-63.

446. Mickley Steinmetz KR, Schmidt K, Zucker HR, Kensinger EA. The effect of emotional
arousal and retention delay on subsequent-memory effects. Cognitive neuroscience. 2012;3(3-
4):150-9.

447. Gutchess AH, Yoon C, Luo T, Feinberg F, Hedden T, Jing Q, et al. Categorical
organization in free recall across culture and age. Gerontology. 2006;52(5):314-23.



Page | 193

448. Kim J-H. Information and culture: Cultural differences in the perception and recall of
information. Library & information science research. 2013;35(3):241-50.

449. Kessler RC, Barker PR, Colpe LJ, Epstein JF, Gfroerer JC, Hiripi E, et al. Screening for
serious mentalillness in the general population. Archives of general psychiatry.
2003;60(2):184-9.

450. Foster PA. Steroid sulphatase and its inhibitors: past, present, and future. Molecules.
2021;26(10):2852.

451. Wren G, Flanagan J, Underwood J, Thompson A, Humby T, Davies W. Memory, mood
and associated neuroanatomy in individuals with steroid sulfatase deficiency (X-linked
ichthyosis). Genes, Brain and Behavior. 2024.

452. Rickenbach EH, Agrigoroaei S, Lachman ME. Awareness of memory ability and
change:(in) accuracy of memory self-assessments in relation to performance. Journal of
Population Ageing. 2015;8:71-99.

453. Hulur G, Hertzog C, Pearman AM, Gerstorf D. Correlates and moderators of change in
subjective memory and memory performance: Findings from the Health and Retirement Study.
Gerontology. 2015;61(3):232-40.

454. Rentz DM, Weiss BK, Jacobs EG, Cherkerzian S, Klibanski A, Remington A, et al. Sex
differences in episodic memory in early midlife: impact of reproductive aging. Menopause (New
York, NY). 2017;24(4):400.

455. Boss L, Kang D-H, Marcus M, Bergstrom N. Endogenous sex hormones and cognitive
function in older adults: a systematic review. Western journal of nursing research.
2014;36(3):388-426.

456. Ragland JD, Coleman AR, Gur RC, Glahn DC, Gur RE. Sex differences in brain-behavior
relationships between verbal episodic memory and resting regional cerebral blood flow.
Neuropsychologia. 2000;38(4):451-61.

457. Herlitz A, Rehnman J. Sex differences in episodic memory. Current Directions in
Psychological Science. 2008;17(1):52-6.

458. Herlitz A, Nilsson L-G, Backman L. Gender differences in episodic memory. Memory &
cognition. 1997;25(6):801-11.

459. Bloise SM, Johnson MK. Memory for emotional and neutral information: Gender and
individual differences in emotional sensitivity. Memory. 2007;15(2):192-204.

460. HendersonV, Guthrie J, Dudley E, Burger H, Dennerstein L. Estrogen exposures and
memory at midlife: a population-based study of women. Neurology. 2003;60(8):1369-71.

461. HendersonV, Popat R. Effects of endogenous and exogenous estrogen exposures in
midlife and late-life women on episodic memory and executive functions. Neuroscience.
2011;191:129-38.

462. Filipek PA, Richelme C, Kennedy DN, Caviness Jr VS. The young adult human brain: an
MRI-based morphometric analysis. Cerebral cortex. 1994;4(4):344-60.

463. Schlaepfer TE, Harris GJ, Tien AY, Peng L, Lee S, Pearlson GD. Structural differences in
the cerebral cortex of healthy female and male subjects: a magnetic resonance imaging study.
Psychiatry Research: Neuroimaging. 1995;61(3):129-35.

464. Lotze M, Domin M, Gerlach FH, Gaser C, Lueders E, Schmidt CO, Neumann N. Novel
findings from 2,838 adult brains on sex differences in gray matter brain volume. Scientific
reports. 2019;9(1):1671.

465. TanA,MaW, Vira A, Marwha D, Eliot L. The human hippocampus is not sexually-
dimorphic: meta-analysis of structural MRl volumes. Neuroimage. 2016;124:350-66.

466. Perlaki G, Orsi G, Plozer E, Altbacker A, Darnai G, Nagy SA, et al. Are there any gender
differences in the hippocampus volume after head-size correction? A volumetric and voxel-
based morphometric study. Neuroscience letters. 2014;570:119-23.



Page | 194

467. Azman A, Meng Q, Ahmad A, Jayothisa CM, editors. An empirical study to examine sex
differences in cognitive distraction among drivers. 2010 3rd International Conference on
Advanced Computer Theory and Engineering (ICACTE); 2010: IEEE.

468. Krueger LE, Salthouse TA. Differences in acquisition, not retention, largely contribute to
sex differences in multitrial word recall performance. Personality and individual differences.
2010;49(7):768-72.

469. Wingo TS, Lah JJ, Levey Al, Cutler DJ. Autosomal recessive causes likely in early-onset
Alzheimer disease. Archives of neurology. 2012;69(1):59-64.

470. Jarmolowicz Al, Chen H-Y, Panegyres PK. The patterns of inheritance in early-onset
dementia: Alzheimer’s disease and frontotemporal dementia. American Journal of Alzheimer's
Disease & Other Dementias®. 2015;30(3):299-306.

471. Loy CT, Schofield PR, Turner AM, Kwok JB. Genetics of dementia. The Lancet.
2014;383(9919):828-40.

472. Alhola P, Polo-Kantola P. Sleep deprivation: Impact on cognitive performance.
Neuropsychiatric disease and treatment. 2007;3(5):553-67.

473. Yirmiya R, Goshen I. Immune modulation of learning, memory, neural plasticity and
neurogenesis. Brain, behavior, and immunity. 2011;25(2):181-213.

474. Wen S, Elias P, Wakefield J, Mauro T, Man MQ. The link between cutaneous
inflammation and cognitive impairment. Journal of the European Academy of Dermatology and
Venereology. 2022;36(10):1705-12.

475. Chopard R, Piazza G, Gale SA, Campia U, Albertsen IE, Kim J, Goldhaber SZ. Dementia
and atrial fibrillation: pathophysiological mechanisms and therapeutic implications. The
American Journal of Medicine. 2018;131(12):1408-17.

476. Zimetbaum P. Atrial Fibrillation. Ann Intern Med. 2017;166(5):ITC33-ITC48.

477. Khurshid S, Choi SH, Weng L-C, Wang EY, Trinquart L, Benjamin EJ, et al. Frequency of
cardiac rhythm abnormalities in a half million adults. Circulation: Arrhythmia and
Electrophysiology. 2018;11(7):e006273.

478. Lip GY, Fauchier L, Freedman SB, Van Gelder |, Natale A, Gianni C, et al. Atrial
fibrillation. Nat Rev Dis Primers. 2016;2:16016.

479. Camm AJ, Kirchhof, Paulus., Lip, Gregory YH., Schotten, Ulrich., Savelieva, Irene., Ernst,
Sabine., Van Gelder, Isabelle C. Guidelines for the management of atrial fibrillation: the Task
Force for the Management of Atrial Fibrillation of the European Society of Cardiology (ESC).
European heart journal. 2010;31(19):2369-429.

480. MiyasakaY, Barnes ME, Gersh BJ, Cha SS, Bailey KR, Abhayaratna WP, et al. Secular
trends in incidence of atrial fibrillation in Olmsted County, Minnesota, 1980 to 2000, and
implications on the projections for future prevalence. Circulation. 2006;114(2):119-25.

481. Brundel BJIM, Ai X, Hills MT, Kuipers MF, Lip GYH, de Groot NMS. Atrial fibrillation.
Nature Reviews Disease Primers. 2022;8(1):21.

482. KornejJ, Borschel CS, Benjamin EJ, Schnabel RB. Epidemiology of atrial fibrillation in
the 21st century: novel methods and new insights. Circulation research. 2020;127(1):4-20.
483. Lip GY, Laroche C, Boriani G, Cimaglia P, Dan G-A, Santini M, et al. Sex-related
differences in presentation, treatment, and outcome of patients with atrial fibrillation in
Europe: areport from the Euro Observational Research Programme Pilot survey on Atrial
Fibrillation. Ep Europace. 2015;17(1):24-31.

484. MakiY, Takeichi T, Kono M, Tanaka Y, Akiyama M. Case of mild X-linked ichthyosis
complicated with paroxysmal supraventricular tachycardia and anemia. Journal of
Dermatology. 2018;45(10):e275-€6.

485. Lam S, Hultin S, Preston J, Campbell S. Temporal Change in Blood Group after Bone
Marrow Transplant: A Case of Successful ABO-Incompatible Deceased Donor Transplant. Case
reports in transplantation. 2020;2020.



Page | 195

486. Kavousi M. Differences in epidemiology and risk factors for atrial fibrillation between
women and men. Frontiers in Cardiovascular Medicine. 2020:3.

487. Dilaveris PE, Kennedy HL. Silent atrial fibrillation: epidemiology, diagnosis, and clinical
impact. Clinical cardiology. 2017;40(6):413-8.

488. Thrall G, Lane D, Carroll D, Lip GY. Quality of life in patients with atrial fibrillation: a
systematic review. The American journal of medicine. 2006;119(5):448. e1-. e19.

489. Thrall G, Lip GY, Carroll D, Lane D. Depression, anxiety, and quality of life in patients
with atrial fibrillation. Chest. 2007;132(4):1259-64.

490. Zhangl, Gallagher R, Neubeck L. Health-related quality of life in atrial fibrillation
patients over 65 years: a review. European Journal of Preventive Cardiology. 2015;22(8):987 -
1002.

491. Randolph TC, Simon DN, Thomas L, Allen LA, Fonarow GC, Gersh BJ, et al. Patient
factors associated with quality of life in atrial fibrillation. American heart journal. 2016;182:135-
43.

492. ChenY-H, Xu S-J, Bendahhou S, Wang X-L, Wang Y, Xu W-Y, et al. KCNQ1 gain-of-
function mutation in familial atrial fibrillation. Science. 2003;299(5604):251-4.

493. Postma AV, Van De Meerakker JB, Mathijssen IB, Barnett P, Christoffels VM, Ilgun A, et
al. A gain-of-function TBX5 mutation is associated with atypical Holt-Oram syndrome and
paroxysmal atrial fibrillation. Circulation research. 2008;102(11):1433-42.

494. Hodgson-Zingman DM, Karst ML, Zingman LV, Heublein DM, Darbar D, Herron KJ, et al.
Atrial natriuretic peptide frameshift mutation in familial atrial fibrillation. New England Journal
of Medicine. 2008;359(2):158-65.

495. OrrN, Arnaout R, Gula LJ, Spears DA, Leong-Sit P, Li Q, et al. A mutation in the atrial-
specific myosin light chain gene (MYL4) causes familial atrial fibrillation. Nature
Communications. 2016;7(1):11303.

496. OlsonTM, Alekseev AE, Liu XK, Park S, Zingman LV, Bienengraeber M, et al. Kv1.5
channelopathy due to KCNAGS loss-of-function mutation causes human atrial fibrillation.
Human molecular genetics. 2006;15(14):2185-91.

497. Gudbjartsson DF, Arnar DO, Helgadottir A, Gretarsdottir S, Holm H, Sigurdsson A, et al.
Variants conferring risk of atrial fibrillation on chromosome 4q25. Nature. 2007;448(7151):353-
7.

498. WangJ, Klysik E, Sood S, Johnson RL, Wehrens XH, Martin JF. Pitx2 prevents
susceptibility to atrial arrhythmias by inhibiting left-sided pacemaker specification.
Proceedings of the National Academy of Sciences. 2010;107(21):9753-8.

499. Mommersteeg MT, Brown NA, Prall OW, de Gier-de Vries C, Harvey RP, Moorman AF,
Christoffels VM. Pitx2c and Nkx2-5 are required for the formation and identity of the pulmonary
myocardium. Circulation research. 2007;101(9):902-9.

500. Chinchilla A, Daimi H, Lozano-Velasco E, Dominguez JN, Caballero R, Delpdn E, et al.
PITX2 insufficiency leads to atrial electrical and structural remodeling linked to
arrhythmogenesis. Circulation: Cardiovascular Genetics. 2011;4(3):269-79.

501. Tomomori S, NakanoY, Ochi H, Onohara, Sairaku A, Tokuyama T, et al. Chromosome
4925 variant rs6817105 bring sinus node dysfunction and left atrial enlargement. Scientific
Reports. 2018;8(1):14565.

502. NakanoY.Genome and atrial fibrillation. Journal of Arrhythmia. 2023.

503. NielsenJB, Thorolfsdottir RB, Fritsche LG, Zhou W, Skov MW, Graham SE, et al.
Biobank-driven genomic discovery yields new insight into atrial fibrillation biology. Nature
genetics. 2018;50(9):1234-9.

504. Sinner MF, Tucker NR, Lunetta KL, Ozaki K, Smith JG, Trompet S, et al. Integrating
genetic, transcriptional, and functional analyses to identify 5 novel genes for atrial fibrillation.
Circulation. 2014;130(15):1225-35.



Page | 196

505. Ellinor PT, Lunetta KL, Albert CM, Glazer NL, Ritchie MD, Smith AV, et al. Meta-analysis
identifies six new susceptibility loci for atrial fibrillation. Nature genetics. 2012;44(6):670-5.
506. BergeT, Lyngbakken MN, lhle-Hansen H, Brynildsen J, Pervez MO, Aagaard EN, et al.
Prevalence of atrial fibrillation and cardiovascular risk factors in a 63-65 years old general
population cohort: the Akershus Cardiac Examination (ACE) 1950 Study. BMJ open.
2018;8(7):e021704.

507. SchnabelRB, Yin X, Gona P, Larson MG, Beiser AS, McManus DD, et al. 50 year trends in
atrial fibrillation prevalence, incidence, risk factors, and mortality in the Framingham Heart
Study: a cohort study. The Lancet. 2015;386(9989):154-62.

508. Zoni-Berisso M, Lercari F, Carazza T, Domenicucci S. Epidemiology of atrial fibrillation:
European perspective. Clinical epidemiology. 2014:213-20.

509. Zhang)J, Johnsen SP, GuoY, Lip GY. Epidemiology of atrial fibrillation:
geographic/ecological risk factors, age, sex, genetics. Cardiac electrophysiology clinics.
2021;13(1):1-23.

510. LiY-M,lJiang C, He L, Li X-X, Hou X-X, Chang S-S, et al. Sex differences in presentation,
quality of life, and treatment in Chinese atrial fibrillation patients: insights from the china atrial
fibrillation registry study. Medical science monitor: international medical journal of
experimental and clinical research. 2019;25:8011.

511. Wren G, Davies W. Sex-linked genetic mechanisms and atrial fibrillation risk. European
Journal of Medical Genetics. 2022:104459.

512. Oliva M, Munoz-Aguirre M, Kim-Hellmuth S, Wucher V, Gewirtz AD, Cotter DJ, et al. The
impact of sex on gene expression across human tissues. Science. 2020;369(6509):eaba3066.
513. Sauteraud R, StahlJM, James J, Englebright M, Chen F, Zhan X, et al. Inferring genes that
escape X-Chromosome inactivation reveals important contribution of variable escape genes to
sex-biased diseases. Genome research. 2021;31(9):1629-37.

514. TukiainenT, Villani A-C, Yen A, Rivas MA, Marshall JL, Satija R, et al. Landscape of X
chromosome inactivation across human tissues. Nature. 2017;550(7675):244-8.

515. Wren G, Baker E, Underwood J, Humby T, Thompson A, Kirov G, et al. Characterising
heart rhythm abnormalities associated with Xp22. 31 deletion. Journal of Medical Genetics.
2023;60(7):636-43.

516. Delfino M, Procaccini E, Illiano G, Milone A. X-linked ichthyosis: relation between
cholesterol sulphate, dehydroepiandrosterone sulphate and patient's age. British Journal of
Dermatology. 1998;138(4):655-7.

517. Clemens DJ, Tester DJ, Giudicessi JR, Bos JM, Rohatgi RK, Abrams DJ, et al. International
Triadin Knockout Syndrome Registry: the clinical phenotype and treatment outcomes of
patients with triadin knockout syndrome. Circulation: Genomic and Precision Medicine.
2019;12(2):e002419.

518. Denham NC, Pearman CM, Caldwell JL, Madders GW, Eisner DA, Trafford AW, Dibb KM.
Calcium in the pathophysiology of atrial fibrillation and heart failure. Frontiers in physiology.
2018;9:1380.

519. SelcerK, Balasubramonian B, Miller D, Kerr J, DiFrancesco M, Ojha S, Urbano R. Steroid
sulfatase in the mouse NIH-3T3 fibroblast cell line: Characterization, and downregulation by
glucocorticoids. Steroids. 2021;174:108890.

520. Lechen M-L. The Tromsg study: associations between self-reported arrhythmia,
psychological conditions, and lifestyle. Scandinavian journal of primary health care.
1991;9(4):265-70.

521. Little J, Simmons M, Kunik R, Rhodus NL, Merry J. Evaluation of an EKG system for the
dental office. General dentistry. 1990;38(4):278-81.

522. Ko D, RahmanF, Schnabel RB, Yin X, Benjamin EJ, Christophersen IE. Atrial fibrillation in
women: epidemiology, pathophysiology, presentation, and prognosis. Nature Reviews
Cardiology. 2016;13(6):321-32.



Page | 197

523. Turner CJ, Wren C. The epidemiology of arrhythmia in infants: a population-based study.
Journal of paediatrics and child health. 2013;49(4):278-81.

524. Humby T, Davies W. Brain gene expression in a novel mouse model of postpartum
mood disorder. Translational Neuroscience. 2019;10(1):168-74.

525. Lennartsson A-K, Kushnir MM, Bergquist J, Jonsdottir IH. DHEA and DHEA-S response to
acute psychosocial stress in healthy men and women. Biological psychology. 2012;90(2):143-9.
526. LongMT, Ko D, Arnold LM, Trinquart L, Sherer JA, Keppel S-S, et al. Gastrointestinal and
liver diseases and atrial fibrillation: a review of the literature. Therapeutic Advances in
Gastroenterology. 2019;12:1756284819832237.

527. KohdaM, TokuzawaY, Kishita Y, Nyuzuki H, Moriyama Y, Mizuno Y, et al. A
comprehensive genomic analysis reveals the genetic landscape of mitochondrial respiratory
chain complex deficiencies. PLoS genetics. 2016;12(1):e1005679.

528. WengL-C, Choi SH, Klarin D, Smith JG, Loh P-R, Chaffin M, et al. Heritability of atrial
fibrillation. Circulation: Cardiovascular Genetics. 2017;10(6):e001838.

529. TaoH, ShiK-H, Yang J-J, LiJ. Epigenetic mechanisms in atrial fibrillation: new insights
and future directions. Trends in cardiovascular medicine. 2016;26(4):306-18.

530. Lau DH, Nattel S, Kalman JM, Sanders P. Modifiable risk factors and atrial fibrillation.
Circulation. 2017;136(6):583-96.

531. Abisse SS, Lampert R, Burg M, Soufer R, Shusterman V. Cardiac repolarization
instability during psychological stress in patients with ventricular arrhythmias. Journal of
electrocardiology. 2011;44(6):678-83.

532. Hemingway H, Malik M, Marmot M. Social and psychosocial influences on sudden
cardiac death, ventricular arrhythmia and cardiac autonomic function. European Heart Journal.
2001;22(13):1082-101.

533. PeacockJ, Whang W. Psychological distress and arrhythmia: risk prediction and
potential modifiers. Progress in cardiovascular diseases. 2013;55(6):582-9.

534. Watkins LL, Blumenthal JA, Davidson JR, Babyak MA, McCants Jr CB, Sketch Jr MH.
Phobic anxiety, depression, and risk of ventricular arrhythmias in patients with coronary heart
disease. Psychosomatic medicine. 2006;68(5):651-6.

535. Sossalla S, Vollmann D. Arrhythmia-induced cardiomyopathy: causes, clinical
significance, and treatment. Deutsches Arzteblatt International. 2018;115(19):335.

536. LiW-J,ZhaoY, GaoY, DongL-L, WuY-F, ChenZ-H, Shen H-H. Lipid metabolism in
asthma: immune regulation and potential therapeutic target. Cellular Immunology.
2021;364:104341.

537. QianlL, Mehrabi Nasab E, Athari SM, Athari SS. Mitochondria signaling pathways in
allergic asthma. Journal of Investigative Medicine. 2022;70(4):863-82.

538. LiJ,BaoW, ZhangT, ZhouY, Yang H, Jia H, et al. Independent relationship between
serum ferritin levels and dyslipidemia in Chinese adults: A population study. PLoS One.
2017;12(12):e0190310.

539. GaolJ,Zhou Q, Wu D, Chen L. Mitochondrial iron metabolism and its role in diseases.
Clinica chimica acta. 2021;513:6-12.

540. Shores DR, Binion DG, Freeman BA, Baker PR. New insights into the role of fatty acids in
the pathogenesis and resolution of inflammatory bowel disease. Inflammatory bowel diseases.
2011;17(10):2192-204.

541. Ho G-t, Theiss AL. Mitochondria and inflammatory bowel diseases: toward a stratified
therapeutic intervention. Annual review of physiology. 2022;84:435-59.

542. Wangy, Singh S, Bajorek B. Old age, high risk medication, polypharmacy: a'trilogy'of
risks in older patients with atrial fibrillation. Pharmacy Practice (Granada). 2016;14(2):0-.

543. Bytzer P. Dyspepsia as an adverse effect of drugs. Best Practice & Research Clinical
Gastroenterology. 2010;24(2):109-20.



Page | 198

544. Rodriguez LAG, Cattaruzzi C, Troncon MG, Agostinis L. Risk of hospitalization for upper
gastrointestinal tract bleeding associated with ketorolac, other nonsteroidal anti-inflammatory
drugs, calcium antagonists, and other antihypertensive drugs. Archives of internal medicine.
1998;158(1):33-9.

545. Gesualdo M, Scicchitano P, Carbonara S, Ricci G, Principi M, lerardi E, et al. The
association between cardiac and gastrointestinal disorders: causal or casual link? Journal of
Cardiovascular Medicine. 2016;17(5):330-8.

546. Chan W-L, Yang K-P, Chao T-F, Huang C-C, Huang P-H, Chen Y-C, et al. The association
of asthma and atrial fibrillation—A nationwide population-based nested case—control study.
International journal of cardiology. 2014;176(2):464-9.

547. Cepelis A, Brumpton BM, Malmo V, Laugsand LE, Loennechen JP, Ellekjeer H, et al.
Associations of asthma and asthma control with atrial fibrillation risk: results from the Nord-
Trgndelag health study (HUNT). JAMA cardiology. 2018;3(8):721-8.

548. Warnier MJ, Rutten FH, Kors JA, Lammers JWJ, de Boer A, Hoes AW, De Bruin ML.
Cardiac arrhythmias in adult patients with asthma. Journal of Asthma. 2012;49(9):942-6.

549. Kassebaum NJ, Collaborators GA. The global burden of anemia. Hematology/oncology
clinics of North America. 2016;30(2):247-308.

550. Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns N, Lozano R, et al. A systematic
analysis of global anemia burden from 1990 to 2010. Blood, The Journal of the American Society
of Hematology. 2014;123(5):615-24.

551. Silverberg DS, Wexler D, laina A. The role of anemia in the progression of congestive
heart failure. Is there a place for erythropoietin and intravenous iron? Journal of Nephrology.
2004;17(6):749-61.

552. Anand IS, Gupta P. Anemia and iron deficiency in heart failure: current concepts and
emerging therapies. Circulation. 2018;138(1):80-98.

553. CheshireandMerseysideStrategicClinicalNetworks. Clinical pathway for people with
atrial fibrillation or at risk of atrial fibrillation 2015 [Available from:
https://www.england.nhs.uk/north/wp-content/uploads/sites/5/2019/01/clinical-pathway-for-
people-with-atrial-fibrillation-or-at-risk-of-atrial-fibrillation.pdf.

554. Fenton FH, Cherry EM, Glass L. Cardiac arrhythmia. Scholarpedia. 2008;3(7):1665.

555. Weinhaus AJ, Roberts KP. Anatomy of the human heart. Handbook of cardiac anatomy,
physiology, and devices. 2005:51-79.

556. Sedmera D. Function and form in the developing cardiovascular system.
Cardiovascular research. 2011;91(2):252-9.

557. Karpawich PP. Pathophysiology of cardiac arrhythmias: arrhythmogenesis and types of
arrhythmias. Pathophysiology and Pharmacotherapy of Cardiovascular Disease. 2015:1003-14.
558. Vetulli HM, Elizari MV, Naccarelli GV, Gonzalez MD. Cardiac automaticity: basic
concepts and clinical observations. Journal of Interventional Cardiac Electrophysiology.
2018;52:263-70.

559. Mangoni ME, Nargeot J. Genesis and regulation of the heart automaticity. Physiological
reviews. 2008;88(3):919-82.

560. Antzelevitch C, Burashnikov A. Overview of basic mechanisms of cardiac arrhythmia.
Cardiac electrophysiology clinics. 2011;3(1):23-45.

561. Fu D-g. Cardiac arrhythmias: diagnosis, symptoms, and treatments. Cell biochemistry
and biophysics. 2015;73(2):291-6.

562. Gaztahaga L, Marchlinski FE, Betensky BP. Mechanisms of cardiac arrhythmias. Revista
Espanola de Cardiologia (English Edition). 2012;65(2):174-85.

563. Weiss JN, Garfinkel A, Karagueuzian HS, Chen P-S, Qu Z. Early afterdepolarizations and
cardiac arrhythmias. Heart rhythm. 2010;7(12):1891-9.

564. Wit AL, Boyden PA. Triggered activity and atrial fibrillation. Heart Rhythm.
2007;4(3):S17-S23.


https://www.england.nhs.uk/north/wp-content/uploads/sites/5/2019/01/clinical-pathway-for-people-with-atrial-fibrillation-or-at-risk-of-atrial-fibrillation.pdf
https://www.england.nhs.uk/north/wp-content/uploads/sites/5/2019/01/clinical-pathway-for-people-with-atrial-fibrillation-or-at-risk-of-atrial-fibrillation.pdf

Page | 199

565. Burashnikov A, Antzelevitch C. Reinduction of atrial fibrillation immediately after
termination of the arrhythmia is mediated by late phase 3 early afterdepolarization-induced
triggered activity. Circulation. 2003;107(18):2355-60.

566. Maruyama M, Lin S-F, Xie Y, Chua S-K, Joung B, Han S, et al. Genesis of phase 3 early
afterdepolarizations and triggered activity in acquired long-QT syndrome. Circulation:
Arrhythmia and Electrophysiology. 2011;4(1):103-11.

567. KaplanJ, Kanwal A, Ahmed I, Lala V. Reentrant Arrhythmias. StatPearls [Internet]:
StatPearls Publishing; 2023.

568. Desai DS, Hajouli S. Arrhythmias. StatPearls [Internet]: StatPearls Publishing; 2022.
569. Markides V. Atrial fibrillation: classification, pathophysiology, mechanisms and drug
treatment. Heart. 2003;89(8):939-43.

570. HeathR, Lip G. STEPS before you refer for: atrial fibrillation. BrJ Cardiol.
2008;15(6):302-5.

571. Kim MH, Johnston SS, Chu B-C, Dalal MR, Schulman KL. Estimation of total incremental
health care costs in patients with atrial fibrillation in the United States. Circulation:
Cardiovascular Quality and Outcomes. 2011;4(3):313-20.

572. Turakhia MP, Shafrin J, Bognar K, Goldman DP, Mendys PM, Abdulsattar, et al.
Economic burden of undiagnosed nonvalvular atrial fibrillation in the United States. The
American journal of cardiology. 2015;116(5):733-9.

573. Ghatnekar O, Glader EL. The effect of atrial fibrillation on stroke-related inpatient costs
in Sweden: a 3-year analysis of registry incidence data from 2001. Value in Health.
2008;11(5):862-8.

574. Bruggenjurgen B, Rossnagel K, Roll S, Andersson FL, Selim D, Muller-Nordhorn J, et al.
The impact of atrial fibrillation on the cost of stroke: the Berlin acute stroke study. Value in
Health. 2007;10(2):137-43.

575. Hannon N, Daly L, Murphy S, Smith S, Hayden D, Ni Chréinin D, et al. Acute hospital,
community, and indirect costs of stroke associated with atrial fibrillation: population-based
study. Stroke. 2014;45(12):3670-4.

576. Cotté F-E, Chaize G, Gaudin A-F, Samson A, Vainchtock A, Fauchier L. Burden of stroke
and other cardiovascular complications in patients with atrial fibrillation hospitalized in France.
Europace. 2016;18(4):501-7.

577. O'Reilly DJ, Hopkins RB, Healey JS, Dorian P, Sauriol L, Tarride J-E, et al. The burden of
atrial fibrillation on the hospital sector in Canada. Canadian Journal of Cardiology.
2013;29(2):229-35.

578. European Health Network. CVD Statistics 2017 [Available from:
https://ehnheart.org/about-cvd/the-burden-of-cvd/.

579. Jones NR, Taylor CJ, Hobbs FR, Bowman L, Casadei B. Screening for atrial fibrillation: a
call for evidence. European heart journal. 2020;41(10):1075-85.

580. Davidoff R, Schamroth C, Myburgh D. The Wolff-Parkinson-White pattern in health
aircrew. Aviation, space, and environmental medicine. 1981;52(9):554-8.

581. Hiss RG, Lamb LE. Electrocardiographic findings in 122,043 individuals. Circulation.
1962;25(6):947-61.

582. Folarin VA, Fitzsimmons PJ, Kruyer WB. Holter monitor findings in asymptomatic male
military aviators without structural heart disease. Aviation, space, and environmental
medicine. 2001;72(9):836-8.

583. Marine JE, Shetty V, Chow GV, Wright JG, Gerstenblith G, Najjar SS, et al. Prevalence
and prognostic significance of exercise-induced nonsustained ventricular tachycardia in
asymptomatic volunteers: BLSA (Baltimore Longitudinal Study of Aging). Journal of the
American College of Cardiology. 2013;62(7):595-600.

584. Gheno G, Mazzei G. Prognostic value of Holter monitoring in asymptomatic elderly
subjects with sinus rhythm. Journal of electrocardiology. 1996;29(1):39-44.


https://ehnheart.org/about-cvd/the-burden-of-cvd/

Page | 200

585. Zipes D, Camm A, Borggrefe M, Buxton A, Chaitman B, Fromer M, et al. American
College of Cardiology; American Heart Association Task Force; European Society of Cardiology
Committee for Practice Guidelines; European Heart Rhythm Association; Heart Rhythm
Society. ACC/AHA/ESC 2006 guidelines for management of patients with ventricular
arrhythmias and the prevention of sudden cardiac death: a report of the American College of
Cardiology/American Heart Association Task Force and the European Society of Cardiology
Committee for Practice Guidelines (Writing Committee to Develop guidelines for management
of patients with ventricular arrhythmias and the prevention of sudden cardiac death) developed
in collaboration with the European Heart Rhythm Association and the Heart Rhythm Society.
Europace. 2006;8:746-837.

586. Arnar DO, Mairesse GH, Boriani G, Calkins H, Chin A, Coats A, et al. Management of
asymptomatic arrhythmias: a European heart rhythm association (EHRA) consensus
document, endorsed by the heart failure association (HFA), heart rhythm society (HRS), Asia
Pacific heart rhythm society (APHRS), cardiac arrhythmia society of Southern Africa (CASSA),
and Latin America heart rhythm society (LAHRS). EP Europace. 2019;21(6):844-5.

587. Thompson PD. Cardiovascular adaptations to marathon running: the marathoner’s
heart. Sports Medicine. 2007;37:444-7.

588. Camm AJ, Evans K, Ward D, Martin A. The rhythm of the heart in active elderly subjects.
American heart journal. 1980;99(5):598-603.

589. Psaty BM, Manolio TA, Kuller LH, Kronmal RA, Cushman M, Fried LP, et al. Incidence of
and risk factors for atrial fibrillation in older adults. Circulation. 1997;96(7):2455-61.

590. Rienstra M, Vermond RA, Crijns HJ, Tijssen JG, Van Gelder IC, Investigators R.
Asymptomatic persistent atrial fibrillation and outcome: results of the RACE study. Heart
Rhythm. 2014;11(6):939-45.

591. Bakhai A, Darius H, De Caterina R, Smart A, Le Heuzey J-Y, Schilling RJ, et al.
Characteristics and outcomes of atrial fibrillation patients with or without specific symptoms:
results from the PREFER in AF registry. European Heart Journal-Quality of Care and Clinical
Outcomes. 2016;2(4):299-305.

592. Benjamin EJ, Levy D, Vaziri SM, D'Agostino RB, Belanger AJ, Wolf PA. Independent risk
factors for atrial fibrillation in a population-based cohort: the Framingham Heart Study. Jama.
1994;271(11):840-4.

593. Boriani G, Laroche C, Diemberger |, Fantecchi E, Popescu MI, Rasmussen LH, et al.
Asymptomatic Atrial Fibrillation: Clinical Correlates, Management, and Outcomes in the EORP-
AF Pilot General Registry. The American Journal of Medicine. 2015;128(5):509-18.e2.

594. Siontis KC, Gersh BJ, Killian JM, Noseworthy PA, McCabe P, Weston SA, et al. Typical,
atypical, and asymptomatic presentations of new-onset atrial fibrillation in the community:
characteristics and prognostic implications. Heart Rhythm. 2016;13(7):1418-24.

595. Flaker GC, Belew K, Beckman K, Vidaillet H, Kron J, Safford R, et al. Asymptomatic atrial
fibrillation: demographic features and prognostic information from the Atrial Fibrillation Follow-
up Investigation of Rhythm Management (AFFIRM) study. American heart journal.
2005;149(4):657-63.

596. Sposato LA, Cipriano LE, Saposnik G, Vargas ER, Riccio PM, Hachinski V. Diagnosis of
atrial fibrillation after stroke and transient ischaemic attack: a systematic review and meta-
analysis. The Lancet Neurology. 2015;14(4):377-87.

597. Kishore A, Vail A, Majid A, Dawson J, Lees KR, Tyrrell PJ, Smith CJ. Detection of atrial
fibrillation after ischemic stroke or transient ischemic attack: a systematic review and meta-
analysis. stroke. 2014;45(2):520-6.

598. Ballatore A, Matta M, Saglietto A, Desalvo P, Bocchino PP, Gaita F, et al. Subclinical and
asymptomatic atrial fibrillation: current evidence and unsolved questions in clinical practice.
Medicina. 2019;55(8):497.

599. GOV.UK. Adult Screening Programme: Atrial Fibrillation 2019.



Page | 201

600. University of Cambridge. Why screen for AF? - SAFER Trial [Available from:
https://www.safer.phpc.cam.ac.uk/about-screenforaf/why-screen-for-it/.

601. University of Cambridge. Aims and Objectives - SAFER Trial [Available from:
https://www.safer.phpc.cam.ac.uk/about-screenforaf/aims-and-objectives/.

602. Davidson KW, Barry MJ, Mangione CM, Cabana M, Caughey AB, Davis EM, et al.
Screening for Atrial Fibrillation. JAMA. 2022;327(4):360.

603. Swancutt D, Hobbs R, Fitzmaurice D, Mant J, Murray E, Jowett S, et al. Arandomised
controlled trial and cost effectiveness study of systematic screening (targeted and total
population screening) versus routine practice for the detection of atrial fibrillation in the over
65s:(SAFE)[ISRCTN19633732]. BMC Cardiovascular Disorders. 2004;4:1-11.

604. Welton NJ, McAleenan A, Thom HH, Davies P, Hollingworth W, Higgins JP, et al.
Screening strategies for atrial fibrillation: a systematic review and cost-effectiveness analysis.
Health technology assessment. 2017;21(29).

605. NHS Cheshire and Merseyside Strategic Clinical Networks. Clinical pathway for people
with atrial fibrillation or at risk of atrial fibrillation 2015 [Available from:
https://www.england.nhs.uk/north/wp-content/uploads/sites/5/2019/01/clinical-pathway-for-
people-with-atrial-fibrillation-or-at-risk-of-atrial-fibrillation.pdf.

606. Mazereeuw-HautierJ, Vahlquist A, Traupe H, Bygum A, Amaro C, Aldwin M, et al.
Management of congenital ichthyoses: European guidelines of care, part one. British Journal of
Dermatology. 2019;180(2):272-81.

607. Mazereeuw-Hautier J, Hernandez-Martin A, O'Toole EA, Bygum A, Amaro C, Aldwin M, et
al. Management of congenital ichthyoses: European guidelines of care, part two. British Journal
of Dermatology. 2019;180(3):484-95.

608. Godfrey A, Hetherington V, Shum H, Bonato P, Lovell N, Stuart S. From Ato Z: Wearable
technology explained. Maturitas. 2018;113:40-7.

609. Wu M, LuolJ. Wearable technology applications in healthcare: a literature review. Online
J Nurs Inform. 2019;23(3).

610. Polaris Market Research. Healthcare analytics market share, size, trends, industry
analysis report, 2021-2028. 2020.

611. SanaF, Isselbacher EM, Singh JP, Heist EK, Pathik B, Armoundas AA. Wearable devices
for ambulatory cardiac monitoring: JACC state-of-the-art review. Journal of the American
College of Cardiology. 2020;75(13):1582-92.

612. Beukenhorst AL, Howells K, Cook L, McBeth J, O'Neill TW, Parkes MJ, et al. Engagement
and participant experiences with consumer smartwatches for health research: longitudinal,
observational feasibility study. JMIR mHealth and uHealth. 2020;8(1):e14368.

613. YoonH, Shin D-H, Kim H, editors. Health information tailoring and data privacy in a
smart watch as a preventive health tool. International Conference on Human-Computer
Interaction; 2015: Springer.

614. Kekade S, Hseieh C-H, Islam MM, Atique S, Khalfan AM, Li Y-C, Abdul SS. The
usefulness and actual use of wearable devices among the elderly population. Computer
methods and programs in biomedicine. 2018;153:137-59.

615. Igbal MH, Aydin A, Brunckhorst O, Dasgupta P, Ahmed K. Areview of wearable
technology in medicine. Journal of the Royal Society of Medicine. 2016;109(10):372-80.

616. Healy CA, Carrillo RG. Wearable cardioverter-defibrillator for prevention of sudden
cardiac death after infected implantable cardioverter-defibrillator removal: a cost-
effectiveness evaluation. Heart Rhythm. 2015;12(7):1565-73.

617. Knight SR, Ng N, Tsanas A, Mclean K, Pagliari C, Harrison EM. Mobile devices and
wearable technology for measuring patient outcomes after surgery: a systematic review. NPJ
digital medicine. 2021;4(1):157.

618. Yingling LR, Brooks AT, Wallen GR, Peters-Lawrence M, McClurkin M, Cooper-McCann
R, et al. Community engagement to optimize the use of web-based and wearable technology in



https://www.safer.phpc.cam.ac.uk/about-screenforaf/why-screen-for-it/
https://www.safer.phpc.cam.ac.uk/about-screenforaf/aims-and-objectives/
https://www.england.nhs.uk/north/wp-content/uploads/sites/5/2019/01/clinical-pathway-for-people-with-atrial-fibrillation-or-at-risk-of-atrial-fibrillation.pdf
https://www.england.nhs.uk/north/wp-content/uploads/sites/5/2019/01/clinical-pathway-for-people-with-atrial-fibrillation-or-at-risk-of-atrial-fibrillation.pdf

Page | 202

a cardiovascular health and needs assessment study: a mixed methods approach. JMIR
mHealth and uHealth. 2016;4(2):e4489.

619. Udoh ES, Alkharashi A, editors. Privacy risk awareness and the behavior of smartwatch
users: A case study of Indiana University students. 2016 Future Technologies Conference (FTC);
2016: IEEE.

620. BangM, Solnevik K, Eriksson H, editors. The nurse watch: design and evaluation of a
smart watch application with vital sign monitoring and checklist reminders. AMIA Annual
Symposium Proceedings; 2015: American Medical Informatics Association.

621. Winokur ES, Delano MK, Sodini CG. Awearable cardiac monitor for long-term data
acquisition and analysis. IEEE Transactions on Biomedical Engineering. 2012;60(1):189-92.
622. BayoumyK, Gaber M, Elshafeey A, Mhaimeed O, Dineen EH, Marvel FA, et al. Smart
wearable devices in cardiovascular care: where we are and how to move forward. Nature
Reviews Cardiology. 2021;18(8):581-99.

623. DagherlL, ShiH, ZhaoY, Marrouche NF. Wearables in cardiology: Here to stay. Heart
Rhythm. 2020;17(5):889-95.

624. Nelson BW, Allen NB. Accuracy of consumer wearable heart rate measurement during
an ecologically valid 24-hour period: intraindividual validation study. JMIR mHealth and
uHealth. 2019;7(3):e10828.

625. Etiwy M, Akhrass Z, Gillinov L, Alashi A, Wang R, Blackburn G, et al. Accuracy of
wearable heart rate monitors in cardiac rehabilitation. Cardiovascular diagnosis and therapy.
2019;9(3):262.

626. Steinhubl SR, Waalen J, Edwards AM, Ariniello LM, Mehta RR, Ebner GS, et al. Effect of a
home-based wearable continuous ECG monitoring patch on detection of undiagnosed atrial
fibrillation: the mSToPS randomized clinical trial. Jama. 2018;320(2):146-55.

627. Perez MV, Mahaffey KW, Hedlin H, Rumsfeld JS, Garcia A, Ferris T, et al. Large-scale
assessment of a smartwatch to identify atrial fibrillation. New England Journal of Medicine.
2019;381(20):1909-17.

628. FanY-Y, LiY-G, LiJ, Cheng W-K, Shan Z-L, Wang Y-T, Guo Y-T. Diagnostic performance
of a smart device with photoplethysmography technology for atrial fibrillation detection: pilot
study (Pre-mAFA Il registry). JIMIR mHealth and uHealth. 2019;7(3):e11437.

629. Janssen Scientific Affairs L. A Study to Investigate if Early Atrial Fibrillation (AF)
Diagnosis Reduces Risk of Events Like Stroke in the Real-World. 2024.

630. Statement from FDA Commissioner Scott Gottlieb, M.D., and Center for Devices and
Radiological Health Director Jeff Shuren, M.D., J.D., on agency efforts to work with tech industry
to spurinnovation in digital health [press release]. 2018.

631. Merschel S, Reinhardt L. Analyzability of Photoplethysmographic Smartwatch Data by
the Preventicus Heartbeats Algorithm During Everyday Life: Feasibility Study. JMIR Formative
Research. 2022;6(3):e29479.

632. Serfozo PD, Sandkuhler R, Blimke B, Matthisson E, Meier J, Odermatt J, et al. An
augmented reality—-based method to assess precordial electrocardiogram leads: a feasibility
trial. European Heart Journal-Digital Health. 2023;4(5):420-7.

633. DingEY, Tran K-V, Lessard D, Wang Z, Han D, Mohagheghian F, et al. Accuracy,
Usability, and Adherence of Smartwatches for Atrial Fibrillation Detection in Older Adults After
Stroke: Randomized Controlled Trial. JMIR cardio. 2023;7(1):e45137.

634. Cleveland Clinic. Premature Ventricular Contractions 2022 [Available from:
https://my.clevelandclinic.org/health/diseases/17381-premature-ventricular-contractions.
635. BussVH, Varnfield M, Harris M, Barr M. Remotely conducted app-based intervention for
cardiovascular disease and diabetes risk awareness and prevention: single-group feasibility
trial. JMIR Human Factors. 2022;9(3):e38469.


https://my.clevelandclinic.org/health/diseases/17381-premature-ventricular-contractions

Page | 203

636. Goyal S, Morita PP, Picton P, Seto E, Zbib A, Cafazzo JA. Uptake of a consumer-focused
mHealth application for the assessment and prevention of heart disease: the< 30 days study.
JMIR mHealth and uHealth. 2016;4(1):e4730.

637. Staite E, Bayley A, Al-Ozairi E, Stewart K, Hopkins D, Rundle J, et al. Awearable
technology delivering a web-based diabetes prevention program to people at high risk of type 2
diabetes: randomized controlled trial. JMIR mHealth and uHealth. 2020;8(7):e15448.

638. Izmailova ES, Wagner JA, Perakslis ED. Wearable devices in clinical trials: hype and
hypothesis. Clinical Pharmacology & Therapeutics. 2018;104(1):42-52.

639. Kennedy HL, Whitlock JA, Sprague MK, Kennedy LJ, Buckingham TA, Goldberg RJ. Long-
term follow-up of asymptomatic healthy subjects with frequent and complex ventricular
ectopy. New England Journal of Medicine. 1985;312(4):193-7.

640. Hingorani P, Karnad DR, Rohekar P, Kerkar V, Lokhandwala YY, Kothari S. Arrhythmias
seen in baseline 24-hour Holter ECG recordings in healthy normal volunteers during phase 1
clinical trials. The Journal of Clinical Pharmacology. 2016;56(7):885-93.

641. Engel G, Cho S, Ghayoumi A, Yamazaki T, Chun S, Fearon WF, Froelicher VF. Prognostic
significance of PVCs and resting heart rate. Annals of Noninvasive Electrocardiology.
2007;12(2):121-9.

642. MinSS, Turner JR, Nada A, DiMino TL, Hynie |, Kleiman R, et al. Evaluation of ventricular
arrhythmias in early clinical pharmacology trials and potential consequences for later
development. American Heart Journal. 2010;159(5):716-29.

643. StinsonJ, Pears J, Williams A, Campbell R. Use of 24 h ambulatory ECG recordings in
the assessment of new chemical entities in healthy volunteers. British journal of clinical
pharmacology. 1995;39(6):651-6.

644. Maagaard M, Eckerstrom F, Hjortdal VE. Cardiac arrhythmias and impaired heart rate
variability in older patients with ventricular septal defects. Journal of the American Heart
Association. 2021;10(17):e020672.

645. Arbuthnott A, Sharpe D. The effect of physician—patient collaboration on patient
adherence in non-psychiatric medicine. Patient education and counseling. 2009;77(1):60-7.
646. DeenTL, Fortney JC, Pyne JM. Relationship between satisfaction, patient-centered care,
adherence and outcomes among patients in a collaborative care trial for depression.
Administration and Policy in Mental Health and Mental Health Services Research. 2011;38:345-
55.

647. Sheehan L, Corrigan P. Stigma of disease and its impact on health. The Wiley
encyclopedia of health psychology. 2020:57-65.

648. Major B, Dovidio JF, Link BG, Calabrese SK. Stigma and its implications for health:
Introduction and overview. The Oxford handbook of stigma, discrimination, and health. 2018:3-
28.

649. Moschogianis S, Chisholm A, McKie S, Griffiths C, Elliott R, Kleyn E, editors. Towards an
understanding of the psychosocial impact of psoriasis. BRITISH JOURNAL OF DERMATOLOGY;
2021: WILEY 111 RIVER ST, HOBOKEN 07030-5774, NJ USA.

650. Johnson D, Dupuis G, Piche J, Clayborne Z, Colman I. Adult mental health outcomes of
adolescent depression: A systematic review. Depression and anxiety. 2018;35(8):700-16.

651. Naicker K, Galambos NL, Zeng Y, Senthilselvan A, Colman |. Social, demographic, and
health outcomes in the 10 years following adolescent depression. Journal of Adolescent
Health. 2013;52(5):533-8.

652. Steiger AE, Allemand M, Robins RW, Fend HA. Low and decreasing self-esteem during
adolescence predict adult depression two decades later. Journal of personality and social
psychology. 2014;106(2):325.

653. Masselink M, Van Roekel E, Oldehinkel A. Self-esteem in early adolescence as predictor
of depressive symptoms in late adolescence and early adulthood: The mediating role of
motivational and social factors. Journal of youth and adolescence. 2018;47(5):932-46.



Page | 204

654. Changing Faces. About visible difference [Available from:
https://www.changingfaces.org.uk/about-visible-difference/.

655. Cherepanov D, Palta M, Fryback DG, Robert SA. Gender differences in health-related
quality-of-life are partly explained by sociodemographic and socioeconomic variation between
adult men and women in the US: evidence from four US nationally representative data sets.
Quality of life research. 2010;19:1115-24.

656. Pagnin D, De Queiroz V. Comparison of quality of life between medical students and
young general populations. Education for Health. 2015;28(3):209-12.

657. Campos ACV, e Ferreira EF, Vargas AMD, Albala C. Aging, Gender and Quality of Life
(AGEQOL) study: factors associated with good quality of life in older Brazilian community-
dwelling adults. Health and quality of life outcomes. 2014;12:1-11.

658. Clifford K. “It’s actually not as bad as it seems”: understanding the process of resilience
for children with a visible difference during the secondary school transition: Kingston
University; 2021.

659. DrayJ, Bowman J, Campbell E, Freund M, Wolfenden L, Hodder RK, et al. Systematic
review of universal resilience-focused interventions targeting child and adolescent mental
health in the school setting. Journal of the American Academy of Child & Adolescent Psychiatry.
2017;56(10):813-24.

660. LuoD,ZhouM, Sunl,LinZ, BianQ, Liu M, Ren S. Resilience as a mediator of the
association between perceived stigma and quality of life among people with inflammatory
bowel disease. Frontiers in Psychiatry. 2021;12:709295.

661. Murray C, Sanderson DJ, Barkus C, Deacon RM, Rawlins JNP, Bannerman DM,
Cunningham C. Systemic inflammation induces acute working memory deficits in the primed
brain: relevance for delirium. Neurobiology of aging. 2012;33(3):603-16. e3.

662. Bollenl, Trick L, Llewellyn D, Dickens C. The effects of acute inflammation on cognitive
functioning and emotional processing in humans: A systematic review of experimental studies.
Journal of Psychosomatic Research. 2017;94:47-55.

663. Trollor JN, Smith E, Agars E, Kuan SA, Baune BT, Campbell L, et al. The association
between systemic inflammation and cognitive performance in the elderly: the Sydney Memory
and Ageing Study. Age. 2012;34:1295-308.

664. Elias P, Williams M, Maloney M, Bonifas J, Brown B, Grayson S, Epstein E. Stratum
corneum lipids in disorders of cornification. Steroid sulfatase and cholesterol sulfate in normal
desquamation and the pathogenesis of recessive X-linked ichthyosis. The Journal of clinical
investigation. 1984;74(4):1414-21.

665. Sanchez-Guijo A, Oji V, Hartmann MF, Schuppe H-C, Traupe H, Wudy SA. High levels of
oxysterol sulfates in serum of patients with steroid sulfatase deficiency [S]. Journal of Lipid
Research. 2015;56(2):403-12.

666. Griffiths WJ, Wang Y. Oxysterol research: a brief review. Biochemical Society
Transactions. 2019;47(2):517-26.

667. Kalinichenko LS, Gulbins E, Kornhuber J, Mueller CP. Sphingolipid control of cognitive
functions in health and disease. Progress in Lipid Research. 2022;86:101162.

668. Postema MC, Hoogman M, Ambrosino S, Asherson P, Banaschewski T, Bandeira CE, et
al. Analysis of structural brain asymmetries in attention-deficit/hyperactivity disorder in 39
datasets. Journal of Child Psychology and Psychiatry. 2021;62(10):1202-19.

669. Van Rooij D, Anagnostou E, Arango C, Auzias G, Behrmann M, Busatto GF, et al. Cortical
and subcortical brain morphometry differences between patients with autism spectrum
disorder and healthy individuals across the lifespan: results from the ENIGMA ASD Working
Group. American Journal of Psychiatry. 2018;175(4):359-69.

670. HestonJ, Friedman A, Bagai M, Bavafa N, Aron AR, Hnasko TS. Activation of
subthalamic nucleus stop circuit disrupts cognitive performance. Eneuro. 2020;7(5).



https://www.changingfaces.org.uk/about-visible-difference/

Page | 205

671. TrentS, Cassano T, Bedse G, Ojarikre OA, Humby T, Davies W. Altered serotonergic
function may partially account for behavioral endophenotypes in steroid sulfatase-deficient
mice. Neuropsychopharmacology. 2012;37(5):1267-74.

672. Oades RD. Dopamine-serotonin interactions in attention-deficit hyperactivity disorder
(ADHD). Progress in brain research. 2008;172:543-65.

673. Banerjee E, Nandagopal K. Does serotonin deficit mediate susceptibility to ADHD?
Neurochemistry international. 2015;82:52-68.

674. Maharl, Bambico FR, Mechawar N, Nobrega JN. Stress, serotonin, and hippocampal
neurogenesis in relation to depression and antidepressant effects. Neuroscience &
Biobehavioral Reviews. 2014;38:173-92.

675. Chamberlain SR, Muller U, Deakin JB, Corlett PR, Dowson J, Cardinal RN, et al. Lack of
deleterious effects of buspirone on cognition in healthy male volunteers. Journal of
Psychopharmacology. 2007;21(2):210-5.

676. SiepmannT, Mueck-Weymann M, Oertel R, Kirch W, Pittrow D, Siepmann M. The effects
of venlafaxine on cognitive functions and quantitative EEG in healthy volunteers.
Pharmacopsychiatry. 2008;41(04):146-50.

677. Cowen P, Sherwood AC. The role of serotonin in cognitive function: evidence from
recent studies and implications for understanding depression. Journal of psychopharmacology.
2013;27(7):575-88.

678. Alhaj HA, Massey AE, McAllister-Williams RH. Effects of DHEA administration on
episodic memory, cortisol and mood in healthy young men: a double-blind, placebo-controlled
study. Psychopharmacology. 2006;188:541-51.

679. Peixoto C, Grande AJ, Mallmann MB, Nardi AE, Cardoso A, Veras AB.
Dehydroepiandrosterone (DHEA) for depression: a systematic review and meta-analysis. CNS &
Neurological Disorders-Drug Targets (Formerly Current Drug Targets-CNS & Neurological
Disorders). 2018;17(9):706-11.

680. Farooqi NA, Scotti M, Lew JM, Botteron KN, Karama S, McCracken JT, Nguyen T-V. Role
of DHEA and cortisol in prefrontal-amygdalar development and working memory.
Psychoneuroendocrinology. 2018;98:86-94.

681. GTExPortal. Tissue gene expression for STS [Available from:
https://gtexportal.org/home/gene/STS.

682. Reller MD, Strickland MJ, Riehle-Colarusso T, Mahle WT, Correa A. Prevalence of
congenital heart defects in metropolitan Atlanta, 1998-2005. The Journal of pediatrics.
2008;153(6):807-13.

683. Firth HV, Richards SM, Bevan AP, Clayton S, Corpas M, Rajan D, et al. DECIPHER:
database of chromosomal imbalance and phenotype in humans using ensembl resources. The
American Journal of Human Genetics. 2009;84(4):524-33.

684. Baspinar O, Coskun, Kiling M, Aydin D, inaléz S. X-Linked Ichthyosis, Dextrocardia And
Septal Defect In A Pair Of Dizygotic Twin. European Journal of Therapeutics. 2008;14(1):23-5.
685. Mendoza-Milla C, Jiménez AV, Rangel C, Lozano A, Morales V, Becerril C, et al.
Dehydroepiandrosterone has strong antifibrotic effects and is decreased in idiopathic
pulmonary fibrosis. European Respiratory Journal. 2013;42(5):1309-21.

686. Saenger P, New M. Inhibitory action of dehydroepiandrosterone (DHEA) on fibroblast
growth. Experientia. 1977;33(7):966-7.

687. Stevenson S, Sharpe DT, Julie Thornton M. Effects of oestrogen agonists on human
dermal fibroblasts in an in vitro wounding assay. Experimental dermatology. 2009;18(11):988-
90.

688. Jonmundsson T, Steindorsdottir AE, Austin TR, Frick EA, Axelsson GT, LaunerL, et al. A
proteomic analysis of atrial fibrillation in a prospective longitudinal cohort (AGES-Reykjavik
study). Europace. 2023;25(11):euad320.


https://gtexportal.org/home/gene/STS

Page | 206

689. Boland E, Quondamatteo F, Van Agtmael T. The role of basement membranes in cardiac
biology and disease. Bioscience Reports. 2021;41(8):BSR20204185.

690. Darbro BW, Mahajan VB, Gakhar L, Skeie JM, Campbell E, Wu S, et al. Mutations in
Extracellular Matrix Genes NID1 and LAMC1 Cause Autosomal Dominant D andy-W alker
Malformation and Occipital Cephaloceles. Human mutation. 2013;34(8):1075-9.

691. Stambolliu E, loakeim-loannidou M, Kontokostas K, Dakoutrou M, Kousoulis AA. The
most common comorbidities in Dandy-Walker syndrome patients: a systematic review of case
reports. Journal of child neurology. 2017;32(10):886-902.

692. Mo F-E, Lau LF. The matricellular protein CCN1 is essential for cardiac development.
Circulation research. 2006;99(9):961-9.

693. KwonT-U, KwonY-J, Baek H-S, Park H, Lee H, Chun Y-J. Unraveling the molecular
mechanisms of cell migration impairment and apoptosis associated with steroid sulfatase
deficiency: Implications for X-linked ichthyosis. Biochimica et Biophysica Acta (BBA)-Molecular
Basis of Disease. 2024;1870(3):167004.

694. Orabueze IC, Ogunleye O, Jha S, Orabueze |, Ogunleye OO. Sustained Ventricular
Tachycardia Presenting As Gastrointestinal (Gl) Symptoms. Cureus. 2024;16(1).

695. Pathak RK, Mahajan R, Lau DH, Sanders P. The implications of obesity for cardiac
arrhythmia mechanisms and management. Canadian Journal of Cardiology. 2015;31(2):203-10.
696. Hanna-Rivero N, Tu SJ, Elliott AD, Pitman BM, Gallagher C, Lau DH, et al. Anemia and
iron deficiency in patients with atrial fibrillation. BMC Cardiovascular Disorders.
2022;22(1):204.

697. DiGiovannalJ, Robinson-Bostom L. Ichthyosis: etiology, diagnosis, and management.
American journal of clinical dermatology. 2003;4:81-95.

698. Storebg OJ, Pedersen N, Ramstad E, Kielsholm ML, Nielsen SS, Krogh HB, et al.
Methylphenidate for attention deficit hyperactivity disorder (ADHD) in children and
adolescents—assessment of adverse events in non-randomised studies. Cochrane Database of
Systematic Reviews. 2018(5).

699. Von Korff M, Gruman J, Schaefer J, Curry SJ, Wagner EH. Collaborative management of
chronicillness. American College of Physicians; 1997. p. 1097-102.

700. DuresE, Hewlett S, Ambler N, Jenkins R, Clarke J, Gooberman-Hill R. A qualitative study
of patients’ perspectives on collaboration to support self-management in routine rheumatology
consultations. BMC Musculoskeletal Disorders. 2016;17:1-8.

701. Davidson AR, Kelly J, Ball L, Morgan M, Reidlinger DP. What do patients experience?
Interprofessional collaborative practice for chronic conditions in primary care: an integrative
review. BMC Primary Care. 2022;23:1-12.

702. Rees S, Williams A. Promoting and supporting self-management for adults living in the
community with physical chronic illness: A systematic review of the effectiveness and
meaningfulness of the patient-practitioner encounter. JBI Evidence Synthesis. 2009;7(13):492-
582.

703. Clark NM, Cabana MD, Nan B, Gong ZM, Slish KK, Birk NA, Kaciroti N. The clinician-
patient partnership paradigm: outcomes associated with physician communication behavior.
Clinical pediatrics. 2008;47(1):49-57.

704. Weil TN, Bagramian RA, Inglehart MR. Treating patients with autism spectrum
disorder—SCDA members’ attitudes and behavior. Special Care in Dentistry. 2011;31(1):8-17.
705. Chebuhar A, McCarthy AM, Bosch J, Baker S. Using picture schedules in medical
settings for patients with an autism spectrum disorder. Journal of Pediatric Nursing.
2013;28(2):125-34.

706. Fallea A, Zuccarello R, Roccella M, Quatrosi G, Donadio S, Vetri L, Cali F. Sensory-
adapted dental environment for the treatment of patients with autism spectrum disorder.
Children. 2022;9(3):393.



Page | 207

707. Golnik A, Scal P, Wey A, Gaillard P. Autism-specific primary care medical home
intervention. Journal of autism and developmental disorders. 2012;42:1087-93.

708. Walsh C, O’Connor P, Walsh E, Lydon S. A systematic review of interventions to improve
healthcare experiences and access in autism. Review Journal of Autism and Developmental
Disorders. 2023;10(2):185-202.

709. Panegyres PK, Berry R, Burchell J. Early dementia screening. Diagnostics. 2016;6(1):6.
710.  Yokomizo JE, Simon SS, de Campos Bottino CM. Cognitive screening for dementia in
primary care: a systematic review. International psychogeriatrics. 2014;26(11):1783-804.

711.  Milne A. Dementia screening and early diagnosis: The case for and against. Health, risk
& society. 2010;12(1):65-76.

712. Isaacson RS, Saif N. A missed opportunity for dementia prevention? Current challenges
for early detection and modern-day solutions. The Journal of Prevention of Alzheimer's Disease.
2020;7:291-3.

713. Hofer SM, Alwin DF. Handbook of cognitive aging: Interdisciplinary perspectives. 2008.
714. ShustermanV, Lampert R. Role of stress in cardiac arrhythmias. Journal of atrial
fibrillation. 2013;5(6).

715. Johnson B, Francis J. Stress and cardiac arrhythmias. Indian pacing and
electrophysiology journal. 2014;14(5):230.

716. SeganL, Prabhu S, Kalman JM, Kistler PM. Atrial fibrillation and stress: a 2-way street?
Clinical Electrophysiology. 2022;8(8):1051-9.

717.  Buckley U, Shivkumar K. Stress-induced cardiac arrhythmias: the heart-brain
interaction. Trends in cardiovascular medicine. 2016;26(1):78.

718. Konturek PC, Brzozowski T, Konturek SJ. Stress and the gut: pathophysiology, clinical
consequences, diagnostic approach and treatment options. J Physiol Pharmacol.
2011;62(6):591-9.

719. QinH-Y, Cheng C-W, Tang X-D, Bian Z-X. Impact of psychological stress on irritable
bowel syndrome. World journal of gastroenterology: WJG. 2014;20(39):14126.

720. Pizzagalli DA. Depression, stress, and anhedonia: toward a synthesis and integrated
model. Annual review of clinical psychology. 2014;10:393-423.

721. Losiewicz OM, Metts AV, Zinbarg RE, Hammen C, Craske MG. Examining the indirect
contributions of irritability and chronic interpersonal stress on symptoms of anxiety and
depression in adolescents. Journal of affective disorders. 2023;329:350-8.

722. SunlJ,Zhang X, WangY, Wang J, Li J, Cao F. The associations of interpersonal sensitivity
with mental distress and trait aggression in early adulthood: a prospective cohort study. Journal
of affective disorders. 2020;272:50-7.

723. Spinhoven P, Elzinga BM, Hovens JG, Roelofs K, Zitman FG, van Oppen P, Penninx BW.
The specificity of childhood adversities and negative life events across the life span to anxiety
and depressive disorders. Journal of affective disorders. 2010;126(1-2):103-12.

724. Fried El, Bockting C, Arjadi R, Borsboom D, Amshoff M, Cramer AO, et al. From loss to
loneliness: The relationship between bereavement and depressive symptoms. Journal of
abnormal psychology. 2015;124(2):256.

725. Heim C, Binder EB. Current research trends in early life stress and depression: Review
of human studies on sensitive periods, gene—environment interactions, and epigenetics.
Experimental neurology. 2012;233(1):102-11.

726. WiegnerL, Hange D, Bjorkelund C, Ahlborg G. Prevalence of perceived stress and
associations to symptoms of exhaustion, depression and anxiety in a working age population
seeking primary care-an observational study. BMC family practice. 2015;16:1-8.

727. Racic M, Todorovic R, Ivkovic N, Masic S, Joksimovic B, Kulic M. Self-perceived stressin
relation to anxiety, depression and health-related quality of life among health professions
students: a cross-sectional study from Bosnia and Herzegovina. Slovenian Journal of Public
Health. 2017;56(4):251-9.



Page | 208

728. Nidich SI, Rainforth MV, Haaga DA, Hagelin J, Salerno JW, Travis F, et al. A randomized
controlled trial on effects of the Transcendental Meditation program on blood pressure,
psychological distress, and coping in young adults. American journal of hypertension.
2009;22(12):1326-31.

729. Sharma M, Rush SE. Mindfulness-based stress reduction as a stress management
intervention for healthy individuals: a systematic review. Journal of evidence-based
complementary & alternative medicine. 2014;19(4):271-86.

730. Crowe M, Jordan J, Burrell B, Jones V, Gillon D, Harris S. Mindfulness-based stress
reduction for long-term physical conditions: A systematic review. Australian & New Zealand
Journal of Psychiatry. 2016;50(1):21-32.

731. Merkes M. Mindfulness-based stress reduction for people with chronic diseases.
Australian journal of primary health. 2010;16(3):200-10.

732. Bohlmeijer E, Prenger R, Taal E, Cuijpers P. The effects of mindfulness-based stress
reduction therapy on mental health of adults with a chronic medical disease: a meta-analysis.
Journal of psychosomatic research. 2010;68(6):539-44.

733. StaglJM, Bouchard LC, Lechner SC, Blomberg BB, Gudenkauf LM, Jutagir DR, et al.
Long-term psychological benefits of cognitive-behavioral stress management for women with
breast cancer: 11-year follow-up of a randomized controlled trial. Cancer. 2015;121(11):1873-
81.

734. de Brouwer SJ, Kraaimaat FW, Sweep FC, Donders RT, Eijsbouts A, van Koulil S, et al.
Psychophysiological responses to stress after stress management training in patients with
rheumatoid arthritis. PLoS One. 2011;6(12):€27432.

735. Schneider RH, Alexander CN, Staggers F, Rainforth M, Salerno JW, Hartz A, et al. Long-
term effects of stress reduction on mortality in persons= 55 years of age with systemic
hypertension. The American journal of cardiology. 2005;95(9):1060-4.

736. Short MA, Louca M. Sleep deprivation leads to mood deficits in healthy adolescents.
Sleep medicine. 2015;16(8):987-93.

737. Scott JP, McNaughton LR, Polman RC. Effects of sleep deprivation and exercise on
cognitive, motor performance and mood. Physiology & behavior. 2006;87(2):396-408.

738. Tomaso CC, Johnson AB, Nelson TD. The effect of sleep deprivation and restriction on
mood, emotion, and emotion regulation: three meta-analyses in one. Sleep.
2021;44(6):zsaa289.

739. LolJC, OnglL, Leong RL, Gooley JJ, Chee MW. Cognitive performance, sleepiness, and
mood in partially sleep deprived adolescents: the need for sleep study. Sleep. 2016;39(3):687 -
98.

740. Ratcliff R, Van Dongen H. The effects of sleep deprivation on item and associative
recognition memory. Journal of Experimental Psychology: Learning, Memory, and Cognition.
2018;44(2):193.

741. Morovatdar N, Ebrahimi N, Rezaee R, Poorzand H, Tork MAB, Sahebkar A. Sleep
duration and risk of atrial fibrillation: a systematic review. Journal of atrial Fibrillation.
2019;11(6).

742. Christensen MA, Dixit S, Dewland TA, Whitman IR, Nah G, Vittinghoff E, et al. Sleep
characteristics that predict atrial fibrillation. Heart Rhythm. 2018;15(9):1289-95.

743. LiX,ZhouT, MaH, HuangT, Gao X, Manson JE, Qi L. Healthy sleep patterns and risk of
incident arrhythmias. Journal of the American College of Cardiology. 2021;78(12):1197-207.
744. Somers VK, Dyken ME, Mark AL, Abboud FM. Sympathetic-nerve activity during sleep in
normal subjects. New England Journal of Medicine. 1993;328(5):303-7.

745. Chen P-S, Chen LS, Fishbein MC, Lin S-F, Nattel S. Role of the autonomic nervous
system in atrial fibrillation: pathophysiology and therapy. Circulation research.
2014;114(9):1500-15.



Page | 209

746. Blake MJ, Sheeber LB, Youssef GJ, Raniti MB, Allen NB. Systematic review and meta-
analysis of adolescent cognitive-behavioral sleep interventions. Clinical child and family
psychology review. 2017;20:227-49.

747. Trockel M, Manber R, ChangV, Thurston A, Tailor CB. An e-mail delivered CBT for sleep-
health program for college students: effects on sleep quality and depression symptoms.
Journal of Clinical Sleep Medicine. 2011;7(3):276-81.

748.  Friedrich A, Schlarb AA. Let's talk about sleep: a systematic review of psychological
interventions to improve sleep in college students. Journal of sleep research. 2018;27(1):4-22.
749. Shallcross Al, Visvanathan PD, Sperber SH, Duberstein ZT. Waking up to the problem of
sleep: can mindfulness help? A review of theory and evidence for the effects of mindfulness for
sleep. Current Opinion in Psychology. 2019;28:37-41.

750. WangT]J, Parise H, Levy D, D’Agostino RB, Wolf PA, Vasan RS, Benjamin EJ. Obesity and
the risk of new-onset atrial fibrillation. Jama. 2004;292(20):2471-7.

751. Tedrow UB, Conen D, Ridker PM, Cook NR, Koplan BA, Manson JE, et al. The long-and
short-term impact of elevated body mass index on the risk of new atrial fibrillation: the WHS
(Women's Health Study). Journal of the American College of Cardiology. 2010;55(21):2319-27.
752. Dublin S, French B, Glazer NL, Wiggins KL, Lumley T, Psaty BM, et al. Risk of new-onset
atrial fibrillation in relation to body mass index. Archives of internal medicine.
2006;166(21):2322-8.

753. Parkash R, Green MS, Kerr CR, Connolly SJ, Klein GJ, Sheldon R, et al. The association of
left atrial size and occurrence of atrial fibrillation: a prospective cohort study from the Canadian
Registry of Atrial Fibrillation. American heart journal. 2004;148(4):649-54.

754. Olshansky B, Heller EN, Mitchell LB, Chandler M, Slater W, Green M, et al. Are
transthoracic echocardiographic parameters associated with atrial fibrillation recurrence or
stroke? Results from the Atrial Fibrillation Follow-Up Investigation of Rhythm Management
(AFFIRM) study. Journal of the American College of Cardiology. 2005;45(12):2026-33.

755. Nattel S. New ideas about atrial fibrillation 50 years on. Nature. 2002;415(6868):219-26.
756. Munger TM, Dong Y-X, Masaki M, Oh JK, Mankad SV, Borlaug BA, et al.
Electrophysiological and hemodynamic characteristics associated with obesity in patients with
atrial fibrillation. Journal of the American College of Cardiology. 2012;60(9):851-60.

757. MagnanilJW, Lopez FL, Soliman EZ, Maclehose RF, Crow RS, Alonso A. P wave indices,
obesity, and the metabolic syndrome: the atherosclerosis risk in communities study. Obesity.
2012;20(3):666-72.

758. Batal O, Schoenhagen P, Shao M, Ayyad AE, Van Wagoner DR, Halliburton SS, et al. Left
atrial epicardial adiposity and atrial fibrillation. Circulation: Arrhythmia and Electrophysiology.
2010;3(3):230-6.

759. Thanassoulis G, Massaro JM, O'Donnell CJ, Hoffmann U, Levy D, Ellinor PT, et al.
Pericardial fat is associated with prevalent atrial fibrillation: the Framingham Heart Study.
Circulation: Arrhythmia and Electrophysiology. 2010;3(4):345-50.

760. Wong CX, Abed HS, Molaee P, Nelson AJ, Brooks AG, Sharma G, et al. Pericardial fat is
associated with atrial fibrillation severity and ablation outcome. Journal of the American
College of Cardiology. 2011;57(17):1745-51.

761. Patel KHK, Reddy RK, Sau A, Sivanandarajah P, Ardissino M, Ng FS. Obesity as arisk
factor for cardiac arrhythmias. BMJ medicine. 2022;1(1).

762.  AlMushref M, Srinivasan S. Effect of high fat-diet and obesity on gastrointestinal
motility. Annals of translational medicine. 2013;1(2).

763. Eslick G. Gastrointestinal symptoms and obesity: a meta-analysis. Obesity reviews.
2012;13(5):469-79.

764. Camilleri M, Malhi H, Acosta A. Gastrointestinal complications of obesity.
Gastroenterology. 2017;152(7):1656-70.



Page | 210

765. Moayyedi P. The epidemiology of obesity and gastrointestinal and other diseases: an
overview. Digestive diseases and sciences. 2008;53:2293-9.

766. MilaneschiY, Simmons WK, van Rossum EF, Penninx BW. Depression and obesity:
evidence of shared biological mechanisms. Molecular psychiatry. 2019;24(1):18-33.

767. Mannan M, Mamun A, Doi S, Clavarino A. Prospective associations between depression
and obesity for adolescent males and females-a systematic review and meta-analysis of
longitudinal studies. PloS one. 2016;11(6):e0157240.

768. Faith M, Butryn M, Wadden T, Fabricatore A, Nguyen A, Heymsfield S. Evidence for
prospective associations among depression and obesity in population-based studies. Obesity
Reviews. 2011;12(5):e438-e53.

769. Luppino FS, de Wit LM, Bouvy PF, Stijnen T, Cuijpers P, Penninx BW, Zitman FG.
Overweight, obesity, and depression: a systematic review and meta-analysis of longitudinal
studies. Archives of general psychiatry. 2010;67(3):220-9.

770. Liukkonen T, Rasanen P, Jokelainen J, Leinonen M, Jarvelin M-R, Meyer-Rochow V,
Timonen M. The association between anxiety and C-reactive protein (CRP) levels: results from
the Northern Finland 1966 birth cohort study. European Psychiatry. 2011;26(6):363-9.

771. Hickman RJ, Khambaty T, Stewart JC. C-reactive protein is elevated in atypical but not
nonatypical depression: data from the National Health and Nutrition Examination Survey
(NHANES) 1999-2004. Journal of behavioral medicine. 2014;37:621-9.

772. Ouakinin SR, Barreira DP, Gois CJ. Depression and obesity: Integrating the role of
stress, neuroendocrine dysfunction and inflammatory pathways. Frontiers in endocrinology.
2018;9:358454.

773. Markowitz S, Friedman MA, Arent SM. Understanding the relation between obesity and
depression: causal mechanisms and implications for treatment. Clinical Psychology: Science
and Practice. 2008;15(1):1.

774. PreissK, Brennan L, Clarke D. A systematic review of variables associated with the
relationship between obesity and depression. Obesity reviews. 2013;14(11):906-18.

775. Whitmer RA, Gunderson EP, Barrett-Connor E, Quesenberry CP, Yaffe K. Obesity in
middle age and future risk of dementia: a 27 year longitudinal population based study. Bmj.
2005;330(7504):1360.

776.  Xu WL, Atti A-R, Gatz M, Pedersen N, Johansson B, Fratiglioni L. Midlife overweight and
obesity increase late-life dementia risk: a population-based twin study. Neurology.
2011;76(18):1568-74.

777. Cournot M, Marquie J, Ansiau D, Martinaud C, Fonds H, Ferrieres J, Ruidavets J. Relation
between body mass index and cognitive function in healthy middle-aged men and women.
Neurology. 2006;67(7):1208-14.

778. Gunstad J, Paul R, Cohen R, Tate D, Gordon E. Obesity is associated with memory
deficits in young and middle-aged adults. Eating and Weight Disorders-Studies on Anorexia,
Bulimia and Obesity. 2006;11:e15-€9.

779. Cheke LG, Bonnici HM, Clayton NS, Simons JS. Obesity and insulin resistance are
associated with reduced activity in core memory regions of the brain. Neuropsychologia.
2017;96:137-49.

780. Coppin G, Nolan-Poupart S, Jones-Gotman M, Small DM. Working memory and reward
association learning impairments in obesity. Neuropsychologia. 2014;65:146-55.

781. Fergenbaum JH, Bruce S, Lou W, Hanley AJ, Greenwood C, Young TK. Obesity and
lowered cognitive performance in a Canadian First Nations population. Obesity.
2009;17(10):1957-63.

782.  Miller AA, Spencer SJ. Obesity and neuroinflammation: a pathway to cognitive
impairment. Brain, behavior, and immunity. 2014;42:10-21.



Page | 211

783. Ward MA, Carlsson CM, Trivedi MA, Sager MA, Johnson SC. The effect of body mass
index on global brain volume in middle-aged adults: a cross sectional study. BMC neurology.
2005;5:1-7.

784. Dyel, Boyle NB, Champ C, Lawton C. The relationship between obesity and cognitive
health and decline. Proceedings of the nutrition society. 2017;76(4):443-54.

785. Boeka AG, Lokken KL. Neuropsychological performance of a clinical sample of
extremely obese individuals. Archives of Clinical Neuropsychology. 2008;23(4):467-74.

786. Gonzales MM, Tarumi T, Miles SC, Tanaka H, Shah F, Haley AP. Insulin sensitivity as a
mediator of the relationship between BMI and working memory-related brain activation.
Obesity. 2010;18(11):2131-7.

787. StevensJ, McClain J, Truesdale K. Selection of measures in epidemiologic studies of the
consequences of obesity. International Journal of Obesity. 2008;32(3):S60-S6.

788. Wells JC. Sexual dimorphism of body composition. Best practice & research Clinical
endocrinology & metabolism. 2007;21(3):415-30.

789. Opie RS, O’Neil A, Itsiopoulos C, Jacka FN. The impact of whole-of-diet interventions on
depression and anxiety: a systematic review of randomised controlled trials. Public health
nutrition. 2015;18(11):2074-93.

790. FirthJ, Marx W, Dash S, Carney R, Teasdale SB, Solmi M, et al. The effects of dietary
improvement on symptoms of depression and anxiety: a meta-analysis of randomized
controlled trials. Psychosomatic medicine. 2019;81(3):265-80.

791. Jacka FN, O’Neil A, Opie R, Itsiopoulos C, Cotton S, Mohebbi M, et al. Arandomised
controlled trial of dietary improvement for adults with major depression (the ‘SMILES’trial).
BMC medicine. 2017;15:1-13.

792. Black & Brown Skin. Mind the Gap 2020 [Available from:
https://www.blackandbrownskin.co.uk/mindthegap.

793. Filipe A, Renedo A, Marston C. The co-production of what? Knowledge, values, and
social relations in health care. PLoS biology. 2017;15(5):e2001403.

794. Rycroft-Malone J, Burton CR, Bucknall T, Graham ID, Hutchinson AM, Stacey D.
Collaboration and co-production of knowledge in healthcare: opportunities and challenges.
International journal of health policy and management. 2016;5(4):221.

795. Katzman ER. Embodied reflexivity: Knowledge and the body in professional practice.
The Body in Professional Practice, Learning and Education: Body/Practice: Springer; 2014. p.
157-72.

796. PandeyR, Khanna A, Sharma D, Gupta A, Bhattacharya P, Kukreja S, Priya KR. Getting
close to the context and experience of illness: Critically reflexive fieldwork in qualitative health
research. Indian Journal of Health Studies. 2019;1:96-127.


https://www.blackandbrownskin.co.uk/mindthegap

Page | 212

Appendices

Table of Contents
APPENAIX CONTENTS «.eniiniiiiiiiieie ettt ee ettt et et st e e e aneneeneranransanssnsannenssnnsensennens 212
APPENDIX CHAPTER 2 ..ttt ettt e et s e e et s s e et s s eetaae s e etanaeseeaenneneaeenns 215
Appendix 2.1: Ethical Approval — Chapter ... et eeeee e e eenae 215
Appendix 2.2: Ethical Approval — Chapter 4 (Phase 1) ceueeeveiiiieieecee e, 215
Appendix 2.3: Ethical Approval — Chapter 4 (Phase 2) ....cvvuvieiiiiiiiiiiiiiiiirieieeeeeee e eeeenes 216
Appendix 2.4: Ethical Approval = Chapter 5. e 216
Appendix 2.5: Ethical Approval = Chapter 6..... et e e 217
APPENDIX CHAPTER 3 ..ottt ettt e e s e e e ettt e e e e e e e et eeena e e e e e eeeeeeennna e eas 218
Appendix 3.1: Psychological scales and their SCOMNG ... ..vuuviuiiuiiiiiiiiiiiiiiirireie e eeeeeeenes 218
Kessler Psychological Distress Scale (K10) . ..iuiuiiiriiriririeiieiie i eiieeeee e eneneenseneens 218
Adult ADHD Self-Report Scale version 1.1 (ASRS V1.71) i eeeenees 218
Short Autism Spectrum QUOotient (AQT0) ... et reeeeeneeneeaerareaenns 218
Brief Irritability TEST (BITE) .cvu vttt st e et e e e eaeaeansanaens 218
Dermatology Life Quality INdeX (DLQI) ..cuueunienieniiiiriire et e e e e eaeeneaneanaens 219
Feelings of Stigmatisation Questionnaire (FSQ) .....ciuiiiiiiiiiiiiirrrr e e 219

Appendix 3.2: Dot plots showing the relationship between skin severity as indexed by self-
report based upon CISI (ichthyosis) or PASI (psoriasis) images and a depression diagnosis in
males with XLI (A), males with IV (B), females with IV (C), males with psoriasis (D) and females
WITN PSOMIASIS (E). vuieniiniiiiiiiiii ittt et e e e e et et eaasan et e s snesassansansansanns 220

Appendix 3.3: Comparison of K10, ASRS Part A, AQ10 and BITE scores vs. normative samples
ACTOSS T SIX BIOUPS «ituiiiiiiiiieiiiiie ettt e e e ee e ettt etnetuesaesusussassassanstnssnesnssnssensensensens 223

Appendix 3.4: Inattentive vs. hyperactive-impulsive symptom counts across ASRS for all six
Bl OU D St tutttntentneeenreeenereuereruatesassneessnsessnssssussssussssussssnstnsesssssssnssssnesnsustesussnsnssnsnssnssssnennses 224

Appendix 3.5: Relationship between recent mood, neurodevelopmental traits and irritability
ACTOSS BIOUD S et ttutnttnenrrneuaenreatnreesnrustnseesnssssussesussssssssssssssnsssssssnssssnsssssessssssssssssssssnssssnssnses 225

Appendix 3.6: Relationship between recent mood, quality of life and feelings of stigmatisation
ACTOSS BIOUD S tuttutnitntnrrneuernruarnreetnrustnsessnssesuesesusssssssssassssnsssssssnssssssssssssnssssssnsssssssnssssnssnses 226

Appendix 3.7: Ranking of factors (scored from 0-10) potentially predisposing to adult mood
symptoms (depression (A)), anxiety (B) and irritability (C) in males with XLI ....................... 227

Appendix 3.8: Ranking of factors (scored from 0-10) potentially predisposing to adult mood
symptoms (depression (A)), anxiety (B) and irritability (C) in female XLI carriers................. 231

Appendix 3.9: Ranking of factors (scored from 0-10) potentially predisposing to adult mood
symptoms (depression (A)), anxiety (B) and irritability (C) in maleswith IV ...........ccccoeeie. 234

Appendix 3.10: Ranking of factors (scored from 0-10) potentially predisposing to adult mood
symptoms (depression (A)), anxiety (B) and irritability (C) in females with IV ...................... 237



Page | 213

Appendix 3.11: Ranking of factors (scored from 0-10) potentially predisposing to adult mood
symptoms (depression (A)), anxiety (B) and irritability (C) in males with psoriasis............... 241

Appendix 3.12: Ranking of factors (scored from 0-10) potentially predisposing to adult mood
symptoms (depression (A)), anxiety (B) and irritability (C) in females with psoriasis ........... 244

Appendix 3.13. A qualitative deductive content analysis of free-text comments relating to
factors underlying mood symptoms across the lifespan across the three conditions. Inter-
rater reliability across two coders was assessed by Cohen’s k¥ and indicated substantial and

significant agreement (k=0.73, (95% CI: 0.65-0.80), p<0.00T). ceuuieieriririririeeeneneennens 248
Appendix 3.14: Chapter S AAVEIT ...c.ivn it tee ettt ee et et seneansensanensensensanns 249
Appendix 3.15: Chapter 3 Information Sheet......cccciv i 249
Appendix 3.16: Chapter 3 CoNSENT FOIMM ...ttt et e e ee e eneneneeenaenns 250
Appendix 3.17: Chapter 3 Debrief FOrm ..ot e e e eeaee 251
Appendix 3.18: Chapter 3 Direct partiCipant inVite .........cveivieriiiiiiiiiiiiiiirir e eeeenns 253
APPENDIX CHAPTER 4 ..ottt ettt e e e e e e ettt e e e e e e e e ettt e e e e e e eeeeenennnaaeeeeas 254

Appendix 4.1: Demographic and clinical variables in each experimental group. Age and CISI
scores are presented as mean valueststandard error of the mean...........ccoeovevineinninnnnnnen. 254

Appendix 4.2: Mood and memory-related variables in each experimental group. Data are

presented as mean values=standard €TI0 .. .. i i iiiiiiiirieie ettt eereeeeeneeneenerasensennes 255
Appendix 4.3: List of words presented in objective recall task.......ccceuviiviiiiininiiiinninninnnnnns 256
Appendix 4.4: List of pictures presented in objective recall task........c...coeevviiiiiniiiinninnnnnn, 257
ApPpPeNdix 4.5: Chapter 4 AQVEI ... v tre e ee et eaeeasaneaneansansanssnnssnsansanns 260
Appendix 4.6: Chapter 4 Direct partiCipant iNVite ......ccuiiiiiiriiinie e e eaeanas 260
Appendix 4.7: Chapter 4 Information Sheet......c.ciue i ee e eaaes 261
Appendix 4.8: Chapter 4 CoONSENT FOIM ..iuiuiiiiiiiiii ettt e e seeeeaeeaeansanaanns 262
Appendix 4.9: Chapter 4 Debrief FOrM ...t eae e eaeaeaaas 263
APPENDIX CHAPTER D ..ttt ettt ettt e e e e e e e et ttaa e e e e e eeetttaaee e e e eeeeeeannnnaaaeeeas 265
Appendix 5.1: Heart rhythm abnormalities (HRA) as listed in online survey .........cc.cceevnenns 265

Appendix 5.2: Cardiovascular and metabolic conditions investigated as potential risk factors,
or comorbidities, for abnormal heart rhythm in our online SUrvey ........ccocvviviiiiiiincinnennnnn. 265

Appendix 5.3: Statements presented following vignette for participant ratings (Strongly
DiSAZIree — STrONELY ABIEE). cuuiiniiiiiiitiie e te ettt ettt e teee e eueeaeansansansansaneseesnessesensensnnees 267

Appendix 5.4: Demographic variables in individuals with and without self- or parent-reported
abnormal heart TNYTNMIS ... et e e e e e e e sasan e e ans 267

Appendix 5.5A: Individuals with or without abnormal heart rhythms (HRA) diagnosed with
cardiovascular and metabolic CONAItIONS ......iuiiiiiiiiiii e e 270

Appendix 5.5B: Associated statistical analysis for Appendix 5.5A (two-tailed p-values from
Fisher Exact Test) *p<0.05, **PS0.005. .. cuiiiiiiiiiiiiiiieie e ere et e e e eeeesaestesseeassnaanns 273

Appendix 5.6: Percentage of individuals with XLI (or female carriers) reporting involvement of
precipitating factorin ONSEt OF HRA ... e e e e e e e e eaas 275



Page | 214

Appendix 5.7: Percentage of individuals with XLI (or female carriers) reporting times of onset

OF AHR EPISOTES ...eeeeeiiiie ettt et et e et ee e ea e e st et s e e eneeneeansenaens 276
AppPendiX 5.8: Chapter 4 AQVEI ..c..iiuiii ittt ettt et e e et eeaeseassansaaneaannns 278
Appendix 5.9: Chapter 4 Direct partiCipant iNVite ......co.veiiriiiiii e eeeeaee 278
Appendix 5.11: Chapter 4 Participant Information Sheet ..........cccooiiiiiiiiiiiiiiiiiiie. 279
Appendix 5.12: Chapter 4 ConsSeNt FOMM ...ttt et e e e e e eneeenaeenns 280
Appendix 5.13: Chapter 4 Debrief FOrm ..o e e e e 281
APPENDIX CHAPTER B ...ttt ettt sttt et s et s e et s e eeenne e eennns 283
Appendix 6.1: Statements presented to participants in post trial feedback form about
wearing the watch (0 = strongly disagree, 10 = Strongly agree).....cccueveurenrinrinrenneneennenneennenns 283
Appendix 6.2: Chapter 4 Participant Information Sheet .......cccoviiiiiiiiiiiiiiiinirr s 284
Appendix 6.3: Chapter 4 CONSENT FOIM ...ttt et et e eeene e eneensensensanns 285

Appendix 6.4: Chapter 4 Debrief FOMM ... e e 286



APPENDIX CHAPTER 2

Appendix 2.1: Ethical Approval — Chapter 3

Dear Will & Georgina,
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The Ethics Committee has received the amendment to your PG project: A comparison of mood symptoms and associated risk factors in X-linked ichthyosis (XL1), Ichthyosis Vulgaris (IV) and psoriasis

(EC.20.12.08.6184A)

The amendment has been considered, and basad on the guidance disseminated in the Recommencing Human Participant Research document by the Open Research Integrity and Ethics Committee

(ORIEC)/Resaarch Integrity and Governance Team (RIGE), it is classed as non-substantial, therefore it does not require further review.
Your new Ethics Committee (EC) code is confirmed in the subject title of this e-mail.
Please note that if any further changes are made to the above project then you must notify the Ethics Committee.

Best wishes,
Sean

Appendix 2.2: Ethical Approval — Chapter 4 (Phase 1)

Dear Georgina,
The Ethics Committee has considered your PG project proposal: An investigation into memory, cognitive function and mood in ichthyosis (EC.22.04.26.6565).

Your project proposal has received a Favourable Opinion based on the information described in the proforma and supporting documentation.

Conditions of the favourable opinion
The favourable opinion is subject to the following conditions being met:

You must retain a copy of this decision letter with your Research records.

Please note that if any changes are made to the above project then you must notify the Ethics Committee.

Please use the EC reference number on all future correspondence.

The Committee must be informed of any unexpected ethical issues or unexpected adverse events that arise during the research project.

The Committee must be informed when your research project has ended. This notification should be made to psychethics@cardiff.ac.uk within three months of research project completion.

The Committee reminds you that it is your responsibility to conduct your research project to the highest ethical standards and to keep all ethical issues arising from your
research project under regular review.

You are expected to comply with Cardiff University's policies, procedures and guidance at all times, including, but not limited to, its Policy on the Ethical Conduct of
Research involving Human Participants, Human Material or Human Data and our Research Integrity and Governance Code of Practice.

Kind regards,
Deborah

School of Psychology Research Ethics Committee
https://cf.sharepoint.com/teams/InsidePsych/Ethics/
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Appendix 2.3: Ethical Approval — Chapter 4 (Phase 2)

p ) Ppsychethics @ © Reply % Replyall > Foward [« (2
® 1o © Georgina Wren Fri 2022-10-07 16:24

Cc: @ William Davies
Dear Georgina,
The Ethics Committee has considered the amendment to your PG project proposal: ‘An investigation into memery, cognitive function, and mood in ichthyosis’ — Phase 2 (EC.22.08.09.6610A).
Your amended project proposal has received a Favourable Opinion based on the information described in the proforma and supporting documentation.

Conditions of the favourable opinion
The favourable opinion is subject to the following conditions being met:

You must retain a copy of this decision letter with your Research records.

Please note that if any changes are made to the above project then you must notify the Ethics Committee.

Please use the EC reference number on all future correspondence.

The Committee must be informed of any unexpected ethical issues or unexpected adverse events that arise during the research project.

The Committee must be informed when your research project has ended. This notification should be made to psychethics@cardiff.ac.uk within three months of research project completion.

The Committee reminds you that it is your responsibility to conduct your research project to the highest ethical standards and to keep all ethical issues arising from your research project under regular review.

You are expected to comply with Cardiff University's policies, procedures and guidance at all times, including, but not limited to, its Policy on the Ethical Conduct of Research involving Human Participants, Human Material or Human Data and our Research Integrity
and Governance Code of Practice.

Kind regards,
Deborah

School of Psychology Research Ethics Committee
https://cf.sharepoint.com/teams/InsidePsych/Ethics,

Appendix 2.4: Ethical Approval — Chapter 5

From: psychethics <psychethics@cardiff.ac.uk>

Sent: 18 August 2021 15:39

To: Georgina Wren <WrenG@cardiff.ac.uk>; William Davies <Daviesw4@cardiff.ac.uk>=
Subject: Ethics Feedback - EC.21.07.13.6374R

Dear Georgina & Will,

The Ethics Committee has considered your revised PG project proposal: An investigation into heart-related symptoms and attitudes towards heart screening in X-linked ichthyosis (XLI) (EC.21.07.13.6374R).
The project has been approved.

Please note that if any changes are made to the above project then you must notify the Ethics Committee.

Best Wishes,
Sean
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Appendix 2.5: Ethical Approval — Chapter 6

© Reply ® Replyall > Forward (3. (£

@
(B

p | psychethics
® To: @ William Davies Thu 2023-05-11 16:11
Cc: @ Georgina Wren

Dear Will,
The Ethics Committee has received the amendment to your PG project proposal: A feasibility trial to explore the use of wearable technology in monitoring heart rhythms in X-linked ichthyosis (XLI) (EC.22.09.20.662 1RA).

The amendment has been considered and based on the guidance disseminated in the Recommencing Human Participant Research document by the Open Research Integrity and Ethics Committee (ORIEC)/Research Integrity and Governance Team (RIGE), it is classed as non-
substantial, therefare it does not require further review.

Your new Ethics Committee (EC) code is confirmed in the subject line of this e-mail.

Additional approvals
This letter provides an ethical opinion only. You must not start your research project until all appropriate approvals are in place.

Conditions of this decision
The favourable opinion is subject to the following conditions being met:

You must retain a copy of this decision letter with your Research records.

Please note that if any changes are made to the above project then you must notify the Ethics Committee.

Please use the EC reference number on all future correspondence.

The Committee must be informed of any unexpected ethical issues or unexpected adverse events that arise during the research project.

The Committee must be informed when your research project has ended. This notification should be made to psychethics@cardiff.ac.uk within three months of research project completion.
All data will be retained/processed/destroyed in line with University policy.

Complaints/Appeals

If you are dissatisfied with the decision made by the Committee, please contact psychethics@cardiff.ac.uk in the first instance to discuss your complaint. If this discussion does not resolve the issue, you are entitled to refer the matter to the Head of School for further consideration.
The Head of School may refer the matter to the Open Research Integrity and Ethics Committee (ORIEC), where this is appropriate.

Please be advised that ORIEC will not normally interfere with a decision of the Committee and is concerned only with the general principles of natural justice, reasonableness and fairness of the decision.

The Committee reminds you that it is your responsibility to conduct your research project to the highest ethical standards and to keep all ethical issues arising from your research project under regular review.

You are expected to comply with Cardiff University’s policies, p and g at all times, incl

Kind regards,
Deborah

School of Psychology Research Ethics Committee
https://cf.sharepoint.com/teams/InsidePsych/Ethics
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APPENDIX CHAPTER 3

Appendix 3.1: Psychological scales and their scoring

Kessler Psychological Distress Scale (K10)

Afive-point 10-item Likert-scale questionnaire assessing recent depression or anxiety-related traits. K10 items were scored from 1-5 (total score
range 10-50) with a score 220 being consistent with significant psychological distress

Adult ADHD Self-Report Scale version 1.1 (ASRS v1.1)

A five-point response (scored 0-4) 18-item Likert-scale screening questionnaire assessing recent attentional (nine items) and hyperactive-
impulsive (nine items) traits based on diagnostic criteria for ADHD; total scores from the Part A screener (0-24) and overall questionnaire (0-72)
were calculated, as were hyperactive-impulsive and inattentive symptom scores (0-9)

Short Autism Spectrum Quotient (AQ10)

A four point 10-item Likert-scale questionnaire, assessing behavioural traits associated with autism spectrum disorders; items endorsed as
being consistent with autism-related traits were with scored with 1 point (total score range 0-10) with a score of 26 being consistent with a
referral for a comprehensive autism assessment

Brief Irritability Test (BITE)

A six-point 5-item Likert-scale questionnaire assessing irritability traits. BITE items were scored from 1-6 (total score range 5-30), with a greater
score associated with increased irritability
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Dermatology Life Quality Index (DLQI)

A four-point 10-item Likert-scale questionnaire assessing dermatology-specific quality of life. DLQI items were scored from 0-3 (total score
range 0-30), with a higher score associated with a greater impairment on quality of life

Feelings of Stigmatisation Questionnaire (FSQ)

A six-point, 33-item Likert-scale questionnaire assessing levels of skin disease-related stigmatisation. FSQ items were scored from 1-6 (total
score range 33-198), with lower scores indicative of higher levels of perceived stigma.
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Appendix 3.2: Dot plots showing the relationship between skin severity as indexed by self-report
based upon CISI (ichthyosis) or PASI (psoriasis) images and a depression diagnosis in males with
XLI (A), males with IV (B), females with IV (C), males with psoriasis (D) and females with
psoriasis (E).
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Appendix 3.3: Comparison of K10, ASRS Part A, AQ10 and BITE scores vs. normative samples

across the six groups

t[53]=7.76, p<0.001

t[45]=5.34, p<0.001

t[50]=5.16, p<0.001

K10 AQ10 ASRS (Part A only) BITE

General population sample

P (fnale) P 14.2+7.1 (n=566)" 2.6%3.7 (n=7904)> 8.3%£3.5 (n=993)® 12.69*
General population sample

Pop P 15.5+8.9 (n=882)" 2.24+3.1 (n=10796)? 8.0+3.33 (n=1098)* 13.13*%

(female)

25.2+9.8 (n=50) 4.312.1 (n=46) 12.14£5.1 (n=49)
XLI male 16.615.5 (n=47)

XLI carrier female

23.3+7.2 (n=78)

t[99]=8.98, p<0.001

3.4+2.2 (n=74)

t[75]=4.62, p<0.001

11.645.3 (n=75)

t[77]=5.81, p<0.001

16.7+4.6 (n=74)

21.5+5.5 (n=19)

3.9+1.9 (n=19)

10.4+2.9 (n=19)

t[27]=6.59, p<0.001

t[22]=2.42, p=0.024

t[24]=2.72, p=0.012

IV male 14.545.2 (n=19)
t[19]=5.63, p<0.001 t[18]=2.88, p=0.010 t[19]=3.11, p=0.006
23.4+7.6 (n=57) 3.241.7 (n=54) 11.1£3.7 (n=54)
IV female 16.4+4.5 (n=52)
t[66]=7.52, p<0.001 t[57]=6.04, p=0.002 t[57]=6.04, p=0.002
22.746.4 (n=26) 3.6+1.9 (n=23) 10.524.0 (n=25)
Psoriasis male 16.3+4.7 (n=23)
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Psoriasis female

25.4+7.3 (n=122)

t[174]=13.64, p<0.001

3.0+1.9 (n=111)

t[116]=4.32, p<0.001

11.5+4.3 (n=116)
18.045.0 (n=111)
t[129]=8.51, p<0.001

Appendix 3.4: Inattentive vs. hyperactive-impulsive symptom counts across ASRS for all six groups

XLl males 2.7+2.1 4.6%2.6 t(48)=6.12, p<0.001
XLl females 2.92.3 3.2+2.6 t(72)=5.85 p<0.001
IV males 1.9+1.9 4.1%2.3 t(18)=5.21, p<0.001

IV females 2.6%2.1 41225 t(53)=4.79, p<0.001
Psoriasis males 2.52.5 3.2£2.2 t(24)=1.48, p=0.153
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Psoriasis females

3.0x2.5

4.2+2.7 t(117)=4.69, p<0.001

Appendix 3.5: Relationship between recent mood, neurodevelopmental traits and irritability across

groups
Group Neurodevelopmental Trait Score (NTS) BITE score
K10 score r=0.615, n=47, p<0.001 r=0.647, n=47, p<0.001
XLl males
Neurodevelopmental Trait Score (NTS) - r=0.174, n=47, p=0.241
K10 score r=0.660, n=74, p<0.001 r=0.704, n=74, p<0.001
XLl females
Neurodevelopmental Trait Score (NTS) - r=0.427, n=74, p<0.001
K10 score r=0.652, n=19, p=0.002 r=0.717,n=18, p=0.001
IV males
Neurodevelopmental Trait Score (NTS) - r=0.753, n=18, p<0.001
K10 score r=0.467, n=52, p<0.001 r=0.487, n=52, p<0.001
IV females
Neurodevelopmental Trait Score (NTS) - r=0.342, n=52, p<0.013
Psoriasis males K10 score r=0.617, n=24, p<0.001 r=0.670, n=24, p<0.001
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Neurodevelopmental Trait Score (NTS)

r=0.569, n=24, p=0.004

K10 score

r=0.599, n=112, p<0.001

r=0.621, n=112, p<0.001

Psoriasis females

Neurodevelopmental Trait Score (NTS)

Appendix 3.6: Relationship between recent mood, quality of life and feelings of stigmatisation

across groups

Group DLQI score FSQ score

K10 score r=0.548, n=47, p<0.001 r=-0.483, n=46, p=0.001

XLl males
DLQI score - r=-0.253, n=45, p=0.094
K10 score r=0.264, n=18, p=0.290 r=-0.141, n=17, p=0.589

IV males
DLQI score - r=-0.411, n=17, p=0.102
K10 score r=0.220, n=52, p=0.117 =-0.305, n=50, p=0.031

IV females
DLQI score - =-0.198, n=50, p=0.168
Psoriasis males K10 score r=0.776, n=25, p<0.001 r=-0.485, n=23, p=0.019

r=0.542, n=112, p<0.001
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DLQI score r=-0.476, n=22, p=0.025

K10 score r=0.464, n=112, p<0.001 r=-0.455, n=109, p<0.001
Psoriasis females

DLQI score r=-0.294, n=109, p=0.002

Appendix 3.7: Ranking of factors (scored from 0-10) potentially predisposing to adult mood
symptoms (depression (A)), anxiety (B) and irritability (C) in males with XLI

Rank Mood Factor - Depression
1 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-
related stress etc.)
2 Stigma or bullying associated with your skin condition
3 Difficulties or frustration associated with treating your skin condition (e.g. regularly
having to source and apply moisturizer)
4 Severe adverse life event (bereavement, life-threatening illness etc.)
5 Embarrassment of social interaction because of your skin condition
6 Sleep problems unrelated to your skin condition
7 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions
8 Pain, discomfort or itching associated with your skin condition
9 Educational, work or social challenges due to finding it hard to pay attention e.g.
getting distracted, not finishing work on time, not listening to instructions
10 Medical issues (non-skin related)
11 Low quality/quantity of friendships and relationships
Stigma or bullying due to difficulties with social interaction e.g. not understanding
12 another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.
13 Sleep problems related to your skin condition e.g. due to excessive itchiness, night-
time sweating etc.




Mean Score

IS

w

N

=

o

~ I —————|

N I —————

w I ————————

A I —————

5

6

7 8 9 10

Mood factor

11

12 13

14

15

16

17

18

Page | 228

Educational, work or social challenges due to being impulsive e.g. making rash

14 decisions, interrupting when people are talking, doing things without thinking of the
consequences etc.
15 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting
when people are talking, doing things without thinking of the consequences etc.
16 Difficulty regulating body temperature/sweating
Educational, work or social challenges due to difficulties with social interaction e.g.
17 not understanding another person's point of view or social norms, finding it difficult
to follow conversations. not understanding humour or sarcasm etc.
18 Allergies
Rank Mood Factor - Anxiety
1 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-
related stress etc.)
2 Embarrassment of social interaction because of your skin condition
3 Stigma or bullying associated with your skin condition
4 Severe adverse life event (bereavement, life-threatening illness etc.)
5 Difficulties or frustration associated with treating your skin condition (e.g. regularly
having to source and apply moisturizer)
6 Medical issues (non-skin related)
7 Educational, work or social challenges due to finding it hard to pay attention e.g.
getting distracted, not finishing work on time, not listening to instructions
8 Sleep problems unrelated to your skin condition
Educational, work or social challenges due to being impulsive e.g. making rash
9 decisions, interrupting when people are talking, doing things without thinking of the
consequences etc.
10 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions
11 Pain, discomfort or itching associated with your skin condition
12 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting
when people are talking, doing things without thinking of the consequences etc.
Stigma or bullying due to difficulties with social interaction e.g. not understanding
13 another person's point of view or social norms, finding it difficult to follow

conversations. not understanding humour or sarcasm etc.
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Sleep problems related to your skin condition e.g. due to excessive itchiness, night-

14 . .
time sweating etc.

15 Low quality/quantity of friendships and relationships
16 Difficulty regulating body temperature/sweating

Educational, work or social challenges due to difficulties with social interaction e.g.
17 not understanding another person's point of view or social norms, finding it difficult

to follow conversations. not understanding humour or sarcasm etc.

18 Allergies
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Rank Mood Factor - Irritability
1 Stigma or bullying associated with your skin condition
5 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-
related stress etc.)
3 Difficulties or frustration associated with treating your skin condition (e.g. regularly
having to source and apply moisturizer)
4 Embarrassment of social interaction because of your skin condition
5 Pain, discomfort or itching associated with your skin condition
6 Sleep problems unrelated to your skin condition
7 Severe adverse life event (bereavement, life-threatening illness etc.)
3 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions
9 Sleep problems related to your skin condition e.g. due to excessive itchiness, night-
time sweating etc.
10 Difficulty regulating body temperature/sweating
11 Educational, work or social challenges due to finding it hard to pay attention e.g.
getting distracted, not finishing work on time, not listening to instructions
12 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting
when people are talking, doing things without thinking of the consequences etc.
Stigma or bullying due to difficulties with social interaction e.g. not understanding
13 another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.
Educational, work or social challenges due to being impulsive e.g. making rash
14 decisions, interrupting when people are talking, doing things without thinking of the
consequences etc.
15 Medical issues (non-skin related)
Educational, work or social challenges due to difficulties with social interaction e.g.
16 not understanding another person's point of view or social norms, finding it difficult
to follow conversations. not understanding humour or sarcasm etc.
17 Low quality/quantity of friendships and relationships
18 Allergies
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Appendix 3.8: Ranking of factors (scored from 0-10) potentially predisposing to adult mood
symptoms (depression (A)), anxiety (B) and irritability (C) in female XLI carriers

Mean score

[6,]

H

w

N

[Eny

1 2 3 4 5 6 7 8 9 10 11 12 13

Mood factor

Rank Mood Factor - Depression
1 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-
related stress etc.)
2 Severe adverse life event (bereavement, life-threatening illness etc.)
3 Sleep problems unrelated to your skin condition
4 Medical issues (non-skin related)
5 Low quality/quantity of friendships and relationships
6 Educational, work or social challenges due to finding it hard to pay attention e.g.
getting distracted, not finishing work on time, not listening to instructions

7 Stress due to having a child with a long-term medical (skin) condition

Educational, work or social challenges due to difficulties with social interaction e.g.
8 not understanding another person's point of view or social norms, finding it difficult

to follow conversations. not understanding humour or sarcasm etc.
9 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions
Educational, work or social challenges due to being impulsive e.g. making rash
10 decisions, interrupting when people are talking, doing things without thinking of the
consequences etc.

Stigma or bullying due to difficulties with social interaction e.g. not understanding

11 another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.

12 Allergies
13 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting

when people are talking, doing things without thinking of the consequences etc.
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Rank Mood Factor - Anxiety
1 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-
related stress etc.)
2 Sleep problems unrelated to your skin condition
3 Severe adverse life event (bereavement, life-threatening illness etc.)
4 Medical issues (non-skin related)
5 Stress due to having a child with a long-term medical (skin) condition
6 Educational, work or social challenges due to finding it hard to pay attention e.g.
getting distracted, not finishing work on time, not listening to instructions
7 Low quality/quantity of friendships and relationships
Educational, work or social challenges due to being impulsive e.g. making rash
8 decisions, interrupting when people are talking, doing things without thinking of the
consequences etc.

Educational, work or social challenges due to difficulties with social interaction e.g.

9 not understanding another person's point of view or social norms, finding it difficult
to follow conversations. not understanding humour or sarcasm etc.
10 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions

Stigma or bullying due to difficulties with social interaction e.g. not understanding

11 another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.
12 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting
when people are talking, doing things without thinking of the consequences etc.

13 Allergies
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Rank Mood Factor - Irritability
1 Sleep problems unrelated to your skin condition
5 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-
related stress etc.)
3 Medical issues (non-skin related)
4 Severe adverse life event (bereavement, life-threatening illness etc.)
5 Educational, work or social challenges due to finding it hard to pay attention e.g.
getting distracted, not finishing work on time, not listening to instructions
6 Stress due to having a child with a long-term medical (skin) condition
Educational, work or social challenges due to difficulties with social interaction e.g.
7 not understanding another person's point of view or social norms, finding it difficult
to follow conversations. not understanding humour or sarcasm etc.
Educational, work or social challenges due to being impulsive e.g. making rash
8 decisions, interrupting when people are talking, doing things without thinking of the
consequences etc.
9 Low quality/quantity of friendships and relationships
10 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions
11 Allergies
Stigma or bullying due to difficulties with social interaction e.g. not understanding
12 another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.
13 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting

when people are talking, doing things without thinking of the consequences etc.
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Appendix 3.9: Ranking of factors (scored from 0-10) potentially predisposing to adult mood
symptoms (depression (A)), anxiety (B) and irritability (C) in males with IV

A

Mean score

(e}

(2]

N

w

N

=

10 11 12 13 14 15
Mood factor

16 17 18

Rank Mood Factor - Depression

1 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-
related stress etc.)

2 Low quality/quantity of friendships and relationships

3 Embarrassment of social interaction because of your skin condition

4 Pain, discomfort or itching associated with your skin condition

5 Difficulties or frustration associated with treating your skin condition (e.g. regularly

having to source and apply moisturizer)
Stigma or bullying associated with your skin condition
Sleep problems unrelated to your skin condition
8 Severe adverse life event (bereavement, life-threatening illness etc.)
9 Educational, work or social challenges due to finding it hard to pay attention e.g.
getting distracted, not finishing work on time, not listening to instructions
10 Medical issues (non-skin related)
11 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting
when people are talking, doing things without thinking of the consequences etc.
12 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions
Educational, work or social challenges due to difficulties with social interaction e.g.
13 not understanding another person's point of view or social norms, finding it difficult to
follow conversations. not understanding humour or sarcasm etc.
14 Difficulty regulating body temperature/sweating
Educational, work or social challenges due to being impulsive e.g. making rash

15 decisions, interrupting when people are talking, doing things without thinking of the

consequences etc.
Stigma or bullying due to difficulties with social interaction e.g. not understanding
16 another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.

17 Sleep problems related to your skin condition e.g. due to excessive itchiness, night-
time sweating etc.

18 Allergies
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Rank Mood Factor - Anxiety
1 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-
related stress etc.)
2 Pain, discomfort or itching associated with your skin condition
3 Difficulties or frustration associated with treating your skin condition (e.g. regularly
having to source and apply moisturizer)
4 Severe adverse life event (bereavement, life-threatening illness etc.)
5 Embarrassment of social interaction because of your skin condition
6 Low quality/quantity of friendships and relationships
7 Educational, work or social challenges due to finding it hard to pay attention e.g.
getting distracted, not finishing work on time, not listening to instructions
8 Stigma or bullying associated with your skin condition
9 Medical issues (non-skin related)
10 Sleep problems unrelated to your skin condition
11 Difficulty regulating body temperature/sweating
12 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions
13 Sleep problems related to your skin condition e.g. due to excessive itchiness, night-
time sweating etc.
14 Allergies
15 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting
when people are talking, doing things without thinking of the consequences etc.
Educational, work or social challenges due to difficulties with social interaction e.g.
16 not understanding another person's point of view or social norms, finding it difficult
to follow conversations. not understanding humour or sarcasm etc.
Educational, work or social challenges due to being impulsive e.g. making rash
17 decisions, interrupting when people are talking, doing things without thinking of the
consequences etc.
Stigma or bullying due to difficulties with social interaction e.g. not understanding
18 another person's point of view or social norms, finding it difficult to follow

conversations. not understanding humour or sarcasm etc.
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Rank Mood Factor - Irritability
1 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-
related stress etc.)
2 Pain, discomfort or itching associated with your skin condition
3 Difficulties or frustration associated with treating your skin condition (e.g. regularly
having to source and apply moisturizer)
4 Stigma or bullying associated with your skin condition
5 Difficulty regulating body temperature/sweating
6 Low quality/quantity of friendships and relationships
7 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting
when people are talking, doing things without thinking of the consequences etc.
Educational, work or social challenges due to difficulties with social interaction e.g.
8 not understanding another person's point of view or social norms, finding it difficult
to follow conversations. not understanding humour or sarcasm etc.
9 Sleep problems related to your skin condition e.g. due to excessive itchiness, night-
time sweating etc.
10 Embarrassment of social interaction because of your skin condition
11 Medical issues (non-skin related)
12 Severe adverse life event (bereavement, life-threatening illness etc.)
13 Sleep problems unrelated to your skin condition
12 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions
Educational, work or social challenges due to being impulsive e.g. making rash
15 decisions, interrupting when people are talking, doing things without thinking of the
consequences etc.
16 Educational, work or social challenges due to finding it hard to pay attention e.g.
getting distracted, not finishing work on time, not listening to instructions
Stigma or bullying due to difficulties with social interaction e.g. not understanding
17 another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.
18 Allergies
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Appendix 3.10: Ranking of factors (scored from 0-10) potentially predisposing to adult mood
symptoms (depression (A)), anxiety (B) and irritability (C) in females with IV
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Rank Mood Factor - Depression
1 Difficulties or frustration associated with treating your skin condition (e.g. regularly
having to source and apply moisturizer)

2 Stigma or bullying associated with your skin condition

3 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-
related stress etc.)

4 Embarrassment of social interaction because of your skin condition

5 Severe adverse life event (bereavement, life-threatening illness etc.)

6 Pain, discomfort or itching associated with your skin condition

7 Educational, work or social challenges due to finding it hard to pay attention e.g.

getting distracted, not finishing work on time, not listening to instructions
Difficulty regulating body temperature/sweating
Medical issues (non-skin related)

10 Sleep problems unrelated to your skin condition

1 Sleep problems related to your skin condition e.g. due to excessive itchiness, night-
time sweating etc.

12 Allergies

13 Low quality/quantity of friendships and relationships

Educational, work or social challenges due to being impulsive e.g. making rash

14 decisions, interrupting when people are talking, doing things without thinking of the

consequences etc.
Stigma or bullying due to difficulties with social interaction e.g. not understanding
15 another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.
16 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting
when people are talking, doing things without thinking of the consequences etc.
Educational, work or social challenges due to difficulties with social interaction e.g.
17 not understanding another person's point of view or social norms, finding it difficult to
follow conversations. not understanding humour or sarcasm etc.
18 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not

finishing work on time, not listening to instructions
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Rank Mood Factor - Anxiety
1 Embarrassment of social interaction because of your skin condition
2 Stigma or bullying associated with your skin condition
3 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-
related stress etc.)
4 Difficulties or frustration associated with treating your skin condition (e.g. regularly
having to source and apply moisturizer)
5 Severe adverse life event (bereavement, life-threatening illness etc.)
6 Pain, discomfort or itching associated with your skin condition
7 Difficulty regulating body temperature/sweating
8 Medical issues (non-skin related)
9 Sleep problems unrelated to your skin condition
10 Allergies
1 Educational, work or social challenges due to finding it hard to pay attention e.g.
getting distracted, not finishing work on time, not listening to instructions
12 Sleep problems related to your skin condition e.g. due to excessive itchiness, night-
time sweating etc.
Educational, work or social challenges due to being impulsive e.g. making rash
13 decisions, interrupting when people are talking, doing things without thinking of the
consequences etc.
14 Low quality/quantity of friendships and relationships
Stigma or bullying due to difficulties with social interaction e.g. not understanding
15 another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.
16 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting
when people are talking, doing things without thinking of the consequences etc.
Educational, work or social challenges due to difficulties with social interaction e.g.
17 not understanding another person's point of view or social norms, finding it difficult
to follow conversations. not understanding humour or sarcasm etc.
18 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not

finishing work on time, not listening to instructions
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Rank Mood Factor - Irritability
1 Difficulties or frustration associated with treating your skin condition (e.g. regularly
having to source and apply moisturizer)

2 Pain, discomfort or itching associated with your skin condition

3 Difficulty regulating body temperature/sweating

4 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-
related stress etc.)

5 Sleep problems related to your skin condition e.g. due to excessive itchiness, night-
time sweating etc.

6 Stigma or bullying associated with your skin condition

7 Embarrassment of social interaction because of your skin condition

8 Allergies

9 Medical issues (non-skin related)

10 Sleep problems unrelated to your skin condition

11 Educational, work or social challenges due to finding it hard to pay attention e.g.

getting distracted, not finishing work on time, not listening to instructions
12 Severe adverse life event (bereavement, life-threatening illness etc.)
Educational, work or social challenges due to being impulsive e.g. making rash

13 decisions, interrupting when people are talking, doing things without thinking of the
consequences etc.

14 Low quality/quantity of friendships and relationships

Stigma or bullying due to difficulties with social interaction e.g. not understanding
15 another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.
16 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting
when people are talking, doing things without thinking of the consequences etc.
17 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions
Educational, work or social challenges due to difficulties with social interaction e.g.
18 not understanding another person's point of view or social norms, finding it difficult

to follow conversations. not understanding humour or sarcasm etc.
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Appendix 3.11: Ranking of factors (scored from 0-10) potentially predisposing to adult mood
symptoms (depression (A)), anxiety (B) and irritability (C) in males with psoriasis

4 5

A

Rank Mood Factor - Depression

Moderate chronic life event (relationship difficulties/divorce, chronic illness,
work-related stress etc.)

2 Pain, discomfort or itching associated with your skin condition

3 Difficulties or frustration associated with treating your skin condition (e.g.
regularly having to source and apply moisturizer)

4 Severe adverse life event (bereavement, life-threatening illness etc.)

5 Sleep problems related to your skin condition e.g. due to excessive itchiness,
night-time sweating etc.

6 Embarrassment of social interaction because of your skin condition

7

8

9

Difficulty regulating body temperature/sweating

Medical issues (non-skin related)

Low quality/quantity of friendships and relationships

Stigma or bullying due to being impulsive e.g. making rash decisions,
12 interrupting when people are talking, doing things without thinking of the

10 Sleep problems unrelated to your skin condition
11 Stigma or bullying associated with your skin condition
consequences etc.
13 Educational, work or social challenges due to finding it hard to pay attention
e.g. getting distracted, not finishing work on time, not listening to instructions
Educational, work or social challenges due to difficulties with social interaction
14 e.g. not understanding another person's point of view or social norms, finding
it difficult to follow conversations. not understanding humour or sarcasm etc.
15 Allergies
Educational, work or social challenges due to being impulsive e.g. making rash
16 decisions, interrupting when people are talking, doing things without thinking
of the consequences etc.
Stigma or bullying due to difficulties with social interaction e.g. not
17 understanding another person's point of view or social norms, finding it
difficult to follow conversations. not understanding humour or sarcasm etc.
18 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted,
6 7 8

not finishing work on time, not listening to instructions
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Rank Mood Factor - Anxiety
1 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-related
stress etc.)
2 Pain, discomfort or itching associated with your skin condition
3 Embarrassment of social interaction because of your skin condition
4 Medical issues (non-skin related)
5 Difficulties or frustration associated with treating your skin condition (e.g. regularly having
to source and apply moisturizer)
6 Sleep problems related to your skin condition e.g. due to excessive itchiness, night-time
sweating etc.
7 Severe adverse life event (bereavement, life-threatening illness etc.)
8 Sleep problems unrelated to your skin condition
9 Difficulty regulating body temperature/sweating
Educational, work or social challenges due to being impulsive e.g. making rash decisions,
10 interrupting when people are talking, doing things without thinking of the consequences
etc.
11 Stigma or bullying associated with your skin condition
Educational, work or social challenges due to difficulties with social interaction e.g. not
12 understanding another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.
13 Educational, work or social challenges due to finding it hard to pay attention e.g. getting
distracted, not finishing work on time, not listening to instructions
14 Low quality/quantity of friendships and relationships
15 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting when
people are talking, doing things without thinking of the consequences etc.
16 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions

Stigma or bullying due to difficulties with social interaction e.g. not understanding another

17 person's point of view or social norms, finding it difficult to follow conversations. not
understanding humour or sarcasm etc.

18 Allergies
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Rank Mood Factor - Irritability
1 Difficulties or frustration associated with treating your skin condition (e.g. regularly having
to source and apply moisturizer)
2 Pain, discomfort or itching associated with your skin condition
3 Sleep problems related to your skin condition e.g. due to excessive itchiness, night-time
sweating etc.
4 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-related
stress etc.)
5 Difficulty regulating body temperature/sweating
6 Embarrassment of social interaction because of your skin condition
7 Severe adverse life event (bereavement, life-threatening illness etc.)
8 Medical issues (non-skin related)
9 Educational, work or social challenges due to finding it hard to pay attention e.g. getting
distracted, not finishing work on time, not listening to instructions
10 Sleep problems unrelated to your skin condition
11 Allergies
12 Stigma or bullying associated with your skin condition
Educational, work or social challenges due to difficulties with social interaction e.g. not
13 understanding another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.
12 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions
Educational, work or social challenges due to being impulsive e.g. making rash decisions,
15 interrupting when people are talking, doing things without thinking of the consequences
etc.
16 Low quality/quantity of friendships and relationships
17 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting when
people are talking, doing things without thinking of the consequences etc.

Stigma or bullying due to difficulties with social interaction e.g. not understanding another

18 person's point of view or social norms, finding it difficult to follow conversations. not

understanding humour or sarcasm etc.
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Appendix 3.12: Ranking of factors (scored from 0-10) potentially predisposing to adult mood symptoms

(depression (A)), anxiety (B) and irritability (C) in females with psoriasis

Rank

Mood Factor - Depression

Pain, discomfort or itching associated with your skin condition

Moderate chronic life event (relationship difficulties/divorce, chronic illness,
work-related stress etc.)

Difficulties or frustration associated with treating your skin condition (e.g.
regularly having to source and apply moisturizer)

Embarrassment of social interaction because of your skin condition

Severe adverse life event (bereavement, life-threatening illness etc.)

Sleep problems related to your skin condition e.g. due to excessive itchiness,
night-time sweating etc.

Sleep problems unrelated to your skin condition

Medical issues (non-skin related)

Stigma or bullying associated with your skin condition

10

Low quality/quantity of friendships and relationships

11

Educational, work or social challenges due to finding it hard to pay attention e.g.
getting distracted, not finishing work on time, not listening to instructions

12

Educational, work or social challenges due to being impulsive e.g. making rash
decisions, interrupting when people are talking, doing things without thinking of
the consequences etc.

13

Difficulty regulating body temperature/sweating

14

Stigma or bullying due to finding it hard to pay attention e.g. getting distracted,
not finishing work on time, not listening to instructions

15

Educational, work or social challenges due to difficulties with social interaction
e.g. not understanding another person's point of view or social norms, finding it
difficult to follow conversations. not understanding humour or sarcasm etc.

16

Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting
when people are talking, doing things without thinking of the consequences etc.

17

Stigma or bullying due to difficulties with social interaction e.g. not understanding
another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.

18

Allergies
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Rank Mood Factor - Anxiety
1 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-related
stress etc.)
2 Severe adverse life event (bereavement, life-threatening illness etc.)
3 Pain, discomfort or itching associated with your skin condition
4 Sleep problems related to your skin condition e.g. due to excessive itchiness, night-time
sweating etc.
5 Embarrassment of social interaction because of your skin condition
6 Difficulties or frustration associated with treating your skin condition (e.g. regularly having
to source and apply moisturizer)
7 Sleep problems unrelated to your skin condition
8 Medical issues (non-skin related)
9 Stigma or bullying associated with your skin condition
10 Educational, work or social challenges due to finding it hard to pay attention e.g. getting
distracted, not finishing work on time, not listening to instructions
11 Low quality/quantity of friendships and relationships
12 Difficulty regulating body temperature/sweating
Educational, work or social challenges due to being impulsive e.g. making rash decisions,
13 interrupting when people are talking, doing things without thinking of the consequences
etc.
12 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions
Educational, work or social challenges due to difficulties with social interaction e.g. not
15 understanding another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.
16 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting when
people are talking, doing things without thinking of the consequences etc.

Stigma or bullying due to difficulties with social interaction e.g. not understanding another

17 person's point of view or social norms, finding it difficult to follow conversations. not
understanding humour or sarcasm etc.

18 Allergies
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Rank Mood Factor - Irritability
1 Pain, discomfort or itching associated with your skin condition
5 Sleep problems related to your skin condition e.g. due to excessive itchiness, night-time
sweating etc.
3 Difficulties or frustration associated with treating your skin condition (e.g. regularly having
to source and apply moisturizer)
4 Sleep problems unrelated to your skin condition
5 Moderate chronic life event (relationship difficulties/divorce, chronic illness, work-related
stress etc.)
6 Embarrassment of social interaction because of your skin condition
7 Difficulty regulating body temperature/sweating
8 Severe adverse life event (bereavement, life-threatening illness etc.)
9 Educational, work or social challenges due to finding it hard to pay attention e.g. getting
distracted, not finishing work on time, not listening to instructions
10 Medical issues (non-skin related)
11 Stigma or bullying associated with your skin condition
12 Low quality/quantity of friendships and relationships
Educational, work or social challenges due to being impulsive e.g. making rash decisions,
13 interrupting when people are talking, doing things without thinking of the consequences
etc.
14 Allergies
Educational, work or social challenges due to difficulties with social interaction e.g. not
15 understanding another person's point of view or social norms, finding it difficult to follow
conversations. not understanding humour or sarcasm etc.
16 Stigma or bullying due to finding it hard to pay attention e.g. getting distracted, not
finishing work on time, not listening to instructions
17 Stigma or bullying due to being impulsive e.g. making rash decisions, interrupting when
people are talking, doing things without thinking of the consequences etc.

Stigma or bullying due to difficulties with social interaction e.g. not understanding another

18 person's point of view or social norms, finding it difficult to follow conversations. not

understanding humour or sarcasm etc.
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Appendix 3.13. A qualitative deductive content analysis of free-text comments relating to factors

underlying mood symptoms across the lifespan across the three conditions. Inter-rater reliability

across two coders was assessed by Cohen’s k and indicated substantial and significant agreement
(x=0.73, (95% CI: 0.65-0.80), p<0.001).

Group Main Category Categories Sub-categories Exemplar phrases
"Diabetes, sciatica and post stroke pain", "Concern over seeping Crusty Warts,
: Physical health _ . P pain pin v
Wellbeing concerns Diabetes eye jabs'
Mental health "Everything triggers me and makes me feel awfu", "Get angry to quickly"
. - Child-related responsibilities "Having to have been a carer for most of my adult life"
Daily functioning - — - - - -
XLI Males Skin-specific frustrations "The amount of work it takes to keep my skin looking acceptable"
"Very conscious of strangers judging my skin appearance as unsightly", "My friends
Judgement and stigmatisation ) ¥ B gers Judging my PP ently v
Lo nicknamed me croc
Changing circumstances - - — -
. "Family arguments make me the most anxious and irritated", "Smothering
Life events o
upbringing
"Weight and diet and exercise", "Being unable to adequately articulate my medical
Physical health € " ¢ ! Y Y
. needs to doctors
Wellbeing concerns Inability to focus", "Health anxiety, social anxiety, repetitive and intrusi
nal o focus", "Health anxiety, social anxiety, repetitive and intrusive
Mental health i |‘y : u xiety, soci xiety, repetitiv intrusiv
memories
"Postnatal, birth trauma, child with bone tumor", "Stress having a child with
XLI Females Daily functioning Child-related responsibilities o &
ADHD/Autism
"Parental influence", "The pressure and struggle of feeling like | have to keep u
Judgement and stigmatisation . . " P &8 ¢ pup
. with able bodied people!
Changing circumstances - - -
X "Loss of both parents in teenage years", "Father with XLI mentally and physically
Life events o
abusive
Daily functioning Skin-specific frustrations "Unable to go to tropical destination till late 20s"
IV Males
Changing circumstances Judgement and stigmatisation "School bullying was pretty unrelenting”, "I feel ashamed and embarrassed"
. "Heavy difficult menses / period", "Inability to perspirre", "Fungal and yeast
Struggling to live a ; Physical health ) ) o e =
ggling Wellbeing concerns infections as a result of my skin disorder are difficult to deal with
‘normal’ life Mental health "Anxiety", "Frustration"
IV Females "Embarrassment and fed up that after 50 years of managing my ichthyosis with
Daily functioning Skin-specific frustrations Calmurid, | am now back to square one", "Spending so much money on
creams/moisturizers", "Pain Due to Cracking"
Judgement and stigmatisation "Bullying in school years"
Changing circumstances g - ematisat m u. Ve .y n —
Life events Child abuse, bullying, relationships
Wellbeing concerns Physical health "Deafness and wearing hearing aids"
"My condition not being understood", "Psoriasis in the ears is painful and stops me
Daily functioning Skin-specific frustrations v ) ,g o p P
Psoriasis from wearing my hearing aids'
Males Judgement and stigmatisation "Extreme bullying throughout primary and high school"
Changing circumstances Life events "Experiencing child sex abuse, growing up in an abusive household", "Daughters
growing up and getting boyfriends etc."
Physical health "Fatigue from psoriatic arthritis", "Unable to do sternous physical activity"
Wellbeing concerns
Mental health "Anxiety about progression of psoriasis", "Health anxiety"
"the way her skin effects her quality of life knowing you caused it all plays a larger
Child-related responsibilities v ) q ¥ ) . gy” play 8
part than my moderate life long battle with psoriasis'
Psoriasi Daily functioning o K o
soriasis . . ) "Not engaging in exercise/sports esp swimming because of comments about my
Females Skin-specific frustrations . X 3 - e i N
skin", "Frustration with explaining what | have and that it is not contagious.
"Being told I'm ugly, other people fearful of catching my psoriasis", "Low self
Judgement and stigmatisation & Ev P p . emyp
A esteem and embarrassed showing skin
Changing circumstances
. "l was assaulted and as a result suffered a miscarriage", "Work issues",
Life events N "
Bereavement!
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Appendix 3.14: Chapter 3 Advert

Advert

RESEARCHERS AT CARDIFF UNIVERSITY ARE LOOKING FOR ADULT (>18 YRS) (MALES
AFFECTED BY X-LINKED ICHTHYOSIS (XLI)/FEMALE CARRIERS OF GENETIC CHANGES
ASSOCIATED WITH XLI/MALES AND FEMALES AFFECTED BY ICHTHYOSIS VULGARIS
(IV)/ PSORIASIS)*, TO TAKE PART IN A SHORT ONLINE SURVEY LOOKING AT MOOD
SYMPTOMS AND ASSOCIATED RISK FACTORS.

*delete as appropriate depending upon recruitment avenue

Mood problems such as depression, anxiety and irritability are commonly seen in skin conditions,
including X-linked ichthyosis (XLI), ichthyosis vulgaris (IV) and psoriasis. We are undertaking a
large-scale survey to better understand the frequency and severity of such problems in these three
conditions, and to try and understand what might contribute to them. Our findings should lead to
more targeted, and therefore more effective, clinical strategies for addressing mood issues.

If you have a diagnosis of XLI, IV or psoriasis, or if you are an adult female with confirmed carrier
status of XLI-associated genetic change, we would be extremely grateful if you could complete the
following short (30-40 minute) survey:

**Insert survey link**
Many thanks!

Georgina Wren and Dr William Davies, Cardiff University

Appendix 3.15: Chapter 3 Information Sheet

Participant Information Sheet

'A comparison of mood symptoms and associated risk factors in X-linked ichthyosis (XLl),
Ichthyosis Vulgaris (V) and psoriasis’

X-linked ichthyosis (XLI) is a skin condition caused by a particular molecule (steroid sulfatase)
being absent, or not working properly. Ichthyosis vulgaris (IV) is a related skin condition, often
caused by changes in the filaggrin gene (FLG). Psoriasis is a chronic, inflammatory, immune-
mediated skin condition and is influenced by both genetic and environmental factors.

Previous work has shown that XLI, IV and psoriasis are associated with increased levels of mood
problems (depression, anxiety and irritability). However, these analyses have been performed in
relatively small samples, the relative importance of the many possible contributing factors has
never been investigated systematically, and the frequency/severity of such problems across these
conditions has never been examined.

We aim to recruit a large sample of adult (>18yrs) males with XLI, female carriers of genetic
changes associated with XLI, and male and females diagnosed with IV or psoriasis, from around
the world to complete a short (30-40mins) online survey asking about various aspects of your
condition and your mental health/personality to better understand mood problems in these
conditions, and to identify optimal treatment strategies.



Page | 250

The information you provide will be anonymous (i.e. your name will not be available to the research
team and you will be identified solely with a participant number) and you will not be given feedback
on your individual results. The results will not provide sufficient information to diagnose a clinical
condition. Your participation in this study is voluntary, and you are free to withdraw at any time and
for any reason; however, once you have submitted your answers, as they are anonymous, they
will not be able to be retrieved or deleted.

If you feel uncomfortable answering any questions, please feel free to omit them.

You will be provided with further information upon completion of the questionnaire and you will
have the opportunity to register to take part in future similar studies by leaving your e-mail address.

The results of the study will be disseminated by e-mail to participants, via social media, via relevant
charity websites or via publication in an academic journal.

The study has been ethically reviewed by Cardiff University School of Psychology Ethical Review
Panel. If you require further information on the study, please contact us: Ms Georgina Wren
(wreng@cardiff.ac.uk) or Dr William Davies (daviesw4@cardiff.ac.uk) at Cardiff University, United
Kingdom

Privacy Notice:

The information provided on the consent form will be held in compliance with GDPR
regulations. Cardiff University is the data controller and Matt Cooper is the data protection
officer (inforequest@cardiff.ac.uk). This information is being collected by Ms Georgina Wren.
This information will be held securely and separately from the research information you
provide. Only the researcher will have access to this form and it will be destroyed after 7 years.
The lawful basis for processing this information is public interest.

Appendix 3.16: Chapter 3 Consent Form

Consent form

‘A comparison of mood symptoms and associated risk factors in X-linked ichthyosis (XLI),
Ichthyosis Vulgaris (IV) and psoriasis’

e | have read and understood the Participant Information Sheet for the above study and
consent to take part in the survey described

e | am aged 18yrs or over and one of the following: a confirmed female carrier of a genetic
change related to X-linked ichthyosis (XLI), a male with a clinical diagnosis of XLI, a male
or female with a clinical diagnosis of ichthyosis vulgaris (IV), a male or female with a clinical
diagnosis of psoriasis.

e | understand that study participation will take ~30-40mins, that | will be provided with further
information at the end, and that | may register to take part in future similar studies by
leaving my e-mail address if | wish


mailto:wreng@cardiff.ac.uk
mailto:daviesw4@cardiff.ac.uk
mailto:inforequest@cardiff.ac.uk
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e | understand that the survey will not provide information sufficient for diagnosing a clinical
condition, and that | am free to omit answering any questions | choose

e | understand that my responses will be anonymous (recorded solely with a participant
number), that | will not be personally identifiable from my data, and that | will not receive
any feedback on my individual data

e | understand that | may withdraw from the study at any point and for any reason prior to
submission of my completed survey

o | understand that should | require more information before completing the survey, | am free
to contact Ms Georgina Wren (wreng@cardiff.ac.uk) or Dr Wiliam Davies
(daviesw4@cardiff.ac.uk)

e | understand that the information | provide may be retained indefinitely or published, and
that I will not be identifiable in any publications

e lunderstand that this research project has been ethically reviewed by the Cardiff University
School of Psychology Research Ethics Committee, and that if | have any queries about the
conduct of the study | can contact the ethical review board via the following means:
Secretary of Cardiff University School Ethics Board, Cardiff University School of
Psychology, Tower Building, Park Place, Cardiff CF10 3AT, United Kingdom Tel: 44-(0)29-
2087-0360, e-mail: psychethics@cardiff.ac.uk

Privacy Notice:

The information provided on the consent form will be held in compliance with GDPR
regulations. Cardiff University is the data controller and Matt Cooper is the data protection
officer (inforequest@cardiff.ac.uk). This information is being collected by Ms Georgina Wren.
This information will be held securely and separately from the research information you
provide. Only the researcher will have access to this form and it will be destroyed after 7 years.
The lawful basis for processing this information is public interest.

Appendix 3.17: Chapter 3 Debrief Form

Debrief Form

‘A comparison of mood symptoms and associated risk factors in X-linked ichthyosis (XLI),
Ichthyosis Vulgaris (IV) and psoriasis’

Thank you for taking part in our study — your contribution is hugely appreciated!

Once the study is complete and the data analysed, we aim to communicate summary results to
relevant organisations (e.g. charities and patient support groups), and to academic journals. If you
are also interested in receiving a summary of our results, please follow the information to leave
your contact e-mail address at the end of this message. All the information you have provided to
us is totally anonymous and cannot be traced back to you.

X-linked ichthyosis (XLI) is a skin condition caused by a particular molecule (steroid sulfatase,
STS) being absent, or not working properly; the STS molecule also normally works in the brain


mailto:wreng@cardiff.ac.uk
mailto:daviesw4@cardiff.ac.uk
mailto:psychethics@cardiff.ac.uk
mailto:inforequest@cardiff.ac.uk
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and its loss is thought to be associated with behavioural and cognitive changes (including
inattention, impulsivity and social function). Ichthyosis vulgaris (IV) is a related skin condition often
caused by changes in the filaggrin gene (FLG). Psoriasis is a chronic, inflammatory, immune-
mediated skin condition and is influenced by both genetic and environmental factors.

Our previous research has shown that on average, males with XLI and females with XLI-associated
genetic changes, exhibit a different personality profile from the general population (results of these
studies are freely-available at https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5053497/ and
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6377116/). From these studies, and those of
others, it would also appear that these individuals, and those with ichthyosis vulgaris and psoriasis,
are also at increased risk of developing some mental health conditions.

In the current study we want to examine these ideas further by investigating the mood symptom
profile of the three disorders and how different factors may contribute. Thus, we asked about issues
such as the condition of your skin (discomfort, stigmatization or inconvenience associated with
being affected and managing such a condition or associated medical issues) and the behavioural
or cognitive problems associated with having one of these skin conditions. We hope that by
understanding which cause, or causes, contributes most to mood patterns in each condition, we
can develop more effective targeted clinical interventions.

To examine the specific aspects of behaviour described above, the survey used both custom-
designed and well-validated psychological questionnaires, and further details are available from
the researcher team if requested. Importantly, the information you provided through these
questionnaires is not sufficient to make a clinical diagnosis, and if you are worried about your
physical or mental health, you should seek advice from a qualified medical professional in the
usual way.

If you have any further questions about the purpose or conduct of this study, please contact the
researchers or the ethical review board using the details below:

Ms Georgina Wren (PhD student), Cardiff University School of Psychology e-mail:
wreng@cardiff.ac.uk

Dr William Davies (project supervisor), Cardiff University School of Psychology, Tel: 44-(0)29-
2087-0152, e-mail: daviesw4@cardiff.ac.uk

Secretary of Cardiff University School Ethics Board, Cardiff University School of Psychology, Tel:
44-(0)29-2087-0360, e-mail: psychethics@cardiff.ac.uk

If you are interested in taking part in future studies related to this work, please click on the following
link to leave your e-mail address: URL TBC. Your contact details will be kept separately from your
responses to this questionnaire and any information you provide will only be used to feed back
summary data from the current study or to contact you to see whether you would be interested in
taking part in future similar studies.

Privacy Notice:

The information provided on the consent form will be held in compliance with GDPR
regulations. Cardiff University is the data controller and Matt Cooper is the data protection
officer (inforequest@cardiff.ac.uk). This information is being collected by Ms Georgina Wren.
This information will be held securely and separately from the research information you
provide. Only the researcher will have access to this form and it will be destroyed after 7 years.
The lawful basis for processing this information is public interest
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Appendix 3.18: Chapter 3 Direct participant invite

Direct participant invite
Dear Sir/Madam,

We are researchers at Cardiff University, UK. Following on from our previous work on
mood/developmental disorders and associated traits in males with X-linked ichthyosis (XLI) and
female carriers of XLI-related genetic changes, we now want to examine how these disorders/traits
vary with regard to frequency, severity and cause across related skin disorders.

We saw that you were interested in XLl/ichthyosis vulgaris (IV)/psoriasis* (delete as appropriate).
If you are interested in helping with our study, the link to the survey is: URL TBC

Kind regards,
Georgina Wren (PhD student) and Dr William Davies.
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Appendix 4.1: Demographic and clinical variables in each experimental group. Age and CISI scores
are presented as mean valueststandard error of the mean.

Group
Demographic and clinical variables Sex Statistical comparison
XLl \} General population
Male 43.842.8 48.6+2.5 44.1+0.6 GROUP: F[2,462]=4.62, p=0.010
Age (yrs) SEX: F[1,462]=5.38, p=0.021
+ + +
Female 41.5+1.1 45.1+1.9 42.1+0.5 GROUP x SEX: F[2,462]=0.17, p=0.84
Percentage of sample with highest Male 63 73 73
x?[5]=15.9, p=0.007
education level greater than high school Female 71 88 84
Percentage of sample with positive Male 55 50 23
family history (first or second-degree x?[5]=19.0, p=0.002
relative) for memory-related condition Female 39 25 28
Male 5.1+0.2 4.5%0.2 GROUP: F[1,207]=3.31, p=0.070
CISI score indexing severity of skin
. N/A SEX: F[1,207]=35.5, p<0.001
condition Female 2.9£0.2 4.310.2

GROUP x SEX: F[1,207]=23.7, p<0.001
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Appendix 4.2: Mood and memory-related variables in each experimental group. Data are presented
as mean valueststandard error

Mood and memory Group
. Sex Statistical comparison
variables XLI v General population
Male 25.241.3 21.3+1.4 19.840.7 GROUP: F[2,458]=21.3, p<0.001
K10 score SEX: F[1,458]=0.013, p=0.91
Female 24.1x0.7 24.4+1.0 18.9+0.6 GROUP x SEX interaction: F[2,458]=2.27, p=0.11
GROUP: F[2,456]=22.0, p<0.001
MMQ: contentment Male 34.7+2.4 39.2+2.7 46.3+1.2
) SEX: F[1,456]=0.031, p=0.87
with memory
Female 36.7¢1.9 38.7¢1.9 46.2£1.2 GROUP x SEX interaction: F[2,456]=0.25, p=0.78
Male 38.1+2.0 44.0+2.3 54.2+1.3 GROUP: F[2,454]=55.1, p<0.001

MMQ; perceived

SEX: F[1,454]=0.42, p=0.52

memory ability Female 38.1+1.9 41.2¢1.7 54.1+1.2 GROUP x SEX interaction: F[2,454]<0.29, p=0.75

Male 40.812.1 36.9+2.2 30.3+1.1 GROUP: F[2,444]=29.0, p<0.001
SEX: F[1,444]=3.32, p=0.07

MMAQ; use of strategies

to aid
o sl memery Female 43.1x1.4 40.2¢1.7 32.7¢1.1 GROUP x SEX interaction: F[2,444]=0.042, p=0.96

Male 72.6%2.6 84.5+3.2 86.0+1.8 GROUP: F[2,431]=6.88, p=0.001
SEX: F[1,431]=14.8, p<0.001

Word-picture recall

score
Female 87.4+2.0 89.7+2.3 94.0£1.7 GROUP x SEX interaction: F[2,431]=1.38, p=0.25
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Appendix 4.3: List of words presented in objective recall task

Drum
Curtain
Bell
Coffee
School
Parent
Moon
Garden
Hat
Farmer
Nose
Turkey
Colour
House

River
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Appendix 4.4: List of pictures presented in objective recall task
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Appendix 4.5: Chapter 4 Advert

Advert

RESEARCHERS AT CARDIFF UNIVERSITY ARE LOOKING FOR ADULT (>18 YRS) MALES
AFFECTED BY X-LINKED ICHTHYOSIS (XLI)/FEMALE CARRIERS OF GENETIC CHANGES
ASSOCIATED WITH XLI AND MALES AND FEMALES AFFECTED BY ICHTHYOSIS
VULGARIS (IV), TO TAKE PART IN A SHORT ONLINE SURVEY LOOKING AT MEMORY

Genetic changes associated with ichthyosis-have previously been associated with effects on
memory function and on brain regions important in memory. We are undertaking a study to better
understand these effects, by examining different types of memory and other cognitive functions.
We are also interested in how effects on memory may be related to mood (depressive and
anxiety symptoms are elevated, on average, in individuals with ichthyosis). Findings from this
study will help us better understand cognitive and mood function in ichthyosis.

If you have a confirmed diagnosis of XLI or IV, or if you are a confirmed adult female carrier of an
XLlI-associated genetic change, we would be extremely grateful if you could complete the
following short (20-30 minute) survey:

**Insert survey link**
Many thanks

Georgina Wren and Dr William Davies, Cardiff University

Appendix 4.6: Chapter 4 Direct participant invite

Direct participant invite
To whom it may concern,

We are researchers at Cardiff University, UK. Recent research has suggested that brain changes
associated with genetic differences in ichthyosis may have an impact on memory, cognitive
function and mood. We want to further investigate the nature and magnitude of these possible
effects in different types of memory and executive function in adult (>18 yrs.) males affected by
X-linked ichthyosis (XLI), and adult female XLI carriers, and males and females affected by
ichthyosis vulgaris (V).

We saw that you were interested in taking part in ichthyosis-related research. If you are
interested in taking part in our study, the link to the survey is:

If you require more details prior to completing the survey, please get in touch. We are more than
happy to answer any questions or concerns that you may have.

Kind regards,
Georgina Wren (PhD student) and Dr William Davies.
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Appendix 4.7: Chapter 4 Information Sheet

Participant Information Sheet
‘An investigation into memory, cognitive function and mood in ichthyosis’

Recent findings in animals have indicated that biological processes associated with the skin
condition ichthyosis may also be associated with effects on memory, other cognitive functions,
and mood. The effects of genetic changes associated with ichthyosis on memory, cognition and
mood in humans has yet to be investigated. Our study aims to address this gap in knowledge.

We are inviting you to take part in this study as part of our sample of adult (>18yrs) males with
XLI, female carriers of genetic changes associated with XLI, and adults with ichthyosis vulgaris
(IV) from around the world. If you take part, we will ask you to complete a short (20-30mins)
online survey asking for a brief medical history, and details regarding your current mood and
wellbeing. This survey will also ask about how satisfied you are with your current memory
abilities, and any memory strategies you use to help. You will also take part in a short activity to
test your short-term memory, in which you will be asked to recall a list of words and pictures.

Any information that you provide will be anonymous (i.e. your name will not be linked to the
information and data you provide and will not be available to the research team). You will be
identified solely with a unique participant code and you will not be given feedback on your
individual outcomes. The results of this survey will not provide a basis from which to diagnose or
treat a clinical condition or associated symptoms.

Your participation in this study is voluntary, and you are free to withdraw at any time and for any
reason; however, once you have submitted your answers, as they are anonymous, they will not
be able to be retrieved or deleted.

If you feel uncomfortable answering any questions, please feel free to omit them.

You will be provided with further information upon completion of this study, and you will have the
opportunity to register to take part in follow-up studies examining memory using online
neuropsychological tests by leaving your e-mail address. If you decide to register your interest in
further work, you will be asked to generate a code unique to you so that your current and future
responses can be linked.

You will not be given feedback on your individual study scores, but the results of the study (as
group averages) will be disseminated by e-mail to participants, via social media and relevant
charity websites, or via publication in an academic journal.

The study has been ethically reviewed by Cardiff University School of Psychology Ethical Review
Panel. If you have any concerns or issues related to the study then please contact:
psychethics@cardiff.ac.uk, telephone (number) or write to the Secretary of the School of
Psychology Ethical Review Panel, School of Psychology, Cardiff University, Park Place, Cardiff,
UK, CF10 3AT.

If you require further information about the study, please contact us: Ms Georgina Wren
(wreng@cardiff.ac.uk) or the primary supervisor for this project, Dr William Davies
(daviesw4@cardiff.ac.uk) at School of Psychology, Cardiff University, United Kingdom

Privacy Notice:

The information provided on the consent form will be held in compliance with UK GDPR
regulations. Cardiff University is the data controller and James Merrifield is the data
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protection officer (inforequest@cardiff.ac.uk). This information is being collected by Ms
Georgina Wren. This information will be held securely and separately from the research
information you provide. Only the researcher will have access to this form and it will be
destroyed after 7 years. The lawful basis for processing this information is public interest.

Appendix 4.8: Chapter 4 Consent Form

Consent form

‘An investigation into memory, cognitive function and mood in ichthyosis’

| have read and understood the Participant Information Sheet for the above study and
consent to take part in the survey described

I am aged 18yrs or over and am one of the following: a) a confirmed female carrier of a
genetic change related to X-linked ichthyosis (XLI), b) a male with a clinical diagnosis of
XLlI, or ¢) a person with a clinical diagnosis of ichthyosis vulgaris (1V).

I understand that study participation will take ~20-30mins, that | will be provided with
further information at the end, and that | may register to take part in follow-up studies by
leaving my e-mail address if | wish. | understand that if | decide to register my interest in
further work, | will be asked to generate a unique code to link my current and future
responses.

I understand that the survey will not provide information sufficient for clinical guidance,
and that | am free to omit answering any questions | choose

| understand that my responses will be anonymous (recorded solely with a participant
code), that | will not be personally identifiable from my data, and that | will not receive any
feedback on my individual data

| understand that | may withdraw from the study at any point and for any reason prior to
submission of my completed survey

| understand that should | require more information before completing the survey, | am
free to contact Ms Georgina Wren (wreng@cardiff.ac.uk) or Dr William Davies
(daviesw4@cardiff.ac.uk)

I understand that the information | provide may be retained indefinitely or published, and
that | will not be identifiable in any publications

| understand that if | choose to provide my email address and a unique self-generated
code following completion of this survey to take part in subsequent studies, this
information will be collected in accordance with UK GDPR i.e. stored separately from
survey data, not linked to any other identifiable details (name, age etc.) and stored
securely on a password-protected Cardiff University server.

| understand that this research project has been ethically reviewed by the Cardiff
University School of Psychology Research Ethics Committee, and that if | have any
queries about the conduct of the study | can contact the ethical review board via the
following means: Secretary of Cardiff University School Ethics Board, Cardiff University
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School of Psychology, , Park Place, Cardiff CF10 3AT, United Kingdom Tel: 44-(0)29-
2087-0360, e-mail: psychethics@cardiff.ac.uk

Privacy Notice:

The information provided on the consent form will be held in compliance with UKGDPR
regulations. Cardiff University is the data controller and James Merrifield is the data
protection officer (inforequest@cardiff.ac.uk). This information is being collected by Ms
Georgina Wren. This information will be held securely and separately from the research
information you provide. Only the researcher will have access to this form and it will be
destroyed after 7 years. The lawful basis for processing this information is public interest.

Appendix 4.9: Chapter 4 Debrief Form

Debrief Form

‘An investigation into memory, cognitive function and mood in ichthyosis’

Thank you for taking part in our study — your contribution is hugely appreciated!

Once the study is complete and all of the data has been analysed, we will communicate
summary results to relevant organisations (e.g. charities and patient support groups), and to
academic journals. If you are interested in receiving a summary of our results directly, please
follow the links to leave your contact e-mail address at the end of this message. All the
information you have provided to us in this study is totally anonymous and cannot be traced back
to you.

X-linked ichthyosis (XLI) is a skin condition caused by a particular molecule (steroid sulfatase,
STS) being absent, or not working properly. New research in rodents and worms has suggested
that the absence of STS can increase longevity and can have neuroprotective and memory
enhancing effects (https://www.tandfonline.com/doi/full/10.1080/14756366.2020.1758692;
https://www.nature.com/articles/s41467-020-20269-y). In this study, and in subsequent work one
of our aims is to test whether lack of STS in humans is associated with enhanced memory.
Memory and mood are influenced by common brain regions; as individuals with XLI (and female
carriers) appear at increased risk of adverse mood symptoms, a secondary aim of this work is to
investigate the relationship between memory and mood.

Recent research by our group has suggested that individuals with ichthyosis vulgaris (IV) may
present with an increased risk of mood disorders and associated traits (https://bit.ly/3qJq7i2).
However, there is very little existing research exploring the impact of IV on any other areas of
brain function, thus, we are also looking to compare memory, cognition and mood (and
relationships between these) across individuals with XLI, IV and individuals not affected by
ichthyosis.

The present study examined different types of memory ability, related executive functioning and
mood in both males and females affected by XLI and IV, as well as trying to identify precipitating
factors of any memory enhancing effects. Thus, we asked about your own/family history of
relevant psychological conditions, as well as a basic measure of your recent mood (Kessler
Psychological Distress Scale (K10) (https://www.cambridge.org/core/journals/psychological-
medicine/article/abs/short-screening-scales-to-monitor-population-prevalences-and-trends-in-
nonspecific-psychological-distress/F141675CCDOEO8COFB98EQ1C0O06B4EOD). To provide a
baseline measure of short-term memory function, we used a short recall task involving neutral
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set of words and pictures. We also asked about your satisfaction with your memory ability, your
self-assessed memory capacities, and any strategies you use to aid your memory using
guestions taken from the Multifactorial Memory Questionnaire (MMQ) (https://bit.ly/3LWy3ET).
We are interested in understanding whether these factors differ between individuals with XLI/IV
and the general population. Importantly, the information you provided through these
guestionnaires is not sufficient to offer targeted clinical advice, and if you are worried about your
physical or mental health, you should seek advice from a qualified medical professional in the
usual way.

If you have any further questions about the purpose or conduct of this study, please contact the
researchers or the ethical review board using the details below:

Ms Georgina Wren (PhD student), Cardiff University School of Psychology e-mail:
wreng@cardiff.ac.uk

Dr William Davies (project supervisor), Cardiff University School of Psychology, Tel: 44-(0)29-
2087-0152, e-mail: daviesw4@cardiff.ac.uk

Secretary of Cardiff University School Ethics Board, Cardiff University School of Psychology, Tel:
44-(0)29-2087-0360, e-mail: psychethics@cardiff.ac.uk

If you are interested in taking part in future studies related to this work, which might include
neuropsychological tests, interviews, further surveys, or trying out new psychological support
techniques, please click on the following link to leave your e-mail address: URL TBC. Your
contact details will be kept separately from your responses to the study you have just completed
and any information you provide will only be used to feed-back summary data from the current
study or to contact you to see whether you would be interested in taking part in future similar
studies.

Privacy Notice:

The information provided on the consent form will be held in compliance with UK GDPR
regulations. Cardiff University is the data controller and James Merrifield is the data protection
officer (inforequest@cardiff.ac.uk). This information is being collected by Ms Georgina Wren.
This information will be held securely and separately from the research information you provide.
Only the researcher will have access to this form and it will be destroyed after 7 years. The lawful
basis for processing this information is public interest.
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APPENDIX CHAPTER 5

Appendix 5.1: Heart rhythm abnormalities (HRA) as listed in online survey

Atrial fibrillation

Atrial flutter
Supraventricular tachycardia
Ventricular tachycardia
Bradycardia (slow heartbeat)

Tachycardia (fast heartbeat)

Appendix 5.2: Cardiovascular and metabolic conditions investigated as potential risk factors, or
comorbidities, for abnormal heart rhythm in our online survey

Coronary artery/heart disease

Pericarditis

Congenital heart disease

Heart failure

Heart attack

Heart murmur

Angina
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Stroke

Heart valve disease or malformation
High cholesterol
Anaemia

Hypertension
Cardiomyopathy

Type 1 diabetes

Type 2 diabetes
Rheumatoid arthritis
Inguinal hernia
Pneumonia Asthma

Gut problem

Lung cancer

Pulmonary embolism
Thyroid gland disorder
Obstructive sleep apnoea

Obesity (BMI>30)
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Appendix 5.3: Statements presented following vignette for participant ratings (Strongly Disagree —
Strongly Agree).

Do you think that risk of AF in XLI males is a significant health concern?

Do you think that males should be screened for heart abnormalities routinely following confirmation of XLI?

| believe that screening for heart problems in XLl is a good use of healthcare funding

I would be happy to attend/bring my son to a doctor’s surgery/hospital regularly for heart screening

| believe that knowing that I/my son have a heart condition with possible adverse consequences is preferable to not knowing

| believe that the benefits associated with screening for, monitoring and treating any heart condition outweigh their risks

I require more information about the relationship between XLI and heart conditions in order to make any judgement about the benefit of
screening

Appendix 5.4: Demographic variables in individuals with and without self- or parent-reported
abnormal heart rhythms

Adult males with XLI (n=43)

Age (yrs) Country of residence Ethnicity
UK:47% _ L
With abnormal heart rhythm 51.5 (95%CI:42.6-60.6) USA:27% White Europ.ea:;], 100%
Other:26% Other: 0%
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Without abnormal heart
rhythm

46.2 (95%CI:41.1-51.2)

UK:54%
USA:36%
Other:10%

White European:86%
Other: 14%

t[40]=1.09, p=0.28

X2[2]=4.67, p=0.10

v21;=2.36, p=0.12

Adult female carriers (n=79)

Age (yrs)

Country of residence

Ethnicity

With abnormal heart rhythm

43.7 (95%CI: 39.1-48.2)

UK:35%
USA:40%
Other:25%

White European: 90%
Other: 10%

Without abnormal heart
rhythm

40.9 (95%CI: 38.2=43.6)

UK:37%
USA:37%
Other:26%

White European: 88%
Other: 12%

t[57]=0.57, p=0.57

x%2;=0.51, p=0.78

x%1;=0.77, p=0.38

Boys with XLI (n=69)

Age (yrs)

Country of residence

Ethnicity

With abnormal heart rhythm

8.9 (95%CI: 6.3-11.4)

UK:40%
USA:40%
Other:20%

White European: 80%
Other: 20%
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Without abnormal heart
rhythm

7.5 (95%CI: 6.1-9.0)

UK:41%
USA:35%
Other:24%

White European: 91%
Other: 9%

t[67]=0.40, p=0.69

X2[2]=0.16, p=0.92

X2[1]=1.32, p=0.25
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Appendix 5.5A: Individuals with or without abnormal heart rhythms (HRA) diagnhosed with
cardiovascular and metabolic conditions

XLI XLI XLI XLI XLI XLI All All All All
males | males | females | females | boys boys males | males articipants participants
Condition Yes/No| with |without| with |without| with | without| with | without pwi th I?IRA without
HRA HRA HRA HRA HRA HRA HRA HRA (n=50) HRA
(n=15) | (n=24) | (n=20) | (n=51) | (n=15) | (n=48) | (n=30) | (n=72) B (n=123)
Coronary Yes 0 0 1 0 0 0 0 0 1 0
artery/heart
disease No 15 24 19 51 15 48 30 72 49 123
. . Yes 0 0 0 0 0 0 0 0 0 0
Pericarditis
No 15 24 20 51 15 48 30 72 50 123
Congenital Yes 0 0 1 0 1 0 1 0 2 0
heart disease No 15 24 19 51 14 48 29 72 48 123
. Yes 0 0 0 0 0 0 0 0 0 0
Heart failure
No 15 24 20 51 15 48 30 72 50 123
Heart attack Yes 0 1 0 0 0 0 0 1 0 1
No 15 23 20 51 15 48 30 71 50 122
Yes 0 0 4 0 2 7 2 7 6 7
Heart murmur
No 15 24 16 51 13 41 28 65 44 116
. Yes 1 0 0 0 0 0 1 0 1 0
Angina
No 14 24 20 51 15 48 29 72 49 123
Stroke Yes 0 0 0 0 0 0 0 0 0 0
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No 15 24 20 51 15 48 30 72 50 123
Yes 1 0 2 1 1 0 2 0 4 1
Heart valve
disease or
malformation No 14 24 18 50 14 48 28 72 46 122
. Yes 4 3 3 7 0 0 4 3 7 10
High cholesterol
No 11 21 17 44 15 48 26 69 43 113
. Yes 0 0 8 6 1 2 1 2 9 8
Anaemia
No 15 24 12 45 14 46 29 70 41 115
. Yes 5 4 4 10 0 0 5 4 9 14
Hypertension
No 10 20 16 41 15 48 25 68 41 109
. Yes 0 0 1 0 0 0 0 0 1 0
Cardiomyopathy
No 15 24 19 51 15 48 30 72 49 123
. Yes 1 0 0 0 0 0 1 0 1 0
Type I diabetes
No 14 24 20 51 15 48 29 72 49 123
Yes 1 2 2 3 0 0 1 2 3 5
Type II diabetes
No 14 22 18 48 15 48 29 70 47 118
Rheumatoid Yes 1 0 1 1 0 0 1 0 2 1
arthritis No 14 24 19 50 15 48 29 72 48 122
Yes 1 0 1 3 0 0 1 0 2 3
Inguinal hernia
No 14 24 19 48 15 48 29 72 48 120
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] Yes 2 3 2 3 2 2 4 5 6 8
Pneumonia
No 13 21 18 48 13 46 26 67 44 115
Yes 4 5 7 5 4 6 8 11 15 16
Asthma
No 11 19 13 46 11 42 22 61 35 107
Yes 4 0 5 4 1 2 5 2 10 6
Gut problem
No 11 24 15 47 14 46 25 70 40 117
Yes 0 0 0 0 0 0 0 0 0 0
Lung cancer
No 15 24 20 51 15 48 30 72 50 123
Pulmonary Yes 0 0 0 2 0 0 0 0 0 2
embolism No 15 24 20 49 15 48 30 72 50 121
Thyroid gland Yes 2 1 2 6 1 0 3 1 5 7
disorder No 13 23 18 45 14 48 27 71 45 116
Obstructive Yes 1 3 3 4 0 1 1 4 4 8
sleep apnoea No 14 21 17 47 15 47 29 68 46 115
Obesity Yes 2 2 4 9 0 3 2 5 6 14
(BMI>30) No 13 22 16 42 15 45 28 67 44 109
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Appendix 5.5B: Associated statistical analysis for Appendix 5.5A (two-tailed p-values from Fisher

Exact Test) *p=<0.05, **p=<0.005

Condition XLI adult males Female carriers XLI boys All males All participants
(HRA vs. no HRA) (HRA vs. no HRA) (HRA vs. no HRA) (HRA vs. no HRA) (HRA vs. no HRA)
Coronary
artery/heart 1.000 0.282 1.000 1.000 0.289
disease
Pericarditis 1.000 1.000 1.000 1.000 1.000
Congenttal heart 1.000 0.282 0.238 0.294 0.082
isease
Heart failure 1.000 1.000 1.000 1.000 1.000
Heart attack 1.000 1.000 1.000 1.000 1.000
Heart murmur 1.000 0.005** 1.000 0.723 0.202
Angina 0.385 1.000 1.000 0.294 0.289
Stroke 1.000 1.000 1.000 1.000 1.000
Heart vajve disease 0.385 0.189 0.238 0.084 0.025*
High cholesterol 0.396 1.000 1.000 0.190 0.265
Anaemia 1.000 0.011* 1.000 1.000 0.027*
Hypertension 0.266 1.000 1.000 0.119 0.322
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Cardiomyopathy 1.000 0.282 1,000 1,000 0.289
Type I diabetes 0.385 1.000 1,000 0.294 0.289
Type II diabetes 1.000 0.616 1,000 1,000 0.692
Rheumatoid 0.385 1,000 1,000 0.294 0.201
arthritis
Inguinal hernia 0.385 1.000 1.000 0.294 0.627
Pneumonia 1.000 0.616 0.238 0.443 0.356
Asthma 0.711 0.017* 0.231 0.263 0.010%
Gut problem 0.017* 0.105 1,000 0.022* 0.004%*
Lung cancer 1.000 1.000 1.000 1.000 1.000
‘;‘;‘L‘gl'::g 1.000 1.000 1.000 1.000 1.000
Thyroid gland 0.547 1,000 0.238 0.075 0.332
disorder
Obstructive sleep 0.648 0.394 1.000 1.000 0.746
apnoea
Obesity (BMI>30) 1.000 1.000 0.574 1.000 1.000
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Appendix 5.6: Percentage of individuals with XLI (or female carriers) reporting involvement of

precipitating factor in onset of HRA

Precipitating factor

Adults males with XLI

Female carriers (n=20)

Boys with XLI (n=14)

(n=12)

Stress 42 45 14
Medication 8 0 7
Caffeine consumption (tea, coffee, energy drinks 33 25 7
Smoking 8 0 0

Postural change (e.g. moving from sitting down to
X 17 25 7

standing up)
Sleep disturbance 33 15 7
Infection 8 10 14
Exercise 17 35 14
Increased body temperature e.g. due to inability to 17 15 29
sweat

No obvious cause 42 25 50
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Other

17

30

14

Appendix 5.7: Percentage of individuals with XLI (or female carriers) reporting times of onset of

AHR episodes

Time of onset Adults males with | Female carriers Boys with XLI
XLI (n=12) (n=12) (n=7)
Whilst sleeping/in the night 57 42 57
Early morning, shortly after waking 57 8 14
During the day 57 75 86
Late at night, just before sleeping 43 58 29
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Appendix 5.8: Chapter 4 Advert

Advert

RESEARCHERS AT CARDIFF UNIVERSITY ARE LOOKING FOR ADULT (>18 YRS) (MALES
AFFECTED BY X-LINKED ICHTHYOSIS (XLI)/FEMALE CARRIERS OF GENETIC CHANGES
ASSOCIATED WITH XLI/PARENTS OF MALE CHILDREN DIAGNOSED WITH XLI)*, TO TAKE
PART IN A SHORT ONLINE SURVEY LOOKING AT HEART FUNCTION

*delete as appropriate depending upon recruitment avenue

Genetic changes associated with X-linked ichthyosis (XLI) have previously been associated with
abnormal heart rhythms. We are undertaking a study to better understand the nature of these heart
problems, contributing factors and treatment responses. We are also interested in attitudes
towards potential heart screening for individuals affected by XLI. Our findings may help support
initial diagnosis procedures and inform future cardiovascular treatment programmes.

If you have a diagnosis of XLI, if you are an adult female with confirmed carrier status of XLI-
associated genetic change, or if you are a parent reporting on behalf of your male child diagnosed
with XLI, we would be extremely grateful if you could complete the following short (20-30 minute)
survey:

**Insert survey link**
Many thanks

Georgina Wren and Dr William Davies, Cardiff University

Appendix 5.9: Chapter 4 Direct participant invite

Direct participant invite
Dear Sir/Madam,

We are researchers at Cardiff University, UK. Following on from our previous research showing an
increased frequency of heart arrhythmias in males with X-linked ichthyosis (XLI), we now want to
further investigate the nature of, and potential risk factors associated with, heart problems in men
and boys affected by XLI (and female carriers), as well as attitudes towards heart screening.

We are recruiting males with XLI, female carriers of genetic changes associated with XLI, and
parents of male children diagnosed with XLI, and we saw that you were interested in XLI research.
If you are interested in helping with our study, the link to the survey is: URL TBC

Kind regards,
Georgina Wren (PhD student) and Dr William Davies.
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Appendix 5.11: Chapter 4 Participant Information Sheet

Participant Information Sheet

‘An investigation into heart-related symptoms and attitudes towards heart screening in X-
linked ichthyosis (XLI)’

X-linked ichthyosis (XLI) is a skin condition caused by a particular molecule (steroid sulfatase)
being absent, or not working properly. New findings have indicated that, occasionally, XLI can be
associated with heart problems, including abnormal rhythms.

Neither the nature of heart problems in males affected by XLI, or in female carriers of XLI-
associated genetic changes, nor the factors which may trigger onset of symptoms, have yet been
investigated in any detail. Our study aims to address this gap in our knowledge.

We aim to recruit a sample of adult (>18yrs) males with XLI, female carriers of genetic changes
associated with XLI, and parents of male children diagnosed with XLI, from around the world to
complete a short (20-30mins) online survey asking for a brief medical history relating to heart
problems, and potential risk factors contributing to their onset. The survey also asks about attitudes
and opinions related to screening for heart rhythm abnormalities in families affected by XLI; these
may inform whether screening within this population is feasible and useful, and how it may be
implemented.

Any information you provide will be anonymous (i.e. your name will not be available to the research
team and you will be identified solely with a participant number) and you will not be given feedback
on your individual outcomes. The results of this survey will not provide a basis from which to
diagnose or treat a clinical condition or associated symptoms. Your participation in this study is
voluntary, and you are free to withdraw at any time and for any reason; however, once you have
submitted your answers, as they are anonymous, they will not be able to be retrieved or deleted.

If you feel uncomfortable answering any questions, please feel free to omit them.

You will be provided with further information upon completion of the questionnaire and you will
have the opportunity to register to take part in future similar studies by leaving your e-mail address.

The results of the study will be disseminated by e-mail to participants, via social media, via relevant
charity websites or via publication in an academic journal.

The study has been ethically reviewed by Cardiff University School of Psychology Ethical Review
Panel. If you require further information on the study, please contact us: Ms Georgina Wren
(wreng@cardiff.ac.uk) or the primary supervisor for this project, Dr William Davies
(daviesw4@cardiff.ac.uk) at Cardiff University, United Kingdom

Privacy Notice:

The information provided on the consent form will be held in compliance with GDPR
regulations. Cardiff University is the data controller and James Merrifield is the data protection
officer (inforequest@cardiff.ac.uk). This information is being collected by Ms Georgina Wren.
This information will be held securely and separately from the research information you
provide. Only the researcher will have access to this form and it will be destroyed after 7 years.
The lawful basis for processing this information is public interest.
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Appendix 5.12: Chapter 4 Consent Form

Consent form

‘An investigation into heart-related symptoms and attitudes towards heart screening in X-
linked ichthyosis (XLI)’

e | have read and understood the Participant Information Sheet for the above study and
consent to take part in the survey described

e | am aged 18yrs or over and am one of the following: a) a confirmed female carrier of a
genetic change related to X-linked ichthyosis (XLI), b) a male with a clinical diagnosis of
XLlI, or c) a parent of a male child (under 18yrs) with a clinical diagnosis of XLI

e | understand that study participation will take ~20-30mins, that | will be provided with further
information at the end, and that | may register to take part in future similar studies by
leaving my e-mail address if | wish

¢ lunderstand that the survey will not provide information sufficient for clinical guidance, and
that | am free to omit answering any questions | choose

e | understand that my responses will be anonymous (recorded solely with a participant
number), that | will not be personally identifiable from my data, and that | will not receive
any feedback on my individual data

e | understand that | may withdraw from the study at any point and for any reason prior to
submission of my completed survey

e | understand that should | require more information before completing the survey, | am free
to contact Ms Georgina Wren (wreng@cardiff.ac.uk) or Dr Wiliam Davies
(daviesw4@cardiff.ac.uk)

e | understand that the information | provide may be retained indefinitely or published, and
that | will not be identifiable in any publications

e | understand that if | choose to provide my email address following completion of this
survey, this data will be collected in accordance with GDPR i.e. stored separately from
survey data, not linked to any other identifiable details (name, age etc.) and stored securely
on a password-protected Cardiff University server.

e | understand that this research project has been ethically reviewed by the Cardiff University
School of Psychology Research Ethics Committee, and that if | have any queries about the
conduct of the study | can contact the ethical review board via the following means:
Secretary of Cardiff University School Ethics Board, Cardiff University School of
Psychology, Tower Building, Park Place, Cardiff CF10 3AT, United Kingdom Tel: 44-(0)29-
2087-0360, e-mail: psychethics@cardiff.ac.uk

Privacy Notice:
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The information provided on the consent form will be held in compliance with GDPR
regulations. Cardiff University is the data controller and James Merrifield is the data protection
officer (inforequest@cardiff.ac.uk). This information is being collected by Ms Georgina Wren.
This information will be held securely and separately from the research information you
provide. Only the researcher will have access to this form and it will be destroyed after 7 years.
The lawful basis for processing this information is public interest.

Appendix 5.13: Chapter 4 Debrief Form

Debrief Form

‘An investigation into heart-related symptoms and attitudes towards heart screening
in X-linked ichthyosis (XLI)’

Thank you for taking part in our study — your contribution is hugely appreciated!

Once the study is complete and the data analysed, we aim to communicate summary results to
relevant organisations (e.g. charities and patient support groups), and to academic journals. If you
are interested in receiving a summary of our results directly, please follow the information to leave
your contact e-mail address at the end of this message. All the information you have provided to
us is totally anonymous and cannot be traced back to you.

X-linked ichthyosis (XLI) is a skin condition caused by a particular molecule (steroid sulfatase,
STS) being absent, or not working properly. Our previous work has indicated that middle-aged
males with XLI are around four times more likely to be diagnosed with atrial fibrillation/flutter (AF,
a type of irregular heart rhythm or ‘arrhythmia’) than males of a similar age without XLI
(https://img.bmj.com/content/imedgenet/57/10/692.full.pdf). AF is-an-tregular-heartrhythm-which
can occur on a short-term or long-term basis and is associated with an increased risk of stroke,
dementia/cognitive decline and heart failure
(https://www.bhf.org.uk/informationsupport/conditions/atrial-fibrillation). =~ The  biological link
between XLI and AF is currently unclear; it could be that loss of STS causes changes in the levels
of circulating hormones which then affects heart function. Alternatively, other genes commonly
deleted in XLI (besides STS) might be responsible. We are currently conducting a variety of studies
to test these ideas.

The goal of the present study was to examine in detail the onset, treatment and severity of any
heart problems (including arrhythmias) in both males and females affected by XLI, as well as trying
to identify risk factors which commonly precipitated arrhythmic episodes. Thus, we asked about
your own/family medical history with specific reference to cardiovascular conditions, as well as
notable characteristics of your heart rhythm. Given the comparatively high frequency of heart
issues in males with XLI and the associated severe, long-term associated effects in some cases,
it may be clinically-useful to screen this population following confirmation of their skin
diagnosis/genetic status. We also wish to understand participants’ attitudes and opinions
surrounding heart screening for AF and other arrhythmias. We hope that by understanding the
characteristics, severity and potential risk factors contributing to heart arrhythmias in individuals
affected by XLI, as well as attitudes towards the feasibility and usefulness of heart screenings, we
can learn more about how heart issues develop in XLI, and how best they may be addressed
clinically.

To examine the specific aspects of the arrhythmias described above, the survey used custom-
designed questionnaires, and further details are available from the researcher team if requested.
Importantly, the information you provided through these questionnaires is not sufficient to offer
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targeted clinical advice, and if you are worried about your physical or mental health, you should
seek advice from a qualified medical professional in the usual way.

If you have any further questions about the purpose or conduct of this study, please contact the
researchers or the ethical review board using the details below:

Ms Georgina Wren (PhD student), Cardiff University School of Psychology e-mail:
wreng@cardiff.ac.uk

Dr William Davies (project supervisor), Cardiff University School of Psychology, Tel: 44-(0)29-
2087-0152, e-mail: daviesw4@cardiff.ac.uk

Secretary of Cardiff University School Ethics Board, Cardiff University School of Psychology, Tel:
44-(0)29-2087-0360, e-mail: psychethics@ cardiff.ac.uk

If you are interested in taking part in future studies related to this work, which might include
interviews or further surveys, or trying out new psychological support techniques, please click on
the following link to leave your e-mail address: URL TBC. Your contact details will be kept
separately from your responses to this questionnaire and any information you provide will only be
used to feed-back summary data from the current study or to contact you to see whether you would
be interested in taking part in future similar studies.

Privacy Notice:

The information provided on the consent form will be held in compliance with GDPR regulations.
Cardiff University is the data controller and James Merrifield is the data protection officer
(inforequest@cardiff.ac.uk). This information is being collected by Ms Georgina Wren. This
information will be held securely and separately from the research information you provide. Only
the researcher will have access to this form and it will be destroyed after 7 years. The lawful basis
for processing this information is public interest.
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APPENDIX CHAPTER 6

Appendix 6.1: Statements presented to participants in post trial feedback form about wearing the watch (0 =
strongly disagree, 10 = strongly agree)

1. I found the watch comfortable to wear on a daily basis
2. I found that wearing the watch irritated my skin
3. I found that wearing the watch made my skin condition worse over the 8-week period

4. I found the sensation of wearing the watch every day overwhelming
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Appendix 6.2: Chapter 4 Participant Information Sheet

Participant Information Sheet

‘A feasibility trial to explore the use of wearable technology in monitoring heart rhythms in X-
linked ichthyosis (XLI)’

X-linked ichthyosis (XLI) is a skin condition caused by a particular molecule (steroid sulfatase)
being absent, or not working properly. New findings from the UK Biobank have indicated that, for
adult males, occasionally, XLI can be associated with heart problems, including abnormal
rhythms. Some abnormal heart rhythms are associated with an increased risk of heart failure,
stroke and dementia; identifying such abnormal rhythms early using a simple non-invasive
monitoring technique might allow more effective clinical intervention to maximise patient care and
reduce the societal healthcare burden Our recent work has indicated that >80% of males with
XLI would be willing to consider cardiac screening.

Eventually we aim to identify and characterise abnormal heart rhythms in a large sample of male
individuals with a clinical diagnosis of XLI through monitoring heart rhythms using the Food and
Drug Administration (FDA)-approved echocardiogram available via the Apple Watch. Before we
undertake this larger study we are running a small-scale feasibility study to: a) to assess participant
engagement, b) to test whether the Apple Watch device can be used effectively, c) to streamline
procedures, d) to gather initial data, and e) to determine the optimal frequency for ECG readings.

We are inviting you to take part in this study as part of our small sample of adult (>18yrs) males
with XLI from the UK, with an iPhone and willingness to use applications. After completing the initial
screening questionnaire, you will be allocated a participant number, and will then be sent an Apple
Watch to wear as much as possible (ideally continually) for a period of 8 weeks. You will be asked
to send ECG outputs via a PDF (instructions on how to do this will be provided) on a regular basis
to the research team (three times per week (Tues, Fri, Sun), plus any occasions where a Watch
alert is sounded). These will be reviewed by an experienced cardiology consultant. Before, during
and after the data collection phase, you will be sent a short questionnaire to provide feedback on
your experiences with the wearable device. Following this 8-week period, you will be asked to send
back the Apple Watch, and you will receive feedback about any possible arrhythmias identified by
clinicians. Any participants experiencing concerning arrhythmias will be directed towards the most
appropriate clinical care, and no tailored medical advice will be offered as part of this study. You
will be awarded £50 for your time and dedication to this study.

All data collected and stored in the ‘Apple Health’ app is securely encrypted and inaccessible to
third parties or Apple (https://www.apple.com/legal/privacy/data/en/health-app/). Any information
and ECG outputs provided will only be accessed and available to the research team and
consultants. You will not be identified by this data in any publications or data presentations. The
results of this survey will not provide a basis from which to diagnose or treat a clinical condition or
associated symptoms, but may indicate symptoms which warrant further investigation; if this is the
case, you will be provided with information on how best to follow up these symptoms.

Your participation in this study is voluntary, and you are free to withdraw at any time and for any
reason. You are free to omit answering any questions which you do not wish to answer.

You will be provided with further information upon completion of this study, and you will have the
opportunity to register to take part in follow-up studies by leaving your e-mail address. You will be
awarded a £50 Love2Shop or Amazon voucher for your participation.

The results of the study will be disseminated by e-mail to participants, via social media and relevant
charity websites, or via publication in an academic journal.
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The study has been ethically reviewed by Cardiff University School of Psychology Ethical Review
Panel. If you have any concerns or issues related to the study then please contact:
psychethics@cardiff.ac.uk, telephone 02920870707 or write to the Secretary of the School of
Psychology Ethical Review Panel, School of Psychology, Cardiff University, Park Place, Cardiff,
UK, CF10 3AT.

If you require further information about the study, please contact us: Ms Georgina Wren
(wreng@cardiff.ac.uk) or the primary supervisor for this project, Dr William Davies
(daviesw4@cardiff.ac.uk) at School of Psychology, Cardiff University, United Kingdom

Privacy Notice:

Cardiff University is the Data Controller and is committed to respecting and protecting your
personal data in accordance with your expectations and Data Protection legislation. The
University has a Data Protection Officer who can be contacted at
inforequest@cardiff.ac.uk. The lawful basis for the processing of the data you provide is
consent. Further information about Data Protection, including your rights and details about
how to contact the Information Commissioner’s Office should you wish to complain, can be
found at the following: https://intranet.cardiff.ac.uk/staff/supporting-your-work/manage-use-
and-protect-data/data-protection

Appendix 6.3: Chapter 4 Consent Form

Consent form

‘A feasibility trial to explore the use of wearable technology in monitoring heart rhythms in X-
linked ichthyosis (XLI)’

e | have read and understood the Participant Information Sheet for the above study and
consent to take part in the research described

e | am aged 18yrs or over, am a male with a clinical diagnosis of XLI, am from the UK and
own an iPhone and am willing to download and use applications.

e | understand that study participation will take 8 consecutive weeks, including regular
reporting to the research team and completion of regular short questionnaires.

e | understand that my participation will be recognized with a £50 voucher

e | understand that | will be provided with further information at the end of this study, and
that | may register to take part in follow-up studies by leaving my e-mail address if | wish.

e | understand that the results of this study will provide basic information about any
possible arrhythmias, and | will be directed to the most appropriate clinical care in this
situation, thus no tailored medical advice will be offered.

e | understand that | will not be personally identifiable from any published data and only
referred to using an individual participant number.
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¢ | understand that my data is securely encrypted via the Apple Health app
(https://www.apple.com/legal/privacy/data/en/health-app/) and therefore the research
team will only have access to the data that | provide via PDF ECG outputs.

e | understand that | may withdraw from the study at any point and for any reason and that
I can omit answering questions should | wish to do so.

e | understand that | must send the wearable technology back to the research team at the
end of the data collection period (postage and packing will be provided).

¢ | understand that should | require more information before taking part in this study, | am
free to contact Ms Georgina Wren (wreng@cardiff.ac.uk) or Dr William Davies
(daviesw4@cardiff.ac.uk)

¢ | understand that the information | provide may be retained indefinitely or published, and
that I will not be identifiable in any publications

e | understand that any personal information will be collected in accordance with UK GDPR
i.e. stored separately from survey data, and stored securely on a password-protected
Cardiff University server.

e | understand that this research project has been ethically reviewed by the Cardiff
University School of Psychology Research Ethics Committee, and that if | have any
queries about the conduct of the study | can contact the ethical review board via the
following means: Secretary of Cardiff University School Ethics Board, Cardiff University
School of Psychology, , Park Place, Cardiff CF10 3AT, United Kingdom Tel:
02920870707, e-mail: psychethics@cardiff.ac.uk

Privacy Notice:

Cardiff University is the Data Controller and is committed to respecting and protecting your
personal data in accordance with your expectations and Data Protection legislation. The
University has a Data Protection Officer who can be contacted at
inforequest@cardiff.ac.uk. The lawful basis for the processing of the data you provide is
consent. Further information about Data Protection, including your rights and details about
how to contact the Information Commissioner’s Office should you wish to complain, can be
found at the following: https://intranet.cardiff.ac.uk/staff/supporting-your-work/manage-use-
and-protect-data/data-protection

Appendix 6.4: Chapter 4 Debrief Form

Debrief Form

‘A feasibility trial to explore the use of wearable technology in monitoring heart rhythms in X-
linked ichthyosis (XLI)’

Thank you for taking part in our study — your contribution is hugely appreciated!

Once the study is complete and all of the data has been analysed, we will communicate
summary results to relevant organisations (e.g., charities and patient support groups), and to
academic journals. If you are interested in receiving a summary of our results directly, please
follow the links to leave your contact e-mail address at the end of this message. All the
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information you have provided to us in this study cannot be traced back to you, and is only linked
to your individual participant number. All data collected and stored in the ‘Apple Health’ app is
securely encrypted and inaccessible to third parties or Apple
(https://lwww.apple.com/legal/privacy/data/en/health-app/).

X-linked ichthyosis (XLI) is a skin condition caused by a particular molecule (steroid sulfatase,
STS) being absent, or not working properly. Our previous work has indicated that middle-aged
males with XLI are around four times more likely to be diagnosed with atrial fibrillation/flutter (AF,
a type of irregular heart rhythm or ‘arrhythmia’) than males of a similar age without XLI
(https://img.bmj.com/content/imedgenet/57/10/692.full.pdf). AF is an irregular heart rhythm which
can occur on a short-term or long-term basis and is associated with an increased risk of stroke,
dementia/cognitive decline and heart failure
(https://www.bhf.org.uk/informationsupport/conditions/atrial-fibrillation). The biological link
between XLI and AF is currently unclear; it could be that loss of STS causes changes in the
levels of circulating hormones which then affects heart function. Alternatively, other genes
commonly deleted in XLI (besides STS) might be responsible. We are currently conducting a
variety of studies to test these ideas.

The goal of the present study was to explore the use of wearable technology to examine heart
rhythms in adult males with XLI. From our previous work, we know that >80% males with XLI are
amenable to, and appreciate the potential benefits of, cardiac screening, and thus this study
aimed to initiate discussion around potential for future screening processes.

Using regular ECG reports from the Apple Watch and regular screening questionnaires, we hope
to: a) assess participant engagement, b) test whether the device can be used effectively, c)
streamline procedures, d) gather initial data, and e) determine the optimal frequency for ECG
readings. We may also identify any possible arrhythmias and their precipitants with the help of
consultant cardiologists. Following this feasibility phase, we intend to conduct a larger study
using a worldwide sample, to identify and characterise arrhythmias using the Apple Watch.

Importantly, you will receive feedback about any possible arrhythmias identified by the clinical
team. If you are experiencing concerning arrhythmias, you will be directed towards the most
appropriate clinical care, and no tailored medical advice will be offered as part of this study. In
thanks for your time and dedication to this study and upon sending back the Watch, you will be
sent a £50 voucher by post.

If you have any further questions about the purpose or conduct of this study, please contact the
researchers or the ethical review board using the details below:

Ms Georgina Wren (PhD student), Cardiff University School of Psychology e-mail:
wreng@cardiff.ac.uk

Dr William Davies (project supervisor), Cardiff University School of Psychology, Tel: 44-(0)29-
2087-0152, e-mail: daviesw4@cardiff.ac.uk

Secretary of Cardiff University School Ethics Board, Cardiff University School of Psychology, Tel:
02920870707, e-mail: psychethics@cardiff.ac.uk

If you are interested in taking part in future studies related to this work, which might include
interviews, further surveys, or trying out new psychological support techniques, please click on
the following link to leave your e-mail address: URL TBC. Your contact details will be kept
separately from your responses to the study you have just completed and any information you
provide will only be used to feed-back summary data from the current study or to contact you to
see whether you would be interested in taking part in future similar studies.

Privacy Notice:

Cardiff University is the Data Controller and is committed to respecting and protecting your
personal data in accordance with your expectations and Data Protection legislation. The
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University has a Data Protection Officer who can be contacted at inforequest@cardiff.ac.uk. The
lawful basis for the processing of the data you provide is consent. Further information about Data
Protection, including your rights and details about how to contact the Information Commissioner’s
Office should you wish to complain, can be found at the following:
https://intranet.cardiff.ac.uk/staff/supporting-your-work/manage-use-and-protect-data/data-
protection



