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ABSTRACT

Background
Atrial fibrillation (AF), the most prevalent cardiac arrhythmia, is associated with an increased risk
of stroke leading sometimes to disability and death. In this project, we aim to improve patient

safety by screening for stroke risk among people with AF and co-morbid mental illness.

Methods

(a) Conducted a systematic review and meta-analysis on prevalence, management, and outcomes
of AF in people with Serious Mental Illness (SMI) versus the general population.

(b) Evaluated oral anticoagulation (OAC) prescription trends in people with AF and co-morbid
SMI in King’s College Hospital.

(c) Identified the recorded rates of OAC prescription among people with AF and various mental
illnesses and evaluated the association between mental illness severity and OAC prescription in
eligible patients in South London and Maudsley (SLaM) NHS Foundation Trust.

(d) Implemented an electronic clinical decision support system (eCDSS) consisting of a visual
prompt on patient electronic Personal Health Record to screen for AF-related stroke risk in three
Mental Health of Older Adults wards at SLaM.

(e) Assessed the feasibility and acceptability of the eCDSS by qualitatively investigating
clinicians’ perspective of the potential usefulness of the eCDSS (pre-intervention) and their

experiences and their views regarding its impact on clinicians and patients (after intervention).

Results

(a) People with SMI had low reported rates of AF. AF patients with SMI were less likely to receive
OAC than the general population. When receiving warfarin, people with SMI, particularly bipolar
disorder, experienced poor anticoagulation control compared to the general population. Meta-
analysis showed that SMI was not significantly associated with an increased risk of stroke or major
bleeding when adjusting for underlying risk factors.

(b) Among AF patients having a high stroke risk, those with co-morbid SMI were less likely than
non-SMI patients to be prescribed any OAC, particularly warfarin (but not DOACs). However,

there was no evidence of a significant difference between the two groups since 2019.



(c) Adjusting for age, sex, stroke and bleeding risk scores, patients with AF and co-morbid SMI
were less likely to be prescribed any OAC compared to those with dementia, substance use
disorders or common mental disorders. Among AF patients with co-morbid SMI, warfarin was
less likely to be prescribed to those having alcohol or substance dependency, serious self-injury,
hallucinations or delusions and activities of daily living impairment.

(d) Clinicians were asked to confirm the presence of AF, clinically assess stroke and bleeding
risks, record risk scores in clinical notes and refer patients at high risk of stroke to OAC clinics.
(e) Clinicians reported that the eCDSS saved time, prompted them towards guidelines, boosted
their confidence, and identified patients at risk. Perceived barriers to using the tool included low
admission rate of AF cases, low or insufficient visibility of the alert/awareness of the tool, and

impact of the eCDSS on workload.

Conclusions
This study presents a unique opportunity to quantify AF patients with mental illness who are at
high risk of severe outcomes, using electronic health records. This has the potential to improve

health outcomes and therefore patients' quality of life.
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OUTLINE OF THESIS

e Chapter 1 provides a general introduction to mental and physical health of people with
major mental illness.

o Chapter 2 presents findings of a systematic review and meta-analysis on the prevalence,
management, and outcomes of atrial fibrillation (AF) in people with serious mental illness
[Paper 1].

o Chapter 3 describes findings of an observational study aiming to understand trends of oral
anticoagulation prescription among patients with AF admitted to King’s College Hospital
[Paper 2].

o Chapter 4 presents the results of another observational study aiming to investigate rates of
oral anticoagulation prescription and association between mental illness severity and oral
anticoagulation prescription in South London and Maudsley (SLaM) NHS foundation trust
[Paper 3].

e Chapter 5 gives an overview of electronic Clinical Decision Support Systems (eCDSS) and
their effectiveness in the management of stroke related to AF.

e Chapter 6 summarises the protocols used to design, implement, and evaluate the
acceptability of an eCDSS to screen for stroke risk among people with AF in a mental
healthcare setting.

o Chapter 7 presents findings of a mixed method study assessing clinicians’ perception of an
eCDSS to screen for stroke risk associated with AF in SLaM [Paper 4].

o Chapter 8 describes findings of a mixed method study evaluating clinicians’ experience
with an eCDSS to screen for stroke risk associated with AF in SLaM [Paper 5].

o Chapter 9 provides a general discussion. It summarises the findings, discusses the research

and clinical implications, and highlights the strengths and limitations of the project studies.

14



PART 1- MENTAL AND PHYSICAL HEALTH OF PEOPLE WITH
MAJOR MENTAL ILLNESS

CHAPTER 1- GENERAL INTRODUCTION

1.1 Major mental illness

The term mental illness refers to a range of complex psychiatric conditions that significantly affect
an individual’s emotional, cognitive and behavioural functioning (1,2). These conditions often
result in a substantial impairment in activities of daily living, as well as difficulties in fulfilling

responsibilities and engaging in educational, vocational, and social activities within the community

(1,2).

Many mental health conditions are considered chronic in nature with symptoms persisting for
extended periods of time and often requiring long-term management (3). Examples of major
mental health conditions include bipolar disorder, schizophrenia spectrum disorder, major

depressive disorder and dementia (3).

Bipolar disorder is a mood disorder characterised by fluctuations in mood, energy levels and
activity (4). The condition comprises manic or hypomanic episodes and depressive episodes.
Manic episodes consist of an irritable or elevated mood, increased energy, and grandiosity or a
high self-esteem (4,5). Other characteristic features include racing thoughts, rapid speech,
engaging in high risk or impulsive behaviours, and decreased need for sleep (4,5). Hypomanic
episodes are less intense and do not lead to significant impairment in social or occupational
functioning (4,5). On the other hand, during depressive episodes, people experience persistent
feelings of hopelessness, sadness, and loss of pleasure or interest in activities (4,5). Other common
symptoms include fatigue, changes in sleep patterns and appetite, difficulty concentrating, feelings
of guilt or worthlessness, and in extreme cases suicidal thoughts (4,5). Psychotic symptoms such
as delusions (fixed false beliefs out of keeping with the person’s culture or background) and
hallucinations (a perception in the absence of a real stimulus) are much more frequent in manic

than depressive episodes (4,5).
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Schizophrenia spectrum disorder encompasses a group of conditions including schizophrenia,
schizoaffective disorder, delusional disorder, schizotypal personality disorder, schizophreniform
disorder, and brief psychotic disorder (6). These conditions may include both “positive” and
“negative” symptoms (6). Positive psychotic symptoms of schizophrenia include hallucinations,
delusions, disorganised thinking/incoherent speech, and disorganised or abnormal motor
behaviour (6). Negative symptoms involve reduction or loss of normal functioning and include
reduced emotional expression, reduced speech output, decreased ability to experience pleasure,

and loss of motivation (6).

Major depressive disorder comprises one or more depressive episodes lasting for at least two
weeks (7,8). It is characterised by lack of pleasure or interest in activities, and a pervasive and
profound feeling of sadness (7,8). It is classified as mild, moderate and severe and may be

accompanied by psychotic symptoms.

Finally, dementia is a term referring to a broad range of symptoms related to a decline in the
cognitive function interfering with one’s ability to perform daily activities (9). The most common
type of dementia is Alzheimer’s disease although there are many others including Lewy body
disease, vascular dementia, and frontotemporal dementia (9). The main characteristics of dementia
include memory impairment (difficulty remembering), cognitive decline (difficulty judging,
reasoning, problem solving), communication problems (difficulty in expressing coherently),
disorientation (confusion about time, place, and identity), impaired motor function, and loss of

independence (9).

1.2 Health of the Nation Outcome Scales (HoNOS)

The Health of the Nation Outcome Scales (HoNOS) is a standardised tool for assessing the severity
and outcomes of mental health conditions (10). It provides a multidimensional evaluation of an
individual’s mental health status, functioning and progress over time (10). The scale includes 12
items grouped into four subscales: behaviour (items 1-3), impairment (items 4-5), symptoms

(items 6-8) and social functioning (items 9-12) (10,11). The behaviour subscale examines the
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presence and severity of challenging behaviours (aggressive or self-harming) (10,11). Impairment
subscale assesses a person’s level of impairment in various areas of functioning including physical,
cognitive, and social aspects (10,11). The symptoms subscale evaluates psychiatric indications
such as delusions, hallucinations, anxiety, and depression (10,11). Finally, social functioning
focuses on a person’s ability to manage daily living tasks, to engage in social relationships, and to
maintain educational activities and employment (10,11). Each item of the HoNOS is rated on a
scale from 0 to 4 with 4 representing greater severity (10,11). The sum of the item scores gives a
total score ranging from 0 to 48. Interpretation of results can be done on item, subscale, or total

score level (10, 11).

1.3 Cardiovascular and cerebrovascular diseases in people with major mental illness

Compared to the general population, people with bipolar disorder, schizophrenia, major depressive
disorder, and dementia have a shorter life expectancy (12,13,14). Although this is partly
attributable to suicide, literature has shown that physical diseases account for most premature
deaths (15,16,17). Among these physical conditions, cardiovascular and cerebrovascular diseases

are the main contributors to early mortality in this population (16,17).

A large-scale meta-analysis of more than 3 million patients with serious mental illness (SMI)
(schizophrenia, bipolar disorder or major depressive disorder), reported that in cross sectional
studies the pooled prevalence of cardiovascular diseases was 10% in people with SMI with an
individual rate of 8% in people with bipolar disorder, 12% in those with schizophrenia and 12%

in those with major depressive disorder (18).

Adjusting for confounders, SMI patients had significantly higher odds of cardiovascular (odds
ratio, OR 1.53, 95% CI: 1.27-1.83; 11 studies), and cerebrovascular diseases (OR 1.42, 95% CI:
1.21-1.66) compared to controls (18). Specifically, people with major depressive disorder were
found to be at high risk of coronary heart disease whereas those with schizophrenia were found to
be at high risk of cerebrovascular disease, coronary heart disease and congestive heart failure (18).

Similarly, in longitudinal studies, a higher incidence of cardiovascular (hazard ratio, HR 1.78, 95%
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CI: 1.60-1.98) and cerebrovascular diseases (HR 1.64, 95% CI: 1.26-2.14) was noted in SMI
patients vs controls (18). People with schizophrenia, bipolar disorder and depressive disorder were

all at elevated risk of cardiovascular-related death compared to controls (18).

As for dementia, two meta-analyses reported a significant association between all-cause dementia
and coronary heart diseases (Relative Risk, RR =1.26, 95% CI; 1.06—1.49 and OR =1.45, 95%
CL; 1.21-1.74) (19,20). The relationship between dementia and cardiovascular diseases is
bidirectional with cardiovascular risk factors leading to the development and progression of both
cardiovascular diseases and dementia (21,22). Cerebrovascular diseases are major contributors to
dementia accounting for around 20% of cases with atherosclerotic and arteriolosclerotic

mechanisms being the most common (21).

Major mental health conditions are associated with a high prevalence of modifiable cardiovascular
risk factors (23,24). People living with schizophrenia, bipolar disorder, major depressive disorder
and dementia are more likely to live a sedentary lifestyle, smoke, have obstructive sleep apnoea,
and/or follow a poor diet (23-26). There is 2- to 4- fold increase in the rate of diabetes,
hypertension, dyslipidaemia, and metabolic syndrome among people with major mental illness
compared to the general population (27,28,29). Other factors such as active features of illness,
antipsychotic therapies, substance use disorders, medication nonadherence, poor health literacy,
low socioeconomic status, and disparities in healthcare access could also worsen the

cardiovascular outcomes among this population (30-34).

1.4 Atrial Fibrillation

Atrial fibrillation (AF) is a type of arrhythmia characterised by an irregularly irregular heart rhythm
(35). During an episode of AF, abnormal uncoordinated electrical impulses fire in the atria (upper
chambers of the heart) leading to a poor blood flow to the ventricles (lower chambers) and a chaotic
heart rhythm (35). Although AF can be asymptotic in many people, it can cause fast, fluttering or
pounding heartbeats, chest pain, shortness of breath, dizziness, light-headedness, and fatigue (35).
AF is typically diagnosed through physical examination, electrocardiogram (EKG or ECG) to
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monitor the heart’s electrical activity over a certain period and echocardiogram to identify
problems with blood flow and heart muscle contractions (36).

There are three main types of atrial fibrillation: paroxysmal, persistent, and long-standing
persistent. Paroxysmal AF refers to episodes of AF that are intermittent and self-terminating (36).
They last less than a week and usually stop on their own without any medical intervention (36).
Persistent AF is characterised by episodes of AF lasting more than seven days and requiring
medical intervention to restore the sinus rhythm (36). Finally, long-standing persistent AF is a

more chronic condition that persists more than one year and is sometimes hard to treat (36).

1.4.1. Stroke prevention in people with atrial fibrillation

AF is associated with a 5-fold increase in the risk of stroke (37). The rapid and irregular heartbeats
related to AF can cause blood stasis, or pooling, within the atria, increasing the risk of blood clot
formation in the heart. These clots can travel to the brain and block the blood flow, potentially
resulting in a stroke (37). To mitigate this risk, people with AF are usually prescribed oral
anticoagulation (OAC) therapy (37).

There are two main classes of oral anticoagulants: vitamin K antagonist (VKA) and non-vitamin
K antagonist oral anticoagulants (NOACs) also known as direct oral anticoagulants (DOACs) (38).
Among VKAs, warfarin is the most commonly used (38). It works by interfering with the action
of vitamin K considered essential in the production of specific clotting factors (38). To adjust for
VKA dosage, the coagulation status is usually monitored by the international normalised ratio
(INR) test (39). INR is calculated from the ratio of the patient’s prothrombin time (PT) (time in
seconds to form a clot) to a control PT (39). The therapeutic INR range for stroke prevention in
patients with AF typically lies between 2.0 and 3.0, with INR values below 2 indicating an
increased risk of stroke, and values above 3 indicating an increased risk of bleeding (39). AF is
also associated with an increased risk of myocardial infarction (MI) (40); however, with an INR
value below the therapeutic range, a clot resulting from AF is far more likely to travel through the
large arteries to the brain, leading to a stroke, rather than to the coronary ostia to cause an MI
(37,41). Notably, current evidence suggests that optimal INR management for stroke prevention

may not necessarily confer the same benefits for MI prevention (42). INR management is also
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complex in people on warfarin, as it can be affected by co-morbidities, medications, and diet,

making it challenging to optimise the patient’s time in therapeutic range (TTR) (39).

Warfarin has several contraindications and clinical considerations (43). It is contraindicated in
patients with hypersensitivity to warfarin or its components, active hemorrhagic conditions such
as gastrointestinal bleeding or cerebral aneurysm, recent or planned surgeries involving the eye or
central nervous system, and those undergoing procedures with significant bleeding risk (43).
Additionally, it is not recommended for individuals with bleeding tendencies from conditions like
ulceration, central nervous system hemorrhage, or severe liver disease, or for those with high non-
adherence potential (43). Clinically, elderly patients using warfarin require close monitoring due
to an increased risk of bleeding complications associated with age-related factors like falls, drug
interactions, and cognitive status. In patients with renal impairment, warfarin may accumulate,
increasing bleeding risk (43). Hepatic impairment can also enhance warfarin’s anticoagulant
effects, necessitating careful monitoring of the INR (43). Dietary intake of vitamin K can decrease
warfarin’s effectiveness, so patients should maintain a consistent intake of vitamin K-rich foods
like spinach and kale (43). Consumption of grapefruit juice, cranberry juice, and alcohol can
enhance warfarin’s effects, increasing bleeding risk, and should be limited (43). Warfarin also has
numerous drug interactions that can either potentiate bleeding risk or reduce anticoagulation
effectiveness, particularly with medications such as antiplatelets, NSAIDs, and certain
antimicrobials (43). Close monitoring, dose adjustments, and alternative therapies may be needed

when warfarin is combined with other drugs (43).

DOACs are medications that directly target specific clotting factors and consist of two main
classes: oral direct factor Xa inhibitors (such as rivaroxaban, apixaban, edoxaban) and direct
thrombin inhibitors (such as dabigatran) (44). The oral direct factor Xa inhibitors prevent the action
of factor Xa involved in the cascade of blood clotting whereas direct thrombin inhibitors inhibit
the activity of thrombin, considered a key clotting factor (44).

DOACs also have specific contraindications including active major bleeding and conditions
associated with a high risk of bleeding, such as recent gastrointestinal bleeding or significant
bleeding disorders (45). DOACSs are also contraindicated in patients with severe renal impairment,

as the kidneys are primarily responsible for eliminating these drugs, and impaired renal function
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can lead to accumulation and an increased risk of bleeding (45). Additionally, patients with
mechanical heart valves or moderate to severe mitral stenosis should not use DOACs due to the
lack of evidence supporting their efficacy and safety in these conditions (45). DOACs have fewer
drug and food interactions than warfarin, but certain situations still demand careful monitoring
(45). Concomitant use of strong inhibitors of both P-glycoprotein (P-gp) and cytochrome P450
3A4 (CYP3A4), such as ketoconazole, itraconazole, ritonavir, and others, can increase the blood
levels of certain DOACSs, thereby elevating the risk of bleeding (45). Similarly, strong inducers of
P-gp and CYP3A4, like rifampin and carbamazepine, can reduce DOAC efficacy by decreasing
their blood concentrations, potentially leading to thrombotic events (45). Patients with moderate
renal impairment or mild to moderate hepatic impairment require increased monitoring due to
potential alterations in drug metabolism and excretion (45). DOACs are increasingly used for
stroke prevention in patients with AF due to their efficacy, safety profile, and the advantage that

they do not require regular INR monitoring, unlike VKAs (46).

The choice of oral anticoagulant depends on many factors including the patient’s medical history,

potential drug interactions and the preference of both the healthcare provider and the patient.

1.4.2 Assessment of stroke and bleeding risks in people with AF

To determine the need for OAC therapy, people with AF should undergo a stroke and bleeding
risk assessment (47). CHA2DS2-VASc is the most commonly used tool to evaluate the risk of
stroke whereas HASBLED or ORBIT are mostly used for the bleeding risk (Table 1) (47).

CHA2DS2-VASc estimates the annual risk of stroke in patients with AF (48). The score is
calculated by assigning points to each of the following components: congestive heart failure
history; hypertension history; diabetes mellitus history; stroke, transient ischemic attack (TIA), or
thromboembolism history; vascular disease history; age; and sex (48). The sum of the points
associated with each risk factor forms the CHA2DS2-VASc score which can range from 0 to 9
(48). A score of 0 represents a low risk of stroke, 1 represents a moderate risk except if the point

is attributed based on sex alone (female aged less than 65 with no other risk factors), and any score

above 1 is considered high risk (48).
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The decision to prescribe OAC is usually guided by the CHA2DS2-VASc score (47). In general,
the therapy should be recommended for patients having a score greater or equal than 2 and should
be considered for males having a CHA2DS2-VASc of 1 (47). Although the tool identifies the
stroke risk, it does not necessarily dictate the appropriate treatment strategy (47). Other factors

such as bleeding risk, patient preference and clinical judgement should be also considered (47).

This requires a collaborative effort between the healthcare provider and the patient to weigh the
benefits and potential risks of OAC therapy based on the patient’s characteristics and medical

history (47).

Age <65 0 | 65-74 +1 | >75 +2
Sex Male 0 Female +1
Congestive heart failure No 0 Yes +1
history

Hypertension history No 0 Yes +1
Stroke/ transient ischemic No 0 Yes +1
attack

(TTIA)/thromboembolism
history

Vascular disease history No 0 Yes +1
prior myocardial infarction,
peripheral artery disease or
aortic plaque

Diabetes history No 0 Yes +1

Table 1. CHA2DS>-VASc Scale for Atrial Fibrillation Stroke Risk

HASBLED is a tool that has been used for some time to help healthcare providers assess the risk
of bleeding in patients with AF (Table 2) (47). Components of the HASBLED are hypertension,

renal disease, liver disease, stroke history, prior major bleeding or predisposition to bleeding, labile
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INR, age > 65, medication usage predisposing to bleeding, and alcohol use (49). Each component
is assigned a score of 1 (49). The sum of points attributed to each risk factor forms the HASBLED
score which could range between 0 and 9 (49). A score of 0 or 1 represents a low bleeding risk, a
score of 2 represents a moderate risk and a score greater or equal to 3 represents high risk (49).
When the risk is low, OAC therapy can be initiated or continued however, when the risk is
moderate or high, careful consideration of the benefits and potential risks associated with OAC
therapy is required (47). Additionally, modifiable risk factors should be managed, and a close

monitoring of the patient should be warranted (47).

Hypertension No 0 Yes +1
Uncontrolled, >160mmHg systolic

Renal disease No 0 Yes +1

Dialysis, transplant, Creatinine>2.26 mg/dL or
>200 umol/L

Liver disease No 0 Yes +1

Cirrhosis or bilirubin >2x normal with

AST/ALT/AP >3x normal

Stroke history No 0 Yes +1
Prior major bleeding or predisposition to No 0 Yes +1
bleeding

Labile INR No 0 Yes +1

Unstable/high INRs, time in therapeutic range

<60%
Age > 65 No 0 Yes +1
Medication usage predisposing to bleeding No 0 Yes +1

Aspirin, clopidogrel and nonsteroidal anti-
inflammatory drugs (NSAIDs))
Alcohol use No 0 Yes +1

>8 units/week

*AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase, AP: Alkaline Phosphatase
Table 2. HASBLED Scale for Major Bleeding Risk
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ORBIT is another, more recent, tool recommended by the National Institute for Health and Care
Excellence (NICE) to assess the bleeding risk in people with AF (Table 3) (47). ORBIT has a
higher accuracy in predicting bleeding risk compared to other tools, including HASBLED (47).
Components of ORBIT include anaemia, age>74 years, bleeding history, glomerular filtration rate,
and treatment with antiplatelet agents (50). Each component is assigned points, and the sum of all
points forms the ORBIT score which could range from 0 to 7 (50). An ORBIT score <3 is
considered low, a score equals to 3 is medium risk, and any score above 3 is considered high risk
(50). Like any other clinical tool, ORBIT can help in guiding healthcare providers about safety
and effectiveness of OAC therapy, however, the tool is most helpful when a comprehensive

assessment of the patient’s characteristics and medical history is considered (47).

Anaemia No 0 Yes +2
Haemoglobin <13g/dl and
haematocrit <40% for males
or haemoglobin <12g/dl and

haematocrit <36% for females

Age >74 years No 0 Yes +1

Bleeding history No 0 Yes +2
Any history of gastrointestinal
bleeding, intracranial
bleeding, or haemorrhagic

stroke

Glomerular filtration rate | No 0 Yes +1

<60mL/min/1.73 m?

Treatment with antiplatelet | No 0 Yes +1

agents

Table 3. ORBIT Bleeding Risk Scale for Atrial Fibrillation
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1.5 Management of physical conditions among people with major mental illness
Compared to the general population, people with mental illness have poorer health outcomes and
increased mortality (18). Mental illness may impact the management of physical conditions in

different ways.

People with mental illness may struggle to adhere to medication for various reasons, including
lack of insight about their health conditions, disorganisation, or negative attitudes towards
medication and its efficacy (51,52). This may result in poorer health outcomes or more complex
presentations requiring more therapeutic procedures, and sometimes hospitalisation (51,52). Non-
adherence is not only restricted to disruption in treatment regimen but also comprises failure to

follow up and to perform additional diagnostic tests (51,52).

The active features of illness may also result in difficulties engaging in self-care practices required
for managing physical health conditions. Depression, denial of illness, fatigue, lack of motivation,
and suicidal thoughts may all interfere with the ability of people with mental illness to engage in

healthy lifestyle choices which could aggravate physical health problems (53).

Similarly, cognitive impairment may impact diagnosis and treatment of physical health conditions
(54). People with mental illness may have difficulties concentrating, understanding medical
instructions, managing appointments, communicating with healthcare providers, and making
decisions that affect their life (54). The presence of mental and physical comorbidities often
necessitates coordination between multiple healthcare providers and complex treatment plans that

could be challenging for people with cognitive impairment.

Disparities in healthcare access form another barrier for the management of physical health
conditions among people with mental illness. Social determinants such as housing, education and
employment may drive inequalities in physical healthcare among people with mental illness
compared to the general population (55). Disparities may also arise from a combination of factors
including financial barriers, mental-illness related stigma, and fragmented medical care which may
result in a lack of communication and coordination between mental and physical healthcare

providers (55, 56, 57, 58). Diagnostic overshadowing also results in missed opportunities for the
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identification of physical health conditions, delayed or inadequate treatment, increased health risks

and poorer health outcomes (59).

1.6 Thesis aims

This thesis is divided into four parts.

In Part 1, the mental and physical health of people with major mental illness is reviewed. This
chapter is a general introduction. It summarises and defines major mental illnesses and their
severity and includes an overview of the cardiovascular and cerebrovascular diseases in this
population. AF and its associated stroke risk, stroke and bleeding risk assessment tools, and OAC
therapy for stroke prevention among people with AF are also outlined. The last part of this chapter
gives an overview on the factors affecting the management of physical conditions among people
with major mental illnesses. Chapter 2 presents a systematic review and meta-analysis on OAC
therapy and outcomes in patients with AF and SMI (paper 1) (60). The aim of this review is to
determine prevalence of AF among people with SMI, identify whether there is a disparity in the
prescription of OAC therapy among people with AF and SMI compared to the general population,
identify the time spent outside the INR therapeutic range among those receiving warfarin, and

identify outcomes of AF in people with SMI (60).

Part 2 explores stroke prevention in people with AF and co-morbid SMI in two different healthcare
settings using observational data. Chapter 3 describes an analysis of OAC therapy for AF among
people with SMI in a general hospital setting, King’s College Hospital (paper two) (61). The aim
of this study is to evaluate OAC (DOACs and warfarin) prescription trends over the past 10 years
in people with AF and SMI who meet the criteria for OAC treatment (61). Chapter 4 describes the
rates of recorded prescription of OAC therapy among people with AF and co-morbid dementia,
SMI, substance use disorder and other common mental illnesses in a secondary mental healthcare
setting, South London and Maudsley (SLaM) NHS Foundation Trust (paper 3) (62). The study
also evaluates the association between mental illness severity/functional impairment and OAC

prescription in eligible patients (62).
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Part 3 describes an electronic clinical decision support system (eCDSS) for the screening of AF-
related stroke risk. This part is divided into three chapters. Chapter 5 gives an overview of what
an eCDSS is and reviews previous research on the feasibility and acceptability of eCDSSs for the
management of physical health conditions in both general and mental healthcare settings. The next
chapter (chapter 6) outlines the implementation of an eCDSS to screen for stroke risk among
people with AF in a mental healthcare setting (SLaM). The digital, clinical and research protocols
are all detailed in this section. In chapter 7, clinicians’ perception of the digital tool (pre-
implementation) in mental health of older adults (MHOA) wards is investigated. Chapter 8
investigates the experiences of clinicians with the tool (after implementation of the eCDSS), their

views regarding its impact on clinicians and patients, and their perspective on its effectiveness

(paper 5).
Part 4 of this thesis consists of a general discussion. Chapter 9 summaries all the findings described

in parts 1 to 3, provides an overview of future implications, discusses the strengths and limitations,

and provides a conclusion for the entire piece of work.
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Abstract

Objective
A systematic review was conducted to investigate prevalence, management and outcomes of atrial

fibrillation (AF) in people with Serious Mental Illnesses (SMI) versus the general population.

Data sources
MEDLINE, EMBASE, and PsycINFO were searched for primary research written in English and
published between 2004 and 2022.

Study selection
A total of 1459 studies were identified in the initial search of which 16 met the inclusion criteria.
Studies (n = 4) reporting on ischaemic stroke and major bleeding events were included in the meta-

analysis.

Data extraction
Two independent reviewers extracted data and assessed risk of bias using the Newcastle-Ottawa

Scale. Discrepancies were resolved by consulting a third reviewer.

Results

Low rates of AF were reported among people with SMI suggesting under-recognition or recording
gaps. People with SMI and AF were less likely to receive oral anticoagulation therapy compared
to the general population. When receiving warfarin, those with bipolar disorder experienced poor
anticoagulation control as measured by time in INR therapeutic range. Pooled analysis of risk
estimates showed that in patients with identified AF, SMI was not significantly associated with an
increased risk of stroke (HR: 1.09; 95%CI: 0.85 to 1.40; 12 = 60%, p = 0.04) or major bleeding
(HR: 1.11; 95%CI: 0.95 to 1.28; 12 = 57%, p = 0.03) when adjusted for underlying stroke and
bleeding risks using the CHA2DS2VASc and HASBLED scales respectively.
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Conclusion

More research is needed to examine the prevalence, management and outcomes of AF in this

population, and to evaluate the effect of the introduction of the novel anti-coagulants on these

metrics over time.

Keywords

Atrial fibrillation, serious mental illness, oral anticoagulation therapy, ischaemic stroke, bleeding
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1. Introduction

Atrial Fibrillation (AF) is the most prevalent cardiac arrhythmia. AF is associated with heart failure
and a fivefold increase in the risk of stroke, leading sometimes to death (Kirchhof et al., 2016).
People diagnosed with serious mental illnesses (SMI) such as schizophrenia or bipolar disorder
have a high prevalence of physical health conditions, reducing their life span by 10-20 years
(Walker et al., 2015). Cardiovascular diseases (CVD) are the main contributors to this excess

mortality (Correll et al., 2017).

Oral anticoagulation reduces ischaemic stroke risk in AF by about two thirds, but the therapy is
associated with an increased risk of bleeding in patients with contributing risk factors (Kirchhof et
al., 2016; Redelmeier et al., 1998). Therefore, guidelines recommend a comprehensive assessment
of the benefits and risks for each person with AF to assess the appropriateness of prescription of
an oral anticoagulant (Jones et al., 2014). CHAD2AD2-VASc and HAS-BLED have been the tools
used to assess the risk of thromboembolic and bleeding events respectively, although a newer
bleeding event risk assessment tool, ORBIT is now recommended (Gallego et al., 2012; Odum et

al., 2012; Perry et al., 2021).

For anticoagulation in AF, patients are prescribed either a vitamin K antagonist (VKA) (usually
warfarin) or one of the newer direct oral anticoagulants (DOACs) (e.g. dabigatran, rivaroxaban,
apixaban or edoxaban) (Jones et al., 2014). In large randomised controlled trials, patients receiving
DOACSs have similar or lower rates of ischaemic stroke and major bleeding to those receiving
warfarin (Ruff et al.,, 2014). DOACs offer practical advantages over VKAs as they are not
susceptible to such a wide range of dietary or drug interactions. Neither do they have the narrow
therapeutic range of VKAs, the latter requiring regular dose titration and monitoring of the
international normalised ratio (INR) (Ruff et al., 2014). However, to achieve stroke prevention,

adherence with the treatment regimen is necessary for both classes of oral anticoagulants.
Despite evidence supporting the benefits of oral anticoagulation in AF, underuse is consistently

reported, particularly in those with SMI(Fenger-Gren et al., 2021; Jaakkola et al., 2021; Schmitt

et al., 2015). Fragmented medical care, poor treatment adherence, drug-drug interactions, along
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with barriers to medical care and social deprivation have been identified as factors contributing to
increased risk of poor outcomes in this vulnerable population (Hudson, 2005; Kennedy et al.,
2013; Lawrence and Kisely, 2010; Orensky and Holdford, 2005; Platt et al., 2008; Trivedi, 2006).
A recent meta-analysis showed that a diagnosis of any mental health condition was an independent
risk factor for stroke and major bleeding in people with AF and was linked with lower
anticoagulant use. The study included a broad range of mental illnesses including alcohol or
substance abuse, anxiety, post-traumatic stress disorder, depression, and psychotic disorders
(Teppo et al., 2021). Given the poor health outcomes experienced particularly by people with
psychotic disorders such as bipolar disorder and schizophrenia (Correll et al., 2017), more detailed
enquiry into the prevalence, management, and outcomes of AF in this population is key to inform

preventive strategies.

The aim of this review is to (a) determine the prevalence of AF in people with SMI; (b) determine
the prescription rate of oral anticoagulants (DOAC vs warfarin) in AF patients with SMI; (c)
determine whether oral anticoagulant (OAC)-eligible patients with SMI are less likely to receive
OACs compared to general population; (d) identify among SMI patients receiving warfarin the
proportion where the INR is outside the defined therapeutic range; and (e) identify the outcomes

of AF in people with SMI.

2. Methods

We conducted a systematic review of studies reporting on the prevalence, management and
outcomes of AF in people with SMI. The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) criteria were used to undertake this review (PRISMA, 2021). The full
protocol of the review was submitted (20/01/2021) to the International Prospective Register of
Systematic Reviews (PROSPERO, 2021). The registration number of the review is:
CRD42021231365.
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2.1. Search strategies
Studies were identified through systematic searches in MEDLINE, EMBASE, and PsycINFO
databases using the following keywords (Appendix A):

e Atrial fibrillation: “atrial fibrillation”

9% <6 2

e Serious mental illness: “serious mental illness”, “severe mental illness”, “schizophrenia”,
“bipolar affective disorder”, “schizoaffective disorder”, “non-organic psychosis”.

e Oral anticoagulant: “non-vitamin K antagonist oral anticoagulants”, “Direct Oral
Anticoagulant”, “DOAC”, “Novel Oral Anticoagulant”, “NOAC”, “dabigatran”,
“rivaroxaban”, “apixaban”, “edoxaban”, “vitamin K antagonist”, “warfarin”.

e Anticoagulation control: “Therapeutic range”, “International Normalized Ratio”,
“International Normalised Ratio” “INR”, “prothrombin time”.

e QOutcomes: “cerebrovascular accident”, “cerebral thrombosis”, “haemorrhage”,

29 <6 9 ¢¢ 2 ¢6 9 ¢

“hemorrhage”, “cerebral infarct”, “cerebral infarction”, “bleeding”, “stroke”, “mortality”

and “death”.

Additional articles were identified by screening the reference lists of the retrieved studies. The
search was restricted to articles written in English and published between 2004 and 2022 (only
articles published after 2004 were considered because roughly as of this date aspirin, which was
commonly used for the management of AF-related stroke, was no longer considered an effective

treatment (Van Walraven et al., 2002)).

2.2. Eligibility criteria
Studies were eligible if they included the following SMI conditions: schizophrenia, bipolar
affective disorder, schizo-affective disorder, or non-organic psychosis. Studies reporting on mental
health conditions in general without presenting SMI-specific data were excluded. We excluded
articles reporting on arrhythmias or cardiovascular diseases in general, where AF was not
specifically identified. Studies reporting on the use of oral anticoagulants to treat various
conditions including AF in people with SMI were also included in the review. The population of
interest was restricted to people aged above 18 years. We excluded reviews, commentaries, case

reports, and conference abstracts.

33


https://www.sciencedirect.com/science/article/pii/S0022395622006264?via%3Dihub#bib47

2.3.Data extraction
The titles and abstracts of all retrieved articles were reviewed by two independent researchers (DF
and OF). A list of articles meeting the inclusion criteria was then prepared for full assessment. A
standardized data extraction form was used to extract the following information: citation details
(title, author and year), study setting, design, aim, participant details (age, sex, ethnicity,
socioeconomic status, mental health conditions, and exposure to oral anticoagulants), comparator,
and outcomes. Two independent reviewers (DF and OF) extracted the data. Discrepancies were

resolved by consulting a third reviewer (FG).

2.4.Assessment of bias
The risk of bias in each study was assessed using the Newcastle-Ottawa Scale (NOS) (Wells et al.,
2000). For cohort studies, the tool consists of variables falling under three domains: selection
(representativeness of the cohort, selection of the non-exposed cohort, ascertainment of exposure,
demonstration that the outcome of interest was accounted for or not present at start of study),
comparability (comparability of cohorts on the basis of the design or analysis), and outcome
(ascertainment of outcome, was followed-up long enough for outcomes to occur, adequacy of

follow-up of cohorts).

The same domains are used to assess the risk of bias in cross-sectional studies, however variables
falling under these domains are different (selection: representativeness of the sample, sample size,
non-respondents, and ascertainment of the exposure; comparability: subjects in different outcome
groups are comparable based on the study design or analysis, and confounding factors are
controlled; and outcome: assessment of the outcome and statistical test). A study can be awarded
a maximum of nine stars: one star for each variable under selection and outcome domains and a
maximum of two stars for comparability. A higher number of stars indicates less risk of bias. Two
independent reviewers (DF and OF) assessed the risk of bias. Discrepancies were resolved by

consulting a third reviewer (FG).

34


https://www.sciencedirect.com/science/article/pii/S0022395622006264?via%3Dihub#bib50
https://www.sciencedirect.com/science/article/pii/S0022395622006264?via%3Dihub#bib50

2.5. Statistical analysis

Articles reporting on ischaemic stroke and bleeding risks in people with AF and co-morbid SMI
were included in the meta-analysis. Data on different SMI groups within the same study were
presented separately. Hazard ratios were log transformed and standard errors calculated from the
95% confidence intervals. Pooled analysis was conducted using random effects model with
estimates greater than 1 indicating higher risk. Forest plots were used to visualise the variation
between studies and 1 statistics to quantify heterogeneity. A p-value less than 0.05 was considered

statistically significant. All statistical analyses were conducted in R using ‘meta’ package.

3. Results

A total of 1459 studies were identified in the initial search (Fig. 1). After title and abstract
screening, 1407 were excluded as they did not meet inclusion criteria. The remaining 52 studies
were fully assessed. Thirty-six publications were further excluded because the study did not report
on SMI (n=14), reported on arrhythmia but not specifically AF (n=12), reported on
cardiovascular diseases but not specifically AF (n =9) or because the study did not answer any of
the research questions proposed in this review (n = 1). Finally, a total of 16 studies were included.

No additional articles were identified after screening the reference lists of the retrieved studies

(Fig. 1).
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Figure 1. Flowchart of study selection

3.1.Study characteristics
Studies included in the final review were conducted in the United States (n = 7) (Chamberlain et
al., 2017; Khalid et al., 2019; Paradise et al., 2014; Razouki et al., 2014; Rose et al., 2010; Schauer
et al., 2005; Schmitt et al., 2015), United Kingdom (n = 3) (Farran et al., 2013b, 2022; Smith et
al., 2013a; 2013b), Denmark (n = 3) (Hgjen et al., 2022; Fenger-Gron et al., 2021; Sggaard et al.,
2017), Finland (n = 2) (Teppo et al., 2022; Jaakkola et al., 2021), and Taiwan (n = 1) (Yang et al.,
2014). Among these studies, fourteen were of cohort design, and two cross-sectional (Smith et al.,
2013a; 2013b). The publication years ranged from 2005 to 2022. Three studies focused on the
prevalence of AF among people with schizophrenia or bipolar disorder (Yang et al., 2013b, 2014),
five on anticoagulation rates in oral anticoagulant eligible patients with SMI compared to those in
the general population (Farran et al., 2022; Hgjen et al., 2022; Fenger-Gren et al., 2021; Jaakkola

et al., 2021; Schmitt et al., 2015), while three reported on anticoagulation control represented by
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time within or outside the INR therapeutic range (Paradise et al., 2014; Razouki et al., 2014; Rose
et al., 2010) and six described the outcomes of AF in people with SMI (Teppo et al.,
2022; Chamberlain et al., 2017; Khalid et al., 2019; Paradise et al., 2014; Schauer et al.,
2005; Segaard et al., 2017). As for the oral anticoagulants used, twelve studies included warfarin,
and seven additionally included DOACs (Farran et al., 2022; Hgjen et al., 2022; Teppo et al.,
2022; Fenger-Gron et al., 2021; Jaakkola et al., 2021; Khalid et al., 2019; Segaard et al., 2017).
The sample size of the studies ranged between 121 and 1.75 million. The Veterans Health
administration was the most frequently used database among the retrieved studies (N = 4) (Table
1). Among the studies included in the review, eleven were rated as good quality, three as fair, and

two as poor quality using NOS (Table 2).
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Study Patients’ characteristics OAC Comparator Findings
Author (year) Setting Design Aim Age (mean (SD) Sex (Male) Ethnicity MHC
unless otherwise
mentioned)
Yang et al. Taiwan Observational Evaluate whether -General -General NA -BD (n=5112) NA General *Prevalence of AF:
(2014) National Health | study gender modulates the population: 32 (20) | population:50% population
Insurance impacts of different -SCZ (n=2963) -General population 7.8 %o
nationwide psychoses on the -SCZ: 39 (14) -SCZ: 56% (8.5%0 in males and 7.2%o in
database occurrence of AF. females)
-SCZ & AF: 60 -SCZ + AF: 57%
) (19) -SCZ 2.4%o (2.4 %o in males
(N:927,915) -BD: 38% and 2.3 %o in females)
-BD: 46 (17)
-BD+ AF: 44% -BD 14.3%o (16.5%0 in males
-BD & AF: 66 (12) and 12.9%o in females)
*Recorded AF prevalence
was higher in people with a
diagnosis of BD than SCZ
and than the general
population (p<0.001 for
both).
Smith et al. Primary Care Cross- sectional | To examine the nature | -With BD: 54.5 -With BD: 39.5% NA BD (n=2582) NA People with | * The prevalence of AF was
(2013) Clinical study and extent of physical | years (15.3) no BD 1.4% in people with BD vs
Informatics comorbidities in -W/O BD: 49.1% 1.7% in controls (p=0.02)
Unit at the individuals with BD -W/O BD: 47.9
University of within primary care (18.2)
Aberdeen, UK *People with BD had lower
(consisting of recorded rates of AF (OR
all registered 0.68, 95% C1 0.45 to 0.94)
patients who compared to controls after
were alive and adjusting for age and gender.
permanently
registered with
314 general
practices on 31
March 2007)
(N=1,751,841)
Smith et al. Primary Care Cross-sectional To assess the nature -SCZ: 51.6 years -SCZ: 51.5% NA SCZ or related NA People with | * The prevalence of AF was
(2013) Clinical study and extent of physical- | (16.5) non-organic no SCZ 1.4% in people with SCZ vs
Informatics health comorbidities in -Controls: 49.1% psychosis 1.7% in controls (p<0.001)
Unit at the people with SCZ and -Controls: 48 (n=9677)
University of related psychoses (18.3) *People with SCZ had lower
Aberdeen compared with recorded rates of
(which consists controls. cardiovascular disease,
of patients including AF (OR 0.62, 95%
registered with CI 0.51 to 0.73) after
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314 primary adjusting for age, gender, and
care practices in deprivation score.
Scotland).
(N=9677
patients with
schizophrenia
and 1414701
controls)
Farran et al. Electronic Retrospective To evaluate *SMI: 71.88 * SMI: 55.7% NA SMI including: Warfarin, | AF patients | *Compared to non-SMI
(2022) health records cohort study anticoagulation (13.92) bipolar disorder, | DOACs with no patients, those with SMI had
of patients prescription trends in *Non-SMI: 55.8% schizophrenia, SMI significantly higher
admitted to people with both AF *Non-SMI: 75.72 severe CHA2DS2-VASc (mean
King’s College and comorbid SMI (12.95) depression, (SD): 5.3 (1.96) vs 4.7
Hospital (from who met the psychosis, (2.08), p<0.001) and
January 12011 CHAD2AD2-VASc delusional HASBLED scores (mean
to August 1 criteria for disorder or (SD): 3.2 (1.27) vs 2.5
2020) anticoagulation mania (n= 465) (1.29), p < 0.001).
treatment.
(N=16916) *Among AF patients having
a CHA2DS2-VASc >2, those
with co-morbid SMI were
less likely than non-SMI
patients to be prescribed an
OAC (44% vs 54%, p <
0.001).
Hojen et al. Nationwide Retrospective To examine OAC *SCZ: 69.5 (11.6) * SCZ: 49.7% NA SCZ (n=662) VKA, Matched * Among patients with SCZ
(2022) Danish Health cohort study initiation in patients DOACs AF patients | 33.7% initiated OAC within
Registries : with schizophrenia *Without SCZ : *Without SCZ: without the first year after AF
National Patient diagnosed with 69.6 (11.5) 49.5% SCZ diagnosis, compared with
Register, incident AF 54.4% of patients without
National SCZ, corresponding to an
Prescription adjusted Risk Difference
Registry, (RD) of =20.7 (95%
Danish Civil confidence interval [CI]:
Registration —24.7 to —16.7).

System (from
January 1 2000
to 31 December
2017)

(N= 192 434)

* During 2000-2011, 18.3%
of patients with SCZ and
42.9% without SCZ initiated
OAC (adjusted RD —23.6%,
95% CI —28.8 to —18.6).

*During 2012-2018, this was
48.5% and 65.7%,
respectively (adjusted RD
—14.4%, 95% CI —20.4 to
—8.4).
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Fenger-Gron
etal. (2021)

Nationwide
Danish
registries (from
January 1,
2005, to
December 31,
2016)

(Incident AF-
N= 147 810;

Prevalent AF-
N=199 219)

A nationwide
cohort study

To assess whether BD
or SCZ is associated
with a lower rate of
oral anticoagulation
therapy (OAT)
initiation in patients
with incident AF and
lower prevalence of
OAT in those with
prevalent AF.

*Age in treatment
initiation group:

-General
population: 76.9
(10.1)

- BD: 74.55 (10.27)
- SCZ: 69.26
(12.37)

*Treatment
prevalence group:

-General
population: 75.85
(10.26)
-BD:73.99 (10.37)
-SCZ: 67.46
(12.82)

*Treatment initiation
group

-General population:
46.8%

-BD: 35%

- SCZ: 37.9%

*Treatment
prevalence group

- General population:
51.3%

-BD:40.5%

-SCZ: 43.8%

NA

* Treatment
initiation group

-BD (n=1208)

-SCZ (n=572)

*Treatment
prevalence

group
-BD (n=7954)

-SCZ (n=3259)

VKA,
DOACs

AF patients
with no BD
and SCZ

*Accounting for age, sex,
and calendar time, BD and
SCZ were associated with
significantly lower frequency
(aPD) of OAT initiation
within 90 days after incident
AF (BD: —12.7% (95% CIL:
—15.3% to —10.0%); SCZ:
—24.5% (95% CI, —28.3% to
—20.7%) and lower OAT
prevalence in patients with
prevalent AF (BD: —11.6%
(95% CIL: —13.9% to —9.3%);
SCZ: -21.6% (95% CI,
—24.8% to —18.4%).

*Adjusting for
socioeconomic factors and
other comorbid conditions
attenuated these associations,
particularly for patients with
BD, however SCZ continued
to be associated with a lower

rate (aPD) of OAT initiation
(—15.5%, 95% CI, —19.3% to
—11.7%) and a lower OAT
prevalence (—12.8%, 95% CI,
—15.9% to —9.7%).

*The SCZ- associated
deficits in OAT initiation and
prevalence remained
significant After the
introduction of DOACs (aPD
in 2013-2016 alone: —12.4%;
95% CI, —18.7% to —6.1%
for initiation and —10.1%;
95% CI, —13.8% to —6.4%
for prevalence), whereas this
was not the case for the OAT
initiation deficit associated
with BD (aPD in 2013-2016:
=2.0%; 95% CI, —6.4% to
2.3%).
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Jaakkola et Three national A nationwide * To determine -Any MHC: -Any MHC: 40.5% NA -Any MHC (n= | Warfarin | AF patients | *Lower adjusted rates of
al.(2021) healthcare cohort study whether the presence 72.8 years (14.2) 47 547) and with no initiation of OAC in: BD
registers in of MHC:s affects the -BD: 53.7% DOACs mental (aSHR: 0.838; 95% CI:
Finland rate of initiation of -BD: 64.2 (13.0) -BD (n=1129) health 0.824 to 0.852), and SCZ
covering OAC therapy in AF -SCZ: 47.2% conditions (aSHR: 0.838; 95% CI: 0.824
primary to patients. -SCZ: 69.6 (11.7) to 0.851). Covariates
tertiary care and -SCZ (n=1560) included age, sex,
drug purchases * To determine hyperter}smn, stllpldaemla,
(from 2007 to . heart failure, diabetes, prior
whether the introduc- L .
2018) . stroke or transient ischaemic
tion of NOACs has . . .
. ischaemia, vascular disease,
improved OAC . LT
renal failure or dialysis, liver
(N= 239 222) coverage among . . .
. . cirrhosis or failure, alcohol
patients with abuse, prior bleeding
AF and MHCs. S .
episodes and dementia.
*Any MHC remained
associated with impaired
incidence of OAC initiation
in the DOAC era during
2015-18 (aSHR: 0.821; 95%
CI0.805 to 0.837).
Schmitt et al. Veterans Health | Retrospective Determine: -No MHC:75.5 -No MHC: 98.7% -White, non- Psychotic Warfarin | Warfarin *High stroke risk and
(2015) Administration cohort study years (7.6) Hispanic: disorders eligible contraindications to
*Whether AF patients -MHC: 97.9% No MHC (n=122) patients anticoagulation were both
(N=125 670) with versus without -MHC: 73.4 (9.8) (94.7%), with no more common in patients
MHC:s differ in MHC mental with MHC than controls:
eligibility for (93.3%) health 1.4% versus 0.6% had a
anticoagulation conditions. history of intracranial
-African hemorrhage; 27% versus
*Whether, among AF American: 20% had a history of other
patients eligible for No MHC hemorrhage; 17% versus 3%
warfarin, rates of (3.8%), had a history of dementia;
warfarin receipt differ MHC (4.8%) 2% versus 1% had a history
for patients with of cirrhosis; and 0.6% versus
versus without MHC. -Asian: 0.5% had a history of end-
No MHC stage renal disease (P <.05
(0.2%), for all comparisons).
MHC (0.2%)
-North
American
Native: * Among warfarin eligible
No MHC patients, those with
(0.1%), psychotic disorders were less

MHC (0.2%)

likely to receive warfarin
than those without these
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-Hispanic: No

conditions (AOR: 0.77; 95%

MHC (1.0 CIL, 0.65 to 0.90).
%),
zﬂgg %) *When stratified by
’ CHADS?2 score, people with
sychotic disorders having a
-Other/ . IéI-}I,ADSZ score between Zg
unknown: No -
and 3 were less likely than
MHC (1.0 . .
%), MHC controls to receive warfarin
(1.0 %) (AOR: 0.75; 95% (I, 0.59 to
’ 0.96).
Razouki et al. 100 Veterans Observational *To illustrate different | *20-54 years male: 98.1% -Non- -BD (n=1629) Warfarin | NA * Among patients with poor
(2014) Health study patterns of (7.1%) Hispanic control (n=44 086) (TTR)<
Administration anticoagulation white -SCZ (n=911) 60%):
(VHA) sites control *55-59 (11.1%) (85.2%)
-ther psychotic 50% had a unidirectional
*To identify patient- *60-64 (12.2%) -Non- disorders INR pattern below the target
(N=103 897) level factors that are Hispanic (n=830) range of 2-3 in more than
associated with each *65-69 (11.2%) black (9.2%) 75% of their out-of-range
pattern time.
*70-74 (16.3%) -Hispanic
(3.1%) 20% evidenced a
*>=75 (42.1%) unidirectional high tendency
-Asian (0.4%) (> 75% of out-of-range time
>3).
-Native
American The remaining 30% showed
(0.4%) neither a high nor a low
tendency and were assumed
- to have erratic control.
Other/unkno
wn (1.7%) *Adjusting for multiple
variables including age, sex,
ethnicity, mental and
physical conditions, BD was
significantly associated with
more time below therapeutic
range (3.2%, p<0.001).
*SCZ and other psychotic
disorders did not predict
more time above or below
therapeutic range.
Rose et al. Veterans Health | Observational To identify patient- *Inception period *Inception period - *Inception Inception: Warfarin | NA
(2010) Administration study level predictors of oral | (first 6 months of male: 97.3% *During the inception period,

anticoagulation

warfarin therapy):

BD was significantly
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control in the 20-54 years old: *Experienced period- | -Non- *Bipolar associated with less TTR
(N= 124 619) outpatient setting. 12.7% male: 98.1% Hispanic disorder (—2.9%; 95%CI: -4.5 to -1.4;
55-59:16.2% White 73.9% (n=1279) p<0.001) after adjusting for
60-64: 16.7% -Non- *Schizophrenia multiple variables (including
65-69: 11.0% Hispanic (n=701) age, sex, ethnicity, mental
70-74: 13.7% Black 11.3% and physical conditions).
>75:29.7% -Hispanic Experienced: SCZ was not significantly
2.9% *Bipolar associated with percent TTR
*Experienced -Asian 0.3% disorder (-0.7%3 95%CI: -2.7 to 1.3)
period (after the -Native (n=2386)
first 6 months of American *Schizophrenia *During the experienced
warfarin therapy): 0.4% (n=1263) period, BD was significantly
20-54: 7.1%; 55- -other 11.2% associated with less TTR (-
59:11.1%; 60-64: 1.8%; 95%CI: -2.7 to -1.0;
12.2%; 65-69: *Experienced p<0.001) whereas SCZ was
11.2%; 70-74: -Non- not associated with percent
16.3%; > 75: Hispanic TTR (0.8%, 95%CI: -0.4 to
42.1 % White 77.2% 2.0).
-Non-
Hispanic
Black 8.5%
-Hispanic
2.8%
-Asian 0.3%
-Native
American
0.3%
-other 10.9 %
Teppo et al. Three national Retrospective * To assess the *BD : 62.8 (12.8) *BD: 55.8% NA *BD (n=933) VKA, Matched * After propensity score
(2022) healthcare Nationwide incidence of first-ever DOACs pairs (calculated using a regression
registers: registry-based ischaemic stroke in *SCZ: 68.8 (11.7) *SCZ: 39.8% *SCZ (n=1329) without model including: age, gender,
hospitalizations | cohort study patients with and MHCs calendar year of AF

and outpatient
specialist visits:
HILMO;
primary health
care:
AvoHILMO;
and National
Reimbursement
Register upheld
by Social
Insurance
Institute: KELA
(from 2004 to
2018)

without MHCs and the
independent effect of
different MHCs on
stroke risk in patients

with incident AF.

*To assess all-cause
mortality rates in AF

patients with and

without MHCs and
whether differences in

OAC use affect
outcomes in these
patients.

diagnosis, hypertension,
dyslipidaemia, heart failure,
diabetes, vascular disease,
renal failure or dialysis, liver
cirrhosis or failure, alcohol
abuse, income, CHA>DS»-
VASc score and modified
HAS-BLED score)
matching and adjusting for
OAC use, no MHC group
was associated with
increased ischaemic stroke
risk (aSHRs (95% CI): BD
1.398 (0.947-2.006), SCZ
0.803 (0.594-1.085).

43




(N=203 154) * SCZ was associated with
higher all-cause mortality
(adjusted HRs (95% CI):
1.543 (1.352-1.761)).
Segaard et al. | Three well- Nationwide To compare rates of -Control: 73.3 -Control: 53.3 % NA -SCZ (n=534) NOAGCsS, AF cohort *Compared with matched
(2017) established registry-based stroke, fatal years (13.1) non- with no comparisons, crude 5-year
Danish cohort study thromboembolic -SCZ: 54.3% -BD (n=569) vitamin diagnosis HRs of ischaemic stroke
registries events and bleeding in | -SCZ: 64.5 (13.7) K oral of SCZ, or were 1.37 (95% CI 0.88 to
nationwide: the patients with AF with -BD: 40.4% anticoagu | BD 2.14) for SCZ, and 1.04
National Patient and without mental -BD: 73.0 (11.2) lant (95% CI1 0.69 to 1.56) for

Register, the
National
Prescription
Registry and the
Civil
Registration
System-
Denmark

(N=253 741)

disorders

BD. After adjusting for risk
factors, comorbidity and the
use of oral anticoagulants,
these HRs declined towards
the null.

*Crude HRs of fatal
thromboembolic events were
3.16 (95% CI 1.78 to 5.61)
for SCZ, and 1.53 (95% CI
0.93 to 2.53) for BD.

*Rates of major bleeding
were increased in patients
with SCZ (crude HR 1.37,
95% C1.0.99 to 1.90) but not
BD (HR 0.82, 95% CI 0.58
to 1.15).

* Adjustment for the
components of the
CHA,DS,-VASc and HAS-

BLED scores attenuated the
risk of bleeding in patients
with SCZ (HR 1.17; 95%CI:
0.83 to 1.63)

* Patients with BD were
significantly less likely to
experience bleeding when
adjusting for comorbidities,
CHA,DS,-VASc and HAS-

BLED scores (HR 0.67;
95%CI: 0.47 to 0.95)
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Paradise et al. | Veterans Health | Retrospective *To examine the * MHC: male: *MHC: -BD (n=2102) Warfarin | Patients on | *The mean TTR was 63.2%
(2014) Administration cohort study association of specific | 20-54 years old -Non- OAC (as in controls, 53.1% in BD,
MHCs with (12.0%), -MHC: 96.9% Hispanic SCZ (n=847 primary 54.1% in SCZ and 54% in
anticoagulation 55-59 (18.9%), white B (n ) indication other psychotic disorders.
control and major 60-64(15.9%), -No MHC: 98.6% (83.9%) for AF)
(N=103,897) o . ’
hemorrhage 65-69(9.8%), -Non- -other psychotic with no " .
70-74(12.1%), Hispanic disorders mental After controlling for
. . 75+(31.3%) black (10.0%) | (n=1909) health demographic information,
o determine the _Others conditions comorbid conditions, date
portion of risk for 6 1%)A ) of warfarin inception,
hemorrhage *No MHC: ’ indication for warfarin
attr.lbutable t‘o poor 20-54 (5.2%), *No MHC: therapy, an(.i the nl.lmt‘)er of
anticoagulation 55-59 (8.1%), Non- non-warf.arlr.l mt.edlcatlons
control 60-64(10.8%), Hispanic and hospitalizations:
65-69(11.7%), white
70-74(17.9%), (85.6%) -BD was significantly
75+(46.2%) -Non- associated with less TTR (-
Hispanic 2.63%, p<0.001).
black (8.9%)
-Others ) )
(5.4%) -SCZ was not associated with
percent TTR (-0.36, p-value
not significant) .
-Other (than SCZ) psychotic
disorders were associated
with less TTR  (-2.92 %, p
<0.001).
*Patients (on warfarin)
having other psychotic
disorders had an increased
hazard for major hemorrhage
(HR 1.25,95%CI: 1.05 to
1.49; p<0.05) after
controlling for covariates
(age, TTR, hypertension,
stroke, chronic liver disease,
chronic kidney disease,
alcohol abuse, and non-
alcohol substance abuse).
Sidra et al. NA retrospective To evaluate the -Warfarin median -Warfarin: *Warfarin: -BD on Warfarin, | AF patients | *With a median follow-up of
(2019) cohort study bleeding risk and age (range): Male (51.1%), -White rivaroxaban Rivaroxa | with 35.6 months, the estimated
(N=121) thromboembolic 64.5 (40.6-90.2) (82.6%) (n=29) ban bipolar cumulative incidence of any
events on oral -Rivaroxaban: -Other disorder on | bleeding at 3 years in patients
anticoagulation with -Rivaroxaban: Male (48.2%) (17.4%) -BD on warfarin warfarin vs | who received warfarin or

warfarin versus
rivaroxaban for AF in
bipolar patients.

66.8 (39.1-89.0)

(n=92)

rivaroxaban

rivaroxaban was 14.3% [95%
CI: 5.6 to 23.1] and 7.9%,
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*Rivaroxaban
-White

respectively (95% CI: 4.3 to
18.4), (p = 0.36).

(86.2%)
-Other *The estimated cumulative
(13.8%) incidence of cerebrovascular
accident at 3 years in patients
who received warfarin or
rivaroxaban was 5.9% (95%
CI: 0.07 to 0.12) and 0%,
respectively
Schauer et al. Ohio Medicaid Retrospective To determine whether | -Control: 72 years -Control: 34 % White: *Psychiatric warfarin Atrial
(2005) administrative cohort analysis substance abuse, (14.4) -Control: illness (n= fibrillation *Subjects with psychiatric
database psychiatric disease, -Psychiatric illness: 85% 2108) defined patients illness had an adjusted risk
and the social factors, -Psychiatric illness: | 31% -Psychiatric as SCZ, receiving ratio of 1.5 (95% CI: 1.04 to
perceived barriers to 73 (10.7) illness: 86% affective warfarin 2.1) for intracranial
(N=9 345) . . . . ..
adherence, increase psychosis with no hemorrhage while receiving
the risk of both (including psychiatric warfarin.
thromboembolic and major illness
hemorrhagic events in depressive *Subjects with psychiatric
patients with atrial disorder, manic illness had an adjusted risk
fibrillation disorder, and ratio of 1.4 (95% CI: 1.1 to
BD), paranoia, 1.7) for stroke.
or other
nonorganic *People with psychiatric
psychosis. illness receiving warfarin
were at a significantly
increased risk of
gastrointestinal bleeding (1.2;
95%CIL: 1.0 to 1.4).
Chamberlain Rochester Cohort study *To compare the -AF cases: 73.6 Male: NA *SCZ (n=48) NA Patients There was no excess of SCZ
et al. (2016) Epidemiology prevalence and years (13.8) 48.6% (full cohort) with AF in people with AF (n=48) and
Project- duration of 19 controls (n=31) (p=0.052)
Olmsted comorbid conditions -Controls 72.7
Cqunty, in pqtients With AF (13.9)] *After adjustment for age,
Minnesota and in population Lo
controls. sex, flnd other chom‘orblldltles,
the risk of hospitalization of
. AF patients with comorbid
(N= 1430 AF “To d.e“.’“mnef‘he SCZ was 1.22 (95% CI: 0.98
patients and assomat}ops o to 1.52), and the risk of death
. comorbidities with . . .
community hospitalization and of AF patients with comorbid
controls SCZ was 1.19 (95% CI: 0.92

matched 1:1 on
age and sex)

death

to 1.54).

Tablel. Characteristics and findings of included studies
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Abbreviations’ key:

OR: odd ratio, AOR: adjusted odd ratio, HR: hazard ratio, CI: confidence interval, aPD: adjusted proportion difference, aSHR:djusted subdistribution hazard ratio,
RD: risk difference, VHA: Veterans Health Administration, SCZ: schizophrenia, BD: bipolar disorder, AF: atrial fibrillation, PTSD: post-traumatic stress disorder,
CHD: coronary heart disease, OAT: oral anticoagulation therapy, OAC: oral anticoagulant, VKA: vitamin K antagonist, NOAC: non-vitamin K antagonist oral
anticoagulant, MHC: mental health condition, INR: international normalized ratio, TTR: time in therapeutic range, SMI: serious mental illness.
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Cohort studies

Study ID Selection Comparability Outcome Total
9%)

Representativeness | Selection of the | Ascertainment of | Demonstration that | (xx) Assessment of | Was follow-up Adequacy of

of exposed cohort non- exposed exposure (*) outcome of interest outcome (*) long enough for follow up for

(*) cohort (*) was not present at outcomes to occur | cohorts (%)

start of study () (*)

Yang et al. (2014) * _ * - - * * * 5% P
Farran et al. (2022) | * * * - *x * * * 8% G
Hojenetal. (2022) | % * * - *k * * * 8x G
Fenger-Gren et al. * * * - *k * * * 8% G
(2021)
Jaakkola et * * * - *x * * * 8% G
al.(2021)
Schmitt et al. * * * - *k * * * 8% G
(2015)
Razouki et al. * - * - *k * * * 7xF
(2014)
Rose et al. (2010) * - * - *x * * * 7% F
Teppo et al. (2022) | % * * - *k * * * 8x G
Segaard et al. * * * _ *k * * * 8x G
(2017)
Paradise et al. * * * - *k * * * 8% G
(2014)
Sidra et al. (2019) * - * - - * * * 5% P
Schauer et al. * * * - *k * * * 8% G
(2005)
Chamberlain et al. * - * - *k * * * TxF

(2016)
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Cross-sectional studies

Study ID Selection Comparability Outcome Total (8*)
Representativeness Sample size (x) | Non-respondents Ascertainment of (%) Assessment of | Statistical test (*)
of the sample (*) (*) the exposure (*) outcome (*)
Smith et al. (2013)- * * * * *% * 8% G
a
Smith et al. (2013)- * * * * *% * 8% G
b

Table 2. Quality assessment of studies using a modified Newcastle-Ottawa scale
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3.2.Prevalence of atrial fibrillation in people with serious mental illness
Yang et al. (2014) compared the prevalence of AF in people with schizophrenia or bipolar
disorder to that of the general population by gender in a sample of 927 915 Taiwanese residents
(from 2001 to 2008); the recorded prevalence of AF was 2.4%0 among people with
schizophrenia (n = 2963), and 14.3%0 among those with bipolar (n = 5112). Compared to the
general population prevalence of 7.8%o, unadjusted AF prevalence was higher in bipolar
patients (p < 0.001) but lower in those with schizophrenia (p <0.001) (Yang et al., 2014). AF
patients with bipolar disorder were older than those with schizophrenia and had a high
prevalence of relevant co-morbidities including cerebrovascular diseases, lipid metabolism
disorders and thyroid disorders, while low numbers of co-morbidities were recorded in those
with schizophrenia (Yang et al., 2014). The study did not examine for differences in AF

prevalence between the two groups adjusting for these covariates (Yang et al., 2014).

Smith et al. (2013) assessed the likelihood of having physical comorbidities in people with
bipolar disorder compared to controls in a cross-sectional study including 1.75 million patients
registered in 314 UK general practices. The prevalence of AF was 1.4% in people with bipolar
disorder (n = 2582) vs 1.7% in controls (p = 0.02) (Smith et al., 2013a). Adjusting for age and
gender, lower recorded rates of AF were reported among people with bipolar disorder (OR
0.68; 95% CI: 0.45 to 0.94) (Smith et al., 2013a). A second study of 9677 people with
schizophrenia and 1.41 million controls from the same database, yielded similar findings, with
adjusted rates of AF lower in patients than controls (OR 0.62; 95% CI: 0.51 to 0.73, p < 0.001)
(Smith et al., 2013b). A meta-analysis on these findings was not feasible due to insufficent

comparable data.

3.3.0ral anticoagulant use among people with serious mental illness
Five studies assessed oral anticoagulation therapy in AF patients with SMI compared to the
general population (Farran et al., 2022; Hojen et al., 2022; Fenger-Gren et al., 2021; Jaakkola
etal., 2021; Schmitt et al., 2015). Using electronic health records of patients admitted to a large
hospital in London (n=16916) between 2011 and 2020, Farran et al. (2022)evaluated
anticoagulation prescription trends in people with both AF and co-morbid SMI (including
bipolar disorder, schizophrenia, severe depression, psychosis, delusional disorder or mania)
who met the CHAD2AD2-VASc criteria for anticoagulation treatment. Compared to non-SMI
patients, those with SMI had significantly higher CHA2DS2-VASc (mean (SD): 5.3 (1.96) vs
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4.7 (2.08), p <0.001) and HASBLED scores (mean (SD): 3.2 (1.27) vs 2.5 (1.29), p < 0.001).
Among AF patients having a CHA2DS2-VASc >2, those with co-morbid SMI were less likely
than non-SMI patients to be prescribed an OAC (44% vs 54%, p < 0.001). However, there was

no evidence of a significant difference between the two groups since 2019 (Farran et al., 2022).

In a recent Danish nationwide cohort study (n = 192 434), Hgjen et al. (2022) reported that
among patients with AF and schizophrenia 33.7% initiated OAC within the first year after AF
diagnosis, compared to 54.4% of patients without schizophrenia, corresponding to an adjusted
risk difference (RD) of —20.7 (95% CI: —24.7 to —16.7) (rates were adjusted for individual
factors included in the CHA2DS2VASc and HASBLED).OAC initiation increased over time
regardless of co-morbid schizophrenia status. During 2000-2011, 18.3% of patients with
schizophrenia and 42.9% without schizophrenia initiated OAC (adjusted Risk Difference (RD)
—23.6%, 95% CI —28.8 to —18.6). During 2012-2018, the corresponding figures were 48.5%
and 65.7%, respectively (adjusted RD —14.4%, 95% CI —20.4 to —8.4) (Hgjen et al., 2022).
Another Danish nationwide cohort study (n =147 810) similarly reported that people with
bipolar disorder (n = 1208) and schizophrenia (n = 572) were less likely to be initiated on oral
anticoagulation when newly diagnosed with AF than the general population (aPD BD: —12.7%;
95% CI: —15.3% to —10.0%; SCZ: —24.5%; 95% CI:—28.3% to —20.7%) with a corresponding
lower OAC prevalence among those with prevalent AF (BD: —11.6%; 95% CI: —13.9% to
—9.3%; SCZ: —21.6%; 95% CI: —24.8% to —18.4%) after adjusting for multiple variables
including age and sex. Further adjustments for comorbidities and socioeconomic factors
attenuated these associations particularly among bipolar patients (Fenger-Gren et al., 2021).
After introduction of DOACsS, anticoagulation treatment gap remained significant among
people with a diagnosis of schizophrenia but not among those with bipolar disorder (Fenger-

Gron et al., 2021).

In Finland, a nationwide cohort study (n=239 222) reported that, after adjusting for
confounders such as age, sex, stroke and bleeding risk factors, any mental health condition was
associated with lower rate of oral anticoagulation therapy in AF patients (adjusted
subdistribution hazard ratio (aSHR): 0.867; 95%CI: 0.856 to 0.880) (Jaakkola et al., 2021).
When stratified by mental health condition, similar associations were reported in people with
bipolar disorder (n=1129) (aSHR: 0.838; 95% CI 0.824 to 0.852), and schizophrenia
(n=1560) (aSHR 0.838; 95% CI 0.824 to 0.851) (Jaakkola et al., 2021). No improvement in

anticoagulation treatment gap was detected after the introduction of DOACs (between 2015
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and 2018) among people with any mental health condition (aSHR 0.821; 95% CI 0.805 to
0.837) (Jaakkola et al., 2021).

In a retrospective cohort study of the Veterans Health Administration database
(n=12 190), Schmitt et al. (2015) found that warfarin eligible patients with psychotic
disorders (n = 122) were 77% as likely to receive warfarin as controls (AOR 0.77; 95% CI,
0.65-0.90) adjusting for age, sex, race/ethnicity, CHADS2 stroke risk (precursor to the
CHAD2AD2-VASc score (Lip et al., 2010)) and physical comorbidity index. When further
stratified by stroke risk, people with psychotic disorders having a CHADS2 score between 2
and 3 were less likely to receive warfarin (AOR: 0.75; 95% CI 0.59 to 0.96) than were controls
(Schmitt et al., 2015).

Overall, all five studies reported that AF patients with SMI were less likely to receive oral
anticoagulation therapy than the general population. Findings of these studies were not pooled
in a meta-analysis because the data presented were not directly comparable, comprising
proportions (Farran et al., 2022), risk difference (Hgjen et al., 2022), proportion difference
(Fenger-Gron et al., 2021), hazard ratios (Jaakkola et al., 2021) and odd ratios (Schmitt et al.,
2015).

3.4.International normalised ratio in people with serious mental illness

Three studies reported on the international normalised ratio (INR) in people with SMI (Paradise
et al., 2014; Razouki et al., 2014; Rose et al., 2010). In a sample of 103 897 patients receiving
warfarin with a target INR of 2—3, Razouki et al. (2014) reported that among 44 086 patients
overall with poor anticoagulation control (time in therapeutic range <60%), 50% had
unidirectional INR patterns below 2.0 (spend more than 75% of their time outside the
therapeutic range with an INR below 2), 20% unidirectional INR patterns above 3.0 (spend
more than 75% of their out-of-range time with an INR above 3), and the remaining 30% had a
directionless pattern (erratic-do not fit into either of these categories). Adjusting for multiple
covariates, bipolar disorder (n = 1629) predicted more time spent below therapeutic range
(3.2%, p <0.001) whereas diagnoses of schizophrenia (n = 911) or other psychotic disorders
(n = 830) did not predict more time above or below the goal range (Razouki et al., 2014).
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Rose et al. (2010) showed in a sample of 124 619 Veterans Health Administration patients
receiving warfarin that adjusting for age, sex, ethnicity, mental and physical conditions, the
percentage time in therapeutic range was negatively affected by a diagnosis of bipolar disorder
during both the inception period (first six months of warfarin use) (n = 1279) (2.9, 95% CI:
4.5 to —1.4) and anytime thereafter (n =2386) (—1.8%; 95%CI: 2.7 to —1.0; p <0.001). In
contrast, schizophrenia (n = 701 in inception period and n = 1263 in experienced period (after
the first 6 months of warfarin therapy) was not statistically associated with time in therapeutic
range during either period (Rose et al., 2010).

Similarly, Paradise et al. (2014)reported in a sample of 103 897 Veterans Health
Administration patients on warfarin a decrease of 2.63% (p < 0.001) and 2.92% (p < 0.001) in
time spent in therapeutic range among people with bipolar disorder (n =2102) and psychotic
disorders (n = 1909) (other than schizophrenia (n = 847)) respectively.

Overall, the papers consistently reported that people with SMI, particularly bipolar disorder,
although not schizophrenia, spend less time in therapeutic range compared to the general
population. A meta-analysis on these findings was not feasible due to insufficent comparable

data.

3.5.0utcomes of atrial fibrillation in people with serious mental illness

Outcomes of AF in people with SMI were assessed in six studies (Teppo et al,
2022; Chamberlain et al., 2017; Khalid et al., 2019; Paradise et al., 2014; Schauer et al.,
2005; Segaard et al., 2017). Adjusting for multiple covariates, Chamberlain et al.
(2017) reported that a diagnosis of schizophrenia (n = 48) was not significantly associated with
hospitalization (OR 1.22; 95% CI: 0.98 to 1.52), nor death (OR1.19; 95% CI: 0.92 to 1.54) in
people with AF.

In a recent study, Teppo et al. (2022) reported that diagnoses of bipolar disorder (n = 933) and
schizophrenia (n = 1329) were not associated with increased risk of ischaemic stroke among
people with AF (adjusted SHRs (95% CI): 1.398 (0.947-2.006) and 0.803 (0.594-1.085)
respectively) after propensity score matching (calculated using a regression model including:
age, gender, calendar year of AF diagnosis, hypertension, dyslipidaemia, heart failure, diabetes,
vascular disease, renal failure or dialysis, liver cirrhosis or failure, alcohol abuse, income,

CHA»DS>-VASc score and modified HAS-BLED score) and adjusting for OAC use.
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Schizophrenia was, however, associated with higher all-cause mortality (adjusted HRs:1.543
(1.352-1.761)). In a sample of 253 741 patients with AF, Sogaard et al.(2017) reported that
people with schizophrenia (n = 534) had a crude 5-year hazard ratio (HR) of 3.16 (95% CI 1.78
to 5.61) for fatal thromboembolic events. The risk decreased to 2.88 (95% CI 1.57 to 5.28)
after adjusting for oral anticoagulation therapy and CHA2DS2VASc and HASBLED scores.
Compared to controls, the same study reported a crude 5-year HR of 1.37 (95% CI 0.88 to 2.14)
for ischaemic stroke in people with schizophrenia and 1.04 (95% CI 0.69 to 1.56) in those with
bipolar disorder (n=569) (Segaard et al., 2017). Adjusting for risk factors and oral
anticoagulation therapy, the estimates declined to 1.16 (95% 0.72 to 1.87) and 0.85 (95% CI
0.55 to 1.29) respectively (Segaard et al., 2017). Additionally, Schaeur et al. (2005)reported
that people with psychiatric illness (n = 2108) (defined as schizophrenia, affective psychosis,
paranoia or non-organic psychosis) had an adjusted HR of 1.36 (95% CI 1.06 to 1.74) for
ischaemic stroke.

Major bleeding in people with AF and co-morbid SMI was assessed in three studies (Paradise
et al., 2014; Schauer et al., 2005; Segaard et al., 2017). Eligible bleeding events included
intracranial, gastrointestinal and major bleeding in various anatomical positions. One study
reported adjusted hazard ratios of 1.46 (95%CI 1.04 to 2.05) and 1.19 (95%CI 1.03 to 1.39) for
intracranial and gastrointestinal bleeding respectively among people with psychiatric illness
(n=2108) (Schauer et al., 2005). Adjusting for bleeding risk factors, Paradise et al.
(2014) showed that people with psychotic disorders (n = 1909) (other than schizophrenia) were
at increased risk of major bleeding (adjusted HR: 1.25; 95%CI 1.05 to 1.49), whereas those
with bipolar disorder (n = 2102) (adjusted HR: 1.10; 95% CI 0.91 to 1.34) and schizophrenia
(n=847) (adjusted HR: 0.89; 95%CI 0.61 to 1.16) were not. Similarly, Segaard et al.
(2017) reported no significant increase in the risk of bleeding among people with schizophrenia
(n=534) (HR:1.22; 95%CI 0.87 to 1.72) nor bipolar disorder (n = 569) (HR:0.72; 95%CI 0.51
to 1.02) once adjusted for oral anticoagulation therapy, and stroke and bleeding risk factors.
Regarding specific OACs, a retrospective cohort study (n=121) reported no significant
difference in the cumulative incidence of thromboembolic and bleeding events (type
unspecified) among AF patients with bipolar disorder receiving rivaroxaban (n = 29) versus

warfarin (n = 92) (Khalid et al., 2019).
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3.6.Meta-analysis
The risk of ischaemic stroke in people with AF and co-morbid SMI was reported in three
studies (Teppo et al., 2022; Schauer et al., 2005; Segaard et al., 2017). Schauer et al.
(2005) assessed stroke risk in people with SMI, while Sggaard et al. (2017) and Teppo et al.
(2022) assessed it in people with bipolar disorder and schizophrenia separately. The three
studies were observational (cohort studies), reported on the same population (people with AF
and co-morbid SMI) and controls (people with AF and no SMI), had similar objectives
(evaluate the association between SMI and ischaemic stroke), used the same statistical model
in their analyses (Cox proportional hazard regression) and adjusted for almost the same
confounders (Segaard et al. (2017) adjusted for comorbidities, oral anticoagulation therapy and
CHA2DS2VASc and HASBLED scores, Teppo et al. (2022) matched propensity score and
adjusted for OAC use, whereas Schauer et al. (2005) adjusted for all factors significant at
p < 0.05 in the unadjusted model (which included hypertension, diabetes mellitus, chronic heart
failure, liver disease, and renal disease, and deep vein thrombosis)) (Teppo et al., 2022; Schauer
et al., 2005; Segaard et al., 2017). Noteworthy, in the Segaard et al. (2017)and Teppo et al.
(2022) studies, people with AF were included in the analysis regardless of their anticoagulation
status, whereas in Schaeur et al. (2005) only people receiving warfarin were included. Pooled
analysis of the adjusted risk estimates (using random effect models) showed that among people
with AF, SMI was not significantly associated with an increased risk of stroke (pooled adjusted

HR: 1.09; 95%CI: 0.85 to 1.40; I? = 60%; p = 0.04) (Fig. 2a).

Weight Weight

Study TE seTE Hazard Ratio HR 95%-Cl (common) (random)
Schauer et al., 2005 (psychiatric illness) 0.31 0.1264 ~:—~— 1.36 [1.06; 1.74] 37.1% 25.9%
Sogaard et al., 2017 (bipolar disorder) -0.16 0.2176 ~————— 0.85 [0.56; 1.30] 12.5% 17.1%
Sogaard et al., 2017 (schizophrenia) 0.15 0.2435 ——-:*7 1.16 [0.72; 1.87] 10.0% 15.1%
Teppo et al., 2022 (bipolar disorder) 0.34 0.1912 +—r—=— 1.40 [0.96; 2.04] 16.2% 19.3%
Teppo et al., 2022 (schizophrenia) -0.22 0.1566 —*—*: 0.80 [0.59; 1.09] 24.2% 22.7%
il
i
Common effect model T 1.12 [0.96; 1.30] 100.0% --
Random effects model —_ 1.09 [0.85; 1.40] - 100.0%
r I 1
0.5 1 2

Heterogeneity: 12 = 60%, ©° = 0.0445, p =0.04

Figure 2a. Forest plot of pooled risk estimates of ischaemic stroke in people with atrial fibrillation and
serious mental illnesses
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The risk of major bleeding in people with AF and co-morbid SMI was reported in three studies
(Paradise et al., 2014; Schauer et al., 2005; Segaard et al., 2017). Schaeur et al. (2005) assessed
the risk of intracranial and gastrointestinal bleeding separately in anticoagulated people SMI,
whereas Sggaard et al. (2017) and Paradise et al. (2014)assessed the risk of major bleeding in
people with bipolar disorder and schizophrenia. The effect of ‘other psychotic disorders’ was
additionally studied in the latter (Paradise et al., 2014). The Paradise et al. (2014)study was
similar to the other two (Schauer et al., 2005; Segaard et al., 2017) in terms of study design
(cohort study), objectives (evaluate the association between SMI and major bleeding),
statistical analysis (Cox proportional hazard regression), and confounders (bleeding risk factors
using HASBLED risk assessment model). The population in Paradise et al. (2014) consisted of
people on warfarin (as a primary indication for AF) with and without SMI. Pooled analysis of
the adjusted risk estimates (using random effect models) showed that among people with AF,
SMI was not significantly associated with an increased risk of major bleeding (pooled adjusted

HR: 1.11; 95%CI: 0.95 to 1.28; I? = 57%; p = 0.03) (Fig. 2b).

Weight Weight
Study TE seTE Hazard Ratio HR 95%-Cl (common) (random)
Schauer et al., 2005 (psychiatric iliness-IC bleeding) 0.38 0.1731 —*:—'— 1.46 [1.04;2.05] 6.2% 10.8%
Schauer et al., 2005 (psychiatric iliness- Gl bleeding) 0.17 0.0765 = 1.19 [1.02;1.38] 32.0% 20.0%
Paradise et al., 2014 (bipolar disorder) 0.10 0.0987 T 1.10 [0.91;1.33] 19.2% 17.6%
Paradise et al., 2014 (schizophrenia) -0.17 0.1640 — 0.84 [061;1.16] 7.0% 11.5%
Paradise et al., 2014 (other psychotic disorders) 0.22 0.0893 —-i—'— 1.25 [1.05; 1.49] 23.5% 18.6%
Sogaard et al., 2017 (bipolar disorder) -033 01768 —*—7 i 0.72 [0.51;1.02] 6.0% 10.6%
Sogaard et al., 2017 (schizophrenia) 0.20 0.1739 i 1.22 [0.87;1.72] 6.2% 10.8%
Common effect model <'> 1.14 [1.05;1.24] 100.0% -
Random effects model T 1.11 [0.95; 1.28] 100.0%
Heterogeneity: 17 = 57%, t° = 0.0226, p = 0.03 '
0.5 1 2

Figure 2b. Forest plot of pooled risk estimates of major bleeding in people with atrial fibrillation and
serious mental illnesses

4. Discussion

This systematic review demonstrated lower recorded prevalence of AF among people with
bipolar disorder and schizophrenia compared to the general population. SMI was associated
with lower rates of oral anticoagulation therapy in people with AF. Among people receiving

warfarin, those with bipolar disorder experienced poor anticoagulation control as measured by
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time in INR therapeutic range. The meta-analysis showed no significant association between

SMI and ischaemic stroke or major bleeding after controlling for risk factors.

4.1.Prevalence of atrial fibrillation in people with serious mental illness
People with SMI are at increased risk of physical morbidities with a 78% higher risk of
developing cardiovascular diseases than the general population (Correll et al., 2017; Momen et
al., 2020). In this review, lower rates of AF were reported among people with schizophrenia or
bipolar disorder compared to the general population after controlling for age and sex (Smith et
al., 2013a; 2013b; Yang et al., 2014). Of note, these studies did not adjust for ethnicity which
could be an important factor explaining the low rates of AF in the SMI population. A recent
meta-analysis found that Black ethnic groups have a significantly increased risk of being
diagnosed with schizophrenia and affective psychoses compared to the general population
(Halvorsrud et al., 2019), while studies on the prevalence of AF by ethnic groups reported a
low prevalence of AF among Black patients compared to White patients (Mathur et al.,

2013; Shen et al., 2010).

However, the low recorded rates of AF in people with SMI may also reflect possible under-
recognition or under-recording of AF in this group especially since included papers reflected
routinely collected clinical data which may have exhibited recording bias. People may be less
likely to seek medical help for cardiovascular conditions if their mental health is compromising
motivation, executive function, capacity or trust, and lack of awareness or denial of illness can
have an important effect (De Hert et al., 2011). Disparities are not only seen at the health care
access and utilization level but also in healthcare provision. Healthcare fragmentation between
primary and mental health services may result in an uncertainty regarding which provider is
responsible for the physical healthcare of people with mental illness which may result in missed
opportunities for identification and documentation of modifiable risk factors, such as AF.
Additionally, diagnostic overshadowing has been reported as a potential barrier to physical
health care in people with SMI as symptoms (like palpitations or breathlessness) may be

misinterpreted by clinicians or patients (Nash, 2013).
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Interventions aiming to improve the communication of physical conditions and risks between
physical and mental health services offer an opportunity for better identification, risk

stratification and, where needed, implementation of effective preventive measures.

4.2.Anticoagulation therapy in people with serious mental illness
Despite good evidence of substantial net benefit from OAC in the general population, people
with SMI and AF were less likely to receive oral anticoagulation therapy even after adjusting
for age (Farran et al., 2022; Hgjen et al., 2022; Fenger-Gron et al., 2021; Jaakkola et al.,
2021; Kirchhof et al., 2016; Schmitt et al., 2015). Fenger-Greon et al. (2021)reported an
increase in OAC initiation and prevalence among people with schizophrenia and bipolar
disorder after the introduction of DOACs in 2008 (analysis performed between 2013 and 2016)
although a significant anticoagulation treatment deficit remained for those with schizophrenia.
Another Danish study also found that initiation of OAC was substantially lower among patients
with AF and schizophrenia compared to matched AF peers despite the increase in OAC use
noted among people with schizophrenia (Hejen et al., 2022). Farran et al. (2022) reported a
significant difference in OAC prescription (any OAC or warfarin (but not DOACs)) between
SMI and non-SMI patients only before 2019, after that no evidence of a significant difference
(in warfarin, DOACs, or any OAC) was noted between the two groups. An increasing trend of
DOAC use and decreasing trend of warfarin use among both SMI and non-SMI patients were

reported between 2011 and 2020 (Farran et al., 2022).

All studies assessing anticoagulation control in people with SMI reported that bipolar disorder
was associated with more time outside the anticoagulant therapeutic range, however, this was
not the case for schizophrenia (Paradise et al., 2014; Razouki et al., 2014; Rose et al., 2010).
Given that people with schizophrenia also experience poor clinical outcomes (if not worse)
(Momen et al., 2020), the difference could be due to sample size or selection bias with the
number of people with bipolar disorder almost twice that of people with schizophrenia in all

three studies (Paradise et al., 2014; Razouki et al., 2014; Rose et al., 2010).
Oral anticoagulation therapy can be challenging in people with SMI as active features of illness

can result in poorer self-management and difficulties adhering to prescribed treatments (Blixen

et al., 2016; Levin et al., 2016). The underuse may be also related to concerns about the
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increased bleeding risk although no randomised trials have to date demonstrated a benefit of
withholding OAC treatment in patients having a high bleeding risk score. There is no clear
threshold above which the benefits of OAC are offset by the bleeding risk. Thus, NICE
emphasise that it is important to tailor the management plan according to the patients’ overall

risk factors and mitigate these whenever possible (Rutherford et al., 2018).

4.3.0utcomes of atrial fibrillation in people with serious mental illness
In keeping with the 25% (RR 1.25, 95%CI: 1.08—1.45) excess risk of ischaemic stroke and the
17% (RR 1.17, 95%CI: 1.08-1.27) higher risk of bleeding seen in AF patients with any co-
morbid mental illness over those with AF and no mental health conditions (Teppo et al., 2021),
we identified six eligible studies, three of which (Paradise et al., 2014; Schauer et al.,
2005; Segaard et al., 2017) were identified in the meta-analysis by Teppo et al. (2021),
assessing outcomes of AF in people with SMI. Our findings were not in line with the ones
presented by Teppo et al. (2021) as no significant association was detected between SMI and
ischaemic stroke or major bleeding in people with AF when adjusting for risk factors. This
difference may be explained by the fact that Teppo et al. (2021), included common mental
illnesses (such as anxiety, depression and post-traumatic stress disorder) in their study, whereas
our inclusion criteria was restricted to people with SMI only. Moreover, the risk estimates
included in our meta-analysis were all adjusted for OAC use, stroke and/or bleeding risk
factors, whereas Teppo et al. (2021) pooled crude ( Segaard et al., 2017) and adjusted hazard

ratios which might have influenced the results.

The risk of adverse outcomes is not surprising in the light of increased prevalence of both stroke
and bleeding risk factors as well as a number of other factors common among the SMI
population such as smoking, substance use, sub-optimal nutrition, obesity and low physical
activity (Goff et al., 2005; Green et al., 2007;Phelan et al., 2001). Although oral
anticoagulation therapy increases the risk of bleeding, many bleeding risk factors are
modifiable offering an opportunity to reduce this risk. Kirchhof et al. (2020) reported that
among people with AF receiving rivaroxaban, 40% of major bleeding events occurred in those
with at least one of the three modifiable bleeding risk factors: uncontrolled hypertension, heavy
alcohol use, and concomitant treatment with nonsteroidal anti-inflammatory drugs or

antiplatelets. The presence of at least one of these risk factors increased the risk of major
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bleeding by 2-fold (with an additive effect showed with increasing number of risk factors)
(Kirchhof et al., 2020). This implies that it may have been possible to reduce this elevated risk

by clinical management, as suggested in our study.

This study has several limitations. All included studies were observational, meaning that they
were more prone to confounding and bias, in particular recording bias. The definition of SMI
differed to an extent between studies, however, since research investigating the management
of AF in this population is limited, we included all the articles that presented SMI-specific data
(as defined in our search strategy). Most of the retrieved articles investigated warfarin use
whereas research on DOAC use in people with SMI is as yet very limited. The meta-analysis
included a limited number of studies, thus, publication bias cannot be excluded. Findings of
the meta-analysis may not be generalisable since heterogeneity was high. However, previous
research has reported that I? could have a substantial bias when the meta-analysis includes a
limited number of studies and that the bias is positive when the true fraction of heterogeneity
is small (Von Hippel, 2015). This means that I?> value could be an overestimate when the

number of studies included in a meta-analysis is small (Von Hippel, 2015).

Research on management and outcomes of AF in people with SMI is scarce. These people are
less likely to receive indicated oral anticoagulation therapy and experience poor
anticoagulation control when prescribed warfarin. More research is needed to compare the
prescription rates of DOACs vs warfarin in this population to determine whether
anticoagulation treatment deficit has narrowed since the introduction of DOAC:s, as well as to
examine difference in outcomes in those prescribed a DOAC rather than warfarin.
Additionally, more clinical interventions aiming to risk stratify SMI patients and improve the
management of their physical conditions are needed. Managing modifiable bleeding risk
factors (such as hypertension, alcohol use, and medication predisposing to bleeding such as
nonsteroidal anti-inflammatory drugs (NSAIDs) or antiplatelet agents) could increase the
prescription of OACs and reduce the risk of adverse events in this vulnerable population. To
ensure that no AF cases are missed, future studies should investigate the effectiveness of AF
screening interventions (such as single-lead ECG monitoring device) in people with SMI.
Additionally, to guarantee a safe and effective treatment, the feasibily and acceptability of
electronic clinical decision support systems (eCDSSs) to improve the recording of physical
conditions (such as AF, stroke and bleeding risk factors) in electronic health records of patients

with SMI should be evaluated. These studies should be repeated after implementation to detect
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changes in the prevalence and/or recording of physical conditions among people with SMI.
Future studies related to AF should also consider adjusting for stroke and bleeding risk factors

as unadjusted rates are difficult to interpret particularly in people with SMI.

Finally, coordination and collaboration of specialists from different healthcare systems could
also optimize healthcare provided to these patients to aid access to integrated care with clear
and defined responsibilities, shared patients’ records, and programs providing clinical

guidelines for the recording and management of physical conditions.

61



Sources of direct funding, support or sponsorship

DF is supported by the National Institute for Health Research (NIHR) Applied Research
Collaboration South London (NIHR ARC South London) at King's College Hospital NHS
Foundation Trust and by the KCL funded Centre for Doctoral Training (CDT) in Data-Driven
Health.

FG is in part supported by the National Institute for Health Research's (NIHR) Biomedical
Research Centre at South London and Maudsley NHS Foundation Trust and King's College
London, by the Maudsley Charityand by the National Institute for Health Research (NIHR)
Applied Research Collaboration South London (NIHR ARC South London) at King's College
Hospital NHS Foundation Trust.

MA is in part funded by the Guy's and St Thomas' Charity and the National Institute for Health
Research (NIHR) Applied Research Collaboration South London (NIHR ARC South London).
The views expressed are those of the author(s) and not necessarily those of the NIHR or the
Department of Health and Social Care.

Role of the sponsor

The sponsors had no role in the conduct of the study, design, management, analysis, or

interpretation of the data, and preparation, review, or approval of the manuscript.

Declaration of competing interest

DF has no conflict of interest to declare.
FG has received honoraria from Lundbeck and Otsuka.
MA has no conflict of interest to declare.

OF has no conflict of interest to declare.

Acknowledgement

None.

62



Abbreviations’ key

OR: odd ratio

AOR: adjusted odd ratio

HR: hazard ratio

CI: confidence interval

aPD: adjusted proportion difference
aSHR: djusted subdistribution hazard ratio
VHA: Veterans Health Administration
SCZ: schizophrenia

BD: bipolar disorder

AF': atrial fibrillation

PTSD: post-traumatic stress disorder
CHD: coronary heart disease

OAT: oral anticoagulation therapy
OAC: oral anticoagulant

VKA: vitamin K antagonist

NOAC: non-vitamin K antagonist oral anticoagulant

MHC': mental health condition
INR: international normalised ratio
TTR: time in therapeutic range

SMI: serious mental illness
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Abstract

Objective
People with serious mental illnesses (SMI) have an increased risk of stroke compared to the
general population. This study aims to evaluate oral anticoagulation prescription trends in atrial

fibrillation (AF) patients with and without a comorbid SMI.

Methods

An open-source retrieval system for clinical data (CogStack) was used to identify a cohort of
AF patients with SMI who ever had an inpatient admission to King’s College Hospital from
2011 to 2020. A Natural Language Processing pipeline was used to calculate CHA2DS2-VASc
and HASBLED risk scores from Electronic Health Records free text. Antithrombotic
prescriptions of warfarin and Direct acting oral anticoagulants (DOACs) (apixaban,

rivaroxaban, dabigatran, edoxaban) were extracted from discharge summaries.

Results

Among patients included in the study (n = 16 916), 2.7% had a recorded co-morbid SMI
diagnosis. Compared to non-SMI patients, those with SMI had significantly higher CHA2DS2-
VASc (mean (SD): 5.3 (1.96) vs 4.7 (2.08), p < 0.001) and HASBLED scores (mean (SD): 3.2
(1.27) vs 2.5 (1.29), p < 0.001). Among AF patients having a CHA2DS2-VASc >2, those with
co-morbid SMI were less likely than non-SMI patients to be prescribed an OAC (44% vs 54%,
p <0.001). However, there was no evidence of a significant difference between the two groups

since 2019.

Conclusion

Over recent years, DOAC prescription rates have increased among AF patients with SMI in
acute hospitals. More research is needed to confirm whether the introduction of DOACsSs has
reduced OAC treatment gaps in people with serious mental illness and to assess whether the

use of DOACs has improved health outcomes in this population.

Keywords

Atrial fibrillation, Serious mental illness, Oral anticoagulation, Warfarin, DOACs
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1. Introduction

People suffering from serious mental illnesses (SMI) such as schizophrenia, bipolar disorder
and severe depression have a high prevalence of cardiovascular diseases, contributing to 10—
20 years of potential life lost (Walker et al., 2015). Atrial fibrillation (AF) is the most prevalent
sustained cardiac arrhythmia and is associated with a fivefold increased risk of stroke (Kirchhof
et al., 2016). According to the National Institute for Health and Care Excellence (NICE)
guidelines, the management of the thromboembolic risk of AF requires a comprehensive
assessment of risk factors for thromboembolic (using the CHAD2AD2-VASc tool) and
bleeding events (using ORBIT or HASBLED tools), and long-term treatment with oral
anticoagulants when appropriate (Linden, 2014; Lip et al., 2010; Rutherford et al., 2018).

Anticoagulation in AF patients is achieved by the prescription of either a vitamin K antagonist
(VKA) (eg warfarin) or one of the direct oral anticoagulants (DOACs) (dabigatran,
rivaroxaban, apixaban or edoxaban) (Jones et al., 2014). Warfarin and other vitamin K
antagonists were the only class of oral anticoagulants available up until 2009, when DOACs
were developed. DOACs have a different mechanism of action inhibiting thrombin or activated
factor X (factor Xa) and are now considered leading therapeutic alternatives to warfarin (Jones
et al., 2014; Ruff et al., 2014). They offer several advantages over vitamin K antagonists, such
as not having a narrow therapeutic window requiring frequent International Normalised Ratio
(INR) monitoring and dose adjustments, a rapid onset and offset of action, and absence of
dietary limitations, making them potentially more suitable for many people with a diagnosis of

SMI (Ruff et al., 2014).

Although oral anticoagulation has been effective in reducing the risk of stroke in people with
AF, underuse has been sustainably reported, especially in patients with co-morbid SMI
(Fenger-Gron et al., 2021; Jaakkola et al., 2021; Schmitt et al., 2015; Walker et al., 2011). The
anticoagulation treatment deficit in people with SMI may be attributed to challenges in self-
management and adhering to treatment regimens, drug-drug interactions, bleeding concerns
and factors that increase bleeding risk, social deprivation as well as fragmented medical care

(Kennedy et al., 2013; Lawrence and Kisely, 2010; Platt et al., 2008).

People with AF and co-morbid SMI are at increased risk of not receiving oral anticoagulation
(Teppo et al., 2021), but to date, little is known of whether this has changed since the

introduction of DOACs. This study aims to evaluate anticoagulation prescription trends in a
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large inner-city hospital, King’s College Hospital (KCH), over the past 10 years in people with
both AF and comorbid SMI who met the CHAD2AD2-VASc criteria for anticoagulation

treatment.

2. Methods

2.1. Cohort selection

We used CogStack, an open-source information retrieval platform for clinical data (Jackson et
al., 2018), to identify a cohort of adult patients who ever had an inpatient admission to KCH in
the time between 2011-01-01 to 2020-08-01 and in whom AF had been documented in the

discharge summary.

The discharge summaries were searched for the exact keywords “AFib”, “AF”, “PAF” or
“Atrial Fibrillation” using our previously validated search strategy (Bean et al., 2019). Patients
who were directly discharged from the clinical decision unit or the emergency department were

eligible for inclusion in the cohort as they did not have discharge summaries.

We then employed a search strategy in that cohort to identify the presence or absence of any
SMI diagnosis recorded anywhere in the clinical records between 2011-01-01 to 2020-08-01.
The search algorithm was adapted from our previously published risk scoring algorithm (Bean
et al., 2019) to detect the following SMI diagnoses: bipolar disorder, schizophrenia, severe
depression, psychosis, delusional disorder or mania, while excluding dementia and conditions
secondary to an organic problem or substance use. The risk score pipeline was used to map
these general concepts to any specific child term in the Systemized Nomenclature of Medicine
— Clinical Terms (SNOMED CT) ontology (El-Sappagh et al., 2018). If any of these terms was
detected and not negated it was considered an SMI diagnosis. We used MedCAT (Kraljevic et
al., 2021) as the underlying NLP tool to detect mentions of any of these conditions in discharge

summaries or clinical notes for the AF patient cohort.
2.2. CHA2DS2-VASc and HASBLED risk scores calculation
To calculate CHA2DS2-VASc and HASBLED risk scores, we used the Natural Language

Processing (NLP) pipeline developed by Bean et al. (2019), that allows calculation of the risk
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scores from Electronic Health Records (EHR) free text, again, anywhere in the clinical notes
within the previously defined timeframe. We used MedCAT (Kraljevic et al., 2021) as the
underlying NLP tool for clinical concept annotation and the SNOMED CT ontology for

terminology mapping of clinical concepts.

2.3. Oral anticoagulant prescriptions

Antithrombotic prescriptions of oral anticoagulants (OACs) (apixaban, rivaroxaban,
dabigatran, edoxaban, warfarin) were extracted from free text discharge summaries within the
previously defined timeframe. This was performed using a custom NLP pipeline validated in a

previous work (Bean et al., 2019).

2.4. Statistical analysis

Categorical variables were presented as counts and percentages and compared using a Chi-
squared test, whereas continuous variables were presented as means and standard deviations
and compared using Student #-test. All statistical analyses were performed in Python using
numpy and statsmodels. A P < 0.05 after Bonferroni correction for multiple testing was
considered significant. In analysis of prescribing trends, SMI status and OAC prescribing were
determined per admission (i.e. individual patients can move from the “non-SMI” to “SMI”
category if their SMI diagnosis was not known for earlier admissions). In overall statistics,

patients were considered at their last admission to hospital.

Ethical approval

This project was conducted under London South East Research Ethics Committee approval
(reference 18/L0/2048) granted to the King’s Electronic Records Research Interface (KERRI),
project ID 20200201.

3. Results

3.1. Cohort identification

Based on the search strategy described above, we identified 21 546 patients with mentions of
AF. After excluding patients based on the admission date, death, and age (<18), we ended up
with a cohort of 16 916 adult patients admitted to KCH with a diagnosis of AF, of whom 465
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(2.7%) had a recorded comorbid SMI diagnosis. Among AF patients with SMI, 199 were
prescribed an oral anticoagulant (Fig. 1). Table 1 shows the characteristics of the study cohort.
Overall, patients with SMI were younger and had higher rates of other comorbidities than those

without SMI.

3.2. CHA2DS2-VASc and HASBLED scores

Fig. 2 shows the distribution of AF patients across the various CHA2DS2-VASc and
HASBLED scores by mental health status. Compared to non-SMI patients, those with SMI had
significantly higher CHA2DS2-VASc (mean (SD): 5.3 (1.96) vs 4.7 (2.08), p < 0.001) and
HASBLED scores (mean (SD): 3.2 (1.27) vs 2.5 (1.29), p < 0.001). Among the SMI patients,
96% had a CHA2DS2-VASc> 2 and 73% had a HASBLED score >3 whereas among non-SMI

patients the proportions were 93% and 51% respectively.

3.3. OAC prescription trends

Overall, 54% of AF patients with a CHA2DS2-VASc >2 were prescribed an OAC. When
stratified by mental health status, a significant difference in overall OAC prescription rate was
detected between SMI and non-SMI patients (44% vs 54% respectively, p < 0.001). In
particular, warfarin was prescribed twice as often to non-SMI than SMI patients (p < 0.001)
whereas no significant difference in the prescription of DOAC was detected between the two
groups (p = 1.0) (Table 2). Although there was a significant difference in anticoagulation rates
between AF patients with and without SMI in the overall cohort, the trend over time indicated
that the overall average was not representative of current clinical practice (Fig. 3a). We
therefore split the cohort chronologically into visits before and after January 2019 and analysed
the rates separately (Table 2). Although the proportion of AF patients with HASBLED >3 was
consistently higher in the SMI group (77% vs 61%, p < 0.001), from 2019 onwards there was
no longer evidence of a significant difference in overall anticoagulation rates between AF
patients with and without co-morbid SMI having a CHA2DS2-VASc >2 (56% vs 63%, p =
0.35) (Table 2). In the non-SMI group, the proportion of patients with a CHA2DS2-VASc >2
prescribed any OAC significantly increased between the two timepoints (51%—63%, p <0.001)
as did the proportion of patients at high risk of bleeding (52%—61%, p < 0.001).

76



We also split OAC prescribing in each group into warfarin vs DOAC use, finding qualitatively
similar trends in both patient groups, with Warfarin use decreasing and DOAC use increasing

over time (Fig. 3b). DOAC prescribing rates now exceed warfarin rates in both groups.

Fig 1. Cohort selection.

KCH patients with Excluded (age, death,

mention of AF ) date range, admission)

n=21546 n= 4630

Included KCH patients Non-SMI patients Non-SMI patients
with mention of AF included in the analysis prescribed OAC
n=16916 n=16451 n=8822

SMI patients included SMI patients

in the analysis prescribed OAC

n=465 n=199
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Table 1. Characteristics of study cohort.

Group Factor All AF | SMI Not SMI P-value
Patients (N=465) (16451)
(N=16916)
Demographics Age 71.88
75.61 (12.99) | (13.92) 75.72 (12.95) | <0.001
Male 9443 (55.8%) | 259 (55.7%) | 9184 (55.8%) | 1.0
CHA2DS2-VASc vascular disease 6120 (36.2%) | 214 (46.0%) | 5906 (35.9%) | <0.001
Components Age 65-74 3846 (22.7%) | 122 (26.2%) | 3724 (22.6%) | 1.0
stroke 8637 (51.1%) | 312 (67.1%) | 8325 (50.6%) | <0.001
hypertension 12596
12981 (76.7%) | 385 (82.8%) | (76.6%) 0.085
Female 7473 (44.2%) | 206 (44.3%) | 7267 (44.2%) | 1.0
congestive heart
failure 5862 (34.7%) | 210 (45.2%) | 5652 (34.4%) | <0.001
diabetes mellitus | 6146 (36.3%) | 234 (50.3%) | 5912 (35.9%) | <0.001
Age =75 10053 (59.4%) | 230 (49.5%) | 9823 (59.7%) | <0.001
HAS-BLED alcohol 740 (4.4%) 72 (15.5%) | 668 (4.1%) <0.001
Components bleeding 9856 (58.3%) | 352 (75.7%) | 9504 (57.8%) | <0.001
drugs increasing
bleed risk 659 (3.9%) 21 (4.5%) 638 (3.9%) 1.0
abnormal renal
function 7873 (46.5%) | 301 (64.7%) | 7572 (46.0%) | <0.001
uncontrolled
hypertension 0 (0.0%) 0 (0.0%) 0 (0.0%) 1.0
stroke 8637 (51.1%) | 312 (67.1%) | 8325 (50.6%) | <0.001
abnormal liver
function 1696 (10.0%) | 83 (17.8%) | 1613 (9.8%) | <0.001
HAS-BLED Score |0 883 (5.2%) 11 (2.4%) 872 (5.3%) 0.28
1 2960 (17.5%) | 37 (8.0%) 2923 (17.8%) | <0.001
2 4430 (26.2%) | 80 (17.2%) | 4350 (26.4%) | <0.001
3 4419 (26.1%) | 144 (31.0%) | 4275 (26.0%) | 0.75
4 3249 (19.2%) | 123 (26.5%) | 3126 (19.0%) | <0.01
S 862 (5.1%) 64 (13.8%) | 798 (4.9%) <0.001
6 107 (0.6%) 6 (1.3%) 101 (0.6%) 1.0
7 6 (0.0%) 0 (0.0%) 6 (0.0%) 1.0
total 2.55(1.3) 3.18(1.27) |2.53(1.29) <0.001
CHA2DS2-Vasc 0 381 (2.3%) 6 (1.3%) 375 (2.3%) 1.0
Score 1 778 (4.6%) 11 (2.4%) 767 (4.7%) 1.0
2 1468 (8.7%) 24 (5.2%) 1444 (8.8%) |0.33
3 2232 (13.2%) |43 (9.2%) 2189 (13.3%) | 0.54
4 2789 (16.5%) | 72 (15.5%) | 2717 (16.5%) | 1.0
5 2866 (16.9%) | 85(18.3%) | 2781 (16.9%) | 1.0
6 2774 (16.4%) |91 (19.6%) | 2683 (16.3%) | 1.0
7 2123 (12.6%) | 72 (15.5%) | 2051 (12.5%) | 1.0
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8 1138 (6.7%) | 45(9.7%) | 1093 (6.6%) | 0.54
9 367 (2.2%) 16 (3.4%) [351(2.1%) |1.0
Total 4.72 (2.08) 528 (1.96) | 4.7 (2.08) <0.001

Anticoagulation Any OAC 9021 (53.3%) | 199 (42.8%) | 8822 (53.6%) | <0.001

Status Warfarin 4086 (24.2%) | 56 (12.0%) | 4030 (24.5%) | <0.001
DOAC 4935 (29.2%) | 143 (30.8%) | 4792 (29.1%) | 1.0

Note: Age, stroke and bleeding total scores are shown as mean (SD) and tested with a t-test,
all other values are N (%) and tested with a chi-squared test.

Fig 2. CHA2DS2-VASc and HASBLED scores for the entire AF cohort (SMI and non-SMI)

at their most recent hospital admission.
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Table 2. Anticoagulation rates for the AF cohort at high risk of stroke, stratified by SMI status

and time.
Time Factor All AF SMI Not SMI P-
Patients value
HAS-BLED >3 8248
8582 (54.5%) | 334 (74.6%) | (53.9%) <0.001
Any OAC 8311
8506 (54.0%) | 195 (43.5%) | (54.3%) <0.001
All Warfarin 3784
3839 (24.4%) | 55 (12.3%) | (24.7%) <0.001
DOAC 4527
4667 (29.6%) | 140 (31.2%) | (29.6%) 1.0
N 15757 448 15309
HAS-BLED >3 2290
2409 (61.3%) | 119 (76.8%) | (60.6%) <0.001
Any OAC 2391
2019- 2477 (63.0%) | 86 (55.5%) | (63.3%) 0.35
2020 Warfarin 500 (12.7%) | 15 (9.7%) 485 (12.8%) | 1.0
DOAC 1906
1977 (50.3%) | 71 (45.8%) | (50.5%) 1.0
N 3932 155 3777
HAS-BLED >3 5942
6157 (52.2%) | 215 (73.4%) | (51.7%) <0.001
Any OAC 5903
6012 (51.0%) | 109 (37.2%) | (51.3%) <0.001
2011- Ry 3294
2018 arfarin
3334 (28.3%) | 40 (13.7%) | (28.6%) <0.001
DOAC 2609
2678 (22.7%) | 69 (23.5%) | (22.7%) 1.0
N 11795 293 11502

Note: only patients with CHA2DS2-VASc > 2 are included. All values are N (%) and tested

with a chi-squared test.
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Fig 3.a Trend in anticoagulation rate over time by SMI diagnosis for AF patients at high risk
of stroke (CHA2DS2-VASc >2).

0.7 -
Group /
Non-SMI 4

- SMI

OAC rate
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Discharge date

Note: Rates were aggregated on a 6-months level and limited to 2020-06-30 as the last complete
six months in the dataset.

Fig 3.b. Trend in anticoagulation rates over time split by SMI diagnosis and type of OAC for
AF patients at high risk of stroke (CHA2DS2-VASc>2).

Group = Non-SMI Group = SMI

Drug
—— DOAC
Warfarin

Rate
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20'12 20l13 20‘14 20'15 20'16 20'17 20l18 20'19 20'20
Discharge Date

Discharge Date

Note: Rates were aggregated on a 6-months level and limited to 2020-06-30 as the last complete
six months in the dataset. DOAC = direct acting oral anticoagulant.
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4. Discussion

This study provides insights on the oral anticoagulation (warfarin vs DOACSs) prescription rate
among AF patients with and without a co-morbid SMI using electronic health records.
Compared to non-SMI patients, those with SMI had more comorbidities and significantly
higher CHA2DS2-VASc and HASBLED scores. Among AF patients having CHA2DS2-VASc
>2, those with co-morbid SMI were less likely than non- SMI patients to be prescribed any
OAC, particularly warfarin (but not DOACs). However, there was no evidence of a significant

difference between the two groups since 2019.

Our findings are in line with previous research showing that there is a treatment gap between
SMI and non-SMI patients (Fenger-Gron et al., 2021; Jaakkola et al., 2021; Schmitt et al.,
2015). Using the Veterans Health Administration database (n = 12 190), Schmitt et al. (2015)
reported that warfarin eligible patients with psychotic disorders (n = 122) were less likely to
receive the treatment compared to controls (AOR 0.77; 95% CI, 0.65-0.90). A nationwide
cohort study in Finland (n = 239 222) reported that diagnoses of bipolar disorder (n = 1129)
(adjusted subdistribution hazard ratio (aSHR): 0.838; 95% CI 0.824 to 0.852) and
schizophrenia (n = 1560) (aSHR 0.838; 95% CI 0.824 to 0.851) were associated with lower
rates of oral anticoagulation therapy in AF patients after adjusting for multiple confounders
(age, sex, stroke, and bleeding risk factors) (Jaakkola et al., 2021). Similarly, using a Danish
nationwide cohort (n = 147 810), Fenger-Gron et al. (2021) reported that among newly AF
diagnosed patients, bipolar disorder (n = 1208) and schizophrenia (n = 572) were associated
with a significantly lower frequency of oral anticoagulation therapy initiation adjusting for age
and sex (bipolar: — 12.7%, 95% CI: — 15.3% to — 10.0%; schizophrenia: — 24.5% 95% CI: —
28.3% to — 20.7%). Anticoagulation treatment deficit remained significant after the
introduction of DOACs (analysis performed between 2013 and 2016) among patients with

schizophrenia but not among those with bipolar disorder (Fenger-Gron et al., 2021).

In this study, we report that there was no evidence of a significant difference in anticoagulation
prescription rates between SMI and non-SMI AF patients after 2019 suggesting an
improvement in anticoagulation therapy among a population considered at high risk of adverse
events. However, the prescription rate of any OAC only reached 44% among SMI patients and
54% among non-SMI patients whose CHA2DS2-VASc >2. This means that up until 2020, a
large proportion of AF patients was not prescribed an OAC despite being at high risk of stroke.

Previous studies have attributed OAC treatment deficit to concerns about the increased
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bleeding risk although no previous research has shown that the benefits of the treatment are

offset by this risk (Paradise et al., 2014; Rutherford et al., 2018; Schauer et al., 2005).

Instead, according to NICE guidelines, people with high bleeding risk score should be managed
for factors increasing the bleeding risk such as uncontrolled hypertension, alcohol, and relevant
medications (Linden, 2014). Our findings suggest that clinicians are adhering to these
guidelines as despite higher HASBLED scores, there was an increase in OAC prescription rates

among AF patients particularly those with co-morbid SMI.

Labile INR is another issue for people on warfarin. People with mental illness on warfarin
spend less time in therapeutic range and have a higher proportion of sub- and supra-therapeutic
INR values compared to the general population (Maki et al., 2013; Razouki et al., 2014; Rose
et al., 2010). Given the larger therapeutic range and the simpler dosing regimen, DOACs may
be better alternatives in people with active features of mental illness (January et al., 2019). This
was practically noted in our population as DOAC prescribing rate has shown a substantial
increase over time (2011-2020) while warfarin use has decreased. Despite being younger, AF
patients with SMI had higher stroke and bleeding risks (measured by the CHA2DS2-VASc and
HASBLED scores) compared to non-SMI patients, mainly due to the higher prevalence and
incidence of physical comorbidities (Correll et al., 2017; Lai et al., 2020, 2022). This is in line
with previous studies assessing associations and outcomes of atrial fibrillation in patients with
mental illness. In a Danish nationwide cohort study, people with schizophrenia had a crude 5-
year hazard ratio (HR) of 3.16 (95% CI 1.78 to 5.61) for fatal thromboembolic events, with
trends towards increased risks of bleeding (1.37; 95% CI: 0.99 to 1.90) (Segaard et al., 2017).
Similarly, another study reported that patients with psychiatric illness (including schizophrenia,
affective psychosis, and other nonorganic psychosis) receiving warfarin had an increased risk
of intracranial haemorrhage (adjusted HR1.5; 95% CI: 1.04, 2.1), gastrointestinal bleeding
(adjusted HR 1.2; 95%CI: 1.03, 1.4) and stroke (adjusted HR 1.4; 95% CI: 1.1, 1.7) (Schauer
et al., 2005). A recent meta-analysis reported that AF patients with any mental health condition
were at 25% higher adjusted ischemic stroke risk (RR 1.25, 95%CI: 1.08—1.45) and 17% higher
bleeding risk (RR 1.17, 95%CI: 1.08—1.27) compared to patients without mental illness (Teppo
et al., 2021).

Our study has limitations. First, the analysis is based on data extracted from electronic health

records using an NLP-based approach. Although the major variables were manually validated
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in our analysis (accuracy: 96% for AF, 95% for SMI, 80% for CHA2DS2VASc), and MedCAT
(Kraljevic et al., 2021) has been validated in a number of sites for various conditions, it is likely
that our automatically extracted variables contain errors. However, the issue of accuracy is not
only limited to our approach but is an issue with conventional EHR data, where even in
seemingly robust registries data accuracy is not universally high (Faxon and Burgess, 2016;
Poulos et al., 2021). Second, the study population was limited to patients admitted to the
hospital as they tend to have more accurately recorded data, especially in terms of drug
prescription, therefore may not be fully representative of the overall population. Additionally,
it was not possible to reliably distinguish whether OAC prescription was from the community
or the hospital by searching for data in the discharge summaries as they included information
about the medical history and medications prescribed prior to admission. Third, NICE
guidelines now recommend ORBIT rather than HASBLED as a bleeding risk assessment tool,
however, by the time the new guidelines were released (2021) data extraction and validation
were completed. Given that there is little difference in sensitivity and specificity between the
two tools we proceeded with HASBLED. Fourth, the co-morbidities captured in this study were
restricted to the CHA2DS2-VASc and HAS- BLED components. This approach allowed us to
focus on a set of variables for which we could validate our pipeline and are accepted as
clinically relevant in this context, but other risk factors associated with increased risk of poor
outcomes in AF patients with co-morbid mental illness may not have been recorded. Fifth, rates
were aggregated on a 6-months level for the trend analysis with patients contributing only once
to the interval (most recent admission within the interval) and more than once to different
intervals. Patients with multiple admissions could be a potential cause of bias, however, the
risk is low knowing that most patients included in the study had only 1 admission (71% had
only 1 admission, 92% had at most 3 admissions and 93% had at most 5 admissions). Finally,
this study was conducted over a period of 10 years in one hospital, part of King’s Health
Partners, an Academic Health Sciences Centre which prioritises mind-body care and awareness
of inequities. Although findings of this study may be generalizable, particularly as it covers a
large population, further research should be done in other organizations using different

electronic health records to validate the data.

In this study, oral anticoagulation prescription rate has shown an increasing trend among both
SMI and non-SMI patients with no evidence of a significant difference between the two groups
since 2019 in one major London teaching hospital. A substantial rise in DOAC prescription

was noted among all AF patients regardless of their SMI status. AF patients with comorbid
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mental illness had high stroke and bleeding risks mainly attributed to the increased prevalence
and incidence of contributing risk factors. More research is needed to confirm whether the
introduction of DOAC:s has reduced OAC treatment gap between SMI vs non-SMI patients and
whether the use of DOACS has improved the health outcomes in people with SMI.
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Abstract

Objective: This study aims to identify how mental illness severity interacts with oral

anticoagulant (OAC) patterns among people with atrial fibrillation (AF).

Methods: AF patients with comorbid mental illness (classified using ICD-10) were identified
from the South London and Maudsley Biomedical Research Centre Case Register. CHA2DS2-
VASc and ORBIT scales were used to calculate stroke and bleeding risks, respectively,
whereas Health of the Nation Outcome Scales (HoNOS) assessment was used for functional

impairment.

Results: Overall, 2,105 AF patients were identified between 2011 and 2019. Serious mental
illness (SMI) was associated with lower prescription of any OAC (adjusted risk ratio [aRR]:
0.94; 95% CI, 0.90-0.99). A total of 62% of SMI patients at high risk of stroke were not
prescribed an OAC. In the AF cohort, alcohol or substance dependence and activities of daily
living (ADL) impairment were associated with lower prescription of warfarin (aRR: 0.92; 95%
CI, 0.86—0.98 and aRR: 0.96; 95% CI, 0.93-0.99, respectively). Among people with AF and
SMI, warfarin was less likely to be prescribed to people with self- injury (aRR: 0.84; 95% CI,
0.77-0.91), hallucinations or delusions (aRR: 0.92; 95% CI, 0.85-0.99), ADL impairment
(aRR: 0.91; 95% CI, 0.84-0.99), or alcohol or substance dependence (aRR: 0.92; 95% CI,
0.87-0.98). Among people with AF and comorbid substance use disorder, self-injury (aRR:
0.78; 95% CI, 0.64-0.96), cognitive problems (aRR: 0.84; 95% CI, 0.70-0.99), and other
mental illnesses (aRR: 0.83; 95% CI, 0.70-0.99) were associated with lower prescription of

warfarin.
Conclusions: An OAC treatment gap for AF patients with comorbid SMI relative to other

mental illnesses was identified. The gap was wider in those with dependence comorbidities,

positive symptoms, self-injury, or functional impairment.
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Clinical points

* Non-initiation of oral anticoagulation therapy among eligible atrial fibrillation (AF) patients
with mental illness could be a missed opportunity to prevent stroke occurrence.

« I[f a patient presents with AF and comorbid mental illness, clinicians should consider assessing
the stroke and bleeding risks using the CHA2DS2-VASc and ORBIT scales, respectively, to
determine if they are eligible for oral anticoagulation therapy.

* When obstacles to indicated anticoagulation are present, such as mental illness—associated

factors or high bleeding risk, these should be actively managed.
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INTRODUCTION

Atrial fibrillation (AF) is a common arrhythmia characterized by an irregularly irregular pulse.1
Compared to the general population, people with AF are 5 to 7 times more likely to have a
stroke.! Oral anticoagulant (OAC) therapy has been effective in reducing the risk of stroke by
64% and the risk of death by 26% in people with AF2 According to the National Institute for
Health and Care Excellence (NICE) guidelines, people with AF should be prescribed a direct-
acting oral anticoagulant (DOAC) (such as dabigatran, edoxaban, apixaban, or rivaroxaban) or

a vitamin K antagonist (VKA) (such as warfarin) when at high risk of stroke as measured by

CHA»DS»>-VASc score.3:4

Previous studies®—/ have shown that people with AF and comorbid mental illness, including
depression, anxiety, or serious mental illnesses such as schizophrenia and bipolar disorder, are

less likely than those with no mental illness to be prescribed an OAC for AF-related stroke

prevention. Similarly, a systematic review® assessing the prevalence, safety, and outcomes of
OAC use showed that people with dementia had 52% lower odds of being prescribed an OAC
compared to people without dementia. Non-initiation of the therapy could be a missed
opportunity to prevent stroke occurrence in patients with mental illness who could be safely

treated.

The lower rate of OAC in AF patients with comorbid mental illness is multifactorial. People

with mental illness may experience cognitive difficulties, impaired self-care, and/or difficulties

in adhering to a medication regimen due to the active features of illness.9-11 Additionally,
VKAs such as warfarin require continuous dose titration and monitoring of the international

normalized ratio (INR), which can be demanding for people with serious mental illness (SMI)

and dementia.9>12 OAC prescription rates may also be affected by the increased bleeding risk

associated with the antithrombotic effect of some psychotropic medications, increased rates of

alcohol use in people with SMI, or frailty among people with dementia.9-13 DOACs may be

better alternatives as they do not require INR monitoring and have fewer drug, alcohol, and
food interactions compared to warfarin. 12 Fragmented medical care could create additional

barriers for the management of physical conditions like AF. 14
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The health and social functioning of people with SMI in the United Kingdom is routinely

assessed using the Health of the Nation Outcome Scales (HoNOS). 15 Many studies16-19 have
examined the association between the severity of various mental health conditions and all-
cause mortality risk including AF-related stroke, but little is known on whether the risk is

attributed to lower prescription of antithrombotic treatment.

This study aims to (i) identify the relative rates of recorded prescription of OAC among people
with AF and comorbid dementia, SMI, substance use disorder, and other mental illnesses in
secondary mental health care; and (ii) evaluate the association between mental illness severity

and functional impairment and OAC prescription in eligible patients.

METHODS
Cohort Selection

This retrospective cohort study included patients identified from the South London and

Maudsley NHS Foundation Trust (SLM) Biomedical Research Centre (BRC) Clinical Records

Interactive Search (CRIS) system.20 SLM is one of Europe’s largest mental health care
providers, serving 4 London boroughs (Lambeth, Southwark, Lewisham, and Croydon) with
service provision including inpatient and community services. CRIS is an ethically approved
data retrieval and extraction platform that allows access to deidentified electronic health
records of secondary mental health service users from SLM (excluding patients who opt out

from having their records included in CRIS).

The cohort was composed of a defined group of AF patients, aged > 18 years, who were active
patients in SLM at any point over a 9-year period between January 1, 2011, and December 31,
2019. Active was defined as having at least two face-to-face community contacts or one
inpatient admission to SLM during the study period with at least one of the community contacts

or admissions being in the 5 years up to window end (from January 1, 2015).

AF was identified by searching for the following keywords in patients’ clinical notes: atrial
fibrillation, afib, a fib, A fibrillation, irregularly irregular pulse, pulse irregularly irregular,
and irreg irreg. Identified patients were grouped into diagnostic categories based on the latest

mental illness diagnosis (recorded in the structured fields) received during the study period.
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Using the /CD-10 classification, the mental illnesses were categorized as follows: dementia
(FOO-F03); SMI (schizophrenia and other non-mood psychotic disorders [F20—F29], mania
[F30], bipolar disorder [F31], and severe depression with psychotic symptoms [F32.3]);
substance use disorder (F10-F19); and common mental disorders (depression [F32—F33,
except F32.3]; persistent mood affective disorder [F34]; neurotic, stress-related, and

somatoform disorders [F40-48]; and disorders of adult personality and behavior [F60—69]).
Study Characteristics

To assess the appropriateness of OAC prescription in people with AF, NICE guidelines

recommend a comprehensive assessment of the stroke and bleeding risks using the CHA»DS»-
VASc and ORBIT scales, respectively.4 CHA2D82-VASC21 components include age, sex,

history of congestive heart failure, hypertension, stroke, vascular disease, and diabetes,

whereas ORBIT22 components include sex, hemoglobin or hematocrit levels, age, bleeding

history, glomerular filtration rate, and treatment with antiplatelet agents.

Physical comorbidities were ascertained from electronic health records’ free text during the
defined timeframe. Natural language processing (NLP) applications previously validated in

SLM were used to detect the presence of physical comorbidities like hypertension, diabetes,
and stroke.23 NLP applications had not been developed for physical conditions like congestive
heart failure, vascular disease, and bleeding; thus, these conditions were searched for in the
clinical notes using specific keywords. Before calculating CHA»DS»- VASc and ORBIT
scores, the presence of each physical comorbidity component of the CHA»DS»-VASc and

ORBIT scales was manually validated on a random sample of 40 patients taken from the cohort.
The validation process was conducted by two independent researchers (D.F. and A.D.). The

reported similarity was 95.6%.

Psychotropic medications (including non-clozapine oral antipsychotics, long-acting injectable
antipsychotics, clozapine, antidepressants, and lithium), antiplatelet agents, and antithrombotic
prescriptions of OACs (apixaban, rivaroxaban, dabigatran, edoxaban, warfarin) were extracted

from free text clinical notes within the defined timeframe using previously validated NLP

applications.23 24
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Mental illness severity was measured using the most recent HoNOS score. 15 The HoNOS are
composed of 12 items: agitated behavior, self-injury, alcohol or drug use, cognitive problems,
physical illness or disability, hallucinations and delusions, depressed mood, mental and

behavioral problems, relationship problems, activities of daily living (ADL) problems, living

conditions problems, and occupational problems. 15 The response options follow the format of

(0) not a problem, (I) minor problem requiring no action, (2) mild problem but definitely

present, (3) moderately severe problem, and (4) severe to very severe problem. 15 In this study,
the HoNOS items considered relevant were self-injury, alcohol or drug use, cognitive
problems, physical illness or disability, hallucinations and delusions, depressed mood, other
mental and behavioral problems, and ADL problems. Due to the limited numbers in some
categories, the HONOS items were condensed to 2 response options in the analysis: < 1
representing no problem or minor problem requiring no action, and > 2 representing significant

problem.
Statistical Analysis

Descriptive variables are presented in the text and tables. Categorical variables were presented

as counts and percentages and compared using a xz test, whereas continuous variables were
presented as means and standard deviations and compared using the Student ¢ test. Multivariate
analyses using a Poisson regression model with a robust standard error were conducted to
examine the association between the various mental illnesses (described in the preceding
paragraphs) and the prescription of OACs (categorized as DOAC or warfarin) among people
with AF. A Poisson regression model was also used to study the association between mental
illness severity (as measured by HoNOS) and OAC prescription in the full AF cohort and
among the following subgroups: AF with comorbid dementia, AF with comorbid SMI, AF with
comorbid substance use disorder, and AF with comorbid common mental disorders. All relative

risks were adjusted for age, sex, and total CHA7pDS>- VASc and total ORBIT scores. All

statistical analyses were performed in R. A P value < .05 was considered significant.
Ethical Approval

This study was conducted using CRIS, an anonymized dataset approved for secondary analyses
by the Oxfordshire Research Ethics Committee C (reference 08/H0606/71). The project (ID:
21-047) was approved by the CRIS Oversight Committee.
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RESULTS
Cohort Identification

On the basis of the search strategy described in the Methods section, we identified 2,105 active
patients with a diagnosis of AF in their electronic mental health record during the study period.
Among these patients: 48% were last diagnosed with dementia, 12% with SMI, 3% with
substance use disorder, and 37% with a common mental disorder. Table 1 shows the
characteristics of the study cohort. Overall, patients with SMI or substance use disorders were
younger than those with dementia or common mental disorders. The proportion of people
having cognitive problems, physical illness, or ADL impairment was high among the entire AF

cohort.

CHAZDSZ-VASc and ORBIT Scores

Table 2 shows the distribution of AF patients across the various CHA>DS»-VASc and ORBIT

components stratified by mental health status. The proportion of patients having comorbid
hypertension, diabetes, or vascular diseases was significantly higher (P <.001) among patients
with SMI compared to those having dementia (despite the younger overall age of people with
SMI), substance use disorders, or common mental disorder. However, the mean CHA DS -
VASc score and mean ORBIT score were significantly higher (P < .001) in people with
dementia compared to all other categories. The stroke and bleeding scores were significantly
lower (P <.001) among people with substance use disorders compared to people with SMI or

common mental disorders.
Oral Anticoagulant Prescription

Among AF patients having a CHA»DS»-VASc score > 1, 53% of those with dementia, 38%

of those with SMI, 37% of those with substance use disorder, and 49% of those with common
mental disorders were prescribed an OAC. OAC prescription was significantly lower among
people with an SMI diagnosis, compared to a dementia (P <.001) or a common mental disorder
(P =.004) diagnosis. Multiple regression analysis using a Poisson regression model with robust

standard errors also showed that with adjustment for age, sex, and CHA»DS»-VASc and

ORBIT scores, SMI compared to non-SMI (dementia, substance use disorders, and common
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mental disorders) was associated with lower prescription of any OAC (adjusted risk ratio

[aRR]: 0.94; 95% CI, 0.90-0.99) (Figure 1).

Noteworthily, among people with AF and dementia, the mean ORBIT score was higher among
patients who were not prescribed (vs prescribed) an OAC (mean [SD]: 1.98 [1.14] vs 1.81
[1.12], P=.018). However, among people with SMI, those not prescribed an OAC had a lower
bleeding risk (mean [SD]: 1.40 [1.41] vs 1.98 [1.38], P =.002) than those prescribed OAC. No
significant difference in the bleeding risk between those prescribed versus not prescribed an
OAC was noted among people with substance use disorder or common mental disorder (Table

3).

When analyzing the effect of mental illness severity (measured by HONOS) on the prescription
of OAC in the full AF cohort, we found that alcohol or substance dependency was associated
with lower prescription of any OAC, particularly warfarin. Warfarin was also less likely to be

prescribed to people with ADL impairment.

When the AF cohort was stratified by mental illness, we found that among people with
comorbid SMI, alcohol or substance dependence and ADL impairment were associated with
lower prescription of any OAC. Warfarin was also less likely to be prescribed to people with
SMI having serious self-injury, alcohol or substance dependency, hallucinations or delusions,
or ADL impairment (comparing people with SMI having significant problems related to these
domains to those having no or minor problems requiring no action). Among people with AF
and comorbid substance use disorder, having significant self-injury problems, cognitive
problems, or other mental illnesses was associated with lower prescription of warfarin. No
association between these HONOS components and OAC prescription was noted among people

with dementia or common mental disorders (Table 4).
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Table 1. Characteristics of study cohort?

Factor Dementia SMI Substance Common
(N=1013) (N=245) Use Disorders Mental
(n=69) Disorders
(N=778)
Age (mean (SD)) 84.92 (6.74) | 65.73(17.85) | 60.43 (12.56) | 75.10 (15.73)
Sex-Male (number/%) 438 (43.2) 141 (57.6) 55(79.7) 370 (47.6)
Ethnicity (number/%)
White 773 (76.3) 118 (48.2) 63 (91.3) 599 (77.0)
Black 127 (12.5) 103 (42.0) 3(4.3) 57 (7.3)
Asian 30 (3.0) 13 (5.3) 1(1.4) 23 (3.0)
Other 33(3.3) 6 (2.4) 1(1.4) 32 (4.1)
Index of Multiple Deprivation score (mean
(SD)) 23.81(10.40) | 26.73 (9.50) | 24.39(8.91) | 24.97(10.86)
Education, highest level (number/%)
4 level 32 (3.2) 34 (13.9) 5(7.2) 34 (4.4)
GCSE 23 (2.3) 19 (7.8) 2(2.9) 31 (4.0)
No qualifications 110 (10.9) 21 (8.6) 10 (14.5) 69 (8.9)
University 45 (4.4) 69 (28.2) 7(10.1) 62 (8.0)
Medication (number/%)
Non-clozapine non-depot 215 (21.2) 225 (91.8) 17 (24.6) 207 (26.6)
Non-clozapine depot 34 (3.4) 115 (46.9) 4(5.8) 23 (3.0
Clozapine 5(0.5) 60 (24.5) 1(1.4) 3(0.4)
antidepressant 387 (38.2) 145 (59.2) 42 (60.9) 516 (66.3)
HoNOS scores (12 domains; number/%)
Overactive, aggressive, disruptive, or
agitated behavior
<1 788 (77.8) 199 (81.2) 18 (26.1) 561 (72.1)
>2 196 (19.3) 39 (15.9) 3(43) 95 (12.2)
Self-injury
<1 972 (96.0) 231 (94.3) 17 (24.6) 609 (78.3)
>) 12 (1.2) 7(2.9) 4(5.8) 46 (5.9)
Problem drinking or drug taking
<1 968 (95.6) 225 (91.8) 7(10.1) 609 (78.3)
>) 16 (1.6) 13 (5.3) 14 (20.3) 44 (5.7
Cognitive problems
<1 128 (12.6) 159 (64.9) 15 (21.7) 403 (51.8)
>2 856 (84.5) 79 (32.2) 6 (8.7) 248 (31.9)
Physical illness or disability problems
<1 335 (33.1) 85 (34.7) 9 (13.0) 173 (22.2)
>2 648 (64.0) 153 (62.4) 12 (17.4) 482 (62.0)
Hallucinations and delusions
<1 877 (86.6) 131 (53.5) 19 (27.5) 582 (74.8)
>) 107 (10.6) 107 (43.7) 2(29) 71 (9.1)
Depressed moods
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<1 845 (83.4) 195 (79.6) 12 (17.4) 440 (56.6)
>) 139 (13.7) 42 (17.1) 9 (13.0) 214 (27.5)
Other mental problems
<1 662 (65.4) 142 (58.0) 11(15.9) 340 (43.7)
>2 304 (30.0) 96 (39.2) 10 (14.5) 308 (39.6)
Relationship problems
<1 838 (82.7) 167 (68.2) 17 (24.6) 504 (64.8)
>2 145 (14.3) 71 (29.0) 4(5.8) 150 (19.3)
Daily living problems
<1 338 (33.4) 136 (55.5) 11(15.9) 288 (37.0)
>) 646 (63.8) 102 (41.6) 10 (14.5) 367 (47.2)
Living conditions problems
<1 853 (84.2) 196 (80.0) 15 (21.7) 551 (70.8)
>2 116 (11.5) 41 (16.7) 5(7.2) 99 (12.7)
Occupational problems
<1 621 (61.3) 167 (68.2) 13 (18.8) 437 (56.2)
>2 361 (35.6) 70 (28.6) 8 (11.6) 214 (27.5)
Total HoNOS score (mean (SD)) 11.23(5.68) | 11.27(6.21) | 13.00(5.11) 11.29 (5.72)

241l values are N (%) unless otherwise specified.

Abbreviations: GCSE = General Certificate of Secondary Education, HONOS = Health of the Nation Outcome
Scales, SMI = serious mental illness.
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Table 2. Stroke and bleeding risks for people with atrial fibrillation stratified by mental illness status?

Factor Dementia SMI Substance Common
(N=1013) (N=245) Use Mental
Disorders Disorders
(n=69) (N=778)
CHA:DS:VASc
Age
<65 5(0.5) 104 (42.4) | 45(652) | 150(19.3)
651074 66 (6.5) 50 (20.4) I52L7) | 144 (18.5)
>75 942 (93.0) 91 (37.1) 9(13.0) | 484(62.2)
Hypertension 559 (55.2) 155(633) | 30(433) | 394 (50.6)
Diabetes 294 (29.0) 128(52.2) | 12074 | 209 (26.9)
Congestive Heart Failure 311 (307) 106 (433) 29 (420) 300 (386)
Stroke 298 (29.4) 72(294) | 15@L7) | 225(28.9)
Vascular disease 499 (49.3) 163 (66.5) | 26677 | 361 (46.4)
CHA:DS:VASc scores
0 0 (0.0) 10 (4.1) 15(21.7) 26 (3.3)
1 4(0.4) 18 (7.3) 7(10.1) 45 (5.8)
2 68 (6.7) 27 (11.0) I52L7) | 87(11.2)
3 182 (18.0) 43 (17.6) 13(188) | 117(15.0)
4 224 (22.1) 40 (16.3) 6(8.7) 164 (21.1)
s 212 (20.9) 37 (15.1) Y72 | 154(19.8)
6 174 (17.2) 31 (12.7) 730D | 94021
7 104 (10.3) 19 (7.8) 1d4 57(1.3)
8 35 (3.5) 13 (5.3) 0(0.0) 31 (4.0)
9 10 (1.0) 7(2.9) 0(0.0) 3 (0.4)
Total CHA:DS;VASc 2.52(1.98)
(mean (SD)) 4.72 (L.61) 4.21 (2.20) 4.16 (1.93)
ORBIT
Age >74 942 (93.0) 91 (37.1) 9(13.0) | 484(62.2)
Low Haemoglobin 0(0.0)
(<13g/dL in males & <12g/dL in
females) 1 (0.1) 6(2.4) 2(0.3)
Bleeding history 325 (32.1) 85(34.7) | 21G04 | 203(37.7)
¢GFR<60 mL/min/1.73 m? 22 (2.2) 29 (11.8) 0(0.0) 14 (1.8))
Antiplatelet 303 (29.9) 88(35.9) | 17(246) | 212(27.2)
ORBIT scores
0 33(3.3) 68 (27.8) 33(47.8) | 159 (20.4)
! 479 (47.3) 60 (24.5) 12074 | 249 (32.0)
2 187 (18.5) 58 (23.7) 17(24.6) | 133(17.1)
3 197 (19.4) 31(12.7) 6(8.7) 166 (21.3)
4 110 (10.9) 22 (9.0) 1(1.4) 68 (8.7)
o 7(0.7) 4(1.6) 0(0.0) 3 (0.4)
6 0 (0.0) 1(0.4) 0(0.0) 0 (0.0)
7 0 (0.0) 1 (0.4) 0(0.0) 0(0.0)
Total ORBIT (mean (SD)) 1.89 (1.13) 1.59 (1.41) | 099(1.10) | 167 (1.28)
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2All values are N (%) unless otherwise specified.

Abbreviations: eGFR = estimated glomerular filtration rate, SMI = serious mental illness.

Figl. Effect of mental illnesses on the prescription of oral anticoagulation therapy among people with

atrial fibrillation *
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*Adjusted estimates are adjusted for age, sex, total CHA2DS2VASC and total ORBIT scores. Estimates are
obtained using Poisson Regression model with robust standard errors. Dementia is compared to non-dementia
(including SMI, Substance Use Disorders and Common Mental Disorders). SMI is compared to non-SMI
(including Dementia, Substance Use Disorders and Common Mental Disorders). Common Mental Disorders are
comprated to SMI, Substance Use Disorders and Dementia. Substance Use Disorders is compared to SMI,
Dementia and Common Mental Disorders.
Abbreviations: DOAC = direct-acting oral anticoagulant, OAC = oral anticoagulant, SMI = serious mental illness.
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Table 3. OAC prescription rates and bleeding risks among AF people having a CHA2DS2VASc >=1

stratified by mental illness ?

Dementia SMI Substance Use | Common Mental
(N=1013) (N=235) Disorders Disorders
(n=54) (N="1752)
Any OAC 534 (52.7) 90 (38.3) 20 (37.0) 371 (49.3)
Warfarin 214 (21.1) 25 (10.6) 6(11.1) 127 (16.9)
DOAC 320 (31.6) 65 (27.7) 14 (25.9) 244 (32.4)
No OAC 479 (47.3) 145 (61.7) 34 (63.0) 381 (50.7)
ORBIT (mean 1.81 (1.12) 1.98 (1.38) 1.05 (1.19) 1.80 (1.23)
(SD)) of people
prescribed any
OAC
ORBIT (mean 1.98 (1.14) 1.40 (1.41) 1.18 (1.11) 1.64 (1.30)
(SD)) of people
NOT prescribed
any OAC

241l values are N (%) unless otherwise specified.
Abbreviations: AF = atrial fibrillation, DOAC = direct-acting oral anticoagulant, OAC = oral anticoagulant,
SMI = serious mental illness.
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Table 4. Association between the severity of mental illness (measured by HoONOS components) and the prescription of oral anticoagulation therapy among

people with atrial fibrillation

AF cohort AF and co-morbid Dementia AF and co-morbid SMI
HoNOS Any OAC DOAC Warfarin Any OAC DOAC Warfarin Any OAC DOAC Warfarin
components
Self-injury 1.01 1.02 0.96 1.01 1.10 0.93 0.90 0.97 0.84
(0.93 - 1.09) (0.94 - 1.10) (0.89 - 1.04) (0.86 - 1.20) (0.92 - 1.32) (0.78-1.12) | (0.69-1.19) (0.74 - 1.28) (0.77 - 0.91)
Alcohol or 0.92 0.98 0.92 0.91 0.97 0.89 0.87 0.90 0.92
substance (0.85-0.99) (0.91 - 1.006) (0.86 - 0.98) (0.76 - 1.10) (0.81-1.17) (0.76 - 1.03) | (0.76 - 0.99) (0.79 - 1.03) (0.87-0.98)
dependency
Cognitive 0.97 0.97 0.99 0.97 0.97 1.01 0.95 0.95 0.94
problems (0.94 - 1.01) (0.93 - 1.00) (0.96 - 1.02) (0.91 - 1.02) (0.91 - 1.03) (0.94-1.07) | (0.86-1.04) (0.86 - 1.04) (0.86 - 1.03)
Physical illness or 1.00 1.03 0.98 1.00 1.03 0.98 1.04 0.98 1.04
disability (0.97 - 1.04) (0.99 - 1.006) (0.94 - 1.01) (0.96 - 1.05) (0.98 - 1.08) (0.93-1.03) | (0.94-1.14) (0.89 - 1.09) (0.95-1.13)
problems
Hallucinations or 0.97 0.99 0.99 0.96 0.96 1.02 0.96 1.01 0.92
delusions (0.93 - 1.01) (0.95-1.03) (0.95-1.03) (0.90 - 1.03) (0.90 - 1.04) (0.95-1.09) | (0.88-1.05) (0.93-1.11) (0.85-0.99)
Depressed moods 1.06 1.07 1.02 1.09 1.09 1.03 1.06 1.10 1.02
(1.03 - 1.10) (1.03 - 1.11) (0.98 - 1.05) (1.03 - 1.15) (1.02 - 1.16) (0.96-1.09) | (0.95-1.17) (0.99 - 1.23) (0.92-1.13)
Other mental 1.05 1.05 1.00 1.05 1.05 1.01 1.03 1.03 1.00
problems (1.02 - 1.08) (1.01 - 1.08) (0.97 - 1.04) (1.01 - 1.10) (1.00 - 1.10) (0.96-1.06) | (0.94-1.12) (0.94-1.12) (0.92 - 1.09)
Activities of daily 0.98 1.02 0.96 1.00 1.05 0.96 0.90 0.91 0.91
living problems (0.96 - 1.02) (0.98 - 1.05) (0.93 - 0.99) (0.96 - 1.05) (1.00 - 1.10) (0.92-1.01) | (0.83-0.98) (0.83 - 1.00) (0.84 - 0.99)
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Table 4 continued

AF and co-morbid Substance Use Disorder AF and co-morbid Common Mental Disorder
HoNOS components Any OAC DOAC Warfarin Any OAC DOAC Warfarin
Self-injury 0.86 0.89 0.78 1.04 1.01 1.00
(0.66 - 1.11) (0.67 - 1.18) (0.64 - 0.96) (0.95 - 1.15) (0.91 - 1.12) (0.90 - 1.11)
Alcohol or substance 1.05 0.90 0.93 0.95 1.03 0.94
dependency (0.79 - 1.40) (0.74 - 1.10) (0.71 - 1.21) (0.85 - 1.06) (0.92 - 1.14) (0.85-1.04)
Cognitive problems 0.97 1.00 0.84 0.95 0.94 0.98
(0.77 - 1.23) (0.81 - 1.24) (0.70 - 0.99) (0.90 - 1.00) (0.89 - 1.00) (0.92 - 1.03)
Physical illness or 1.04 1.00 0.97 0.99 1.02 0.95
disability problems (0.83 - 1.31) (0.82 - 1.23) (0.79 - 1.19) (0.93 - 1.05) (0.96 - 1.09) (0.89 - 1.01)
Hallucinations or 1.24 1.19 0.92 1.04 1.00 1.07
delusions (1.03 - 1.51) (1.01 - 1.40) (0.82 - 1.04) (0.97 - 1.12) (0.92 - 1.08) (0.99 - 1.16)
Depressed moods 1.06 1.11 0.96 1.05 1.04 1.02
(0.86 - 1.30) (0.92 - 1.34) (0.80 - 1.15) (0.99 - 1.10) (0.98 - 1.10) (0.97 - 1.08)
Other mental 1.07 1.12 0.83 1.06 1.04 1.01
problems (0.84 - 1.36) (0.90 - 1.38) (0.70 - 0.99) (1.01-1.12) (0.98 - 1.10) (0.96 - 1.07)
Activities of daily 0.99 0.96 0.84 1.00 1.00 0.98
living problems (0.75 - 1.32) (0.74 - 1.26) (0.67 - 1.06) (0.95 - 1.05) (0.95 - 1.06) (0.93-1.04)

AEstimates represent the relative risks with 95% confidence intervals. Estimates are adjusted for age, sex, total CHA2DS2VASC and total ORBIT scores. Estimates are
obtained using Poisson Regression model with robust standard errors. For each HoONOS domain, having a significant problem (score >2) was compared to having no or
minor problem requiring no action (score <1).

Abbreviations: AF = atrial fibrillation, DOAC = direct-acting oral anticoagulant, HONOS = Health of the Nation Outcome Scales, OAC = oral anticoagulant, SMI = serious
mental illness.
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DISCUSSION

This study provides insights into the relationship between mental illness severity and functional
impairment and the prescription of OAC, using electronic health records from a secondary mental

health service. After adjustment for age, sex, and CHA»DS»-VASc and ORBIT scores, patients

with AF and comorbid SMI were less likely to be prescribed any OAC compared to those with
dementia, substance use disorders, or common mental disorders. Alcohol or substance dependence
was associated with lower prescription of any OAC (particularly warfarin) both in the full AF
cohort and among people with AF and comorbid SMI. Among the full cohort of AF patients,
warfarin was less likely to be prescribed to those having ADL impairment, whereas among the
subgroup of AF patients with comorbid SMI, it was less likely to be prescribed to those having
serious self-injury, hallucinations or delusions, and ADL impairment. Self- injury, cognitive
problems, and other mental illnesses were associated with lower likelihood of warfarin prescription

among people with AF and comorbid substance use disorder.

Our findings suggest that 62% of AF patients with SMI considered at high risk of stroke
(CHA»DS»-VASc score > 1) were not prescribed OAC; surprisingly, this group had a significantly

lower mean ORBIT score than those prescribed an OAC. Although this finding could be partly
attributed to under recording of physical conditions in mental health care records (resulting in
physical conditions being missed thus a lower ORBIT score), it also tallies with the OAC treatment

gap between people with a diagnosis of SMI and the general population previously reported in the

literature. A recent s‘[udy25 evaluating anticoagulation prescription trends over the past 10 years

in a general hospital setting in the UK showed that among AF patients with a CHA>DS»-VASc
score > 2, those with SMI were less likely than the general population to be prescribed any OAC

(44% vs 54%, P < .001) until 2019, although since then the gap has diminished. Hojen et ald
recently reported that among people diagnosed with AF with comorbid schizophrenia, 34%
compared to 54% of those without schizophrenia were started on OAC treatment in the first year

after diagnosis. Although there was an overall increasing trend over time (2000-2018) in OAC
initiation (regardless of schizophrenia status), the disparity remained significant until 2018.9

Another Danish study6 showed that schizophrenia and bipolar disorder were significantly
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associated with lower frequency of OAC among people with AF. This was also confirmed by

Jaakkola et al,” who reported that any mental health condition, including bipolar disorder and

schizophrenia, was associated with lower OAC initiation.

Many studies16-19 have assessed the effect of mental illness—related symptoms and function on

outcomes such as mortality; however, none has looked at their effect on OAC prescription. Hayes

et all6 reported that mortality risk was significantly increased among people with ADL

impairment (HoNOS subscale) after controlling for many covariates, including physical health,

mental health symptoms and behaviors, and sociodemographic factors. Another study!7 looking
at associations between symptoms and mortality in people with SMI reported that mortality was

significantly associated with physical illness/disability but not with hallucinations and delusions.

The same study17 reported a positive association between subclinical depression and mortality
among people with schizophrenia. Most people with SMI, including bipolar disorder and

schizophrenia, do not die from the mental illness itself; instead, increased mortality is due to

physical health causes.26 The association between alcohol or substance dependence and the low
prescription of warfarin among people with AF, reported here, could be explained by the fact that

warfarin is relatively contraindicated in people with chaotic alcohol or substance dependence, as

it may increase patients’ bleeding risk.27 Additionally, the negative association of serious self-
injury, hallucinations or delusions, and ADL impairment with warfarin prescription rates among
people with SMI could be explained by the fact that it has many interactions and requires

continuous monitoring, as well as its toxicity in overdose.

Our study has limitations. First, the analysis is based on data extracted from electronic health
records using either an NLP-based or a keyword search approach. Although the major variables
were validated, the possibility of having errors in the data cannot be excluded. Second, extracting
data from mental health records means that under recording of physical conditions in the mental
health services could have influenced our results. Additionally, we may not have included those
for which the medication was listed in primary care only, which could have contributed to under
detection bias. However, our inclusion of only people with at least two contacts or an admission
was designed to mitigate this risk. Third, people with schizophrenia, bipolar disorder, mania, and

severe depression with psychotic symptoms were grouped under one category (SMI) due to the
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small number of people diagnosed with each condition. Thus, a comparison between these
conditions was not possible. Fourth, findings of this study represent associations between various
mental illnesses or mental illness severity with OAC prescription and do not necessarily imply
causality. Fifth, it is possible that the low prescription rates of OAC may not universally reflect
undertreatment, as they could be related to considered clinical decision making involving other,
unquantified, non-modifiable factors. Finally, although findings of this study may be
generalizable, particularly as it covers a large population, further research is needed in other
geographical areas to confirm generalizability and validate the results or electronic health record

searches.

Our study is the first to investigate the association between mental illness severity and the
prescription of OAC among people with AF. People with AF and comorbid SMI were less likely
to be prescribed any OAC compared to those with dementia, substance use, and common mental
disorders, with factors such as alcohol or substance dependence, ADL impairment, self-injury,
hallucinations or delusions, and significant cognitive problems negatively influencing the
likelihood of indicated OAC prescription. Future studies are required to validate the results and

confirm generalizability of the findings in other health care settings.
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PART 3- ELECTRONIC CLINICAL DECISION SUPPORT SYSTEM
(ECDSS) FOR MANAGEMENT OF AF-RELATED STROKE RISK

CHAPTER 5- OVERVIEW OF ECDSS
5.1 Definition of an eCDSS

An electronic clinical decision support system (eCDSS) is a software designed to analyse patient
data and accordingly help healthcare providers with clinical decision making (63). It can take the
form of an alert or reminder that provides clinicians with evidence-based guidelines towards

optimal preventive, diagnostic and treatment strategies (63).

ECDSSs consist of two main types: knowledge based, and non-knowledge-based (64). The
difference between the two lies in how information is processed and utilised for clinical decision
support (64). An eCDSS that uses a knowledge base to support clinicians relies on medical
knowledge mainly the scientific literature, clinical guidelines, and best practices (64). This type of
tools often operates under the if-then rule: if a specific scenario appears, an alert is issued (64).
However, a non-knowledge-based eCDSS relies more on data-driven approaches by using
artificial intelligence, machine learning and statistical modelling (64). This type operates by
analysing patterns found in patients’ data to determine relationships and accordingly make

predictions and recommendations (64).

ECDSSs offer many benefits including improving patient safety (by reducing medication errors,
identifying patients at risk, and adhering to clinical guidelines), enhancing the quality of care,
spreading knowledge, improving clinical efficiency, ensuring consistency in healthcare provision,
and improving documentation of clinical data (65). However, the tool has also some drawbacks
such as alert fatigue, overreliance, false positive recommendations, disruption of workflow, and
loss of autonomy (65-67). To maximize the benefits and minimize the drawbacks, ongoing
monitoring, evaluation, and improvement should be ensured when implementing an eCDSS in a

healthcare setting.
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5.2 Effectiveness of eCDSSs in the management of AF-related stroke

In a systematic review of 148 randomised controlled trial aiming to assess the effect of CDSSs on
healthcare processes, Bright et al. reported an improvement in preventive services (OR 1.42, 95%
CI 1.27 to 1.58), and prescription of appropriate therapies (OR 1.57, 95% CI 1.35 to 1.82) (61).
The study also reported a significant effect of CDSSs on morbidity (RR 0.88, 95% CI 0.80 to 0.96)
but not on mortality ((OR 0.79, 95% CI 0.54 to 1.15) (68). Similar findings were reported by Njie
et al. who additionally emphasised on the significant positive effect of CDSSs in treating diseases

(69).

ECDSSs for the management of AF and the stroke risk associated with it have been previously
assessed for effectiveness in multiple general hospital settings. While certain outcomes may vary
based on the healthcare setting and tool design, the cumulative evidence highlights the crucial role
of eCDSSs in improving the management of stroke related to AF and the quality of care to those

at risk (70-79).

A retrospective cohort study in Ohio involving 6123 patients evaluated a CDSS aiming to improve
warfarin prescription (70). The tool recommended the therapy for eligible patients based on a
tailored assessment of the risks and benefits (70). Although warfarin was recommended for 49%
of patients, only 10% received it (70). However, a trend towards a decreased risk of stroke with
the use of warfarin was noted among patients for whom the therapy was recommended, while an
increased risk of gastrointestinal bleeding was noted among patients for whom warfarin was given
and the CDSS recommended no use of warfarin (70).

Another study aiming to improve anticoagulation therapy through a computer software to support
clinical decisions in three primary care trusts in England reported an increase in anticoagulation
therapy from 53% to 60% (72). Similarly in Sweden, a cluster randomised trial involving AF
patients (n=1857) assessed the effectiveness of a CDSS in improving guideline-based prescription
of anticoagulation therapy in 43 primary care clinics (74). A significant increase in prescription of
the therapy was observed after 12 months although no effect on strokes, transient ischaemic attack,
or systemic embolism was noted in the study timeframe (74). Sheibani et al. also reported a

significant increase in guideline adherence regarding anticoagulation therapy (48% to 66%,
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p<0.0001) after implementing a CDSS for AF-related stroke management (N=373) (71). The
adherence trend was stable even during the post-intervention phase (78).

On the other hand, a Dutch cluster randomised controlled trial assessing a CDSS intended to
optimise stroke prevention in general practices by providing recommendations to prescribe oral
anticoagulation therapy based on the patient’s situation, could not demonstrate effectiveness
mainly due to the under use of the tool (73). Similarly, an observational study evaluating the
efficacy of a CDSS aiming to improve warfarin use among patients newly diagnosed with AF

(n=268), reported no impact of the tool on the behaviour of healthcare providers (71).

No studies have assessed the effectiveness of such digital tools in a mental healthcare setting
although research has shown that people with AF and co-morbid mental illness are less likely than
the general population to be prescribed oral anticoagulation therapy to reduce the risk of stroke
(60). Additionally, in our systematic review we found low recorded rates of AF in people with
SMI reflecting possible under-recognition or under-recording of the condition in this group (60).
Interventions aiming to improve the communication of physical conditions and risks between
physical and mental health services offer an opportunity for better identification, risk stratification
and, where needed, implementation of effective preventive measures. In the next chapter, the
adoption of an eCDSS to improve the standard of AF screening among people with mental illness

across secondary healthcare settings is described.
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CHAPTER 6- IMPLEMENTATION OF AN ECDSS TO SCREEN FOR STROKE RISK
AMONG PEOPLE WITH AF IN A MENTAL HEALTHCARE SETTING

Strokes associated with AF tend to be more severe and are more likely to cause disability and death
compared to non-AF strokes (80). Among people having a stroke history, the risk of subsequent
strokes significantly increases if AF is not managed (80).

Strokes can reduce the quality of life on many levels. It can affect the overall cognitive function
leading to difficulties performing activities of daily living (81). It can lead to emotional and
psychological consequences such as anxiety and depression (81). The ongoing care and the
medical expenses may also impose a financial burden on the patients and their carers (81). Thus,
preventive measures such as identification of stroke risk and early initiation of anticoagulation
therapy (when needed) could reduce morbidity and mortality, preserve cognitive function and

improve patients’ quality of life.

A digital alerting system to improve screening for stroke risk among people with AF and co-
morbid mental illnesses was developed with input from multi-disciplinary healthcare
professionals, academic health informatics department, the IT team and digital clinical safety team
at the host NHS Trust (SLaM). Mental Health of Older Adults (MHOA) wards at SLaM were
chosen for the implementation of the eCDSS as the prevalence of AF is greater in older adults.
The intervention was conducted in AL1 ward at Maudsley, Chelsham House at Bethlem and

Hayworth ward at Ladywell.

6.1 Clinical protocol

Based on NICE guidelines and inputs from general practitioners, psychiatrists (including juniors
and consultants), and pharmacists, a clinical protocol for the management and monitoring of AF-
related stroke in SLaM adult inpatients was developed. The protocol highlights possible symptoms
of AF and provides guidance on how to diagnose the condition and manage it based on stroke and
bleeding risks. The clinical protocol was approved by the SLaM Quality Centre and was posted on
the Maudsley intranet (physical health section) as a reference for clinicians dealing with patients

having AF (Fig 1).
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INHS

South London Atrial fibrillation related stroke:
and Maudsley monitoring and management in SLaM adult inpatients

NHS Foundation Trust

Symptoms
Often asymptomatic
ms can include breathlessness, palpitations, syncope or dizziness, or chest discomfort.

Diagnosis and detection

out symptoms.
In people with suspected AF undetected by 12-lead ECG recording:

a 24-hour ambulatory ECG monitor if asymptomatic/symptomatic Paroxysmal AF (PAF) episodes are
24 hours apart.

ambulatory ECG monitor, event recorder or other ECG technology for a period appropriate to d
ptomatic/symptomatic PAF episodes are more than 24 hours apart.

| AF confirmed
/ S

Clinical stroke risk assessment Clinical bleeding risk assessment
using the CHA,DS,-VASc scale using the ORBIT scale

I CHA;,DS,-VASc < 1 ] l CHA,DS,-VASc 2 1 I
I No antithrombotic treatment.
Review decision:

-On re-admission
-At the age of 65
-At any age when patient develops
diabetes, heart failure, peripheral
rial disease, coronary heart

, stroke, TIA or systemic
mbolism

Modifiable bleeding risk factors
-Uncontrolled hypertension (>160 1- Manage modifiable bleeding risk factors.
mmHg systolic) 2-Consider referral to an anticoagulation clinic to

-Harmful alcohol consumption
-Reversible causes of anaemia
-Concurrent medication (including
antiplatelets, SSRIs and NSAIDs).

v reduce the risk of stroke. v

1- Manage modifiable bleeding risk factors and discuss with anticoagulation clinic where not modifiable.
2- Review stroke and bleeding risks when clinically relevant events occur affecting anticoagulation or
bleeding risk.

Fig 1. Clinical protocol for the management and monitoring of AF-related stroke in SLaM adult inpatients
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6.2 Intervention protocol

The digital tool used for the eCDSS is CogStack which is an open-source information retrieval and
extraction system with the capability to offer near real-time natural language processing (NLP) of
electronic health records (EHR) (82).

The eCDSS prompts clinicians if patients with documented AF are admitted to the hospital under
their care. Alerts are triggered by the presence of old or new diagnosis of AF in clinical notes. The
previously developed Medical Concept Annotation Toolkit (MedCAT) was used as the underlying
NLP tool to detect mentions of AF in free text clinical notes, clinical document repository or under
physical health hub in electronic Patient Journey System (ePJS) (the main electronic patient notes
system in SLaM where EHRs are accessed) (83). To ensure that the model is performing well, we
conducted a validation exercise. All text documents (N=678,612) for all inpatients (N=699),
extracted on March 30, 2023, were annotated. Mentions of AF identified by the model (N=81)
were then manually labelled. The model performed reasonably well with metrics of Precision=

0.86, Recall=0.92, F1=0.89, and Accuracy= 0.81.

The eCDSS consists of a visual prompt on a patient electronic Personal Health Record (ePHR)
(platform connected to ePJS where all alerts are sent and where the Trust’s electronic prescribing
system (ePMA) is located). The targeted healthcare providers are psychiatrists (junior doctors and
consultants) and pharmacists, as they are the ones more likely to action the content of the alert.
Clinicians are prompted to confirm the presence of AF, complete clinical assessment of stroke and
bleeding risks using the CHA>DS,VASc and ORBIT scales, and record scores in the Physical
Health Hub (PHH) on ePJS. If patients are found to be at high risk of stroke, clinicians are
prompted to refer them to oral anticoagulation clinics.

The OAC referral pathway for patients identified as high risk for stroke involves several
coordinated steps. Clinicians are advised to refer high-risk patients to an appropriate OAC clinic
based on the patient's GP address. The OAC clinics are not located within the mental health wards
where the digital tool is implemented, meaning patients are typically seen by these clinics after
hospital discharge rather than during their admission. The referral process involves sending an
email to the OAC clinic, specifying that the patient has been diagnosed with AF and that both
stroke and bleeding risks have been assessed using the CHA2DS2-VASc and ORBIT scales.
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Additionally, clinicians are required to attach the patient's physical health summary to the referral
email. To to facilitate smooth communication and coordination of care, clinicians are provided
with the contact details (emails and phone numbers) of all the OAC clinics. In these clinics, a
specialist team is responsible for initiating and monitoring anticoagulation treatment, ensuring that
patients receive appropriate management based on their assessed risks. This structured pathway
aims to streamline the transition from risk assessment to treatment initiation, ensuring that high-
risk patients receive timely and effective anticoagulation therapy.
All training materials required to do this task were developed and made available on the MAUD
page (intranet page).This included:
e The clinical protocol for the management of AF-related stroke in SLAM adult
inpatients (Fig 2).
e Links to the CHAD>DS>VASc and ORBIT calculators.
CHA2DS2-VASc Score for Atrial Fibrillation Stroke Risk- MDCalc
ORBIT Bleeding Risk Score for Atrial Fibrillation- MDCalc

e NICE guidelines on the diagnosis and management of AF related stroke

Atrial fibrillation: diagnosis and management

e Step by step guidance on where to find the alerts on ePHR (Appendix B)
e Step by step guidance on how to record the stroke and bleeding risks in ePJS (Appendix
C)
e Step by step guidance on how to make a referral to an oral anticoagulation clinic
(Appendix C).
The study protocol was published on ClinicalTrials.gov (84).

The digital tool developed in this study does not qualify as a medical device because it does not
independently diagnose or recommend a specific medical intervention. Instead, the eCDSS
provides clinicians with relevant information and reminders based on existing clinical guidelines,
leaving the ultimate decision-making to the healthcare professional. By prompting clinicians to
consider stroke risk screening, the eCDSS functions more as a decision-support tool that

encourages adherence to best practices (85).
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https://slamonline.sharepoint.com/sites/svc-physicalhealth/SitePages/Cardiovascular-disease.aspx
https://slamonline.sharepoint.com/sites/svc-physicalhealth/SitePages/Cardiovascular-disease.aspx
https://www.mdcalc.com/calc/801/cha2ds2-vasc-score-atrial-fibrillation-stroke-risk
https://www.mdcalc.com/calc/10227/orbit-bleeding-risk-score-atrial-fibrillation
https://www.nice.org.uk/guidance/ng196
https://clinicaltrials.gov/study/NCT06014268?cond=electronic%20clinical%20decision%20support%20system%20for%20atrial%20fibrillation&rank=1

l ! !

eCDSS activated

Outcomes:
- No. of clinicians who viewed the alert
- Rates of CHA;DS,VASc and ORBIT

recordings in PHH

AF is identified using a MedCAT model
previously developed to extract
multimorbidity from text data.

The model performed reasonably well, with
metrics of Precision: 0.86, Recall: 0.92, F1:
0.89, and Accuracy: 0.81.

Fig 2. Intervention protocol for the screening of AF-related stroke in SLaM adult inpatients
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https://slamonline.sharepoint.com/sites/svc-physicalhealth/SitePages/Cardiovascular-disease.aspx
https://slamonline.sharepoint.com/sites/svc-physicalhealth/SitePages/Cardiovascular-disease.aspx

6.3 Digital clinical safety

In collaboration with the digital health lead nurse and the Chief Clinical Information Officer
(CCIO), the clinical safety of the digital tool was evaluated, and a clinical risk management plan
was developed.

A workshop took place to develop a hazard log. During the workshop, a hazard identification
exercise using the Structured What-If Technique (SWIFT) was performed (86). At each point on

the process map the following questions were explored:

e What could go wrong (hazards), how often (likelihood) and how bad could it be
(severity) for the patient?

e What causes the hazards?

e What risk controls/mitigation is already in place?

e What (if any) additional risk controls could be put in place?

The criteria that were used for scoring is described in Appendix D. The values obtained for severity
and likelihood were then applied to the below matrix to obtain an overall risk score from 1 to 5
(Table 4) (87). Accordingly, 5 represents an unacceptable level of risk, 4 represents a mandatory
elimination or control to reduce risk to an acceptable level, 3 represents an undesirable level of
risk requiring attempts to control or reduce risk unless impractical, 2 represents an acceptable risk
where cost of further reduction outweighs benefits gained, and 1 represents an acceptable risk with

no further action required.

_§ High 2 3 3 4
= Medium 2 2 3 3 4
= | Low 1 2 2 3 4
= [VeryLow |1 1 2 2 3
Minor Significant | Considerable Major Catastrophic
Severity

Table 4. Risk Estimation Matrix
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Table 5 details risks which were deemed to be high or significant (scoring 3 — 5) at the initial risk

assessment. For each identified hazard, an estimation of the associated clinical risk was made.

Wherever possible, attempts were made to reduce all hazards to as low as reasonably practical.

Hazard

Staff see the alert
but are unsure of
the clinical
protocol for
managing AF.

HO02

CHA:;DS,VASc
and ORBIT
calculators are not
on clinical
systems.

3

Summary of hazards and mitigation strategies

Initial

Risk

Cause

Human factors:
Clinicians may
have very little
experience with
AF
assessments/care
due to working
in mental health
services opposed
to acute care

Residual
Risk

System Design: In the alert, there is a 2

link to the MAUD page providing the

following:

Control/mitigations

1. Clinical protocol for the monitoring
and management of AF-related stroke in
SLAM adult inpatients

2. Links to the CHAD>DS>2VASc and
ORBIT calculators

3. NICE guidelines on the diagnosis and
management of AF related stroke

4. Step by step guidance on how to
record the stroke and bleeding risks in
ePJS

5. Step by step guidance how to make a
referral to an oral anticoagulation clinic

Training - Guidance on where to find
the AF alerts in ePHR has been
developed. This was used as part of
training and is available on MAUD page.

ePJS
limitations:
CHA:DS,VASc
or ORBIT were
never requested
to be added to
ePJS

System Design: CHA>DS;VASc and
ORBIT have been added to MAUD. A
link to MAUD has been embedded in the
Cogstack alert.

Training: Training involved showing
staff this workflow
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HO3

Staff are unsure
of where to record
the
CHA:DS,VASc
and ORBIT
scores once
calculated.

HO04

Staff do not
record
CHA:;DS,VASc
and ORBIT
scores in the ePJS
Physical Health
Hub

Human factors:
New workflow
combined with
staff tending to
record notes in
events rather
than the
designated
sections

Training: Training involved showing
staff this workflow

HO5

Staff unaware of
where to find the
alerts / return to
alerts later.

Human factors:
Staff tend to
record notes in
events rather
than the
designated
sections

Training: The project team offered
training and support to the 3 piloting
wards to establish the workflow and
emphasise the benefits of recording
information in the correct place.

HO6

Staff not able to
see all their
patients across
different wards /
sites

Human factors:
Clinicians may
not be used to
using the ePHR
system or are not
aware that this is
where the alerts
are embedded

Training:
Training materials also showed how to
go to alerts section on ePHR

Human factors:
Staff have not
set their
location(s) in
ePHR to see
alerts for those

patients

Training: 'Guidance on where to find
the AF alerts in ePHR' has step by step
guide demonstrating how to set your
ward location(s).

Table 5. Summary of significant hazards and corresponding mitigation strategies

Following the application of the controls mentioned above, all hazards have been reduced to a
tolerable level (2 or lower).
User Acceptance Testing (UAT) undertaken on 15 June 2023 showed that the system worked as

designed. Further validity testing was conducted on the 3 piloting inpatient wards participating in

the study to ensure end to end process for clinical safety and accurateness were in place.

The project got both the CogStack and digital clinical safety approvals.
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6.4 Feasibility and acceptability study protocol

Adoption of an eCDSS to improve screening for AF-related stroke in people with a diagnosis of
mental illness presents a unique opportunity for early prevention but requires evidence of
acceptability and feasibility. In this chapter, we study the feasibility and acceptability of such
digital tool in Mental Health of Older Adults inpatient wards. The primary objectives of the study
were to understand whether the tool would be successfully implemented, accepted, and used by

clinicians.

A member of the research team approached managers of the three wards, discussed the study with
them and confirmed that they are agreeable to the ward taking part. Staff on recruited wards were
advised by their managers that their ward is participating in the study and were asked whether they
would be agreeable to being approached with further information regarding the study by the
research team. Clinical staff particularly psychiatrists (including junior doctors and consultants)
and ward pharmacists were invited to participate in the study. Interested staff were provided with

a participant information sheet (Appendix E) and were asked to sign a consent form (Appendix F).

Pre-intervention, all consenting staff were asked to complete a survey (Appendix G) about the
management of stroke risk associated with AF. Additionally, they were asked to complete a 20-
minute individual interview (Appendix H) to capture how AF is being managed in secondary
mental healthcare settings and to capture healthcare providers understanding of clinical decision
support systems and its potential impact on improving the quality of care. During the interview

participants were given a chance to raise any concerns or ask further questions related to the study.

After the intervention, healthcare providers on the wards receiving the intervention were asked to
complete a follow-up survey (Appendix G) and another 20-minute interview (Appendix H) at least
three months after the start of the study. The interview was to to scope their experiences with the
digital tool and their attitudes towards use of digital technologies to aid in clinical decision making.
At the end of the interview, participants were asked to provide their ward telephone number or

email so that the research team can provide them with the results of the study.

Surveys were completed online. Interviews were semi-structured in nature and were conducted

remotely via Microsoft teams and recorded onto a secure drive and stored upon secure IT systems.
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There were no expected safety risks to staff from participating in the study:

- Participation was voluntary and healthcare providers could choose to withdraw from the
study, terminate the interview or the survey at any time point. Participants did not receive
any form of financial incentives for their involvement.

- Information gathered in this study remained confidential.

- Participant anonymity was protected and maintained by the research team.

- The duration of the interviews was only for 20 minutes and was conducted at a time that
was most convenient for the participant to avoid any interference with other clinical
activities.

- Participants were made aware that if any information disclosed put them or any other
individual at potential risk of harm, a member of the research team will have a detailed

discussion with them based on which they may be advised to speak to their ward manager.

6.4.1 Patient and public involvement

Patient and public involvement (PPI) played a key role in shaping our research project. A
discussion of the project’s objectives, methodology and anticipated outcomes was conducted with
NIHR Applied Research Collaboration (South London) Applied Informatics theme PPI group.
Participants demonstrated a keen interest in the research and provided valuable perspectives that
enriched our understanding. Additionally, participants offered thoughtful suggestions,
emphasizing the importance of keeping alerts simple and straightforward, a reflection of their
desire for clear communication. Beyond the immediate scope of the project, participants expressed
a genuine interest in remaining engaged, showcasing a commitment to receiving regular updates
and contributing further input in the future. This collaborative exchange not only strengthened the
transparency of our research but also underscored the significance of ongoing patient and public

involvement in shaping the research landscape.
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6.4.2 Governance and ethics approvals

Ethical approval was granted by the King’s College London Research Ethics Committee, SLaM
Capacity and Capability (Trust R&D Reference: R&D2023/004) and NHS Health Research
Authority (22/HRA/5452).The study was conducted in accordance with the principles of the
Declaration of Helsinki (1996) and all applicable regulatory requirements including but not limited
to the UK policy framework for health and social care research, Trust and Research Office policies
and procedures and any subsequent amendments. Information gathered in this study were kept
confidential and managed based on the Data Protection Act, NHS Caldicott Guardian, The

Research Governance Framework for Health and Social Care and HRA Approval.
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Abstract

Background

Electronic Clinical Decision Support Systems (eCDSSs) have been an integral component of the
digital transformation in healthcare. This study aims to explore mental health clinician experience
in screening for stroke risk among patients with atrial fibrillation and their perception of the

potential impact of an eCDSS in improving care quality.

Methods
A mixed method study, employing a questionnaire and individual semi-structured interviews, was
conducted in a large London national health service trust. Interviews were analysed using an

inductive thematic approach.

Results

The sample comprised 10 clinicians. Two overarching themes related to prevention of AF-related
stroke were identified from interviews: challenges faced on wards and strategies needed to improve
practice. Challenges included difficulty identifying relevant medical histories of patients, clinician
perceived lack of expertise, fragmented medical care, and mental health symptoms Suggestions to
improve clinical practice included clinicians receiving alerts containing the latest guidelines and
policies on stroke management, and bespoke training sessions designed to advance the knowledge,
competencies and confidence of clinicians.

As for the potential impact of an eCDSS in improving quality of care, two themes emerged:
perceived benefits and perceived risks. Potential benefits included enhanced clinical effectiveness,
saving time and improved outcomes. Reported perceived risks were rigidity in decision making,

annoyance, and increased workload.

Conclusion
A positive attitude towards an eCDSS to screen for stroke risk was identified although some
concerns were noted. Understanding clinician perceptions of how an eCDSS may enhance health

care and outcomes could serve as a basis for creating impactful digital health tools.
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Introduction

Electronic clinical decision support systems (eCDSSs) are software-based tools that analyse
patient data locked in electronic health records (EHR) and provide clinicians with relevant clinical
support in the form of alerts or reminders (1). Given the increasing volume of clinical information
and the rapid advances in the field of medicine, eCDSSs can be pivotal in providing evidence-
based clinical guidelines and tailored clinical support with personalised guidance for diagnostic,

therapeutic and preventive interventions (1).

eCDSSs have gained substantial attention in recent years. They can assist in selecting appropriate
treatment, managing medication (dosing, contraindications, potential interactions, side effects),
calculating risk scores, identifying patients at risk, tracking patient progress over time, and
collecting, analysing, and documenting clinical data (2). This has the potential to reduce medical
errors and enhance health outcomes. However, eCDSSs can also have drawbacks. Alert fatigue
can result in healthcare professionals becoming desensitised to notifications and potentially
missing important information. This is often the case when the digital tool is overused or poorly
designed (2,3,4). Clinicians can report feeling overwhelmed with the volume and frequency of
alerts which may, in turn, disrupt workflow resulting in less face-to-face time with patients (2,3,4).
Additionally, eCDSSs can lead to incorrect recommendations if the data input is inaccurate or of
poor quality (2,3,4).

Many eCDSSs have been developed to help healthcare professionals manage physical health
conditions, including atrial fibrillation (AF) and associated stroke risk (5). AF is an arrhythmia
characterised by irregular heartbeats. AF disrupts the ability of the heart to pump blood effectively
resulting in a higher risk of blood clotting within the left atrium of the heart and an increased risk
of stroke (6). Based on the National Institute for Health and Care Excellence (NICE) guidelines,
patients with AF should undergo a stroke and bleeding risk assessment using the CHA2DS>VASc
and ORBIT scales respectively. NICE recommends oral anticoagulation therapy for patients with
a CHA2DS>2VASc score >2 and asks clinicians to consider anticoagulation for males with a
CHA»DS>-VASc of 1. When the bleeding risk is low (ORBIT score <3), oral anticoagulation
therapy can be initiated or continued; however, when the risk is moderate or high, careful

consideration of the benefits and potential risks associated with the therapy is required (7,8,9).
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Research assessing the prevalence of AF among people with mental disorders is scarce. A recent
nationwide population-based study reported that the risk of AF increased by 2-fold in patients with
bipolar disorder or schizophrenia and by 1.5-1.7 fold in those with depression, insomnia and
anxiety disorders compared to controls (10). Additionally, people living with a mental illness are
at increased risk of cardiovascular disease (including strokes) mainly due to risk factors such as
obesity, smoking, diabetes, hypertension, and dyslipidaemia (10). Despite evidence supporting the
benefits of oral anticoagulation therapy, people with AF and co-morbid mental health conditions

are less likely than the general population to be prescribed oral anticoagulation therapy (11).

Many studies have evaluated the feasibility, acceptability, and effectiveness of eCDSSs in
supporting the management of AF and related stroke risk in general acute hospital settings.
However, these studies were not conducted in mental healthcare settings (12-21). Implementing
an eCDSS that screens for the stroke risk among AF patients admitted to a mental health hospital

is key to early prevention and quality of life improvement.

To determine the success of its integration in daily clinical practice, this study sought to explore:
(i) clinician experience in the prevention of AF-related stroke in secondary mental healthcare
services; (ii) clinician perspectives on the potential impact of an eCDSS in improving the quality

of care in mental healthcare services.

Methods
Design
This cross-sectional study employed mixed methods research design, incorporating a short online

survey and individual semi-structured interviews.

Study setting and ethical considerations

The study was conducted between March and May 2023 in three mental health of older adult
(MHOA) inpatient wards at South London and NHS Foundation Trust (SLaM). Ethical approval
was granted by the King’s College London Research Ethics Committee, SLaM Capacity and
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Capability (Trust R&D Reference: R&D2023/004) and NHS Health Research Authority
(22/HRA/5452).

Recruitment

Purposive sampling was used to identify and recruit participants who were likely to provide
clinical care for patients with AF and a co-morbid mental health condition.

Senior management on potential wards were first approached by the research team and given brief
information regarding the nature of the study and the eCDSS to be implemented. Wards that
expressed an interest in the study were provided with further detailed information.

A subgroup of healthcare professionals, including psychiatrists and pharmacists working on
recruited wards were all invited to complete a short survey and take part in an individual online
interview. Potential participants were given an information leaflet and an opportunity to ask and
discuss any further concern regarding the study. If in agreement to enroll, participants were asked
to sign a consent form. The number of participants required for this study was not pre-estimated

and was fully dependent on theme saturation in the qualitative part.

Intervention

The eCDSS consists of a visual prompt on patient electronic personal health record (ePHR), a
platform connected to electronic patient journey system (ePJS) (the main electronic patient notes
system where EHRs are accessed) where all alerts are sent. Whenever a patient with documented
AF is admitted to the hospital, an alert is sent to clinicians asking them to confirm the presence of
AF, complete clinical assessment of stroke and bleeding risks using the CHA>;DS,;VASc and
ORBIT scales, and record scores in the ePJS. In cases where patients are found to be at high risk

of stroke, clinicians are asked to refer them to oral anticoagulation clinics.

Data collection

All participants were asked to complete a short online survey that collected information about their
age, gender, professional background, and years of clinical experience. The survey also asked
clinicians to rate the degree to which they were in agreement with a set of brief statements related
to their awareness of the guidelines for AF-related stroke prevention, being confident in assessing

the stroke and bleeding risks using the CHA2DS>VASc and ORBIT scales respectively and being
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confident in managing patients at risk. Statements were presented with responses on a Likert scale
anchored from strongly disagree to strongly agree. Example statements included:
- “I am confident in identifying atrial fibrillation patients eligible for oral anticoagulation
therapy.”
- “I am confident in assessing the stroke risk using the CHA2DS>V ASc tool and the bleeding
risk using the ORBIT tool.”
- “I am confident in managing atrial fibrillation-related stroke risk in mental healthcare

settings.”

The interview schedule was designed to capture participants experience of AF-related stroke
prevention in secondary mental healthcare services, and on the potential impact of an eCDSSs in
improving clinician led care in MHOA wards. The interview topic guide was informed by field
experts including psychiatrists and general practitioners. Participants were contacted via email
and interview appointments were scheduled based on their availability. Interviews lasted for
approximately 20 minutes, were conducted on Microsoft Teams by the same researcher (DF) and
followed a semi-structured format with key prompts to direct the discussion. All interviews were

audio recorded, transcribed verbatim and de-identified prior to analyses.

Data analysis

A thematic analysis using an inductive approach (22) was conducted by two members of the
research team (DF and HC). After data familiarisation, the two researchers descriptively coded all
the transcripts independently then developed a coding framework. The framework was further
refined after several discussions although no major interpretative differences were noted. Codes
were organised into themes that captured significant patterns in the data relevant to the research
questions. This process involved ongoing enhancement by looking for similarities and differences
within and across transcripts, as well as identifying patterns based on participant characteristics.

These themes were then defined, assigned labels, and discussed with clinical experts for inputs.
This study was approached with a solid understanding of applied health informatics and the

potential transformative power of eCDSSs which could have introduced bias to the perspective of

the researcher working on data collection and analysis (DF). To address this issue, reflexivity was
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practiced throughout the whole research process. This was done by frequently questioning
preconceptions and recording assumptions and personal biases. Additionally, the in depth
understanding of the stroke risk associated with AF and the consequences of missing cases at risk
of stroke may have affected the lens through which data was analysed. This was mitigated by
involving another researcher (HC) who worked in parallel and independently on data analysis.
Both researcher (DF and HC) maintained transparency. By acknowledging positionality and
actively engaging in reflexivity, researchers sought to ensure objectivity and credibility of this

study.

Results

The sample comprised 10 participants of whom 6 reported their gender as female and 4 as male.
Participants age ranged between 25 and 46 years with a mean age of 32. In terms of professional
background, a slighter larger number were psychiatrists which included 3 participants at consultant
level and 3 at more junior level. The remaining participants (n=4) were pharmacists. The mean
years of clinical experience (defined as years a healthcare professional has spent in clinical practice

since professional qualification) was 7.25.
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Figure 1. Coding tree of themes pertaining to the prevention of AF-related stroke in MHOA ward
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Figure 2. Coding tree of themes pertaining to the potential impact of an eCDSS for the prevention of AF-related stroke in MHOA

wards
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Fifty percent of participants (n=5) considered that AF-related stroke prevention is sub-optimal on
the wards where they work. Half of participants reported being confident or somewhat confident
in managing AF-related stroke prevention in mental healthcare settings or in making referrals to
oral anticoagulation clinics. Around 60% reported being confident or somewhat confident using
the CHA2DS2VASc tool to assess the risk of stroke, whereas only 30% reported being confident
or somewhat confident using the ORBIT tool to assess the risk of bleeding. Almost all participants
strongly agreed that having access to an eCDSS would help them to better assess stroke and
bleeding risks in patients with AF.

Thematic analysis of the interviews identified two overarching themes related to prevention of AF-
related stroke: (1) challenges faced on wards and (2) strategies needed to improve practice (fig 1).
As for the potential impact of an eCDSS in improving quality of care, two themes emerged: (1)

perceived benefits and (2) perceived risks (fig 2).

Prevention of AF-related stroke in MHOA wards

Challenges

Participants discussed challenges in the prevention of AF-related stroke in MHOA wards at two
levels.

At clinician level, many participants reported that identifying a medical history of AF from the
electronic clinical notes is a challenging and time-consuming task. Some of them attributed this to
poor documentation of physical health conditions in mental healthcare settings. Another challenge
is clinician lack of knowledge and expertise in the management of physical conditions. To optimise
management of physical long-term conditions, most clinicians would seek support from specialists
or refer to guidelines such as NICE. Discontinuity of care provision and lack of communication
between primary and secondary care were also considered obstacles in the prevention of AF-
related stroke in MHOA wards. Participants expressed their concerns about the lack of
coordination and follow up with general practitioners (GPs) and its effect on the quality of care

(fig 1, table 1).
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- Subject 1 (psychiatrist): “sometimes it's a bit more difficult to get the appropriate history
like have they had any previous strokes, do they have any comorbidities, or do they have

any other risk factors, family history of stroke.”

- Subject 2 (psychiatrist): “I'd speak to my medical colleagues or end up looking at
guidelines and trying to follow because I wouldn't be kind of regularly checking on what
the latest guidance is. So, it'd be something I'd have to refresh myself when the situation

comes up.”

- Subject 4 (pharmacist): “I also think the communication between primary and secondary

care is probably one of the biggest obstacles.”

At patient level, patients with mental illness admitted to MHOA wards are complex, generally
having both physical and mental health diagnoses. Illness related symptoms (e.g. delusional
beliefs) and active features of illness may result in patient denial of being physically ill, saying

that they want to die or refusing medication (fig 1, table 1).

- Subject 1 (psychiatrist): “Patients refuse to take medications because of their psychotic
beliefs or them just having given up, depression, wanting to die, basically, so they don't

have the will to get better.”

Strategies to improve practice

To improve AF-related stroke prevention in MHOA wards, most participants suggested sending
alerts to clinicians on ePJS containing the latest guidelines, including tools for stroke and bleeding
risk assessment, guidance on how to interpret the scores, and guidance on how to refer patients at
high risk of stroke to oral anticoagulation clinics. Although most of the information are available
online, healthcare professionals highlighted the importance of making them easily accessible when
needed to increase efficiency. They also suggested having policies at the system level for AF-
related stroke management to ensure consistency and uniformity in healthcare provision. At a more

individual level, training sessions for healthcare professionals on the management of AF and how
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to perform stroke and bleeding risk assessments based on the latest guidelines were thought helpful

(fig 1, table 1).

- Subject 2 (psychiatrist): “having PJS alerts is very key, so something that would prompt
people and you know provide a very easy pathway for them to follow the guidance rather
than kind of spending time to look things up and then not knowing if it's accurate or if it's

appropriate.”

- Subject 9 (psychiatrist): “So I think like very concise and clear guidelines. And probably
like a hyperlink to where you can do the CHA2DS>VASc and ORBIT scoring and then
maybe have the kind of action points for the outcome scores.

- Subject 4 (pharmacist): “maybe just having like policies on how to manage AF and sort of
guidance. I know we have like the physical health guidelines here, but yeah, like a clear

pathway would be great.”

eCDSS for the prevention of AF-related stroke

Potential benefits

Most healthcare professionals reported that an eCDSS for the prevention of AF-related stroke in
MHOA wards would improve clinical effectiveness. This could be through spreading knowledge
on the management of the condition among clinicians specialised in mental health, defining
responsibilities, and ensuring consistency in decision making. Additionally, participants
emphasised on the effectiveness of the tool in saving time and speeding up the clinical assessment
process. They also reported that an eCDSS would be helpful in improving patient health outcomes
as it will ensure a faster, safer, and more comprehensive care, improve AF identification in MHOA
wards, reduce the chances of getting inappropriate treatments, and ensure early stroke prevention

(fig 2, table 1).

- Subject 4 (pharmacist): “Prompting clinicians and also alerting them can make people feel
comfortable, knowing that they've got, like, some sort of system in place and like everyone

know where the responsibilities lie in terms of managing.”
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- Subject 3 (psychiatrist): “the benefits can help you achieve something or kind of

assessment risks and benefits and things a bit more quickly.”

- Subject 7 (pharmacist): “So enabling better patient care, faster, maybe more

comprehensive, maybe just safer basically if it's flagging things up.”

Potential risks

While an eCDSS can be a very helpful tool for healthcare professionals, it may have potential
risks; one of these is the rigidity in decision making. Participants reported that they may become
over reliant on such digital tools which may influence their critical thinking skills. They also
emphasised that errors in the accuracy of the tool may be misleading and could result in wrong
recommendations. Participants were kind of worried about the increased workload caused by the

digital tool and reported that annoyance and alert fatigue could be other downsides (fig 2, table 1).

- Subject 3 (psychiatrist): “I think the main thing is that people can just become kind of
blinkered or rigid in their decision making and kind of forget about the specific individual
factors for that patient that may be quite relevant, but don’t necessarily come up on the on

the tool.”

- Subject 4 (pharmacist): “Uh harms of this system would be over reliance on electronic
systems, we can become a bit over relying I think. A bit of an overreliance sometimes isn't

great.”

- Subject 6 (pharmacist): “if the electronic system has any fault to it, then they could
potentially lead to a mess.”

- Subject 2 (psychiatrist): “There's lots of things already that we have to do on ePJS and
another form is likely, unless it's really prompting, it's likely to get forgotten and avoided

actively or found to be quite annoying.”
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Table 1. Illustrative quotations for the identified sub-themes

Sub-themes Examples
Difficulty in identifying “sometimes it's a bit more difficult to get the appropriate history like have they had any previous strokes,
medical history do they have any comorbidities, or do they have any other risk factors, family history of stroke.”

“The recording of ECG in the department sometimes isn't great. Uploading ECG onto our clinical
document system doesn't happen a lot of the times, so one of the challenges is to find the ECG initially for
people to identify it.”

“the doctor usually will read the clinical notes to find out the cardiac history for the patient. This is how
we usually identify AF or any stroke history for patient. I guess the challenge is that it's a bit time wasting
because the doctors will have to review previous clinical letters or any discharge summary.”

Lack of expertise/ knowledge

“I don't feel very confident at all, to be honest. I did my foundation years ago and like mental health
placement before starting psychiatry training. You know, I used to deal with it a bit on the medical take,
but I think if [ were to identify a new AF on admission, I'd just discuss it with specialists. But independently,
if you were like, sort this out yourself I wouldn't feel confident.”

“Saddly not knowledgeable, I would immediately go and look up the NICE guidance to see the most up to
date guidelines because we don't use it all the time. I probably know when to be worried. I would know
where to find the information. But it wouldn't be all in my mind. But [ wouldn't say I'm knowledgeable at
all.”

“Well, I'm aware of the CHA2DS2VASc and ORBIT, but not familiar with their use.”

“I'd speak to my medical colleagues or end up looking at guidelines and trying to follow because I wouldn't
be kind of regularly checking on what the latest guidance is. So it'd be something I'd have to refresh myself
when the situation comes up.”

Discontinuity of care

“I also think the communication between primary and secondary care is probably one of the biggest
obstacles.”

“The main obstacle I think is the discontinuity of care between secondary care and primary care and also
from our side we're a bit of a like mental health setting so when we're starting medications that might
increase the bleed risk, I think that's something that we don't have much of a process for here.”
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Complex cases

“Patients refuse to take medications because of their psychotic beliefs or them just having given up,
depression, wanting to die, basically, so they don't have the will to get better.”

“Alot of people at this stage of their dementia lack insight to their physical health.”

“If we assess the patient to have a high risk of stroke and we want to start on anticoagulants, a lot of our
patients actually refuse medication.”

“Patients don't want any of the medication either. They think we're trying to poison them.”

“Patients not taking their medication is quite a common scenario on my ward.”

Alerts

“having PJS alerts is very key, so something that would prompt people and you know provide a very easy
pathway for them to follow the guidance rather than kind of spending time to look things up and then not
knowing if it's accurate or if it's appropriate.”

“Reminding people and having these tools easily accessible, you know, so they don't have to look them up
so that they're incorporated probably in the notes.”

“So I think like very concise and clear guidelines. And probably like a hyperlink to where you can do the
CHA2DS2VASc and ORBIT scoring and it would then maybe have the kind of action points for the
outcome scores.

“I think more information. I think what would be good obviously is an explanation on why that's being
recommended, just so that physicians are aware. It'd be great if they could say like well, if the
CHA2DS2VASec is greater than this much in these patients, we recommend that, and for example, if it is
recommended that they just get monitored annually. Just a statement saying why”.

“ So again I I guess the hardest thing with the AF question is that you end up with the CHA2DS2VASc
and ORBIT scores or whatever, which is fine. However, you might end up with somebody who you
know they score high on CHA2DS2VASc, but then high for ORBIT as well. They obviously have
something that flags on, but you don't really know what that means. There's still a judgment involved, I
guess. So if it was to help with making that part of the Judgment, that I guess would be helpful.”

“I think it would be worth including the e-mail address or way to refer to cardiology and everything you
need to action that request. What I think would be most useful is kind of like how to do it, what you're
supposed to do with it and how to do what you're supposed to do with it?”

“Well, obviously, where to refer if you need to. Where to refer if you need support or help. And maybe
also some contact for local OAC clinics and know where to refer people depending on their GP or their
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home address or their hospital location. Just so we're not kind of running around and we just got kind of
single referral point of access.”

Policies

“maybe just having like policies on how to manage AF and sort of guidance. I know we have like the
physical health guidelines here, but yeah, like a clear pathway would be great.”

“I think having some uniformity of how we address things across different wards would be helpful and
would provide consistency.”

“at trust level, I guess having a policy. Because at SLaM we have a bit of a problem in that we don't have
policies for general health conditions, so I always get calls about where's SLaM’s policy for that specific
physical health conditions.”

Trainings

“At individual level, probably training for our junior doctors and the rest of the team as well. Yeah, training
on kind of recognition, and latest guidelines. Also as I mentioned, kind of what to do in a typical situation
which you know we might come into contact with our patient cohort.”

“I guess it would be just kind of ongoing training to make sure that we are up to date with guideline changes
and things.”

“I think improving clinicians knowledge of how to manage it. So more awareness of when anticoagulant
has to be indicated, how to manage people on anticoagulants. So yeah, just knowledge and like teaching
sessions would be great.”

“Perhaps during the induction process, this is one of those things that Drs have to be inducted in the
expectation that these are the steps that we need to take if somebody does have AF.”

Improve clinical
effectiveness

“And then another benefit would be increasing awareness in clinicians about strokes and prevention of
strokes especially in elderly patients where these are more common.”

“Prompting clinicians and also alerting them can make people feel comfortable, knowing that they've
got, like, some sort of system in place and like everyone know where the responsibilities lie in terms of
managing.”

“I mean, I think if it's consistent, if it's done for all patients, then we'll pick up more patients or less will
be missed whether or not patient gonna be compliant is the different thing. But at least we'll pick them up
and an attempt to sort of preventing stroke will be made.”
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Save time

“The benefits would be to identify, you know information that we want to quickly.”

“I guess because it's hard for clinicians to keep track of the patients or like all the patients all the time, I
guess it will help to speed up like to help their job a little bit. When they get notified, they can further
look into it rather than missing it out completely.”

“the benefits can help you achieve something or kind of assessment risks and benefits and things a bit
more quickly.”

“Then, certainly it would sort of take into account all the guidelines at the same time and point you in the
right direction, which just makes you save time and effort.”

Improve patient care

“Starting prevention and treatment earlier.”

“The benefits would be that people are appropriately anticoagulated and we avoid strokes especially that
we've got lots of people with kind of high physical health care morbidities and vascular risk factors.”
“Obviously I think it will reduce the number of patients who might not be getting the appropriate
treatment or the appropriate prevention, so that would be the main benefit.”

“I guess they can help to prioritise workload for them and it will also highlight physical health problems
and I think it will help them to make the decision with a more like a well-rounded approach like
considering the physical health factors, not just the mental health.”

“So enabling better patient care, faster, maybe more comprehensive, maybe just safer basically if it's
flagging things up.”

It “will improve the safety in a tremendous amount to be honest”

Rigidity in decision making

“I think the main thing is that people can just become kind of blinkered or rigid in their decision making
and kind of forget about the the specific individual factors for that patient that may be quite relevant, but
don’t necessarily come up on the on the tool.”

“we can start to think that's the only thing that matters. So like with AF preventing stroke they might just
care about the CHA2DS2VASc and ORBIT scores and see what the decision tool makes and they might
not be looking at what other things are happening with the patients”

“as long as it's a suggestion and It's not going to prevent sort of clinical decision making, it is fine. And I
think we need to make sure that yes, it is a prompt and everything but at the end of the day the clinician
has to make a decision based on what they believe is appropriate even if it's not exactly what the tool
says. It should be fine as long as we don't take the thinking out of it and it's sort of like a tool rather than
mandatory in a sense.”
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“You know automated system can never replace a human you know, because the human person takes into
account the individual with their specific circumstances. So most people will probably fit into that
system, but there will be others that require more individualized approach.”

“there may be mistakes I guess from the electronic system and identifying the wrong thing or misleading
us. And I worry that maybe at some point clinicians will just think that if it's not been highlighted to me
electronically, I don't need to think about it. I think there's always a danger of that for anything so.”

“if the electronic system has any fault to it, then they could potentially lead to a mess.”

“Uh harms of this system would be over reliance of electronic systems, we can become a bit over relying
I think. A bit of an overreliance sometimes isn't great.”

“It might cause dependency. Clinicians could be just relying on the screening of the electronic system
rather than themselves reading into the history.”

“I think maybe the disadvantages are that clinicians will be relying on electronic decision support system
rather than thinking for themselves or trying to find their information”

Additional work

“There's lots of things already that we have to do on ePJS and another form is likely, unless it's really
prompting, it's likely to get forgotten and avoided actively or found to be quite annoying.”

“The harm is I don't know how the tool is. If it's going to pick up, if it's going to be accurate and picking
up what it picks up, if it's going to end up more work for the NHS because they're scrolling through lots
of data.”

“I guess maybe more paperwork.”

“because there's no more time in the day, you know, like there are sort of limits within which these things
are being introduced and It's like when you're filling in that new form you are not doing something else
and whatever that may be.”
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Discussion

This was an exploratory study that sought to understand mental healthcare professionals
experience in the prevention of AF-related stroke and their perspective on the potential impact of
an eCDSS in improving that experience. Clinicians reported many challenges related to stroke
prevention in MHOA wards, including difficulty identifying patient pertinent medical history,
perceived lack of knowledge and expertise in the management of physical conditions, fragmented
medical care, and patient psychotic beliefs. To improve clinical practice, they suggested reminding
clinicians of the latest guidelines through alerts on patient electronic records, having clear policies
at the system level, and providing clinicians with training sessions on AF-related stroke
management. Clinicians reported many potential benefits for the eCDSS including improving
clinical effectiveness, better identification of patients at risk, safer and more comprehensive care,
consistency in decision making and saving time. However, they noted that the digital tool could
have potential risks such as rigidity in decision making, overreliance, reduced critical thinking,

false positive recommendations, annoyance, and increased workload.

Physical comorbidities among people with mental illness present complex clinical scenarios that
require a specialised and holistic approach to care. Fragmentation between primary and secondary
health services could contribute to uncertainty regarding which provider is responsible for the
management of physical conditions among people with mental illness (23). This could result in
missed opportunities for the identification of physical conditions which may be hampered by often
poor(er) documentation in mental health services (23). Additionally, inadequate training and lack
of physical care skills may reduce mental healthcare professionals’ confidence in managing
physical conditions (24). Continuous training, access to resources and specialist support are all
factors that may influence the level of confidence in dealing with acute conditions considered out
of their specialty (24). Another common scenario that prevents or delays the management of
physical conditions among people with mental illness is diagnostic overshadowing which refers to
the misattribution of physical symptoms to mental illness (25). Features of the mental illness itself
may also create major challenges as people experiencing cognitive impairment, hallucinations or
delusions may not recognise or have difficulty communicating symptoms, may resist medication

or struggle with medication adherence (25).
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The impact of eCDSSs on AF knowledge, oral anticoagulation prescription, adherence to
guidelines, and patient outcomes has been investigated in general healthcare settings (12-21), with
mixed findings on their effectiveness (12-21). Research aiming to understand clinician perception
of how an eCDSS can be supportive and useful is scarce although this could serve as a basis for
creating digital health tools that are impactful and aligned with their needs. In a study conducted
in China to evaluate the acceptance of an eCDSS that automatically assesses the risks of stroke
and bleeding and suggests treatments accordingly, general practitioners showed positive attitudes
towards the digital tool, reporting that it would be helpful and would strengthen their confidence
and capabilities in managing patients with AF (26). This is consistent with results of our study
where clinicians expressed lack of confidence in managing stroke-risk related to AF and their need
to refer to guidelines or to seek advice from specialists even if they already knew about current
recommendations. Thus, implementing an eCDSS providing the latest guidelines, tools required
to complete clinical assessments for stroke and bleeding risks, and guidance on how to interpret
these scores would decrease dependence on specialist inputs and increase clinical efficiency. Our
findings are also in line with those of a recent systematic review aiming to identify barriers and
facilitators of using CDSSs by primary care professionals (27). In this review, the reported benefits
of the digital tools were improving quality of care, saving time, facilitating decision making,
improving professional self-confidence, and updating knowledge (27). The main barriers were
resistance or reluctance, alert fatigue, information overload, disruption of workflow, negative

attitude, lack of motivation to use, lack of computer skills, and validity concerns (27).

This study has potential limitations. First, some healthcare professionals might have been reluctant
to express their lack of knowledge and confidence in assessing physical health conditions which
could have potentially resulted in reporting bias. However, this was minimised by explicitly
informing clinicians that data generated from interviews will be de-identified and that the purpose
of the study was to understand their experiences in managing AF related stroke risk and
accordingly implement an eCDSS in as helpful a way as possible. Second, participants included
in the study were restricted to psychiatrists and pharmacists, since they are the ones who usually
deal with clinical assessments such as stroke and bleeding risks. Including other healthcare
professionals with various degrees of clinical experiences could also have influenced our findings.
Finally, the sample size was relatively small, however, its effect was mitigated by the fact that data

collection continued until saturation was achieved. This approach allowed for a comprehensive
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exploration of the research questions and ensured that key themes and patterns were sufficiently

captured.

Conclusion

The study findings indicate that adoption of an eCDSS for stroke risk screening in a psychiatric
health service has the potential to be a valuable tool. However, healthcare organisations and
clinicians need to be mindful of the challenges associated with increased workload and the
potential overreliance on the system's recommendations. To maximise the clinical benefits while
minimising the drawbacks, a balanced approach to eCDSS integration is essential. This might
involve ongoing training, customisation of the system to local practice, and clear guidelines on
how to use eCDSS recommendations in conjunction with clinical judgment to provide patient-

centered care.
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Abstract

Background

Obtaining feedback from clinicians regarding digital tools such as electronic Clinical Decision
Support Systems (eCDSS) plays a fundamental role in refinement and optimization. This study
aims to explore clinician experience with a novel eCDSS that screens for stroke risk among

patients with Atrial Fibrillation (AF) in a mental health setting.

Methods

An eCDSS for prevention of AF related stroke was developed for use in a mental health trust in
London, UK. A mixed-method study incorporating a questionnaire and semi-structured interviews
was conducted to evaluate its feasibility and acceptability. Thematic analysis using an inductive

approach was conducted for the qualitative aspect.

Results

The sample comprised 9 clinicians. All considered the eCDSS helpful in improving stroke and
bleeding risk assessment, however, 88% reported that the tool hindered their workflow. Three
overarching themes were identified: clinician feedback on the eCDSS itself, barriers to its use, and
suggestions to improve user experience. Clinicians perceived the digital tool as simple,
comprehensive and well designed. They discussed its potential impact on saving time, prompting
them towards guidelines, boosting clinician confidence, and identifying patients at risk. Perceived
barriers included the low admission rate of patients with AF, lack of awareness of the tool, low
alert visibility, and potential impact of the eCDSS on workload. Clinicians suggested reinforcing
awareness of the tool through training and reminders as well as changing the digital location and

making it unavoidable.
Conclusion

Positive feedback from clinicians was received regarding the tool, however barriers to use were

reported. To ensure effectiveness, ongoing evaluation should be done by continuously monitoring
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performance, gathering feedback from healthcare professionals, and accordingly making any

adjustments.

Keywords: atrial fibrillation, mental illness, stroke risk, clinical decision support systems,

digital health alerts.
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Introduction

Informatics has the potential to impact on many aspects of healthcare from diagnostics to
treatment, fostering unprecedented improvements in patient care (1). Among such innovations are
electronic Clinical Decision Support Systems (eCDSSs), tools designed to help healthcare
professionals with decision making by providing evidence-based guidelines and patient specific
recommendations through alerts or reminders (2). These tools utilise medical knowledge
databases, electronic health records (EHRs) and algorithms to provide real time support for
compliance with guidelines, personalised care, diagnostics, identification of patients at risk, earlier
intervention, improved patient safety and outcomes, improved efficiency, resource optimisation

and enhanced communication and collaboration with healthcare teams (3,4,5).

Atrial fibrillation (AF) is a common arrythmia affecting more than 1.5 million people in the United
Kingdom (6). It is one of the main risk factors for ischaemic stroke (7). Strokes associated with
AF tend to be more serious, resulting in brain damage and worse long-term outcomes (7). Risk
stratification and early initiation of preventive therapy significantly reduces the risk of stroke
associated with AF (8). Prevention relies mainly on oral anticoagulation (OAC). To identify those
with AF who would benefit from OAC, a clinical assessment for stroke and bleeding risks using

the CHA2DS,-VASc and ORBIT tools respectively should be performed (8).

ECDSSs for the management of multiple physical health conditions, including AF-related stroke
have been implemented in various hospital settings (9). Despite the acknowledged significance of
these digital tools, there is considerable evidence of low adoption by clinicians (10). Many factors
could contribute to the underutilisation or resistance to adoption of eCDSSs in clinical practice
including limited customisation, unfamiliarity with the clinical system, and difficulty navigating
through it (11). Alert fatigue has been also reported, especially now that eCDSSs are becoming
integral components of healthcare and the number of alerts generated is increasing (11,12).
Additionally, alerts tend to be ignored if their integration in the system is not seamless or if they
disrupt the workflow (12). Further, digital tools may impact workload as introducing a new system

may add to the responsibilities of clinicians who are already under significant time pressures (12).
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Previous research has assessed clinician acceptability of eCDSSs within general hospital settings,
but a notable gap in knowledge still exists particularly in mental healthcare settings. We set out to
(1) develop an eCDSS to identify inpatients with AF and deliver guideline-based prompts to assess
for stroke and bleeding risks in a UK mental health hospital Trust; (ii) explore clinician feedback
on the eCDSS; and (iii) gain insights on clinician experience with the digital tool, including both

successful aspects and any challenges encountered.

Methods

Intervention

A digital alerting system to improve screening for stroke risk among people with AF and co-
morbid mental illnesses was implemented in CogStack, an information retrieval and extraction
platform for electronic Health Records (EHRs). The system was made of three parts. The first part
was a patient data pipeline that routinely searches for documented AF in clinical notes in near real
time. The second part was a technical implementation of a clinical algorithm to screen for AF-
related stroke in adult patients admitted to the Trust. The algorithm, approved by the Trust, was
developed based on National Institute for Health and Care Excellence (NICE) guidelines and input
from multi-disciplinary healthcare professionals (including general practitioners, psychiatrists, and
pharmacists). The third part was a technical implementation and piloting of an automated alerting
system. After consultation with the Trust, the alerts for this study were positioned in the Trust
ePHR, alongside the Trust’s electronic prescribing system (ePMA). Noteworthy, EHR is accessed
through the main electronic patient notes system, called the electronic Patient Journey System
(ePJS).

Clinicians were prompted to confirm the presence of AF and to conduct in accordance with NICE
guidelines, a clinical assessment for stroke and bleeding risks using the CHA>2DS>VASc and
ORBIT scales respectively (Tables 1&2). Clinicians were then asked to record the scores on ePJS
and to refer those identified to be at risk of stroke to the relevant oral anticoagulation clinic, details
of which were provided. The alert included a link to all the training material required to perform

this task (also made available on an intranet page) including NICE guidelines for management of
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stroke related to AF, links to the CHA>2DS>VASc and ORBIT score calculators and step by step
guidance on where to find the alert, where to record the scores, and how to refer patients at risk.

The study was introduced to the clinical team by a research member (DF). Additionally, an email
was sent bi-weekly to clinicians on board reminding them of the digital tool and providing them

with links to all the training materials.

Research Design
This is a cross-sectional study employing a mixed-methods approach. It incorporates both
quantitative and qualitative aspects by using a short survey to gather structured data and semi-

structured interviews to explore healthcare professionals’ perspectives in greater depth.

Study setting and ethical considerations

The eCDSS was implemented in three mental health of older adult (MHOA) inpatient wards in
London in August 2023. The survey and interviews were administered to healthcare professionals
on wards participating in the study between December 2023 and January 2024. The study was
granted ethical approval by the King’s College London Research Ethics Committee, Trust
Capacity and Capability (Trust R&D Reference: R&D2023/004) and NHS Health Research
Authority (22/HRA/5452).

Recruitment

Purposive sampling was employed to recruit participants targeting all pharmacists and
psychiatrists on the three wards. Potential participants were approached with an information leaflet
detailing the study aims and were given an opportunity to inquire about any aspects of the research
project. Upon expressing agreement to participate, they were asked to sign a consent form.
Notably, the number of participants was not pre-defined and was contingent upon achieving theme

saturation in the qualitative part of the project.

Data collection
Data was collected from a short online survey and semi-structured online interviews four months
following the implementation of the digital tool. The survey comprised two sections. The first

section asked about age, gender, professional background, and years of clinical experience, defined
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as years a healthcare professional spent in clinical practice since professional qualification. The
second section asked healthcare professionals to rate their level of agreement with specific
statements related to their awareness of the guidelines, confidence in identifying, managing, and
referring AF patients at risk of stroke, relevance of the eCDSS, its integration in the workflow,
effect on workload, clarity, and accessibility. Example statements for consideration included:

- “Having access to an eCDSS would help me to better assess stroke and bleeding risks in

patients with AF.”

- “The content of alerts provides trustworthy evidence-based information.”

- “The decision support provided is clinically relevant.”

- “The system hinders my existing workflow.”

- “Alerts from the eCDSS are not accessible at the right time.”

The interview topic guide was informed by field experts including general practitioners and
psychiatrists. Interviews were semi-structured and aimed to capture clinician feedback on the
eCDSS (including the alerts and training material) and their experience with the system. Interviews
lasted for around 20 minutes and were conducted via Microsoft Teams by the same researcher

(DF). All interviews were audio recorded, transcribed verbatim and de-identified before analysis.

Data analysis

For a detailed exploration of the qualitative data, a thematic analysis using an inductive approach
was conducted (13). This consisted of data familiarisation where the researcher (DF) gained a
comprehensive understanding of the content of the interview transcripts. Subsequently, codes were
generated based on key concepts and patterns within the data. These codes were organised into
potential themes which were then refined and assigned labels based on rigorous discussions with
other researchers on board.

Reflexivity played a key role in shaping the interpretation of findings in this study by enhancing
transparency and trustworthiness. The researcher working on data collection and analysis (DF)
consistently reflected on potential impact, biases, and preconceptions throughout the study.
Discussions were held between team members to explore potential subjectivity in any aspect of

the research.
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Results

The sample included 9 participants of whom 4 identified themselves as females and 5 as males.
Age of participants ranged between 25 and 47 with a mean of 33.3. In terms of professional
background, 5 were psychiatrists and 4 were pharmacists. The mean years of clinical experience

was 7.3.

Findings of the survey showed that all participants considered that the eCDSS is clinically relevant,
that there is a clear positive benefit gained from using the digital tool, and that having access to it
would help them to better assess stroke and bleeding risks among AF patients. Around 75% of
participants believed that the alerts generated from the eCDSS provided clear recommended
actions for clinicians to act on, and that the content of the alerts provided trustworthy evidence-
based information. However, 88% reported that the system hindered their workflow and 25%
thought that the system was difficult to use. Most participants (n=8) reported that they would

continue to make use of the eCDSS if it remains available on the ward.
Thematic analysis of the interviews identified three overarching themes: (1) clinician feedback on

the eCDSS, (2) barriers to the use of the digital tool, and (3) suggestions to improve clinician
experience with the eCDSS (figl).
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Table 1. CHA,DS,-VASc Scale for Atrial Fibrillation Stroke Risk

Age <65 0 [65-74 +1]>75 +2
Sex Male 0 Female +1
Congestive heart failure No 0 Yes +1
history

Hypertension history No 0 Yes +1
Stroke/ transient ischemic No 0 Yes +1
attack

(TTIA)/thromboembolism

history

Vascular disease history No 0 Yes +1
prior myocardial infarction,

peripheral artery disease or

aortic plaque

Diabetes history No 0 Yes +1

Table 2. ORBIT Bleeding Risk Scale for Atrial Fibrillation

Sex Male Female
Anaemia No 0 Yes +2
Haemoglobin <13g/dl and

haematocrit <40% for males or

haemoglobin  <12g/dl  and

haematocrit <36% for females

Age >74 years No 0 Yes +1
Bleeding history No 0 Yes +2
Any history of gastrointestinal

bleeding, intracranial bleeding,

or haemorrhagic stroke

Glomerular filtration rate | No0 Yes +1
<60mL/min/1.73 m?

Treatment with antiplatelet | No 0 Yes +1
agents
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Figure 1. Coding tree of themes identified from clinicians during interviews
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Theme 1: Clinician feedback on the eCDSS

Feedback on the eCDSS was grouped into two sub-themes: perception and impact. Healthcare
professionals perceived the digital tool as simple, straightforward, and intuitive. The training
material was perceived as comprehensive and well-designed, containing all the required
information to clinically assess for stroke and bleeding risks, refer patients and document scores

in clinical notes.

e “I went through your algorithm, it looks really good, looks very intuitive. I mean the
flow diagram that you had is very simple. The training material looks very good. I
really like the table you had on the referral clinics, | mean the contact details, because
I didn't have that information on hand whether there's anticoagulation clinic in different
boroughs” (P1).

e “To be fair, the flow chart I think was quite nice. It was nicely set out. Nice to have a
bit of color. It was easy to read and follow. There's not too much information on it. It's
not information overload. UM, it’s also nice to have the scores on there and kind of
guiding you, you know, not what you have to do, but what the scores might mean. I
appreciated the links to MD Calc as well because that was useful. Really nice to have
the steps and the screenshots of how to record the scores on the ePJS. I liked at the
bottom of one of the links you had a table with where to refer to with an email and a
phone number based on where you are, because that is probably like one of the most
nightmarish things for us. If this person has this condition, who do I call? Who do I
refer to? How do I refer to clinic? So that's really, really good”(P2).

Healthcare professionals also discussed the impact of the digital tool on themselves and their
patients. At a clinician level, some participants reported that the eCDSS saves time by providing
all the information needed to complete the clinical task thus eliminating the need to search
guidelines or consult specialists for advice. They also noted that the digital tool serves as a good
reminder of the guidelines particularly in a mental healthcare setting where assessment of physical
conditions such as stroke associated with AF may not be something done regularly. Additionally,
knowing that they are not missing on anything and that they are adhering to guidelines boosts their

confidence and make them feel more comfortable. At a patient care level, healthcare professionals
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reported that the eCDSS help in identifying patients at risk and prevent missing out cases (fig 1,

table 3).

“It might save us a bit of time because it's all already there. So then I don't have to go
in research it all myself, or ask a senior or get some advice from somewhere else. It's a
nice one, any kind of alert like that is useful. So, I don't necessarily need to go digging
around for that information” (P2).

“It reminded me that there is an assessment for people with AF because I feel like when
you work in a mental hospital you forget about doing these assessments, so it reminded
me about it early on throughout my time in the hospital” (P5).

“I was more confident in advising the doctors on what should be done next. It just gave
me confidence that we are doing that and we're not missing anything” (P3)

“But you know in terms of lighting up the potentially risky patients and their referring,
I think the intervention is very useful and particularly in our cohort where we've got
people with more physical health care morbidities” (P4).

“It alerts us to the fact that someone might need treatment, and it alerts us to the fact

that someone might have AF and that we might have missed that on” (P5).

Theme 2: Barriers to clinician use of the eCDSS

Healthcare professionals discussed many barriers to the use of the eCDSS in MHOA wards. Many

participants observed that the number of AF patients admitted to their ward is low, making the tool

one that is not frequently used. Another barrier hindering uptake was a lack of awareness of the

digital tool among clinicians (n=2). This was felt to be due to the rotation of junior doctors and

pharmacists across various wards every few months resulting in a lack of familiarity of the

incoming staff with the digital tool particularly since it was not available in all other wards.

Additionally, many participants reported that the lack of electronic visibility of the alerts generated

may deter them from engaging with the system regularly, thus impeding its integration in routine

clinical practice. Finally, the additional workload that the eCDSS may impose on healthcare

professionals may also discourage them from consistently using it (fig 1, table 3).
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e “I don't think anyone has been admitted to the ward with AF for the last few months,
so [ haven't had the opportunity to use it” (P7).

e “I don't think it's widely known about, basically It's not a tab that doctors commonly
use, so it's one of those tabs that most doctors don't even know about. The only thing
this particular tab is used for is the AF alert, otherwise it's not routinely used. So I guess
that really limits its value because unless you know about this study, for example, then
you wouldn't go on that tab” (P5).

e “It doesn't sort of jump at you. There's nothing sort of, you know, you have to actually
decide to use it and then go use it. It's not sort of like in your face the whole time where
you can say “click”. We have such short attention spans so if it's not all there in your
face, you're not gonna use it that much” (P6).

e “It requires too many clicks, even though it's not many clicks it's probably one or two
clicks, too many for it to be routinely looked at. The fact that you know it's an extra
thing that we need to look at and it's in a different place, it's likely to slow things down,
likely to not be completed consistently. Particularly there are already lots of different
investigations and assessments and lots of forms on ePJS that we're doing so it's hard

enough to ensure that all of these forms are consistently completed” (P4).

Theme 3: Suggestions to improve clinician experience with the eCDSS

To improve their experience and enhance the effectiveness of the eCDSS, healthcare professionals
suggested reinforcing the tool in a number of ways. They suggested giving additional training to
clinicians familiarising them with the tool, showing them where to find the alerts, and how to use
them. They also mentioned that the training material could be circulated to healthcare professionals
joining the wards during induction. Others suggested enhancing the alerts by sending emails to
clinicians notifying them that they need to do a clinical assessment alongside the notification on
the ePHR.

Another suggestion was to change the location of the alert, as most participants considered it a
little hidden. They proposed making it appear as a pop up on the main page of the ePJS (rather
than ePHR) in a way that cannot be avoided or disregarded (fig 1, table 3).
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“I think the only thing is maybe training, showing people what they need to do, maybe
familiarizing themselves with the scales or through the tools if they're not familiar with
them. Umm, initially you know, to train everyone. But I think it is a good idea to do it
in the induction. So train your doctors and pharmacists when they kind of get a
handover. When they swap wards this should be part of the handover for pharmacist
for sure” (P8).

“I think for it to be really used, it would need to come up on ePJS as a prompt or it
needs to be unavoidable in some way rather than people having to make a few clicks

through to look in a particular area” (P4).
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Table 3. [llustrative quotations for the identified sub-themes

Sub-themes

Examples

Perception of the tool

“That page you have made on the Intranet was really helpful because it has all the links of the different
anticoagulation clinic” (P5).

“All of the resources sound perfect. They would all be appropriate and helpful to us when managing these
scenarios” (P4).

“I went through your algorithm, it looks really good, looks very intuitive. I mean the flow diagram that you
had is very simple. The training material looks very good. I really like the table you had on the referral clinics,
I mean the contact details, because I didn't have that information on hand whether there's anticoagulation clinic
in different boroughs” (P1).

“To be fair, the flow chart I think was quite nice. It was nicely set out. Nice to have a bit of color. It was easy
to read and follow. There's not too much information on it. It's not information overload. UM, it’s also nice to
have the scores on there and kind of guiding you, you know, not what you have to do, but what the scores
might mean. [ appreciated the links to MD Calc as well because that was useful. Really nice to have the steps
and the screenshots of how to record the scores on the ePJS. I liked at the bottom of one of the links you had a
table with where to refer to with an email and a phone number based on where you are, because that is
probably like one of the most nightmarish things for us. If this person has this condition, who do I call? Who
do I refer to? How do I refer to clinic? So that's really, really good”(P2).

“It was quite straightforward. It's quite intuitive” (P6).

“Junior doctors don't feel confident in knowing what drugs to start or they never knew where to refer, so I
think it's really good that all that information is now within the system and you know it's an easy referral
process. So I think it would be it really useful definitely” (PS).

Impact of the tool on clinicians:
Saves time

“It might save us a bit of time because it's all already there. So then I don't have to go in research it all myself,
or ask a senior or get some advice from somewhere else. It's a nice one, any kind of alert like that is useful. So,
I don't necessarily need to go digging around for that information” (P2).

“You know, it actually helped me out because if not, I would have had to look at different resources or go to
NICE to see what to do but typically everything being there really helped me. It saved me a lot of time and
helped me in clinical decisions as well. Probably it would have taken me a little longer without the eCDSS”
(P3).
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Impact of the tool on clinicians:

Serves as good reminder of
guidelines

e “Itjust keeps in the back of your mind that this is something you need to do and refer to an anticoagulation
clinic. We do ECG on admission for every patient anyways so if there's AF it gets picked up but just to then
refer it is one step further, so it is something that's correct on there” (P1).

e “Uh, actually, it's also good whenever you have these kind of NICE guidelines, flow diagrams or whatever, it's
actually good kind of learning, a good refresher for us” (P2).

e “It reminded me that there is an assessment for people with AF because I feel like when you work in a mental
hospital you forget about doing these assessments so It reminded me about it early on throughout my time in
the hospital” (P5).

e “That sort of reminders is really helpful because it could prompt when you're on someone’s chart to actually
think oh, I need to check this and have a look at it this” (P9).

Impact of the tool on clinicians:

Boosts confidence

“I was more confident in advising the doctors on what should be done next. It just gave me confidence that we are
doing that and we're not missing anything” (P3)

“Uh, confidence adhering to clinical guidelines, it would probably help in that, because all the guidelines are
provided and there is step by step instructions as to how to respond to the alerts” (P4).

“I think it would definitely add to confidence and obviously I'm a psychiatrist I'm not a cardiologist. So, so you
know, I would probably speak to a geriatrician before starting any anticoagulant, mainly because we're at old age
mental Health ward, where we don't really have monitoring for things. But it would give me confidence to speak
quite confidently to geriatricians across the road” (P6).

“I think it will help with confidence of knowing where to refer when you need to refer” (PS8).

“I'll definitely feel a lot more comfortable that we've carried out all the necessary sort of screening for a patient
with AF” (P9).

Impact of the tool on patients:
identifies patients at risk

“It is very useful, it just points out patients at risk” (P3).

“But you know in terms of lighting up the potentially risky patients and their referring, I think the intervention is
very useful and particularly in our cohort where we've got people with more physical health care morbidities”
(P4).

“The eCDSS would improve the ability to recognize when a patient is at high risk of stroke” (P2).

“You know, because there's a lot of things happening, so it directs our attention to the main sort of thing that needs
actioning upon. It gives the orbits cut off point and the CHADVASc cut off point that needs actioning, a quick
referral to anticoagulation clinic, so that you know the stroke risk minimised and yeah so in terms of you know
quick action on any stroke risk” (P1).

“It will impact patient care positively because we could be helping reduce patient have a risk of stroke by
implementing the system” (P7).
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“I think this is really good for, you know, automatically anyone with AF will have this consistently assessed to
make sure that they're not extra risk factors” (P8).

Impact of the tool on patients:

prevents missing out cases

“So it was easier to, uh, to pick up anything I would have missed otherwise” (P3).

“It alerts us to the fact that someone might need treatment, and it alerts us to the fact that someone might have AF
and that we might have missed that on” (P5).

“It means more patients will have AF perhaps picked up and the ones who do have it picked up will have, you
know, follow up on it and have plan put in place” (P2).

“There must be so many patients that are missed, you know, doing these assessments and using the tools, will
definitely improve safety basically” (P8).

“I think it would definitely help because at the point, particularly during admission, a lot of the times things might
be missed. I think it'll make it more likely that they get screened properly and then it gets reviewed regularly and I
think it'll be done in a more standardized way which I think is really important” (P9).

Low admission rate of AF
patients

e “Thave not seen the alerts yet, but we haven't had many AF cases. I can only think of one case, but he wasn't
in AF at the time of presentation, so AF was in the past history” (P1).

e “I think in my patient group, none of them had atrial fibrillation. So It felt really nice knowing that I could sort
of screen for stroke risk. It just that I didn't get any result from it mainly because there was no new diagnosis
of atrial fibrillation in my patient group” (P6).

e “I don't think anyone has been admitted to the ward with AF for the last few months, so I haven't had the
opportunity to use it” (P7).

Lack of awareness of the
eCDSS

o “I don't think it's widely known about, basically It's not a tab that doctors commonly use, so it's one of those
tabs that most doctors don't even know about. The only thing this particular tab is used for is the AF alert,
otherwise it's not routinely used. So I guess that really limits its value because unless you know about this
study, for example, then you wouldn't go on that tab” (P5).

e “Inever used it. I just wasn't aware, didn't know it existed” (P2).

e “The junior doctors are changing, you know, some of them every four months. So the new junior doctors
would come in and they wouldn’t necessarily know to check there because it's not something that they would
usually be expected to do” (P4).

e “I think other people who don't know about the tool being there will not know” (P7).
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Lack of visibility of the alerts

“The position where the alerts come up is not very obvious and a bit more hidden so when we click there, it's
either to look at ePMA or the London care record. I think everything else are kind of excluded from our
vision” (P4).

“I mean it's very rarely that I go and look for alerts in ePHR” (P1).

“I think the place where it is, is a little hidden and it's not very obvious. For clinicians to go into ePHR and
then look at the alerts tab for every patient for the possibility that they might have AF risk, I don't think that
would be practically manageable. I don't think they would do that just for the possibility that somebody's
gotten AF risk. There's no other alerts that that we check in that area and so it's not a place that we routinely
would go to” (P4).

“It doesn't sort of jump at you.There's nothing sort of, you know, you have to actually decide to use it and then
go use it. It's not sort of like in your face the whole time where you can say “click”. We have such short
attention spans so if it's not all there in your face, you're not gonna use it that much” (P6).

“I'm not really accustomed to it myself because it's not something that pharmacists use, and I only really go
there if I'm looking for physical health medications” (P7).

Potential impact on workload

“When I was having a look at how to input the data it did seem a bit tedious having to click into that and then
click into that” (P7).

“The factor that would hinder use is workload of the ward, so you're not sort of thinking about these things”
(P1).

“It requires too many clicks, even though it's not many clicks it's probably one or two clicks, too many for it to
be routinely looked at. The fact that you know it's an extra thing that we need to look at and it's in a different
place, it's likely to slow things down, likely to not be completed consistently. Particularly there are already lots
of different investigations and assessments and lots of forms on ePJS that we're doing so it's hard enough to
ensure that all of these forms are consistently completed” (P4).

“I think you have to understand that a doctor's clinical and mental load is actually already a lot so making them
click on five different tabs and do five different things, It's just not gonna happen. It's in the alerts tab which is
not commonly used, but then it also tells you which patient has AF, but then you have to use the chadvasc
score from a different website and then you have to input the information on ePJS so it's a lot of additional
websites. It's not seamline and then you have to email the team in the hospital. I guess it's also not something
that a lot of people would probably do” (P5).

Re-inforce the tool

“I think that table on referral clinics, if you just maybe circulate it during an induction to us, so everybody has
access to it. It just takes a lot of time to figure out where the right anticoagulation clinic is and the right contact
for that” (P1).
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“Every four months when doctors are changing, then having some either, whether a call or an email with
pictures, screenshots and things like that for doctors as they come through. So for junior doctors to be able to
keep it in their head, it probably needs to be printed and laminated on a board in front of their head. It needs to
be kind of reinforcement that we are regularly using it” (P4).

“So it might need to be promoted a bit as well” (P7).

“I think the only thing is maybe training, showing people what they need to do, maybe familiarizing
themselves with the scales or through the tools if they're not familiar with them. Umm, initially you know, to
train everyone. But I think it is a good idea to do it in the induction. So train your doctors and pharmacists
when they kind of get a handover. When they swap wards this should be part of the handover for pharmacist
for sure” (PS).

“Emailing clinicians if somebody's flagged up would be helpful, you know automatically emailing the ward
doctors to say this person has been flagged up, please check the alerts tab or something” (P4).

Change the location of the alert

“I guess I would modify the location of that, I think the odds of it being seen will be a lot more. When you
click on someone, if it shows on ePJS, or if it's a pop up in the ePMA or in where you are prescribing, I think
that would be more helpful”’(P5).

“If there's a way to sort of makes it automatically appear in ePJS. That would, yeah, would actually speed up
things” (P1).

“I think for it to be really used, it would need to come up on ePJS as a prompt or it needs to be unavoidable in
some way rather than people having to make a few clicks through to look in a particular area” (P4).

“Making it more visible, I think that makes a huge difference” (P6).

“Maybe it would be better if it was separate on the assessment, so it wasn't within the physical health section,
so if it was just separate by itself and you could just fill it in and you could easily access the scores that were
calculated” (P7).

“If it does pop up automatically when they go into the patients notes. If the alert could pop up automatically to
say this person has AF, can you do the following screening with the tools? rather than having to click
somewhere else. So, if there's an automatic alert that comes up when they're looking into the patient's notes, as
soon as they go in” (P8).

“You could link to the Chadvasc and the orbit calculators on MDCalc. That would make it very quick. Or if
you can sort of somehow code for it so it becomes inbuilt in your system then that would be faster as well”
(P1).
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*AF: atrial fibrillation; eCDSS: electronic clinical decision support system; ePMA:e-prescribing and medicines administration; ePJS: electronic patient journey system; NICE:
national institute for health and care excellence; ECG: electrocardiogram.
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Discussion

This study sought to explore healthcare professionals experience with an eCDSS to screen for
stroke risk among people with AF admitted to a mental health service. Clinicians perceived the
digital tool as simple, straightforward, comprehensive, and well designed. They discussed its
potential impact in saving time, reminding clinicians of the guidelines, boosting clinician
confidence, and identifying patients at risk. However, healthcare professionals reported some
barriers to the use of the digital tool in clinical practice. These barriers included low admission
rate of AF patients to the mental health service, lack of awareness of the digital tool, low visibility
of the alerts, and a potential impact of the eCDSS on workload. To improve their experience with
the system, they suggested reinforcing the tool through training and reminders as well as changing
the location of the alert by making it appear in an unavoidable way on the main electronic health
record page.

In healthcare settings where eCDSSs are implemented, adoption rates are lower than expected,
with more than 49% of recommendations or alerts being ignored or overridden for multiple reasons
(10). The healthcare setting is characterised by interconnected factors at system, clinician, and
organisational levels that may influence successful integration of such tools (14). Given this
complexity, an improvement at one level does not necessarily guarantee effectiveness (14).
Additionally, eCDSSs are not like other traditional information technology tools (15). They
integrate an evidence-based approach into clinical practice which can sometimes challenge beliefs
about professional autonomy and hierarchical structures in the clinical setting resulting in
scepticism regarding its use (16).

Previous studies reported that the lack of uptake could be also attributed to the poor alignment of
the digital tools with the workflow mainly due to the interruptive notifications (15,17). Inadequate
consideration of human factors such as the additional steps required to act on the alerts, lack of
specificity, and failure to adequately capture nuances of care or co-morbidities are other limitations
that have been identified in the adoption of eCDSSs (18). In this study, healthcare professionals
emphasized on the effectiveness of the implemented eCDSS in saving resources and facilitating
clinical practice. They underscored how the system streamlines the process by providing instant
access to necessary guidelines and information, sparing doctors the time and effort otherwise spent
seeking out such resources. However, other clinicians stressed on the importance of considering
the workload imposed on healthcare professionals. Despite the convenience of the eCDSS, they
noted that the additional tasks it demands could exacerbate an already heavy workload.

Greenhalgh et al.’s framework on Non-Adoption, Abandonment, Scale-up, Spread and
Sustainability (NASSS) suggests that only when the digital tool tackles a “simple” condition, needs
little troubleshooting or training, has excellent usability, and generates value for patients and
clinicians would be used in clinical practice (19). Several studies also highlight the importance of
an eCDSS being intuitive, i.e. how easily healthcare professionals can interact and navigate with
the system, in enhancing overall clinician comfort and experience (20). This is in line with our
findings as most healthcare professionals noted that the system is user-friendly and straightforward
underscoring its use in clinical practice.

Ease of digital access has also been found crucial as alerts prominently displayed are more likely
to capture the attention of healthcare professionals whereas those blended in the background of the
EHR interface may be difficult to locate and thus may be overridden (21). In this study, visibility
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and accessibility of alerts were considered barriers to their utilisation. A key factor contributing to
this lack of visibility was the integration of alerts within ePHR rather than ePJS. This setup allowed
clinicians to open and input notes into the ePJS without necessarily accessing the ePHR, leading
to instances where alerts remained unnoticed.

To improve their operational skills and enhance their understanding of how to make full use of it,
previous research has stressed the significance of healthcare professionals receiving tailored
trainings which was highlighted by healthcare professionals in our study (22).

This study has potential limitations. Some of the interviewed healthcare professionals had never
used the digital tool and answered questions of the survey and interview based on their perspective
rather than practical experience with the eCDSS. This was mainly attributed to the low admission
rate of AF cases. However, awareness of the digital tool was maximised by regularly sending
emails to clinicians on board informing them of the digital tool and providing them with links to
all the training material required to do the clinical task. Another limitation is that participation in
this pilot study was restricted to pharmacists and psychiatrists. Including other healthcare
professionals with various levels of clinical experiences could have affected the results. We
conducted the intervention for a duration of four months before starting the interview process;
extending the intervention period could have allowed for more AF admissions thus increasing
familiarity and experience with the eCDSS. Although the sample size (n=9) may appear small, the
number is deemed acceptable in relation to the targeted population (N=15). It is also important to
note that data collection continued until saturation was reached to ensure that key themes were
captured.

Conclusion

Positive feedback from healthcare professionals was received regarding the implementation of an
eCDSS for stroke risk screening in a mental health service. However, clinicians also reported
barriers to the use of the digital tool, most notably digital placement, and provided suggestions for
improvement. eCDSSs could be key in promoting evidence-based practice and decision making,
but for these tools to be effective, ongoing evaluation is needed to continuously monitor the
performance and usage of the digital tool, gathering feedback from healthcare professionals, and
accordingly making the necessary adjustments. The evaluation process should be comprehensive
and should include clinician satisfaction, integration in workflow, and clinical effectiveness.
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PART 4- GENERAL DISCUSSION

CHAPTER 9- DISCUSSION

9.1 Summary of findings

The aim of this thesis was to examine stroke prevention in patients with AF and co-morbid physical
and mental health problems. This was done by systematically reviewing the literature to gain
insights on the prevalence, management, and outcomes of AF among people with mental illness
and by conducting two observational studies to explore any disparity in anticoagulation therapy
between SMI and non-SMI patients in a general hospital setting and the factors influencing
anticoagulation for AF-related stroke risk in a mental health Trust in London. This thesis further
details the development, feasibility, and acceptability of an eCDSS which mainly aims to enhance
safety of AF patients at high risk of stroke in SLaM. This chapter provides a summary of the
findings followed by a discussion of the research implications, and a review of the methodological

strengths and limitations related to this thesis.

The systematic review (paper 1) demonstrated a low age-adjusted prevalence of AF among people
with bipolar disorder and schizophrenia compared to the general population. The study also
showed that despite evidence of the substantial net benefit from OACs in the general population,
people with AF and co-morbid SMI were less likely to receive the therapy even after adjusting for
age. Among people receiving warfarin, those with SMI, particularly bipolar disorder, although not
schizophrenia, experienced poor anticoagulation control as measured by time in INR therapeutic
range. A key finding was the result of the meta-analysis showing no significant association

between SMI and ischaemic stroke or major bleeding after controlling for risk factors.

In paper 2, CogStack@KCH was used to identify a cohort of AF patients who had an admission
to KCH between 2011 and 2020. This observational study showed that among admitted AF
patients, those with co-morbid SMI had significantly higher stroke and bleeding risk scores. People
with AF and co-morbid SMI were less likely than those without SMI to be prescribed any OAC,
particularly warfarin. However, there was no evidence of a significant difference between the two
groups since 2019. Noteworthy, DOAC prescribing rate has shown a substantial increase over time

whereas warfarin use has decreased in both groups.
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Another observational study (paper 3) was conducted using data extracted from CRIS on active
AF patients in SLaM between 2011 and 2019. Adjusting for age, sex, CHA2DS2VASc and ORBIT
scores, patients with AF and co-morbid SMI were less likely to be prescribed any OAC compared
to those with dementia, substance use disorders or common mental disorders. A key finding of the
study was that among AF patients at increased risk of stroke, only 53% of those with dementia,
38% of those with SMI, 37% of those with substance use disorder, and 49% of those with common
mental disorders were prescribed an OAC, leaving many unprotected. Among the full cohort of
AF patients, warfarin was also less likely to be prescribed to those having ADL impairment and
alcohol or substance dependency, whereas among the subgroup of AF patients with co-morbid
SMI, it was less likely to be prescribed to those having a history of serious self-injury,
hallucinations or delusions, alcohol or substance dependency, and ADL impairment. Self-injury,
cognitive problems and other mental illnesses were associated with lower likelihood of warfarin

prescription among people with AF and co-morbid substance use disorder.

Based on the findings of the systematic review and the two observational studies, an eCDSS to
improve screening for patients with AF at high risk of stroke was developed and piloted in a mental
health service in London (chapter 6). To inform its integration into daily clinical practice, a cross-
sectional study (paper 4) employing mixed methods research design was conducted between
March and May 2023. Clinicians reported many challenges related to stroke prevention in MHOA
wards, including difficulty identifying patient pertinent medical history, perceived lack of
knowledge and expertise in the management of physical conditions, fragmented medical care, and
patient psychotic beliefs. To improve clinical practice, they suggested that reminding clinicians of
the latest guidelines through alerts on patient electronic records, having clear policies at the system
level, and providing clinicians with training sessions on AF-related stroke management would
have benefit. The reported potential benefits for the eCDSS included improving clinical
effectiveness, better identification of patients at risk, safer and more comprehensive care,
consistency in decision making and saving time. However, clinicians also noted that the digital
tool could have potential risks such as rigidity in decision making, overreliance, reduced critical

thinking, false positive recommendations, annoyance, and increased workload.

After implementation of the eCDSS, another cross-sectional study (paper 5) employing a

questionnaire and semi-structured interviews was conducted to explore healthcare professionals’
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experience with the implemented eCDSS. Clinicians perceived the digital tool as simple,
straightforward, comprehensive, and well designed. They argued that it might be helpful in saving
time, reminding clinicians of the guidelines, boosting clinician confidence, and identifying patients
at risk. However, many barriers to the use of the digital tool in clinical practice were reported
including low admission rate of AF patients to the mental health wards, insufficient clinician
awareness of the digital tool, low visibility of the alerts, and noted the potential impact of the
eCDSS on workload. For a better experience, they suggested reinforcing the tool through training

and reminders as well as making the alert appear in an unavoidable way on the ePJS.

9.2 Implications and future directions

9.2.1 Research implications

To better understand the implications of AF, one of the main aims of the systematic review was to
investigate AF prevalence among people with SMI. First, it was noted that research addressing
this prevalence is very scarce with studies reporting a low prevalence of AF in people with
schizophrenia and bipolar disorder compared to the general population (88,89,90). One
explanation for this finding could be the under-diagnosis of AF in people with SMI, potentially
due to less frequent healthcare visits, diagnostic overshadowing, or a lack of screening for AF in
this population. No previous studies compared AF screening among people with SMI and those
with no SMI. Conducting such a study would be highly informative, as it could help determine
whether the lower prevalence of AF observed in people with SMI is a true reflection of disease
incidence or primarily a result of under-detection. Additionally, given that people with SMI,
compared to the general population, have disproportionately higher cardiovascular risk factors
including AF, the low reported prevalence of AF raises questions about potential underreporting
in clinical practice (91,92). Further research should prioritise addressing these gaps using
comprehensive healthcare databases or population-based studies. Only through investigation of
the true prevalence of AF in this population will a comprehensive understanding of the magnitude
of the health issue be obtained and an assessment of who might be at increased risk can derived.

Second, the need for further research is underscored by the fact that existing research on the
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prevalence of AF in people with SMI were limited to Taiwan and the UK which may not be
representative of the worldwide population (88-90). Further research across different geographical
settings and diverse populations with various socioeconomic, cultural, and healthcare system
contexts should be conducted to yield generalisable findings. Overall, understanding the
prevalence of AF in people with SMI is key for improving outcomes, implementing tailored

screening, prevention, and management strategies.

In addition to the discrepancy in AF identification, there is also a notable disparity in OAC
prescription among people with SMI versus the general population. To date few studies have
investigated OAC prescription in people with SMI with those focusing on whether the use of
DOAC:s has reduced OAC gap between SMI and non-SMI patients being limited so far (61,
93,94,95,96). Fenger-Gron et al. reported an increase in OAC initiation and prevalence among
people with schizophrenia and bipolar disorder after the introduction of DOACs although a
significant anticoagulation treatment deficit remained for those with schizophrenia (93). Another
Danish study also found that initiation of OAC was substantially lower among patients with AF
and schizophrenia compared to matched AF peers despite the increase in OAC use noted among
people with schizophrenia following the introduction of DOACs (94). This is in line with findings
of our study conducted at King’s College Hospital, where we reported an increasing trend of
DOAC use among AF patients with co-morbid SMI between 2011 and 2020. A significant
difference in OAC prescription between SMI and non-SMI patients was noted until 2019, after
that there was no evidence of a significant difference (61). The absence of difference between the
two groups after 2019 could be due to an improvement in OAC prescription, particularly DOAC,
but could be also due to lack of comprehensive data after that date (61). None of the above-
mentioned studies included data after 2020. Continued monitoring of OAC prescription trend is
necessary to assess whether the disparity between SMI and non-SMI persists over time.
Longitudinal studies could be also helpful in understanding the consequences of this disparity on

stroke incidence, morbidity, and mortality among people with mental illness.
The OAC treatment gap may stem from various factors including active features of mental illness

(53). Our observational study conducted in SLaM was the first to investigate association between

mental illness severity and functional impairment with OAC prescription in eligible patients (62).
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Further research is needed to validate the findings and confirm generalisability in other mental
healthcare settings. Qualitative studies could also delve into patient preferences, and the systemic
barriers influencing treatment decisions. Elucidating the underlying reasons for OAC treatment
gap could serve as the basis for developing strategies to improve provision of therapy in specific
subgroups such as people with hallucinations and delusions, activity of daily living impairment,

or alcohol or substance dependence.

Based on the findings of the systematic review and the observational studies conducted in general
and mental healthcare settings, an eCDSS to screen for stroke risk among patients with AF and co-
morbid mental illness was developed (84). Although many eCDSSs have been developed for the
same purpose, ours marks a significant milestone as it is the first to screen for AF-related stroke
risk in a mental healthcare setting (70-79). The fragmented nature of the healthcare system may
inadvertently lead to gaps in identification of risk factors; therefore, such integration promotes a
holistic approach to healthcare delivery, particularly for people with complex health needs. Future
research should explore the scalability of the digital tool across various mental healthcare settings
to evaluate its effectiveness in improving stroke risk assessment and OAC clinic referral practices.
Additionally, research comparing standard care versus use of eCDSSs in stroke risk screening can
provide valuable insights into the effect of the digital tool on clinical outcomes and healthcare

delivery.

To ensure successful implementation and utilisation of the eCDSS in SLaM, interviews aiming to
understand clinician perception and experience with the digital tool were conducted. The
qualitative research allowed us to identify barriers, facilitators, and nuances that could not
otherwise have been captured through quantitative data alone. Insights gained from these studies
were essential to identify areas that needed refinement or improvement for the digital tool to better
align with the preferences and needs of clinicians. This iterative approach of feedback and adoption
was considered key for enhancing the overall experience and fostering a sense of engagement
among clinicians. Similar research should be conducted in other mental healthcare services having
different organisational structures, healthcare providers, and patient demographics to allow for
generalisation of findings beyond a single context. Highlighting factors that consistently hinder or

facilitate implementation as well as other contextual factors affecting outcomes would inform
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development of guidelines and best practices for the implementation of such digital tools across

various settings.

9.2.2 Clinical and service implications

The reduced life expectancy of people with mental illness compared to the general population is a
major public health concern (12-14). Cardiovascular diseases are the leading cause of death with
the risk being up to 5-fold higher in people with SMI compared to the general population across
both sexes and all ages and ethnic groups (37). Efforts to reduce cardiovascular mortality including
advancements in interventions, increased adherence to guidelines and improvements in lifestyle
behaviour have not been mirrored in people with SMI compared to non-SMI (97). Consequently,

a disparity persists between the two groups (97).

People with AF are at increased risk of stroke and most require OAC treatment (37). A disparity
in AF identification and OAC prescription has multifaceted clinical implications. AF is a type of
arrhythmia that increases the risk of stroke by elevating the chances of blood clot formation (37).
Thus, failure to mitigate this risk through appropriate treatment measure could result in devastating
health outcomes affecting patient quality of life, especially that strokes associated with AF tend to
be more severe compared to those without AF resulting in emotional distress, significant disability
(such as cognitive deficit, speech impairment, and paralysis) and sometimes death (80). Strokes
do not only impact patients, but also impose serious burden on their families and caregivers who
may as a result face physical and emotional issues impacting their well-being (98). Additionally,
prolonged hospitalisations, increased healthcare costs, greater demands on resources for long term
care and stroke rehabilitation impose a significant economic burden, emphasising the need for
adherence to evidence-based guidelines to reduce morbidity and mortality associated with
unmanaged AF related stroke risk, particularly because strokes related to AF are often preventable
(99). The disparity in OAC therapy could also convey significant repercussions in terms of health
inequity. Failure to provide appropriate therapy to this vulnerable population may worsen existing

disparities in health outcomes.
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Implementing an eCDSS for stroke risk screening in a mental healthcare setting have many clinical
implications. First, such a digital tool would enhance the detection of a history of AF itself, which,
because AF can be intermittent, may be missed on re-presentation, along with quantification of
risk factors, mainly components of the CHA>DS>VASc and ORBIT scales, among people with
mental illness. This is considered crucial especially that physical health conditions are not always
prioritised in mental healthcare settings often leading to under-recognition and under-treatment
(65,100). Second, the digital tool allows healthcare providers to systematically identify people at
high risk of stroke related to AF and accordingly make referrals to OAC clinics, potentially
reducing the number of missed cases and ensuring those at risk are receiving appropriate treatment
(70,73). Third, the digital tool can support a holistic approach to healthcare delivery. Guiding
mental health clinicians by providing them with evidence-based guidelines and decision support
tools allows them to address all relevant aspects of patient health, promoting a patient-centred
approach to care (65). At the service level, the eCDSS has substantial implications such as
enhancing quality of care, improving efficiency, promoting evidence-based practice,
interdisciplinary collaboration, and optimisation of resource utilisation (65). While the eCDSS
developed in this study was tested in an inpatient setting, expanding its use to outpatient settings
and GP practices may have significant advantages. In these settings, the number of people with
AF could be higher, which means that screening for associated stroke risk could identify more
individuals at high risk. This would allow for early prevention in a greater number of patients,
timely interventions, and potential reduction in the stroke incidence. Outpatient and GP settings
also offer more opportunities for direct patient engagement and education, empowering patients to

understand and manage their stroke risk more effectively.

Qualitatively assessing end-user perception of the eCDSS can provide valuable insight into its
potential impact on clinical decision-making processes including decision support, clinical
reasoning, quality of care and adherence to guidelines. A positive perception can facilitate the
integration of the tool into routine practice, whereas a negative one may suggest challenges
highlighting potential areas for improvement and refinement. Additionally, understanding
clinician perception of an eCDSS, such as the one implemented in this project, reveals the extent
to which digital tools for the management of physical health conditions could be successfully

integrated in a mental healthcare setting. Understanding the challenges and barriers to adoption
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encountered in real-world clinical settings is crucial for optimising the design and functionality of
the system so that it becomes more aligned with healthcare provider preferences and workflow,
eventually boosting satisfaction and usability. Moreover, healthcare provider perception is
fundamental to understand the accuracy, relevance, user-friendliness, the effect of the digital tool
on workload and workflow efficiency, and on patient safety and outcomes. All these insights can
inform customisation strategies and quality improvement initiatives aiming at maximising the

benefits of the digital tool and enhancing healthcare delivery.

9.3 Strengths and limitations

Strengths and limitations of each study included in this thesis have been listed in chapters 2 to 7.

Further discussion surrounding strengths and limitation are provided in this chapter.

9.3.1 Strengths

Paper 1 had many strengths (60). It provided a comprehensive overview of existing evidence on
the topic, helped identify gaps in knowledge, and accordingly directed the subsequent
investigations in the project (60). The risk of bias was reduced by pre-registering the protocol on
PROSPERO, assigning a researcher to independently replicate data retrieval and extraction
processes, utilising PRISMA guidance for reporting, searching multiple databases using a variety
of keywords, and assessing the risk of bias for each included study using the NOS (60). In the
meta-analysis, the risk estimates included were all adjusted for OAC use and stroke and bleeding

risk factors which led to more robust findings (60).

The main strength of paper 2 is that it evaluated OAC prescription rates over a period of 10 years
(2011-2020) in a large inner-city hospital (61). The study was based on data extracted using a NLP
tool, an approach that has several advantages (61). Compared to manual extraction methods, NLP
tools allow for efficient extraction of patient data from large volumes of unstructured text including
clinical notes and EHRs (101). This approach allows researchers to capture a wide range of
information (including demographics, symptoms, diagnoses, laboratory results, treatments, and
medication) providing a comprehensive overview of patient health status (102). Accordingly,

researchers can conduct studies at a larger scale with minimum time and effort (102). In paper 3,
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the association between mental illness severity and functional impairment with the prescription of
OAC therapy among people with AF was investigated for the first time (62). NLP tools were
similarly used to detect the presence of physical comorbidities in EHRs of patients over a 9-year

period between 2011 and 2019 (62).

The strength of the eCDSS implemented in SLaM lies in its emphasis on patient safety. The digital
tool’s main function was to support clinicians in identifying AF patients at high risk of stroke so
that they can be referred to OAC clinics. This approach would prevent missing out cases and
guarantee that clinicians retain the decision to prescribe anticoagulants mitigating potential risks
associated with inappropriate OAC prescription. Another strength lies in the clinical risk
assessment plan that was thoroughly developed whereby all potential hazards were identified and

attempts were made to reduce them to as low as reasonably practical.

Papers 4 and 5 shared similar strengths. First, they both incorporated quantitative and qualitative
data collection and analysis methods providing a comprehensive understanding of the topic of
interest and a holistic assessment of the intervention. While the quantitative methods provided
numerical data, the qualitative one offered a deeper exploration of clinician perception and
experience with the digital tool. Second, both studies were conducted in three wards in London
enhancing the robustness, applicability, and impact of the research findings. Third, data collection
continued until saturation was achieved to ensure that a wide range of perspectives and experiences
was captured, and bias was minimised. Fourth, reflexivity was practiced throughout the research
process to ensure objectivity and credibility of the studies. This was done by frequently questioning
preconceptions and recording assumptions and personal biases. Finally, in paper 4 two researchers
independently worked on data extraction and analysis which enhanced the rigor and transparency
of the research process, validated results, increased reliability of findings, and reduced researcher

bias.

9.3.2 Limitations
Despite the strength of the methodologies employed to synthesise evidence in each study, it is

important to acknowledge several limitations.
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In paper 1, studies investigating the prevalence, management, and outcomes of AF in people with
SMI were limited, affecting generalisability of findings to broader populations or settings (60).
Among studies included in the review, eleven were rated as of good quality, three as fair, and two
as of poor-quality using Newcastle-Ottawa Scale. Low quality studies may have introduced bias
influencing findings. Moreover, studies investigating OAC prescription rate in AF patients with
co-morbid SMI mainly focused on warfarin, whereas research on DOAC use was limited, although
DOAC:s are increasingly preferred in practice (103). Findings of these studies were not pooled
because data presented were not directly comparable. The small number of studies (n=4) included
in the meta-analysis may have resulted in limited statistical power to detect an effect for SMI on
stroke and bleeding risks and could have made the study more susceptible to publication bias.
Additionally, the variability in SMI definition, populations, study designs, and outcome measures

among studies included in the meta-analysis resulted in increased heterogeneity.

In papers 2 and 3, data were extracted from EHRs using NLP tools. Despite the benefits associated
with this approach, it has some limitations (61,62). NLP tools may struggle to extract information
from poorly structured data fields and free-text notes mainly due to the lack of standardised
terminologies, coding schemes and data formats as well as misinterpretation of abbreviations,
acronyms, and clinical jargon resulting in errors in the data extracted. In paper 2, the study
population was limited to patients admitted to the hospital which could have resulted in findings
being of limited generalisability. Hospitalised patients may systematically differ from outpatients
in terms of demographics, illness severity, and comorbidities. By only including hospitalised
patients, those with mild or moderate conditions could have been underrepresented. Additionally,
co-morbidities captured in this study were restricted to the CHA2DS2-VASc and HAS-BLED
components. Other risk factors associated with increased risk of poor outcomes in AF patients with
co-morbid mental illness may have been overlooked. In paper 3, data were extracted from mental
health records where physical health conditions and associated treatments could be poorly
recorded (62). The low prescription rate of OAC may not always reflect under-recording or
undertreatment but could also be related to active clinical decision making not to treat with OAC
involving other non-modifiable factors. Finally, associations presented in this study between

mental illness severity and OAC prescription do not necessarily imply causality.
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In papers 4 and 5, the sample size was small which could have introduced some bias as the
perspectives and experiences of few healthcare providers might have disproportionately influenced
the findings. However, it is important to note that the sample size in both studies was considered
acceptable in relation to the targeted population and that data collection continued until saturation
was achieved. Another limitation is that participants included in both studies were restricted to
psychiatrists and pharmacists. Including other healthcare professionals with various degrees of
clinical experiences could have broadened the findings. In paper 4, some healthcare professionals
might have been reluctant to express their lack of knowledge and confidence in assessing physical
health conditions which could have potentially resulted in reporting bias. In paper 5, few of the
interviewed healthcare professionals had ever used the digital tool and instead, answered questions
in the survey and interview based on their perspective rather than practical experience with the
eCDSS. Noteworthy, the interview process started four months after the implementation of the
digital tool. Extending the intervention period could have allowed for more AF admissions, thus
increasing familiarity and experience of healthcare professionals with the eCDSS. Finally, due to
time limitations, data extraction and analysis were not replicated by a second independent

researcher in paper 5.

9.4 Conclusions

In this thesis, I presented findings of five studies aiming to investigate prevention of AF-related
stroke in people with mental illness at multiple levels.

In paper 1, I conducted a systematic review to examine prevalence, management, and outcomes of
AF in people with SMI versus the general population (60). I suggested that low reported rates of
AF among people with SMI could be due to under-recognition or recording gaps (60). I also
showed that people with AF and SMI were less likely to receive OAC therapy compared to the
general population (60). When receiving warfarin, those with bipolar disorder experienced poor
anticoagulation control as measured by time in INR therapeutic range (60). The meta-analysis
showed that in AF patients, SMI was not significantly associated with an increased risk of stroke
or major bleeding when adjusted for underlying stroke and bleeding risks using the

CHA2DS2VASc and HASBLED scales respectively (60).
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In papers 2 and 3, I investigated OAC prescription rates among people with AF and SMI in primary
and tertiary mental healthcare services (61,62). In both studies, I proposed that among people with
AF, those with co-morbid SMI are less likely to be prescribed OAC therapy to reduce their risk of
stroke (61,62). In paper 2, I showed an increasing trend of DOAC use and decreasing trend of
warfarin use between 2011 and 2020 in all AF patients regardless of their mental health status (61).
In paper 3, I demonstrated that a total of 62% of SMI patients at risk of AF- related stroke were
not prescribed an OAC (62). Among this population, warfarin was less likely to be prescribed to
people with self-injury, hallucinations or delusions, ADL impairment, or alcohol or substance
dependence (62).

To improve screening for stroke related to AF in people with mental illness, I developed an eCDSS
that consisted of a visual prompt on patient ePHR (84). The tool was implemented in three MHOA
wards in SLAM. Healthcare professionals were prompted to confirm the presence of AF, complete
clinical assessment of stroke and bleeding risks using the CHA2DS>VASc and ORBIT scales, and
record scores on ePJS. If patients were found to be at high risk of stroke, clinicians were prompted
to refer them to oral anticoagulation clinics.

Pre-implementation of the digital alerting system, I explored mental health clinician experience in
screening for stroke risk among patients with AF and their perception of the potential impact of an
eCDSS in improving care quality. I established that challenges encountered by mental health
professionals included difficulty identifying relevant medical history of patients, clinician
perceived lack of expertise, fragmented medical care, and patients’ mental health symptoms.
Suggestions to improve clinical practice included clinicians receiving alerts containing latest
guidelines and policies on stroke management, and bespoke training sessions designed to advance
the knowledge, competencies, and confidence of clinicians. Healthcare professionals perceived
eCDSSs as potentially beneficial in enhancing clinical effectiveness, saving time, and improving
health outcomes. Reported perceived risks were rigidity in decision making, annoyance, and
increased workload.

After implementation of the eCDSS, I investigated healthcare professionals’ perception and
experience with the digital tool. The tool was perceived as simple, comprehensive, and well
designed. Clinicians discussed its impact on saving time, prompting them towards guidelines,
boosting their confidence, and identifying patients at risk. Barriers to using the tool included low

admission rate of patients with AF, insufficient awareness of the tool, low alert visibility, and

195



impact of the eCDSS on workload. Clinicians suggested reinforcing awareness of the tool through

training and reminders as well as changing the digital location and making it unavoidable.

Overall, in this body of work I demonstrated that there is a disparity in OAC prescription among
people with AF and co-morbid SMI compared to non-SMI. Implementing a digital alerting system
to improve stroke risk screening among people with AF admitted to a mental healthcare service is
feasible and acceptable by clinicians. To ensure effectiveness of the tool, ongoing evaluation
should be done by continuously monitoring performance, gathering feedback, and adjusting the

system accordingly.
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APPENDICES

Appendix A
Search Strategy

1. MEDLINE (PubMed) Search String:

#1 "atrial fibrillation"[MeSH Terms] OR "atrial fibrillation"[All Fields]

#2 ("serious mental illness"[All Fields] OR "severe mental illness"[All Fields] OR "schizophrenia"[MeSH Terms] OR
"schizophrenia"[All Fields] OR "bipolar affective disorder"[MeSH Terms] OR "bipolar affective disorder"[All Fields] OR
"schizoaffective disorder"[MeSH Terms] OR "schizoaffective disorder"[All Fields] OR "non-organic psychosis"[All Fields])
#3 ("oral anticoagulants"[All Fields] OR "non-vitamin K antagonist oral anticoagulants"[All Fields] OR "Direct Oral
Anticoagulant"[All Fields] OR "DOAC"[AIl Fields] OR "Novel Oral Anticoagulant"[All Fields] OR "NOAC"[AIl Fields] OR
"dabigatran"[All Fields] OR "rivaroxaban"[All Fields] OR "apixaban"[All Fields] OR "edoxaban"[All Fields] OR "vitamin K
antagonist"[All Fields] OR "warfarin"[MeSH Terms] OR "warfarin"[All Fields])

#4 ("Therapeutic range"[ All Fields] OR "International Normalized Ratio"[ All Fields] OR "International Normalised Ratio"[All
Fields] OR "INR"[AIl Fields] OR "prothrombin time"[MeSH Terms] OR "prothrombin time"[ All Fields])

#5 ("cerebrovascular accident"[MeSH Terms] OR "cerebrovascular accident"[All Fields] OR "cerebral thrombosis"[All Fields]
OR "haemorrhage"[All Fields] OR "hemorrhage"[All Fields] OR "cerebral infarct"[All Fields] OR "cerebral infarction"[All
Fields] OR "bleeding"[All Fields] OR "stroke"[MeSH Terms] OR "stroke"[All Fields] OR "mortality"[MeSH Terms] OR
"mortality"[ All Fields] OR "death"[All Fields])

#6 #1 AND #2

#7 #6 AND #3 OR #4 OR #5

#8 Filters: English[lang] AND ("2004/01/01"[PDat] : "2022/12/31"[PDat])

2. EMBASE Search String:
#1 'exp atrial fibrillation/ OR atrial fibrillation.mp.'
#2 (‘serious mental illness' OR 'severe mental illness' OR 'schizophrenia'/exp OR schizophrenia.mp. OR 'bipolar affective

disorder'/exp OR 'bipolar affective disorder'.mp. OR 'schizoaffective disorder'/exp OR 'schizoaffective disorder'.mp. OR 'non-
organic psychosis').mp.
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#3 (‘oral anticoagulants' OR mon-vitamin K antagonist oral anticoagulants’ OR 'Direct Oral Anticoagulant’' OR 'DOAC' OR
"Novel Oral Anticoagulant' OR 'NOAC' OR 'dabigatran' OR 'rivaroxaban' OR 'apixaban' OR 'edoxaban' OR 'vitamin K antagonist'
OR 'warfarin'/exp OR warfarin.mp.).mp.

#4 ('Therapeutic range' OR 'International Normalized Ratio' OR 'International Normalised Ratio' OR 'INR' OR 'prothrombin
time'/exp OR 'prothrombin time'.mp.).mp.

#5 (‘cerebrovascular accident'/exp OR 'cerebrovascular accident'.mp. OR 'cerebral thrombosis' OR ‘'haemorrhage' OR
'hemorrhage' OR 'cerebral infarct' OR 'cerebral infarction' OR 'bleeding' OR 'stroke'/exp OR 'stroke'.mp. OR 'mortality'/exp OR
'mortality’.mp. OR 'death').mp.

#6 #1 AND #2

#7 #6 AND #3 OR #4 OR #5

#8 Filters: limit to (English language and yr="2004 - 2022")

3. PsycINFO Search String:

#1 'atrial fibrillation'.mp.

#2 (‘'serious mental illness' OR 'severe mental illness' OR 'schizophrenia' OR 'bipolar affective disorder' OR 'schizoaffective
disorder' OR 'non-organic psychosis').mp.

#3 (‘oral anticoagulants' OR mon-vitamin K antagonist oral anticoagulants’ OR 'Direct Oral Anticoagulant' OR 'DOAC' OR
"Novel Oral Anticoagulant' OR 'NOAC' OR 'dabigatran' OR 'rivaroxaban' OR 'apixaban' OR 'edoxaban' OR 'vitamin K antagonist'
OR 'warfarin').mp.

#4 ('Therapeutic range' OR 'International Normalized Ratio' OR 'International Normalised Ratio' OR 'INR' OR 'prothrombin
time').mp.

#5 (‘cerebrovascular accident' OR 'cerebral thrombosis' OR 'haemorrhage' OR 'hemorrhage' OR 'cerebral infarct' OR 'cerebral
infarction' OR 'bleeding' OR 'stroke' OR 'mortality' OR 'death').mp.

#6 #1 AND #2

#7 #6 AND #3 OR #4 OR #5

#8 Filters: English language, Publication Year from 2004 to 2022

Eligibility Criteria for Retrieved Articles
Inclusion Criteria:

. Must Include Both Conditions: The article must explicitly include both atrial fibrillation (AF) and serious mental illness (SMI)
in the study population.
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Additional Considerations:
o Oral Anticoagulants (OACs): Articles that include information on the use of oral anticoagulants (e.g., DOACs, warfarin)
for managing AF in individuals with SMI.
o Anticoagulation Control: Articles discussing aspects of anticoagulation control such as therapeutic range, INR, or
prothrombin time.
o Outcomes: Articles reporting on outcomes related to stroke, bleeding, or mortality.

Exclusion Criteria:

Lacking Both Conditions: Articles that do not explicitly include both AF and SMI.

Irrelevant Conditions: Articles that focus solely on arrhythmias or cardiovascular diseases in general without specifically
addressing AF.

Not Relevant to OAC or Outcomes: Articles that do not discuss oral anticoagulants, anticoagulation control, or relevant
outcomes.

Non-Research Publications: Reviews, commentaries, case reports, and conference abstracts.

Additional Information:
Screening for Additional Articles: Additional articles were identified by screening the reference lists of the retrieved studies.
Publication Date Restriction: The search was restricted to articles written in English and published between 2004 and 2022.

This is because, after 2004, aspirin was no longer considered an effective treatment for AF-related stroke (Van Walraven et al.,
2002).
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Appendix B

Guidance on where to find the AF alerts in ePHR

e Login to SLaM electronic patient health record portal.
e Go to Alerts.
e At the top right corner, click on your name to manage your account.
e Add the wards for which you would like to receive notifications.
¢ Notifications will appear on the bell sign at the top right corner.
@ O | Aens x  + - (=] X
< C M () https://ephr.slam.nhs.uk/alert A = ) "/ LI‘,/
O Home X Valid ‘ Vet ][ vad H " Manage Account = Clear o
\ &h Ward Dashboa = = . ) &
B o ] ALT Ward - Maudsley - Dina Farran &> Sign Out .
pecalbeat o di Chelsham House - Bethlem ~ 42 Security Groups '
A London Care R
o & Hayworth Ward - Ladywell ~ Wards
Patients in these locations will be displayed in task views and
team/ward views
Hayworth Ward - Ladywell X | AL1Ward - Maudsley X
Chelsham House - Bethlem X
f Save
a
H P Type here to search i A @& T di) N6 ws,«g?zoza
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e By clicking on the ward, you will have the option to view all the alerts, the ones generated the past 30 days, past 7 days or past
24h. For example, the screenshot below shows a total of 8 alerts in AL1.

e Alist of patients (name, trust ID, date of birth) with AF admitted to the ward will appear.

e Click on the risk of atrial fibrillation.

® O Alerts x = - a X
&« C m B ephr.slam.nhs.uk/Alert . ¢ B & - ,I"/
( [INHS |
I - it | o or s 2om | (0) 2B |
(3 Home X Valid Valid Valid o o
Last 24h Last 7d Last 30d ear
&h Ward Dashboa &
0 Alerts o 4] AL1 Ward - Maudsley ~ +
- Physical Healtt 06/06/2023 01:09 - Atrial Fibrillation notification service: Evidence
[ London Care R
Risk of Atrial Fibrillation
/ Trust ID
DOB \
Valid 06/06/2023 01:09
From
Valid To 13/06/2023 01:09
06/06/2023 01:09 - Atrial Fibrillation notification service: Evidence
sk of At F
Trust ID
DOB
Valid 06/06/2023 01:09
From
Valid To 13/06/2023 01:09
04/06/2023 22:08 - Atrial Fibrillation notification service: Evidence
0 L: Chelsham House - Bethlem ~
-~ B
a
>
" 13:56
H L Type here to search i N T NG s

e A message will appear (please see screenshot below).

e Click on the hyperlink “MAUD” to be redirected to the MAUD (intranet) page where you can find instructions on how to
monitor and manage AF-related stroke in SLAM adult inpatients, links to the CHAD2DS2VASc and ORBIT calculators, NICE
guidelines on the diagnosis and management of AF related stroke and step by step guidance on how to record the stroke and
bleeding risks in ePJS and how to make a referral to an oral anticoagulation clinic.

212



0 | | Aens x‘+

C M ()  https//ephr.slam.nhs.uk/Alerts?validfrom=all

Message Detail

- admitted to AL1 Ward - Maudsley at_ has Atrial Fibrillation (AF)

recorded in clinical notes.

1. Please confirm the presence of AF, either currently or in the past (info on how to do that is
available on MAUD).

2. If patient has AF, please complete clinical assessment of stroke and bleeding risks using the
CHA;DS;VASc and ORBIT scales provided on MAUD and record scores in comment section next
to AF in the PHH (instructions are available on MAUD).

3. If patient is at high risk of stroke, please refer them to oral anticoagulation clinic (clinic contacts
and instructions available on MAUD).

+—

P Type here to search
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@ [ & Cadiovascular Disease x |+

alth/SitePages/Cardiovascular-d

<« C m ) https;//slamonline.sharepoint.com/s
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Appendix C
Guidance on where to record the CHA2DS2VASc and ORBIT scores in the Physical health hub and how to make a referral
- Where to record the CHA2DS2VASc and ORBIT scores in the Physical Health (PH) Hub?

e First time creating PH Hub:
- Go to assessments/ create a new physical health hub

!

Refm RiskSloguarding Modcin | planRov MHAMCADOLS

Clinical Assessments

O Hierarchy O Timeline ® Tabbed

| Date Form Summary Create anew : - Please Select - v
Nutri CAMHS

O 4 12/04/2023 Physical Health Hub Physical Health Hub - Ward Inpat A
Nutri Com

O A 12/04/2023 Physical Health Hub Old Version (Ended by - on 12/04/2023) .
Physical Health _
Hub

O J 28032023 Physical Health Hub 0id Version (Ended by ([ on 28/03/2023)
SADQ

0 d 281032023 Physical Health Hub oid Version (Ended by (] on 28032023 Single
Assessment

O J 28032023 Physical Health Hub Old Version (Ended by _ on 28/03/2023) Social Situation

e Existing PH Hub:
- Go to assessments/ click on existing physical health hub
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Retivvmt Risk/Safoguarding Plan/Rev MHAMCADOLS Careriz | ono |

Clinical Assessments

O Hierarchy O Timeline @ Tabbed

O Date Form Summary Create anew - Please Select - -
J 12/04/2023 Physical Health Hub Physical Health Hub - Ward

e Updating medical records:
- Click on update to edit the medical record

[ Ttz ™ ek k-1 N

NHS Foundation Trust

I Cancel ” Update |

Born | Gender Female

$ No Known Allergies (Updated:
NHS No.

E i K
Notifications C4cC [:] ‘l ‘l a4 A
No Orcer Reven LCR
Consultant Legal Status | Informal Care Type Non-CPA

Community Obs Zone Clinical Document Repository - 7 Files

14: Psychotic Crisis

Cllustizy If you disagree with the assigned Care Cluster then please contact and discuss with the Care Coordinator
04/09/2018: Other Allergy (non drug) - Ladybug Allergies
Alert 04/09/2018: Medication Alert - Drug Allergy to NSAIDs

KNOWN to a LEWISHAM PCMHT. Please see LCR icon (above) for more information,
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e Recording Atrial Fibrillation, CHA2DS2VASc and ORBIT scores
- Go to the physical health history, then to cardiovascular
- Click on atrial fibrillation
- Add the CHA2DS2VASc and ORBIT scores (links to corresponding calculators are available on MAUD) in the comment
section as shown below

— Physical Health History - please check GP shared record (Local Care Record/Connect Care)

<+ Allergies
+ No physical health history or history incomplete
=+ Patient refusing or unable to give complete history at current time

= Cardiovascular

CHA2DS2VASC score is 5

Heart attack (MI) | Stroke (CVA) | Angina | Heart failure | Atrial fibrillation

ORBIT score is 3

Hypertension | Peripheral vascular disease | Sickle cell disease

Fam history (1st degree) angina or Ml under 60

Damian Larkin on 28/03/2023

e Saving medical records:
- click save

I Show Menu IaSWnd”‘M;-mgg;‘ NHS

NHS Foundation Trust

| Save | Cancel “ Set Invalid |
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- How to print the PH hub:
- At the top right corner of the screen click on the print icon. It will print the entire Summary and will also display other
important demographic information such as the patients name (as it is recorded on ePJS).
- Save print output as a pdf on your PC.

? * Q’ﬁ' I & © oo
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\

| Cancel | | Print |

STAFF NOTE

To print this document you may need to adjust your page setup.
1. Right click and select Print preview.

2. Click the 'Cogd' icon (Page setup).

3. Change the Margins to 10mm.

4. Enable the Print Background Colors and Images option.

5. Select -Empty- for all the Header and Footer options.

Document created by Won Document updated by M on
Name:s (D

Gender:Female
Age:41

GP:ROWGERY Old
NHS No

Trust ID:

= Summary

Patient's current view
| would like to be more active

COVID-19 No Summary

Flu vaccination

Flu vaccination (this flu
season)

Flu vaccination at SLaM Had Flucelvax Tetra jab at SLaM

Flu risk assessment and
consent
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How to make a referral?

- Refer patients at high risk of stroke to one of the following oral anticoagulation clinics based on their GP address.

- In the referral email, mention that the patient has been diagnosed with atrial fibrillation and that the stroke and bleeding
risks have been assessed using the CHA2DS2VASc and ORBIT scales.

- Include the PH summary as an attachment in the referral email.

- List of OAC clinics:

UHL

QEH

PRUH

KCH

GSST

111

Croydon

Bexley
(Community)

Bromley
(Community)
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Appendix D

Risk Classification and Matrix

Likelihood Interpretation

Category

Very high Certain or almost certain; highly likely to occur

High Not certain but very possible; reasonably expected to occur in the majority of
cases

Medium Possible

Low Could occur but in the great majority of occasions will not

Very low Negligible or nearly negligible possibility of occurring

Hazard likelihood definitions

Severity Interpretation Number of
Classification Patients Affected
Catastrophic Death Multiple
Permanent life-changing incapacity and any condition for which the prognosis is death Multiple

or permanent life-changing incapacity; severe injury or severe incapacity from which
recovery is not expected in the short term
Major Death Single
Permanent life-changing incapacity and any condition for which the prognosis is death Single
or permanent life-changing incapacity; severe injury or severe incapacity from which
recovery is not expected in the short term

Severe injury or severe incapacity from which recovery is expected in the short term Multiple

Severe psychological trauma Multiple
Considerable Severe injury or severe incapacity from which recovery is expected in the short term Single

Severe psychological trauma Single
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Severity Interpretation Number of

Classification Patients Affected
Minor injury or injuries from which recovery is not expected in the short term. Multiple
Significant psychological trauma. Multiple
Significant Minor injury or injuries from which recovery is not expected in the short term. Single
Significant psychological trauma Single
Minor injury from which recovery is expected in the short term Multiple
Minor psychological upset; inconvenience Multiple
Minor Minor injury from which recovery is expected in the short term; minor psychological Single
upset; inconvenience; any negligible severity
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Appendix E

NHS

South London
and Maudsley

NHS Foundation Trust

ING’S
College

LONDON

INFORMATION SHEET FOR PARTICIPANTS
YOU WILL BE GIVEN A COPY OF THIS INFORMATION SHEET

Title of project

Implementation of an electronic clinical decision support system (eCDSS) for prevention of
atrial fibrillation-related stroke in a mental healthcare setting: a feasibility study

Invitation Paragraph

We would like to invite you to participate in this PhD research project conducted at KCL.
Before you decide whether you want to take part, it is important for you to understand why the
research is being done and what your participation will involve. Please take time to read the
following information carefully and discuss it with others if you wish. Ask the research team
if there is anything that is not clear or if you would like more information.

What is the purpose of the project?

The purpose of the study is to assess the feasibility and acceptability to staff of an electronic
clinical decision support system (eCDSS) (run on Cogstack@Maudsley) for the prevention of
atrial fibrillation-related stroke in Mental Health of Older Adults inpatient wards.

Why have I been invited to take part?

You are being invited to participate in this project because you work clinically on a Mental
Health of Older Adult (MHOA) inpatient ward at South London and Maudsley NHS
Foundation Trust (SLaM) where this research is taking place and because your ward manager
has expressed an interest in partaking in the study.

What will happen if I take part?

If you choose to take part in the project you will be asked to complete a short survey and an
individual interview asking about the views and experiences of clinicians in managing atrial
fibrillation in people with mental illness, and the views of clinicians on the use of digital
technologies to assist in clinician led management (perceived appropriateness, potential
barriers or facilitators, desired frequency, along with the optimal clinical information to include
in the alert). Surveys will be completed online (www.onlinesurveys.ac.uk) and interviews
(lasting for 30 minutes) will be conducted remotely via Teams and will be audio recorded with
your consent.

The eCDSS will consist of an email sent to the NHS Trust email account addresses of clinicians
on the participating ward and a visual prompt (accessed by the clinician) on a patient’s
electronic Personal Health Record (ePHR). The emails will ask clinicians to clinically assess
and record the risk of stroke (using CHAD2AD2-VASc tool) and the risk of bleeding (using
ORBIT tool) for their patient having AF on ePJS. Prompts appearing on the ePHR will direct
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the clinician to a CHAD2AD2-VASc and ORBIT calculator. Once the components of the tools
are filled, stroke and bleeding risk scores will be automatically generated. A note will appear
below the scores with corresponding recommendations. Components, scores, and
recommendations will be automatically saved on ePJS and discharge summaries.
Recommendations include reviewing the stroke and bleeding scores annually, referral to an
anticoagulation clinic to reduce AF-related stroke risk (a referral template and emails/
telephone of the OAC clinics will be provided) and managing modifiable bleeding risk factors.
A thank you message with a link to NICE guidelines will appear before the alert window closes.
The alert will appear on the screen of all clinicians taking care of the admitted patient. Once
any of the healthcare providers act on it, the alert will be marked as addressed and will
disappear. If not acted upon, a reminder will be sent. Completing the clinical assessment is
highly appreciated as it would help the research team conduct the research, however it is not
mandatory.

At the end of the study period (4 months later), you will be asked to complete another short
survey and an individual remote interview (for 30 minutes) asking about your views and
experiences of the implementation of eCDSS on your ward (what worked well, what could be
improved and any potential adverse effects for the use of the eCDSS).

Participants will be made aware during consenting that in the event information is disclosed
during the interview which indicates that the participant, or another individual is potentially at
significant risk of harm either to themselves or others, a further detailed discussion will be had
with them at the end of the interview and dependent on the circumstances, information may be
passed onto their line manager.

Do I have to take part?

Participation is completely voluntary. You should only take part if you want to and choosing
not to take part will not disadvantage you in anyway. Once you have read the information sheet,
please contact the research team if you have any questions that will help you make a decision
about taking part. If you decide to take part you will be asked to sign a consent form and you
will be given a copy of this consent form to keep.

What are the possible risks of taking part?

There are no expected risks from participating in the study. If you find any of the questions
uncomfortable, you can choose to terminate the interview or the survey at any time point.
What are the possible benefits of taking part?

There are no personal benefits from taking part in the research. It is hoped that the research
will ensure a safe and effective prescribing of anticoagulation therapy among patients with
atrial fibrillation admitted to SLaM.

How will we use information about yvou?

We will need to use information from you for this research project. This information (requested
in the surveys) will include your age, gender, professional background and number of years of
clinical experience. People will use this information to do the research or to check your records
to make sure that the research is being done properly. People who do not need to know who
you are will not be able to see your name or contact details. Your data will have a code number
instead. We will keep all information about you safe and secure. Once we have finished the
study, we will keep some of the data so we can check the results. We will write our reports in
a way that no-one can work out that you took part in the study.
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What are vour choices about how vour information is used?

You can stop being part of the study at any time, without giving a reason, but we will keep
information about you that we already have. We need to manage your records in specific ways
for the research to be reliable. This means that we won’t be able to let you see or change the
data we hold about you.

Where can you find out more about how vour information is used?

You can find out more about how we use your information

o at www.hra.nhs.uk/information-about-patients/

e Dby asking one of the research team

e Dby sending an email to SLaM (InformationGovernance@slam.nhs.uk) or KCL
(Olenka Cogias, info-compliance@kcl.ac.uk),

e by ringing to Professor Fiona Gaughran on 07860880144.

What will happen to the results of the project?

Findings of this study will be formally written, submitted for publication in peer reviewed
journals and presented in national medical conferences. Participants will be invited to provide
a contact telephone number so that the results of the study can be fed back to them once data
has been analysed, at their request. Results will be also disseminated within South London and
Maudsley NHS Foundation Trust and shared in their communications.

What if I have further questions, or if something goes wrong?

If you have a concern about any aspect of this study, you should ask to speak to the researchers
who will do their best to answer your questions.

If you remain unhappy and wish to complain formally, you can contact Tanya Shlovogt
(Director of Research Quality, Joint R&D Office of SLaM and IoPPN):
tanya.shlovogt@kcl.ac.uk. In the event that something does go wrong, and you are harmed
during the research, you may have grounds for legal action for compensation against King’s
College London and/or SLaM NHS Foundation Trust, but you may have to pay your legal
costs. The normal National Health Service complaints mechanisms will still be available to you
(if appropriate).

Thank you for reading this information sheet and for considering taking part in this
research.
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Appendix F

NHS!

South London
and Maudsley

NHS Foundation Trust

ING’S
College

LONDON

Please put your initials in the boxes below after you have read the Information Sheet
and/or listened to an explanation about the research.

Title of Study: Implementation of an electronic clinical decision support system (eCDSS) for
prevention of atrial fibrillation-related stroke in a mental healthcare setting: a feasibility study

Thank you for considering taking part in this research. If you have any questions related to the
project, please ask the researcher before you decide whether to join in. You will be given a
copy of this Consent Form.

1. Iconfirm that I have read and understood the participant information sheet version 1.1
dated 11/01/2023 for the study. I have had the opportunity to consider the information
and ask questions which have been answered to my satisfaction.

2. Iconsent voluntarily to be a participant in this study and understand that I can refuse
to answer questions and that I can withdraw from the study at any time.

3. Tunderstand that my personal information will be processed for the purposes
explained to me in the participant information sheet. I understand that such
information will be handled in accordance with the terms of the General Data
Protection Regulation.

4. Tunderstand that my information may be subject to review by responsible
individuals from the King’s College London and/or from the sponsor for monitoring
and audit purposes.

5. Tunderstand that confidentiality and anonymity will be maintained, and it will not be
possible to identify me in any research outputs.

6. I consent to the interviews being audio recorded.

7. Tunderstand that members of KCL having access to my data.
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Name of Participant Date Signature

Name of Researcher Date Signature

One copy to be kept by participant, one copy to be retained by researcher
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Appendix G

NHS

South London
and Maudsley

NHS Foundation Trust

ING’S
College

LONDON

Implementation of an electronic clinical decision support system (eCDSS) for

prevention of atrial fibrillation-related stroke in a mental healthcare setting: a

feasibility study

Clinician Survey

Pre-intervention

Age:
Gender:

Professional background:
Number of years of clinical experience:

Please rate the degree to which you agree or disagree with each of the following:

Question

Strongly disagree

Disagree

Somewhat Disagree

Not sure

Somewhat Agree

Agree

Strongly Agree

| am aware of guidelines relating to atrial
fibrillation-related stroke prevention

I am confident in identifying atrial fibrillation
patients eligible for oral anticoagulation therapy

I am confident in managing atrial fibrillation-
related stroke risk in mental healthcare settings

I am confident in making referrals to oral
anticoagulation clinics

I am confident in assessing the stroke risk using the
CHA,DS;,VASc tool

I am confident in assessing the bleeding risk using
the ORBIT tool

I am confident in managing bleeding risk factors

228



Having access to an electronic clinical decision
support tool (eCDSS)* would help me to better
assess stroke and bleeding risks in patients with
atrial fibrillation.

Atrial fibrillation-related stroke prevention on the
ward | work on is currently optimal

*An eCDSS is a health information technology system designed to assist clinicians and other health care
professionals in clinical decision-making. In this project, the eCDSS will provide automated CHA;DS;VASc and ORBIT

scores.

After intervention

Age:

Gender:

Professional background:
Number of years of clinical experience:

Please rate the degree to which you agree or disagree with each of the following:

Question

Strongly disagree

Disagree

Somewhat Disagree

Undecided

Somewhat Agree

Agree

Strongly Agree

| am aware of guidelines relating to atrial
fibrillation-related stroke prevention

I am confident in identifying atrial fibrillation
patients eligible for oral anticoagulation therapy

I am confident in managing atrial fibrillation-
related stroke risk in mental healthcare settings

I am confident in making referrals to oral
anticoagulation clinics

I am confident in assessing the stroke risk using the
CHA,DS,VASc tool

I am confident in assessing the bleeding risk using
the ORBIT tool

I am confident in managing bleeding risk factors
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8 Having access to an electronic clinical decision
support tool (eCDSS)* would help me to better
assess stroke and bleeding risks in patients with
atrial fibrillation.

9 Atrial fibrillation-related stroke prevention on the
ward | work on is currently optimal

10 There is a clear positive benefit to be gained from
using the eCDSS

11 Alerts from the eCDSS are easily integrated into my
existing workload

12 Alerts from the eCDSS are easily integrated into
existing hospital IT systems

13 The content of alerts provides trustworthy
evidence-based information

14 The decision support provided is clinically relevant

15 Alerts from the eCDSS provide clear recommended
actions for clinicians to act on

16 The total number of alerts from the eCDSS is
acceptable

17 The system is difficult to use

18 The system hinders my existing workflow

19 Alerts from the eCDSS are delivered in an
appropriate manner

20 Alerts from the eCDSS are not accessible at the
right time

21 | would continue to make use of the eCDSS if it
remained available on my ward

*An eCDSS is a health information technology system designed to assist clinicians and other health care
professionals in clinical decision-making. In this project, the eCDSS will provide automated CHA;DS,VASc and
ORBIT scores.
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Appendix H

NHS ING’S

South London College
and Maudsle
NHS Foundation Tru¥ LONDON

Implementation of an electronic clinical decision support system (eCDSS) for
prevention of atrial fibrillation-related stroke in a mental healthcare setting: a
feasibility study

Semi structured interview topic guide
(Pre- intervention)

- Exploration of clinician perspectives on atrial fibrillation-related stroke prevention in
secondary mental healthcare.

What challenges do you experience in the prevention of atrial fibrillation-related stroke in
this setting? What goes well and what goes less well?

- Exploration of clinician knowledge of atrial fibrillation-related stroke prevention in
secondary mental healthcare.

How knowledgeable do you consider yourself to be in the prevention of atrial fibrillation-
related stroke in this setting?

Where do you seek additional guidance when unsure?

How knowledgeable do you consider yourself to be when assessing the stroke and bleeding
risks in atrial fibrillation patients? Are you aware of any tools for these assessments?

- Exploration of clinician perspectives of barriers and facilitators to adhering to clinical care
guidelines (such as NICE), relating to atrial fibrillation-related stroke prevention.
Are you aware of any guidelines relating to atrial fibrillation-related stroke prevention? If so,
which ones?

What do you consider to be the key obstacles to adhering to guidelines for atrial fibrillation-
related stroke prevention?

What might make it easier for you to adhere to guidelines for atrial fibrillation-related stroke
prevention?

- Exploring clinician perspectives on what might improve atrial fibrillation-related stroke
prevention at an individual and wider system level.
What do you think might help improve atrial fibrillation-related stroke prevention at:

1. Individual clinician level

2. Wider system level (eg ward or hospital level or Trust level?)

- Exploring clinician perspectives on use and impact of electronic clinical decision support
systems (eCDSSs) in improving clinician led care.

Do you know what electronic clinical decision support systems are and what they do?

Have you ever used an eCDSS? If yes, was it helpful?

What potential impact might greater adoption of eCDSSs by clinicians have on patient care?
What are the potential benefits and harms of using an eCDSS?
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What information would be useful to include in an eCDSS for prevention of atrial fibrillation
stroke?

(After intervention)
- Experiences of using the eCDSS

How did you experience the electronic clinical decision support system? What was useful?
What was not so useful?

Can you describe any factors that you think made it easy to use the eCDSS?

Can you describe any factors that you think made it difficult to use the eCDSS?

What would you like to change or modify to improve your experience of using the eCDSS?
Did it impact on your workflow (facilitate or hinder)? If so how?

- Views regarding impacts of the eCDSS on clinicians and patients

What impact did the eCDSS have on you professionally? (workload, time, care processes,
confidence adhering to clinical guidelines for atrial fibrillation-related stroke prevention)
How did the eCDSS impact patient care?

Were there any problems or issues that arose?

Were there any adverse events? Were there any unintended consequences for you, other ward
staff, the ward as a whole, or patients?

- Perspectives on using the eCDSS within the context of atrial fibrillation-related stroke
prevention.

Was information included in the alerts relevant? Was it concise? Was it accurate?

Thinking of managing patients with atrial fibrillation diagnosis: do you think the eCDSS
improved your ability to recognise when a patient is at high risk of stroke (make a referral to
an oral anticoagulation clinic) or high risk of bleeding (manage bleeding risk factors)?

Can you think of other ways in which eCDSS might be useful in secondary mental healthcare
settings?

Would you continue to make use of the eCDSS if it remained available on the ward? Would
you recommend it to colleagues?

Any other points of discussion regarding the electronic clinical decision support system?
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